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General introduction and 
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Several new cardiac interventions have led to improvements in survival and quality of 
life in adults with cardiovascular disease (CVD), including left ventricular assist device 
(LVAD), heart transplantation (HTx) and transcatheter aortic valve implantation (TAVI). 
However, complications related to these procedures can lead to significant morbidity and 
mortality. The challenge in daily practice is to consider both the risks and benefits of these 
interventions in the decision-making process. Current cardiology guidelines focus mainly 
on cardiac risk factors when considering whether or not to perform an intervention. To 
further optimise this decision making process, particularly in older adults, more insight is 
needed in the prevalence and impact of geriatric impairments and medication use. Also, 
there is a lack of knowledge on whether interventions aimed at improvement of geriatric 
impairments and medication use are associated with better outcomes in patients. 
This thesis focuses on the prevalence of geriatric impairments and medication use in (older) 
adults with different cardiovascular diseases and the association with adverse outcomes. 
This thesis also investigates the effect of medication review and (multicomponent) 
fall prevention interventions to improve adverse outcomes in community-dwelling 
older adults.

Geriatric impairments in (older) adults with 
cardiovascular disease

Globally, the prevalence of CVD is increasing.1 Common cardiovascular diseases that 
increase with age are coronary heart disease, heart failure, cerebrovascular disease, heart 
valve disease, cardiac arrhythmias and peripheral vascular disease.2 The introduction 
of (novel) cardiac interventions such as LVAD, HTx and TAVI has led to improvements in 
survival and quality of life.3,4 
Implantation of an LVAD is a relatively new cardiac intervention (2004). Worldwide, 
the prevalence of heart failure is increasing due to aging of the population, improved 
treatment of acute cardiac pathology and improvements in heart failure therapies.5  
When chronic end-stage heart failure remains refractory in spite of individualised optimal 
medical and conventional device therapy, advanced therapies can be considered in 
selected patients, including HTx and LVAD.6 In case of donor scarcity or if the patient is 
considered not eligible for cardiac transplantation, an LVAD can be implanted as bridge to 
HTx or destination therapy, respectively. An LVAD is a mechanical pump surgically placed 
through a median sternotomy or thoracotomy that supports the left ventricular function.7 
Over the past two decades, the proportion of people aged 70 and over who received an 
LVAD or HTx has increased significantly.8,9

Aortic valve stenosis is the most prevalent form of valvular heart disease in western 
countries. It is associated with ageing and affects one in eight individuals aged 75 years 
and above.10,11 When severe aortic valve stenosis is symptomatic the annual risk of sudden 
death is 8 to 34 percent, making early intervention in all patients strongly recommended.12 
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Treatment of severe aortic stenosis involves surgical aortic valve replacement (SAVR) or 
(since 2002) TAVI, provided the patient is expected to benefit from the procedure and 
has no concomitant condition associated with a survival of less than 1 year.13 Trials have 
shown that TAVI is superior or non-inferior to SAVR in patients at high and intermediate 
surgical risk.13 Possibly, TAVI is even non-inferior in patients with low surgical risk.13 
However, with procedures such as LVAD, HTx and TAVI, the risk of complications, 
including mortality, is high.14–17 The risk of adverse outcomes further increases in the 
presence of comorbidities and frailty in patients with CVD.18  Patients with CVD have a 
high comorbidity burden.19 In older adults with CVD the number of geriatric impairments 
increases with the degree of comorbidity.20 Geriatric impairments such as delirium, falls, 
cognitive impairment,  dizziness, syncope and urinary incontinence are clinical conditions 
that are most prevalent in the older population, have a multifactorial basis and thus do 
not fit into separate disease categories.21 Recently, Aidoud and colleagues published 
a review of common geriatric impairments affecting older adults with CVD.22 Although 
geriatric impairments in this population are often not well recognised in clinical practice, 
10%-60% have at least one geriatric impairment, which adversely affects functional 
status, quality of life, frailty, survival and risk of hospitalisation.22 Multimorbidity and 
polypharmacy are both common in older adults with CVD. Multimorbidity is associated 
with reduced functional status and quality of life and increased polypharmacy, falls and 
mortality. Polypharmacy is associated with adverse drug reactions, institutionalisation, 
hospital admissions and mortality. Frailty is present in 10%-60% of the patients with CVD 
and an important prognostic determinant for the above mentioned outcomes. Different 
definitions of frailty have been proposed over the past decades.23 In general, frailty is a 
syndrome of reduced physiological reserve and resistance to stressors.24  It is a significant 
predictor of adverse outcomes of surgery in general and of cardiac interventions such as 
LVAD, HTx and TAVI in particular.25–28 Frailty and CVD share common pathways of chronic 
low-grade inflammation and insulin resistance.29 On top of sharing causal pathways, CVD 
has also been shown to contribute to the development of frailty.29 Numerous instruments 
are available that identify different phenotypes of patients with frailty. However, there is 
no standardised measurement tool for frailty in patients with CVD.30 
Comprehensive geriatric assessment (CGA) is an appropriate generalist way to detect 
and, where possible, treat geriatric impairments. CGA is defined as ‘a multidisciplinary 
diagnostic and treatment process that identifies medical, psychosocial, and functional 
capabilities and limitations of a (frail) older person in order to develop a coordinated plan 
to maximize overall health with aging.31,32 Core components of CGA are the evaluation of 
the current medical situation and medical history, medication use, functional capacity, fall 
risk, cognition, mood, social support, living situation, healthcare consumption, goals of 
care, spirituality and advance care preferences.33 The effectiveness of CGA varies by setting 
or specific clinical circumstances. A recent umbrella review on health outcomes of CGA 
in older adults showed with high certainty of evidence that CGA reduces nursing home 
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admission, risk of falls, risk of delirium in hip fracture and pressure sores in the hospital 
medical setting. CGA also decreases the risk of physical frailty in community-dwelling 
older adults.34 Furthermore, CGA has been proven effective in reducing the number of 
prescriptions and daily doses of medication for patients by facilitating the discontinuation 
of unnecessary or inappropriate medication.35

Current cardiovascular guidelines contain critical knowledge gaps regarding care for 
patients with complex comorbidities and its related polypharmacy, significant physical 
or cognitive disabilities or frailty, as these older adults are often excluded from study 
participation.36 Also, there is heterogeneity in the literature regarding definitions or 
tools used to diagnose geriatric impairments or frailty.21 Providing care for this growing 
population is thus complex, which highlights the importance of individualized, holistic, 
patient-centred care to older individuals with CVD.37 While a fair amount of evidence is 
available about the prevalence of geriatric impairments in coronary artery disease, less 
is known about it in the TAVI population and very little in LVAD or HTx candidates.38 The 
same applies to knowledge about the impact of geriatric impairments on outcomes in 
these populations. However, awareness of the presence of geriatric impairments and 
knowledge of how these may influence outcomes in LVAD, HTx and TAVI candidates is 
essential in the decision-making process for these cardiac interventions.
In summary, there are gaps in knowledge about the prevalence of geriatric impairments 
in patients with CVD, specifically LVAD, HTx and TAVI candidates, and its impact on 
postoperative outcomes. From this comes the first aim, which is to assess the prevalence of 
geriatric impairments resulting from the comprehensive geriatric assessment in different 
populations with CVD, and the association of these impairments with postoperative 
adverse events.

Medication use in patients with CVD and the impact of 
medication review interventions in older adults

Despite the emergence of multiple intervention options in recent decades, medication-
based treatment is still the cornerstone of CVD treatment.22 To comply with cardiology 
guidelines, polypharmacy is often unavoidable. Polypharmacy is mostly defined as the 
concomitant use of ≥5 regularly prescribed medications.39 A recent study in adults aged 
≥ 65 years with a history of CVD admitted to the cardiology ward, found an average use 
of 11.6 ± 4.5 medications per day. Polypharmacy was present in 95% of patients and 
hyperpolypharmacy (the use of at least 10 different medications) in 69%.40 Polypharmacy 
may result in drug-related problems, defined as ‘an event or circumstance involving drug 
therapy that actually or potentially interferes with desired health outcomes’,41  including 
adverse drug reactions and poor compliance with drug prescriptions.42,43 Plenty of 
research has been conducted on polypharmacy in patients with heart failure.44 However, 
little is known about (hyper)polypharmacy in potential candidates for LVAD and HTx, and 
its association with complications postoperatively.
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To optimise medical treatment, it is important to assess the appropriateness of the 
medication regime. Especially in older adults, it is important to consider comorbidity, 
drug-drug and drug-disease interactions, which diseases have the highest priority to 
be treated, over-treatment, under-treatment, and patient-related factors such as life 
expectancy, economic status, mental decline, visual impairment, and swallowing.35 
A medication review is a potential method to improve medication appropriateness. 
A medication review is defined as ‘a structured evaluation of a patient’s medicines 
with the aim of optimising medicines use and improving health outcomes. This entails 
detecting drug related problems and recommending interventions.’45 Medication related 
readmissions occur frequently, particularly in older adults, and cardiovascular medication 
is the most important group of medication involved.46 Hospitalisation in older adults 
can lead to complications such as delirium, falls, functional decline and subsequent 
institutionalisation or readmission.47,48  Improvement of medication appropriateness may 
reduce drug-related problems such as medication related readmissions. Previous research 
has shown that medication review leads to better quality of prescribing.49–51 A medication 
review can be carried out separately or in combination with one or more co-interventions, 
such as medication reconciliation, education of patients or healthcare professionals or 

the use of a Computerized Decision Support tool. Randomised controlled trials on the 
effect of medication review use different combinations of medication review with co-
interventions. This leads to heterogeneity and conflicting published results regarding the 
effect on hospital readmissions.52,53 Thus, it is not well established in which composition of 
components a medication review is most effective.
Given the aforementioned knowledge gaps, our aim is to determine the effect of 
medication use on postoperative outcomes in patients with CVD. Our aim is also to 
analyse the current literature to determine the effectiveness of different medication 
review interventions on clinical outcomes, particularly hospital readmissions.

Fall prevention interventions in older adults

Falls are common in (older) adults with CVD.54 Adults with heart failure or cardiac 
arrhythmias are at particularly high risk of falling. The main risk factors for falls in patients 
with CVD include polypharmacy, cardiovascular medication, orthostatic hypotension, 
cardiac syncope, frailty, sarcopenia, sensory impairment, musculoskeletal problems and 
cognitive impairment.54 Falling is also a serious health problem in the general population. 
It occurs in one third of community-dwelling persons aged ≥65 years at least once a year.55  
In 2021, in the Netherlands, 76,800 persons aged 65 and over experienced serious injuries 
following a fall.56 The most common injuries were brain injury (18%), hip fracture (15%) 
and wrist fracture (9%). Fall-related injuries lead to loss of functionality and quality of life, 
high costs and mortality.57 Multiple risk factors for falls are known, such as gait or balance 
problems, a previous fall, multimorbidity, vision disorder, cognitive impairment, certain 
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medications and decreased functionality.58 After a comprehensive fall risk assessment as 
part of CGA, fall prevention interventions can be formulated. The multifactorial nature 
of falls requires multicomponent interventions consistent with the finding in the four 
domains of CGA.21 Fall prevention interventions address modifiable risk factors and can be 
divided into three main groups: 1) single interventions (participants receive one type of 
intervention), 2) multiple interventions (participants receive the same, fixed combination 
of two or more types of interventions), and 3) multifactorial interventions (participants 
receive a personalized selection out of two or more types of interventions, according 
to the results of a pre-executed, personal falls risk assessment).59 Research has been 
conducted on fall prevention for decades. A Cochrane review published in 2012 on the 
effect of fall prevention interventions in community-dwelling older adults found that 
group (e.g. a supervised group training programme) and home-based (e.g. instructions to 
do simple exercises at home to improve strength and balance) exercise programmes, and 
home safety interventions (e.g. advice on removing mats or carpets for visually impaired 
adults) reduce rate of falls and risk of falling.60 The review also indicated that multifactorial 
assessment and intervention programmes (e.g. an intervention with patient-specific 
recommendations for inappropriate medication, orthostatic hypotension and patient 
education) reduce rate of falls, but not risk of falling. Given the rapid pace at which new fall 
prevention studies are published after 2012, there is a need for an update. Furthermore, 
previous reviews did not focus on multimorbid older (age ≥75) adults. As this population 
has a high risk of falling, it is essential to gain more insight into which particular fall 
prevention interventions are most beneficial in this high risk group. Therefore, our aim is 
to analyse the existing literature on the effectiveness of single and multicomponent fall 
prevention interventions, with a special focus on multimorbid older adults. 

Aims and outline of the thesis

The general aim of this thesis is to investigate whether geriatric impairments and 
medication use are related to outcomes in patients with CVD. The ageing population 
with CVD deals with geriatric impairments such as multimorbidity, psychosocial and 
functional problems, polypharmacy, frailty and falls. Awareness of the presence of geriatric 
impairments and knowledge of how these may influence outcomes in patients with CVD 
is essential in the decision-making process regarding (therapeutic) treatment. This thesis 
also investigates the effect of (multicomponent) fall prevention and medication review 
interventions to improve geriatric impairments in community-dwelling older adults.

This aim is divided into the following objectives:
- To assess the prevalence of geriatric impairments resulting from the comprehensive 
geriatric assessment in different populations with CVD, and the association of these 
impairments with post-operative adverse events.



1

General introduction and outline of the thesis   |   13   

- To investigate the effect of medication use and medication review interventions in older 
adults and in patients undergoing various cardiac interventions. 
- To investigate whether fall prevention interventions are associated with improved 
outcomes in older adults.

Outline of the thesis:
The studies in this thesis are presented in three parts: geriatric impairments in patients 
with CVD (Part 1), medication use and medication review interventions in older adults 
and patients with CVD (Part 2) and fall prevention interventions in older adults (Part 3).

In Part 1, we investigate the prevalence and impact of geriatric impairments in patients 
with CVD. In Chapter 2, we describe the prevalence of frailty and other impairments 
identified by CGA in potential candidates for LVAD and HTx. In Chapter 3 and 4, we assess 
the prevalence of frailty and geriatric impairments in TAVI candidates and examine the 
association with adverse outcomes of TAVI.
In Part 2, we focus on the impact of medication use and medication review interventions 
on outcomes in patients treated with various cardiac interventions. In Chapter 5, we assess 
the association between (hyper)polypharmacy and adverse outcomes of LVAD. In Chapter 
6, we examine the association between statin therapy and short-term risk of mortality 
and complications in older adults undergoing TAVI. In Chapter 7, we present a systematic 
review and network meta-analysis on medication review interventions to reduce hospital 
readmissions in older community-dwelling people.
In Part 3, we study the impact of fall prevention interventions in older adults. Chapter 8 
includes a systematic review and network meta-analysis of interventions to prevent falls 
and fall-related fractures in community-dwelling older people.
In Chapter 9 of this thesis, we discuss the main findings and implications of the studies 
presented and give suggestions for future research. 
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Abstract

Background: Understanding the presence of medical, mental, functional, and social 
capabilities and limitations in the individual patient with heart failure may lead to 
improved selection for advanced therapies such as left ventricular assist device (LVAD) 
and heart transplantation (HTx). The aim of this study was to assess the prevalence of 
frailty and other impairments in potential LVAD and HTx candidates by performing a 
preoperative comprehensive geriatric assessment (CGA) and reviewing the treatment 
recommendations resulting from the CGA.  

Methods: This cross-sectional study included 73 patients aged ≥40 years who received 
a CGA as part of the patient selection procedure for LVAD and HTx. In every patient, a 
conclusion comprising frailty and other impairments was formulated based on the 
medical, mental, functional, and social domains and recommendations were made. 

Results: The mean age was 58 years (range 40-71) and 70% were male. In 97% of patients, 
at least one impairment was identified by the CGA. The most common impairments were 
polypharmacy, high morbidity burden, reduced renal function, osteopenia, depression, 
poor quality of life, reduced functionality, (risk of ) malnutrition, reduced grip strength and 
high caregiver burden. A small proportion of the potential LVAD and HTx candidates were 
frail (7% according to Fried’s frailty criteria, 6% according to the Edmonton Frail Scale) 
and 39% were pre-frail. The domains for which most impairments were found and the 
domains for which most treatment recommendations were given matched well, with the 
functional domain as the frontrunner.

Conclusions: This study showed that most of the potential candidates for LVAD or HTx 
have impairments on at least one domain of the CGA. Impairments and associated risks 
can contribute to the decision making process for candidacy for LVAD and HTx.
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Introduction
The lifetime risk of heart failure is high.1 When chronic end-stage heart failure remains 
refractory in spite of individualized optimal medical and conventional device therapy, 
advanced therapies can be considered in selected patients, including heart transplantation 
(HTx) and left ventricular assist device (LVAD).2 
Although LVAD implantation and HTx improve survival and quality of life,3,4 there is also a 
high risk of complications, leading to an intensive postoperative therapeutic regime and a 
thorough follow-up.5,6  As recommended in the European Society of Cardiology heart failure 
guidelines, compliance with therapy and adequate social support are important elements 
of this therapeutic regime.2,7 Furthermore, it is important that patients on LVAD support 
understand the technology, are able to undertake the burdensome self-care and to react 
appropriately to pump malfunction.2,8  This requires substantial cognitive and functional 
skills.9  Current literature refers to frailty10  as an important predictor of outcomes after LVAD 
implantation.11–15 Given the high risk of negative outcomes after LVAD or HTx, an adequate 
preoperative selection of potential candidates is necessary. Even when performed by a 
specialized, multidisciplinary team, patient selection is complex and unique to each 
patient.2 The comprehensive geriatric assessment (CGA) is a multidisciplinary assessment 
that systematically examines a patient according to the medical, mental, functional and 
social domains and can determine the degree of frailty.16,17 Recent studies showed that a 
CGA is potentially of added value in the evaluation and treatment of patients with heart 
failure.18,19 A recent study showed that having limitations in multiple domains of the 
CGA was significantly associated with adverse outcomes in patients with heart failure.20 
Awareness of the presence of capabilities and limitations in the individual patient may 
lead to improved patient selection for advanced therapies such as LVAD or HTx, and 
gives the potential to optimize and individualize treatment to improve the preoperative 
level of fitness. A few studies showed beneficial effects of a prehabilitation program on 
functionality and frailty in patients awaiting HTx, however, no studies have reported the 
impact on outcomes of LVAD or HTx yet.21 In addition, care goals can be explored, social 
or mental support offered, the risk of complications such as delirium reduced and advice 
given on post-operative rehabilitation.22 However, little is known about the yield of a 
CGA in patients who are considered for advanced invasive therapy with LVAD or HTx in 
terms of found impairments and potential recommendations. Therefore, the aim of this 
study was to assess the prevalence of frailty and other impairments identified by a CGA 
in potential LVAD and HTx candidates. A secondary aim was to study which treatment 
recommendations resulted from the CGA. 
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Methods
Study design, setting and population
This is a single center, cross-sectional study in a collaboration between the Department of 
Geriatrics, Cardiology and Cardiothoracic Surgery at the University Medical Centre Utrecht, 
a tertiary referral hospital for advanced HF in the Netherlands. All patients over 40 years of 
age who were screened as potential candidate for LVAD implantation or HTx were included 
in this study. As biological age is expected to exceed chronological age in chronic HF,23,24 

the inclusion limit was set at 40 years. Patients intubated and/or sedated in the intensive 
care unit at the moment of screening were excluded from study participation, since it was 
not possible to perform a CGA under those conditions. Five patients who did not provide 
informed consent to participate in the study were also excluded. Before a patient enters 
the screening program for LVAD or HTx, an experienced team of cardiologists makes an 
informal pre-selection of patients who appear inappropriate for LVAD or HTx based on the 
clinical appearance, for example due to severe frailty. These patients were not included in 
this study.
The study has been conducted in accordance with the Declaration of Helsinki and is 
approved by the local medical ethics committee (reference number MvdL/mb/20/500551). 

Comprehensive geriatric assessment
A CGA was performed in every patient as part of the patient selection procedure for 
LVAD and HTx, including patients screened for HTx with LVAD in situ. Depending on the 
clinical situation of the patient, the CGA was performed at the geriatric outpatient clinic or 
during admission on the cardiology ward. A CGA-trained physician or nurse practitioner 
performed the CGA, which included evaluation of the patient’s medical, mental, functional, 
and social capabilities and problems. The CGA was based on the Dutch national guideline 
for CGA and adapted where appropriate for the specific population with advanced heart 
failure, using the Minnesota Living with Heart Failure Questionnaire to assess quality of 
life and Fried’s frailty criteria to determine frailty. An overview of the components of the 
CGA, test instruments, corresponding references, ranges, and cut-off points is shown 
in online supplementary Table S1.9,18,25 In every patient, a conclusion comprising frailty 
and other impairments was formulated on the four mentioned domains and a plan of 
care was created around patient-centered goals. The treatment recommendations were 
grouped into the prespecified categories as mentioned in Table 2 of the manuscript and 
Supplementary Table S2. 

Frailty assessment
In this study, Fried’s frailty criteria (Supplementary Table S3) were used to determine 
frailty as recommended by the Frailty Heart Workgroup of the American Society of 
Transplantation.26,27 
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In addition, we used the Edmonton Frail Scale (EFS) as a second and multi-domain 
instrument to assess frailty (Supplementary Table S4).28 Rolfson et al. demonstrated that 
the EFS is a valid tool for determining frailty when compared to the CGA and the EFS is 
used in several cardiac populations, including heart failure patients, in literature.29–32 

Demographic data
Demographic data included age, sex,  etiology of the cardiomyopathy, previously 
implanted LVAD in potential HTx candidates and the Interagency Registry for Mechanically 
Assisted Circulatory Support (INTERMACS) profile.33 INTERMACS (IM) uses a classification 
system of profiles (IM profile 1 to 7) to represent the severity of heart failure, which ranges 
from advanced New York Heart Association class 3 heart failure (IM 7) to critical cardiac 
shock (IM 1). 

Statistical analysis
Continuous demographics are presented as mean ± standard deviation. Categorical 
demographics are expressed as number and corresponding percentage. Outcomes of the 
CGA, i.e. the impairments and treatment recommendations are also presented as means 
for continuous variables and numbers for categorical variables. The outcomes of the CGA 
were stratified by the presence of an LVAD (LVAD in situ vs. no LVAD in situ), age (40-
59 years vs. ≥60 years), and IM profile (IM 1-3 vs. IM 4-6). The 60-year limit was chosen 
because of a median age of 59, creating roughly two equally sized groups. Differences in 
impairments and treatment recommendations were determined with the Student’s t-test 
or Mann-Whitney U test for continuous variables and the chi-square test or Fisher’s exact 
test for categorical variables. Analyses were performed using the Statistical Package for 
the Social Sciences version 26 (SPSS Inc., Chicago III, United States).
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Results
Data is presented for 73 potential LVAD and HTx candidates who consented to participate 
in this study between November 2020 and November 2021. Details on patient inclusion 
are presented in Figure S1 of the Supplementary Material. 

Table 1. Demographics of patients screened for left ventricular assist device or 
heart transplantation

Demographics N=73 %

Screening during hospitalization 28 38.4

Screening for HTx 38 52.1

LVAD 33 45.2

Both HTx/LVAD 2 2.7

Previously implanted LVAD in 
potential candidates for HTx 25 65.8

Age Years [Mean ± SD] 57.9 ± 7.4

Sex Male 51 69.9

Etiology cardiomyopathy Dilated 34 46.6

Ischemic 30 41.1

Congenital 2 2.7

Hypertrophic 4 5.5

Other 3 4.1

INTERMACS profile 2 4 5.5

3 10 13.7

4 23 31.5

5 9 12.3

6 1 1.4

Not applicable due to LVAD 26 35.6

HTx, heart transplantation; LVAD, left ventricular assist device

Demographics
Demographics of patients screened for LVAD or HTx are shown in Table 1. The mean age of 
the study population was 57.9 ± 7.4 years (range 40-71) and 51 patients (70%) were male. 
Half of the patients (52%) were screened for HTx, 45% for LVAD, and in two patients both 
options were still open at the moment of the CGA. 
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Impairments resulting from the CGA
Frailty
According to Fried’s frailty criteria, most patients were non-frail (54%), 39% of patients 
were pre-frail and 7% were frail. According to the EFS, the majority of patients (86%) were 
indicated non-frail. Six patients (9%) were pre-frail and four (6%) mildly frail. (Table 2)

Medical status
The mean Charlson Comorbidity index score was 2.1 ± 0.9. In one third of the patients the 
Charlson Comorbidity index was ≥3, indicating a high morbidity burden. Half of the patients 
had a BMI>25. Patients used an average of 7.3 chronic medications per day. Polypharmacy 
(≥5 medications) was present in 77% of the patients and hyperpolypharmacy (≥10 
medications) in 14%. Bone mineral density was reduced in 63% of the patients. Renal and 
liver function were impaired in respectively 29% and 24% of the patients,.

Cognitive and psychological status
In 29% of the patients depressive symptoms were present and in 14% cognitive 
impairment. The majority of patients reported a reduced quality of life with almost half of 
the patients describing their quality of life as poor (44%).

Functional status
Almost half of the patients (47%) required assistance in the (instrumental) activities of 
daily living, mostly because of physical limitations due to heart failure. About one third 
(34%) of patients were at risk of malnutrition and in 8% of patients malnutrition was 
actually present. The Timed Up & Go test was abnormal in 6% of the study population 
indicating impaired mobility. Muscle strength (handgrip strength corrected for age and 
sex) was impaired in more than half of the patients (58%). 

Social status
A large proportion of patients needed care while living at home: 20% of patients received 
caregiver assistance, 18% household help and 4% professional care. A quarter (27%) of the 
caregivers experienced a high caregiving burden. 
 
Figure 1 shows the distribution of impairments resulting from the CGA across the different 
domains (medical, mental, functional and social). A total of 417 impairments were 
identified during this study. Most impairments were related to the functional domain 
(37%) and the medical domain (37%).
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Figure 1. The distribution of impairments resulting from the comprehensive geriatric assessment 
across the different domains (medical, mental, functional and social).

(i)ADL, (instrumental) activities of daily living; TUGT, timed up and go test
All impairments were classified according to the domain to which they relate (medical, mental, 
functional and social). Of the impairments, frailty was not subdivided into any of the domains 
because all domains together lead to frailty. 

Treatment recommendations resulting from the CGA
The treatment recommendations, that are part of the integrated care plan that resulted 
from the CGA, are divided into 13 categories, see Table 3. The mean number of treatment 
recommendations per patient was 3.6 ± 1.6.
In one in eight patients (12%), the suitability for HTx or LVAD implantation was determined 
negative or ambiguous. Of the five patients with an ambiguous advice, one patient was 
non-frail and the other four were pre-frail according to the Fried’s frailty criteria. According 
to the EFS, four patients were non-frail and one pre-frail. Clinical factors of frailty status that 
led to an ambiguous advice were social or financial vulnerability, (a risk of ) malnutrition, 
obesity (BMI 31.2), problems with cognition, decreased functional reserves, and the need 
of mental support to improve coping strategies. Of the three patients with a negative 
advice, one was indicated as non-frail by Fried’s frailty criteria, one person as pre-frail and 
one person as frail. On the EFS, one person scored non-frail, the other two mildly frail. 
Findings that indicated this frailty status that led to a negative advice included a high 
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morbidity burden, limited physical reserves, malnutrition, social vulnerability, cognitive 
impairment, mental problems, and decreased functionality and mobility. 
Most recommendations were given for the following categories: recommendations 
regarding education (regarding the intervention and clinical course postoperatively), 
patient counselling, shared decision making and advance care planning (40%), 
recommendations regarding delirium risk and prevention (36%), recommendations 
regarding mobility and fall prevention (34%), and recommendations regarding 
malnutrition or weight reduction (33%).

Figure 2 presents to which domains (medical, mental, functional and social) the treatment 
recommendations belong. A total of 163 treatment recommendations were provided. 
Most recommendations were related to the functional domain (36%), followed by the 
mental domain (30%) and medical domain (27%).

Figure 2. The distribution of the treatment recommendations resulting from the comprehensive 
geriatric assessment across the different domains (medical, mental, functional and social).

All treatment recommendations were classified according to the domain to which they relate 
(medical, mental, functional and social). The treatment recommendations related to the eligibility 
for LVAD/HTx and recommendations regarding education, patient counselling, shared decision 
making and advance care planning, were not assigned to one specific domain as all domains 
taken together result in whether a person is appropriate for the intervention and are input for 
an advance care planning (ACP) conversation. In ACP conversations, the healthcare professional 
discusses with the patient what goals of care fit with the patient’s values, beliefs and health status. 
This way, appropriate care and treatment is determined for the short term and direction is given for 
appropriate care and treatment in future scenarios. 
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Stratifications
Liver function was more often impaired in patients without LVAD in situ than in patients 
with LVAD (36 vs. 4%). Quality of life was more often poor in the group without LVAD in 
situ (57 vs. 19%). The group with LVAD in situ required more often assistance in activities 
of daily living (mainly requiring assistance with showering) than the group without LVAD 
in situ (27 vs 9%). There was a trend of increased dependence in instrumental activities 
of daily living in patients without an LVAD in situ compared with patients with an LVAD 
in situ, with those without LVAD needing more help with household tasks, shopping and 
travelling, but this difference was not statistically significant (p=0.07). There was also a 
trend of increased frailty in patients without an LVAD in situ when compared to patients 
with an LVAD in situ, however, again this difference was not statistically significant 
(p=0.07). (Supplementary Table S5) 
Patients older than 60 years used a significantly greater amount of chronic medications 
(8.1 vs. 6.5), and hyperpolypharmacy was more common (25 vs. 5%), compared to patients 
younger than 60 years old. Renal function was more often impaired in patients over 60 
years old (41 vs. 18%). (Supplementary Table S6). 
There was a trend of increased frailty, and decreased functionality and mobility in patients 
with IM profile 1-3 compared to patients with IM profile 4-6, however, the difference was 
not statistically significant. (Supplementary Table S7)
In Supplementary Table S8, S9, S10 the differences in treatment recommendations for all 
the stratifications are presented.

Table 2. Results of the comprehensive geriatric assessment in patients screened for left ventricular 
assist device or heart transplantation

Frailty All patients N=73 %

Edmonton Frail scale No frailty 59 85.5

Pre-frail 6 8.7

Mild frail 4 5.8

Moderate frail 0

Severe frail 0

Missing 4 5.5

Fried frailty criteria No frailty 39 54.2

Pre-frail 28 38.9

Frail 5 6.9

Missing 1 1.4

Medical domain

BMI kg/m2 [Mean ± SD] 25.7 ± 3.8

>25 32 50.8

Missing 10 13.7
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BSA m2 [Mean ± SD] 1.98 ± 0.21

Missing 10 13.7

Smoking status Former 43 58.9

Current 1 1.4

Alcohol use status Current 33 46.5

Missing 2 2.7

Comorbidity                                               CCI [Mean ± SD] 2.1 ± 0.9

High morbidity burden CCI ≥3 22 30.1

Medication use Number [Mean ± SD] 7.3 ± 2.4

Polypharmacy 54 77.1

Hyperpolypharmacy 10 14.3

Missing 3 4.1

Reduced renal function eGFR<60 21 28.8

Reduced liver function MELD-score ≥14 17 23.9

Missing 2 2.7

Bone mineral density Normal bone mineral density 18 36.7

Osteopenia 26 53.1

Osteoporosis 5 10.2

Missing 24 32.9

Mental domain

Mood Depression 21 29.2

Missing 1 1.4

MMSE [Mean ± SD] 28.9 ± 0.8

MoCA [Mean ± SD] 27.2 ± 2.0

Impaired cognition MMSE ≤24 or MOCA  ≤25 10 13.8

Resilience Evaluation Scale [Mean ± SD] 26.8 ± 5.2

≤ 21 9 12.5

Missing 1 1.4

Quality of life Good 20 27.4

Moderate 21 28.8

Poor 32 43.8

Functional domain

Dependence in ADL 11 15.1

Dependence in iADL 30 41.1

Dependence in (i)ADL 34 46.6

Nutritional status At risk of malnutrition 25 34.2

Malnutrition 6 8.2
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Reduced 4-meter gait speed 0

Missing 8 11.0

Reduced TUGT 4 6.1

Missing 7 9.6

Reduced handgrip strength 
corrected for age and sex 42 57.5

Mobility ≥1 fall in previous 6 months 7 9.7

Missing 1 1.4

Use of walking aid 5 6.8

Social domain

Living situation At home without care 41 57.7

At home with household help 13 18.3

At home with help from caregiver 14 19.7

At home with professional care 3 4.2

Missing 2 2.7

Educational level Primary and secondary school 27 37.5

Secondary vocational education 18 25.0

Bachelor’s/master’s degree 27 37.5

Missing 1 1.4

Employed Yes 26 35.6

No 38 52.1

Retired 9 12.3

In a relationship Yes 59 80.8

Having children Yes 58 79.5

Caregiver burden Low caregiver burden 34 54.0

High caregiver burden 17 27.0

No caregiver 12 19.0

Missing 10 13.7

Missing values are indicated for each variable in the table
Ranges for instruments are available in Table S1 of the supplement
ADL, activities of daily living; BMI, body mass index; BSA, body surface area; CCI, charlson comorbidity 
index; eGFR, estimated glomerular filtration rate; iADL, instrumental activities of daily living; MELD, 
model for end-stage liver disease; MMSE, mini mental state examination; MoCA, montreal cognitive 
assessment; TUGT, timed up and go test.
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Table 3. Treatment recommendations resulting from the comprehensive geriatric assessment 

Treatment recommendations categories: N=73 %

Eligibility for LVAD/HTx intervention 67 91.8

    Positive    
    Negative
    Ambiguous
    Missing

59 
3 
5 
6 

88.1
4.5
7.5
8.2

Recommendations regarding diagnosis and treatment of osteoporosis 
and sarcopenia

13 17.8

Recommendations regarding other somatic problems 15 20.5

Recommendations regarding medication modifications 15 20.5

Recommendations regarding (the analysis of) cognition 9 12.3

Recommendations regarding (the analysis of) mood and mental support 
for both patients and relatives

14 19.2

Recommendations regarding delirium risk and prevention 26 35.6

Recommendations regarding malnutrition and weight reduction 24 32.9

Recommendations regarding mobility and fall prevention 25 34.2

Recommendations regarding intoxications 1 1.4

Recommendations regarding (cardiac) rehabilitation 9 12.3

Recommendations regarding patient’s care needs and strengthening of 
social and financial support

12 16.4

Recommendations regarding education, patient counselling, shared 
decision making and advance care planning 

29 39.7

Other recommendations 1 1.4

HTx, heart transplantation; LVAD, left ventricular assist device 
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Discussion
This study demonstrated that a small proportion of the potential LVAD and HTx 
candidates were frail, while over a third of patients were pre-frail (39%). In 97% of patients, 
at least 1 impairment was identified by the CGA. The most common impairments were 
polypharmacy, high morbidity burden, reduced renal function, osteopenia, depression, 
poor quality of life, reduced functionality, (risk of ) malnutrition, reduced grip strength 
and high caregiver burden. Quality of life was worse in the group without LVAD in situ 
and the group with LVAD in situ required more often assistance in activities of daily 
living. Older patients more often had hyperpolypharmacy. The most common treatment 
recommendation that resulted from the CGA concerned recommendations regarding 
education, patient counselling, shared decision making and advance care planning. 
The domains for which most impairments were found and the domains for which most 
treatment recommendations were given matched well, with the functional domain 
as frontrunner. 

In recent years, it has been recognized that heart failure is a multidomain condition.18 
Gorodeski et al. previously emphasized that the role of frailty, depression, cognitive 
impairment, nutrition, social environment, and care goals are each relevant to the 
implementation and success of medical therapy in this population.18 The symptoms of 
heart failure and the physical domain of frailty (decreased exercise tolerance, symptoms of 
fatigue, and cachexia) correspond partly because frailty and heart failure share common 
pathological pathways of low-grade inflammation and metabolic stress.9  This may explain 
the difference in the number of pre-frail potential candidates according to the Fried’s frailty 
criteria and the EFS: the Fried’s frailty criteria partially overlap with symptoms of end-stage 
heart failure and this is less the case with the EFS. It is difficult to distinguish frailty and 
other impairments as symptoms of end-stage heart failure that may be reversible after 
LVAD or HTx from frailty and impairments that are (partially) independent of the heart 
failure. In case of reversibility, HTx or LVAD intervention will be considered to be more 
suitable than in case of irreversible impairments. Previous studies have already shown that 
frailty assessed by Fried’s frailty criteria and handgrip strength improve significantly after 
LVAD and HTx.21 There is also evidence that cognition, anxiety, and depression improve 
after LVAD implantation.26,34,35

To the best of our knowledge, no other studies have been published in which a CGA 
was performed in potential candidates for LVAD or HTx. There are also no studies with 
treatment recommendations resulting from (individual components of the) CGA in this 
population. One study found a modest beneficial effect of a shared decision-support 
intervention on the quality of decision-making among patients and caregivers considering 
LVAD therapy.36 In recipients of HTx, a positive effect of cardiac rehabilitation and 
nutritional supplementation was found on major adverse cardiac events and in-hospital 
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mortality and sepsis, respectively.37,38  Studies have been conducted in which a CGA was 
performed in the heart failure population39,40 however, extrapolation of these findings to 
our study is hampered due to differences in heart failure severity and mean age of the 
study population. Studies in which some individual components of the CGA have been 
assessed showed that depression, anxiety, non-compliance, malnutrition, multimorbidity, 
psychiatric problems, reduced functionality, social support, cognition and quality of life 
are frequent in patients (screened for) LVAD or HTx.41-45 Again, comparison with the results 
of the current study is complicated by the differences in percentage of patients with an 
LVAD in situ and timing of the trajectory of LVAD implantation or heart transplantation, 
ranging from screening for LVAD and HTx (current study) to actual implantation or 
transplantation and many years of follow-up. 
The past 10 years, an increasing amount of research has been conducted on the prevalence 
of frailty in patients undergoing LVAD or HTx. In the most recent systematic review frailty 
was found in 21% of LVAD patients.46 A recent study (2022) in patients who underwent 
LVAD implantation found that one week prior to surgery, 54% of the patients were frail 
according to Fried’s frailty criteria.47 This rate is higher than the 9% frailty according to 
Fried’s criteria in patients without LVAD in situ in the current study. In the current study, 
informal pre-screening has already taken place, with the cardiologist already deciding not 
to screen for LVAD and HTx for obviously very vulnerable patients. In two recent studies of 
60 and 99 patients on the HTx waiting list, 11 and 31% of the patients appeared to be frail 
according to the Fried’s frailty criteria.43,48 A direct comparison between the current study 
and other studies is limited by the fact that frailty is dynamic and heterogeneity exists 
with respect to heart failure severity, presence of an LVAD, INTERMACS profile, age etc.

Strengths and limitations
This study was the first to perform a CGA in this specific group of patients with end-
stage heart failure. A large amount of information was collected on this inception cohort 
of patients at the time of screening for LVAD and HTx, in different domains, through 
interviews, the use of multiple testing instruments and additional (laboratory/radiological) 
examination. The CGA was performed by well-trained healthcare professionals in geriatrics, 
ensuring the quality of the data of this study.
This study also has a few limitations. For eight patients it was not possible to perform the 
4-meter walk test because they were immobile. These values were considered missing in 
the analyses, leading to a potential overestimation of walking speed and mobility in the 
study population. Second, delirium risk was often estimated during the CGA based on 
clinical features, but not in a systematic, quantifying way using a diagnostic instrument. 
For this reason, we were unable to assess an increased delirium risk as an impairment. 
The distribution of impairments and treatment recommendations resulting from the CGA 
across the four domains would be more congruent if delirium risk was included as an 
impairment. Third, the study population was relatively heterogeneous including patients 
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screened for both LVAD and HTx, both with and without LVAD in situ, screened at the 
geriatric outpatient clinic or during admission on the cardiology ward. Stratifications 
were performed to gain more insight into the effect of different patient characteristics on 
identified impairments and treatment recommendations. However, the stratification by 
IM profile included only 47 patients, which may have created a power problem.

Clinical implications and future research
This study has demonstrated that, despite the relatively young population already 
informal pre-selected by cardiologists, impairments are common in all four domains of 
the CGA. Decision making regarding patient selection for LVAD and HTx is complex and 
unique for each patient. The comprehensive information obtained through a CGA can 
be incorporated into this (complex) decision making. Discussion of goals of care with 
patients and near-ones ensures that the intervention matches the patient’s values. Social 
and mental support can be provided. Impairments are also potential targets for improving 
physical fitness before surgery, with exercise, physical rehabilitation and nutritional 
supplementation potentially effective in improving preoperative frailty in patients with 
heart failure; however, no studies have reported the impact of prehabilitation on the 
outcomes after LVAD or HTx yet.21 Also, based on these impairments, recommendations 
can be made for postoperative rehabilitation or prevention of complications like delirium. 
A geriatrician is trained to translate findings from the CGA into the above mentioned 
multidisciplinary interventions. It is recommended that future research investigate the 
effect of these multidisciplinary interventions on the patient-selection process and 
outcomes of LVAD and HTx.
Previous studies have shown that components of the CGA (frailty, cognition and 
depression) are of prognostic value for mortality after LVAD and HTx.49,50 Future research 
should examine the prognostic value of impairments identified by the CGA in order to 
further optimize the decision making process. Also, the reversibility of impairments after 
LVAD implantation or HTx should be investigated. 

Conclusion
This study showed that in 97% of the potential candidates for LVAD and HTx at least 
1 impairment was identified by the CGA. A small proportion of potential candidates 
were indicated as frail, yet over a third of patients appeared pre-frail. The domains 
for which most impairments were found and the domains for which most treatment 
recommendations were made matched well, with the functional domain as frontrunner. 
Impairments and associated risks can contribute to the decision making process 
concerning candidacy for LVAD and HTx, and are potential targets for improving pre-
operative fitness. The prognostic value of these impairments needs further investigation.
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Supplementary Table S1. Overview of the comprehensive geriatric assessment, stratified by the 
medical, mental, functional and social domains

Variable Testing method Range Cut-off score and interpretation

Frailty Edmonton Frail scale[1] 

Fried frailty criteria[2]

0-17

0-5

0-5 no frailty; 6-7 pre-frail; 8-9 mild frail; 
10-11 moderate frail; 12-17 severe frail
0 no frailty; 1-2 pre-frail; ≥3 frail

Medical domain

Comorbidity Charlson Comorbidity 
Index[3]

0-33* ≥3 high morbidity burden

Medication use ≥5 medications polypharmacy; ≥ 10 
medications hyperpolypharmacy

Renal function estimated glomerular 
filtration rate (eGFR)

eGFR <60 reduced renal function

Liver function MELD-score[4] ≥14 reduced liver function

Bone mineral 
density

DEXA-scan, T-score T-score -1 to -2.5 osteopenia; T-score <2.5 
osteoporosis
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Mental domain

Cognition Mini mental state 
examination[5] 
Montreal Cognitive 
Assessment[6]

0-30

0-30

≤24 cognitive impairment

≤25 cognitive impairment

Mood Geriatric depression 
scale 
(GDS-15)[7]

0-15 ≥5 depression

Psychological 
resilience

Resilience Evaluation 
Scale[8]

0-36 No formal cut-off scores available. To 
dichotomize, we determined the cut-off 
score the following way: 1 standard 
deviation under the mean --> 21

Quality of life Minnesota Living 
with Heart Failure 
Questionnaire[9]

0-105  <24 good; 24-45 moderate; >45 poor 
quality of life

Functional domain

Functional 
status

KATZ-6 
KATZ-9 
KATZ-15[10]

0-6
0-9
0-15

≥1 dependence in activities of daily living 
(ADL)
≥1 dependence in instrumental ADL
≥1 dependence in (instrumental) ADL

Nutritional 
status

Mini Nutritional 
Assessment[11]

0-14 12-14 normal; 8-11 at risk of malnutrition; 
0-7 malnutrition 

Body mass 
index

Weight in kg/ height 
in m2

>25 obesity

Mobility 4-meter gait speed[12]
Timed up and go test[13]
Falls in previous 6 
months
Use of walking aid

≤0.8 m/s impaired gait speed
≥ 10 seconds impaired mobility
Increased fall risk

Handgrip 
strength

Hand dynamometer Age- and sex-specific cut-off scores for 
decreased handgrip strength[14]

Social domain

Living situation Receiving help from caregiver or 
professional care: living dependent

Caregiver 
burden

Caregiver Strain Index 
(CSI)[15]

0-13 CSI<7 low caregiver burden, CSI ≥7 high 
caregiver burden

Educational 
level, career

Relation status, 
children

* The Charlson Comorbidity Index was calculated without assigning points for age
± Medications with an equal Anatomical Therapeutic Chemical (ATC)-3 code (equal therapeutic 
subgroup) count as 1 medicine. Dermatological preparations, eye drops, food supplements without 
prescription and medication only taken when necessary were not included in determining the 
number of medications used. Combination preparations of 2 medications with different ATC-3 
codes count as 2 different medications.
DEXA, Dual-energy x-ray absorptiometry; MELD, model for end-stage liver disease
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Supplementary Table S2. The prespecified categories into which the treatment 
recommendations were grouped

Treatment recommendations categories

Recommendations on whether the patient is an appropriate candidate for LVAD or HTx

Recommendations regarding the diagnosis and treatment of osteoporosis and sarcopenia

Recommendations regarding other somatic problems

Recommendations regarding medication modifications

Recommendations regarding (the analysis of ) cognition

Recommendations regarding (the analysis of ) mood and mental support for both patients 
and relatives

Recommendations regarding delirium risk and prevention

Recommendations regarding malnutrition and weight reduction 

Recommendations regarding mobility and fall prevention

Recommendations regarding intoxications (alcohol, tobacco, drugs)

Recommendations regarding (cardiac) rehabilitation

Recommendations regarding a patient’s care needs and strengthening of social and 
financial support

Recommendations regarding education, patient counselling, shared decision making and 
advance care planning

Other recommendations

Supplementary Table S3. Criteria to determine frailty based on Fried’s Frailty criteria[2]

Criteria (one point for each positive criterion) Measurement

1. Weight loss Unintentional weight loss of more than 
5 kilograms in the last year

2. Exhaustion Positive response to either of the statements: 
-  For the past week, most of the time (more 

than 3-4 days) I felt that everything I did was 
an effort

-  For the past week, most of the time (more 
than 3-4 days) I could not get going 

3. Weakness Decreased grip strength (women ≤16 
kilograms, men ≤27 kilograms)

4. Slow walking speed Time to walk 4 meters >5 seconds
5. Decreased physical activity Assessed by the need for assistance with any 

of the activities of daily living
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Supplementary Table S4. Criteria to determine frailty based on the Edmonton Frail scale[1]

Frailty 
domain

Item 0 points 1 point 2 points

Cognition Clock Drawing Test: place numbers 
the correct positions on a pre-drawn 
circle, and place hands to indicate the 
time of ‘ten past eleven’

No errors Minor 
spacing 
errors

Other 
errors

General health 
status

In the past year, how many times 
have you been admitted to a 
hospital?

0 1-2 ≥3

In general, how would you describe 
your health?

- Excellent 
- Very good 
- Good

Fair Poor

Functional 
independence

With how many of the following 
activities do you require help? 
(meal preparation, shopping, 
transportation, telephone, 
housekeeping, laundry, managing 
money, taking medications)

0-1 2-4 5-8

Social support When you need help, can you count 
on someone who is willing and able 
to meet your needs?

Always Sometimes Never

Medication 
use

Do you use five or more different 
medications on a regular basis?

No Yes

At times, do you forget to take your 
medications?

No Yes

Nutrition Have you recently lost weight such 
that your clothing has become 
looser?

No Yes

Mood Do you often feel sad or depressed? No Yes
Continence Do you have a problem with losing 

control of urine when you don’t want 
to?

No Yes

Functional 
performance

Timed Up and Go test: “sit in this chair 
with your back and arms resting. 
Then, when I say ‘GO’, please stand up 
and walk at a safe and comfortable 
pace to the mark on the floor 
(approximately 3m away), return to 
the chair and sit down”

0-10 
seconds

11-20 
seconds

Either: 
>20 
seconds 
or patient 
unwilling 
or requires 
assistance
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; LVAD, left ventricular assist device 

 

Exclusion 
No comprehensive geriatric 
assessment performed (n=2) 
Screening for intervention other 
than HTx or LVAD (n=2) 

No informed consent available 
(n=5) 

Eligible (n=78) 

Consented and included 
in this study (n=73) 

Patients referred for a 
comprehensive geriatric 

assessment as part of the 
screening process for LVAD 
or HTx between November 
2020 and November 2021 

(n=82) 

Supplementary Figure S1. Flow chart of patient inclusion
HTx, heart transplantation; LVAD, left ventricular assist device
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Supplementary Table S5. Demographics and results of the comprehensive geriatric assessment 
in patients screened for left ventricular assist device or heart transplantation, stratified by the 
presence of a left ventricular assist device

Demographics No LVAD
N=47

%  LVAD
 N=26

% P-value

Screening during hospitalization 27 57.4 2 7.7 <0.01

Screening for HTx 13 27.7 25 96.2 <0.01

LVAD 32 68.1 1 3.8

Both HTx/LVAD 2 4.3 0

Age Years [Mean ± SD] 57.1 ± 7.6 59.4 ± 6.9 0.22

Sex Male 34 72.3 17 65.4 0.54

Aetiology 
cardiomyopathy

Dilated 20 42.6 14 53.8 0.07

Ischaemic 18 38.3 12 46.2

Congenital 2 4.3 0

Hypertrophic 4 8.5 0

Other 3 6.4 0

INTERMACS profile 2 4 8.5 0 <0.01

3 10 21.3 0

4 23 48.9 0

5 9 19.1 0

6 1 2.1 0

Not applicable due 
to LVAD

0 26 100

Frailty

Edmonton Frail scale No frailty 35 79.5 24 96.0 0.07

Pre-frail 5 11.4 1 4.0

Mild frail 4 9.1 0

Moderate frail 0 0

Severe frail 0 0

Missing 3 6.4 1 3.8

Fried frailty criteria No frailty 23 50.0 16 61.5 0.55

Pre-frail 19 41.3 9 34.6

Frail 4 8.7 1 3.8

Missing 1 2.1 0

Medical domain

BMI kg/m2 [Mean ± SD] 26.1 ± 3.8 24.6 ± 3.5 0.09

>25 24 53.3 8 44.4 0.52

Missing 2 4.3 8 30.8

BSA m2 [Mean ± SD] 2.01 ± 0.22 1.92 ± 0.18 0.32

Missing  2 4.3 8 30.8
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Smoking status Former 27 57.4 16 61.5 0.73

Current 0 1 3.8 0.36

Alcohol use status Current 19 42.2 14 53.8 0.34

Missing 2 4.3 0

Comorbidity                    CCI [Mean ± SD] 2.0 ± 0.9 2.4 ± 0.9 0.07

High morbidity 
burden

CCI ≥3 12 25.5 10 38.5 0.25

Medication use Number [Mean ± SD] 7.2 ± 2.7 7.4 ± 2.0 0.89

Polypharmacy 31 70.5 23 88.5 0.09

Hyperpolypharmacy 7 15.9 3 11.5

Missing 3 6.4 0

Reduced renal 
function

eGFR<60 17 36.2 4 15.4 0.06

Reduced liver 
function

MELD-score ≥14 16 35.6 1 3.8 <0.01

Missing 2 4.3 0

Bone mineral 
density

Normal 11 39.3 7 33.3 0.08

Osteopenia 16 57.1 10 47.6

Osteoporosis 1 3.6 4 19.0

Missing 19 40.4 5 19.2

Mood Depression 15 32.6 6 23.1 0.39

Missing 1 2.1 0

MMSE [Mean ± SD] 28.8 ± 0.8 29.3 ± 0.6 0.26

MOCA [Mean ± SD] 27.3 ± 1.6 27.2 ± 2.6 0.47

Impaired cognition MMSE ≤24 or MOCA  
≤25

5 10.6 5 19.2 0.31

Resilience 
Evaluation Scale

[Mean ± SD] 27.0 ± 5.0 26.4 ± 5.6 0.76

≤ 21 6 12.8 3 12.0 1.00

Missing 0 1 3.8

Quality of life Good 8 17.0 12 46.2 <0.01

Moderate 12 25.5 9 34.6

Poor 27 57.4 5 19.2

Functional domain

Dependence in ADL 4 8.5 7 26.9 0.05

Dependence in iADL 23 48.9 7 26.9 0.07

Dependence in (i)ADL 23 48.9 11 42.3 0.59

Nutritional status Normal 23 48.9 19 73.1 0.12

At risk of 
malnutrition (8-11)

19 40.4 6 23.1
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Malnutrition (0-7) 5 10.6 1 3.8

Reduced 4-meter 
gait speed

0 0

Missing 8 17.0 0

Reduced TUGT 3 7.5 1 3.8 0.59

Missing 7 14.9 0

Reduced handgrip 
strength* 

27 57.4 15 57.7 0.98

Mobility ≥1 fall in previous 
6 months

4 8.7 3 11.5 0.70

Missing 1 2.1 0

Use of walking aid 4 8.5 1 3.8 0.65

Social domain

Living situation At home without care 28 62.2 13 50.0 0.56

At home with 
household help

7 15.6 6 23.1

At home with help 
from caregiver

9 20.0 5 19.2

At home with 
professional care

1 2.2 2 7.7

Missing 2 4.3 0

Educational level Primary and 
secondary school 

18 38.3 9 36.0 0.95

Secondary 
vocational education

12 25.5 6 24.0

Bachelor’s/master’s 
degree

17 36.2 10 40.0

Missing 0 1 3.8

Employed Yes 19 40.4 7 26.9 0.16

No 23 48.9 15 57.7

Retired 5 10.6 4 15.4

In a relationship Yes 38 80.9 21 80.8 1.00

Having children Yes 37 78.7 21 80.8 0.84

Caregiver burden Low caregiver burden 21 53.8 13 54.2 0.94

High caregiver burden 11 28.2 6 25.0

No caregiver 7 17.9 5 20.8

Missing 8 17.0 2 7.7

*corrected for age and sex
Missing values are indicated for each variable in the table
ADL, activities of daily living; BMI, body mass index; BSA, body surface area; CCI, Charlson Comorbidity 
Index; eGFR, estimated glomerular filtration rate; iADL, instrumental activities of daily living; MELD, 
model for end-stage liver disease; MMSE, mini mental state examination; MoCA, montreal cognitive 
assessment; TUGT, timed up and go test. 
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Supplementary Table S6. Demographics and results of the comprehensive geriatric assessment 
in patients screened for left ventricular assist device or heart transplantation, stratified by age

Demographics Age <60 
N=39

% Age ≥60
N=34

% P-value

Screening during hospitalization 17 43.6 11 32.4 0.33

Screening for HTx 21 53.8 17 50.0 0.24

LVAD 16 41.0 17 50.0

Both HTx/LVAD 2 5.1 0

Age Years [Mean ± SD] 52.5 ± 5.6 64.1 ± 2.9 <0.01

Sex Male 27 69.2 24 70.6 0.90

Aetiology 
cardiomyopathy

Dilated 18 46.2 16 47.1 0.22

Ischaemic 14 35.9 16 47.1

Congenital 1 2.6 1 2.9

Hypertrophic 4 10.3 0

Other 2 5.1 1 2.9

INTERMACS profile 2 2 5.1 2 5.9 0.36

3 7 17.9 3 8.8

4 13 33.3 10 29.4

5 6 15.4 3 8.8

6 1 2.6 0

Not applicable due to LVAD 10 25.6 16 47.1

Frailty

Edmonton Frail scale No frailty 31 83.8 28 87.5 0.66

Pre-frail 3 8.1 3 9.4

Mild frail 3 8.1 1 3.1

Moderate frail 0 0

Severe frail 0 0

Missing 2 5.1 1 2.9

Fried frailty criteria No frailty 18 47.4 21 61.8 0.28

Pre-frail 18 47.4 10 29.4

Frail 2 5.3 3 8.8

Missing 1 2.6 0

Medical domain

BMI kg/m2 [Mean ± SD] 25.9 ± 4.0 25.4 ± 3.5 0.15

>25 17 48.6 15 53.6 0.69

Missing 4 10.3 6 17.6

BSA m2 [Mean ± SD] 1.98 ± 0.20 1.99 ± 0.22 0.12

Missing 4 10.3 6 17.6

Smoking status Former 23 59.0 20 58.8 0.99
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Current 0 1 2.9 0.47

Alcohol use status Current 15 38.5 18 56.3 0.14

Missing 0 2 5.9

Comorbidity                      CCI [Mean ± SD] 2.0 ± 1.1 2.3 ± 0.8 0.07

High morbidity 
burden

CCI ≥3 9 23.1 13 38.2 0.16

Medication use Number [Mean ± SD] 6.5 ± 2.4 8.1 ± 2.2 0.01

Polypharmacy 30 78.9 24 75.0 0.01

Hyperpolypharmacy 2 5.3 8 25.0

Missing 1 2.6 2 5.9

Reduced renal 
function

eGFR<60 7 17.9 14 41.2 0.03

Reduced liver 
function

MELD-score ≥14 9 23.7 8 24.2 0.96

Missing 1 2.6 1 2.9

Bone mineral density Normal bone mineral density 10 38.5 8 34.8 0.55

Osteopenia 12 46.2 14 60.9

Osteoporosis 4 15.4 1 4.3

Missing 13 33.3 11 32.4

Mental domain

Mood Depression 13 34.2 8 23.5 0.32

Missing 1 2.6 0

MMSE [Mean ± SD] 28.8 ± 0.6 29.0 ± 1.1 0.49

MOCA [Mean ± SD] 27.2 ± 2.0 27.3 ± 2.1 0.85

Impaired cognition MMSE ≤24 or MOCA  ≤25 4 10.3 6 17.6 0.50

Resilience 
Evaluation Scale

[Mean ± SD] 26.8 ± 5.0 26.7 ± 5.6 0.61

≤ 21 4 10.3 5 14.7 0.73

Quality of life Good 11 28.2 9 26.5 0.87

Moderate 12 30.8 9 26.5

Poor 16 41.0 16 47.1

Functional domain

Dependence in ADL 3 7.7 8 23.5 0.06

Dependence in iADL 17 43.6 13 38.2 0.64

Dependence in (i)ADL 18 46.2 16 47.1 0.94

Nutritional status At risk of malnutrition 14 35.9 11 32.4 0.22

Malnutrition 5 12.8 1 2.9

Reduced 4-meter 
gait speed

0 0

Missing 5 12.8 3 8.8

Reduced TUGT 2 5.9 2 6.3 0.42

Missing 5 12.8 2 5.9



2

Outcomes of CGA in potential candidates for LVAD or heart transplantation    |   49   

Reduced handgrip strength* 25 64.1 17 50.0 0.22

Mobility ≥1 fall in previous 6 months 2 5.3 5 14.7 0.24

Missing 1 2.6 0

Use of walking aid 2 5.1 3 8.8 0.66

Social domain

Living situation At home without care 23 60.5 18 54.5 0.81

At home with household 
help

6 15.8 7 21.2

At home with help from 
caregiver

8 21.1 6 18.2

At home with professional 
care

1 2.6 2 6.1

Missing 1 2.6 1 2.9

Educational level Primary and secondary 
school 

13 33.3 14 42.4 0.71

Secondary vocational 
education

10 25.6 8 24.2

Bachelor’s/master’s degree 16 41.0 11 33.3

Missing 0 1 2.9

Employed Yes 16 41.0 10 29.4 <0.01

No 23 59.0 15 44.1

Retired 0 9 26.5

In a relationship Yes 30 76.9 29 85.3 0.37

Having children Yes 30 76.9 28 82.4 0.57

Caregiver burden Low caregiver burden 
(CSI<7)

16 45.7 18 64.3 0.34

High caregiver burden (CSI ≥7) 11 31.4 6 21.4

No caregiver 8 22.9 4 14.3

Missing 4 10.3 6 17.6

*corrected for age and sex
Missing values are indicated for each variable in the table
ADL, activities of daily living; BMI, body mass index; BSA, body surface area; CCI, Charlson Comorbidity 
Index; eGFR, estimated glomerular filtration rate; iADL, instrumental activities of daily living; MELD, 
model for end-stage liver disease; MMSE, mini mental state examination; MoCA, montreal cognitive 
assessment; TUGT, timed up and go test.
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Supplementary Table S7. Demographics and results of the comprehensive geriatric assessment 
in patients screened for left ventricular assist device or heart transplantation, stratified by 
INTERMACS (IM) profile

Demographics IM 1-3
 N=14

% IM 4-6
N=33

% P-value

Screening during 
hospitalization

13 92.9 14 42.4 <0.01

Screening for HTx 3 21.4 10 30.3 0.36

LVAD 11 78.6 21 63.6

Both HTx/LVAD 0 2 6.1

Age Years [Mean ± SD] 56.4 ± 8.4 57.4 ± 7.3 0.68

Sex Male 11 78.6 23 69.7 0.73

Aetiology 
cardiomyopathy

Dilated 8 57.1 12 36.4 0.11

Ischaemic 4 28.6 14 42.4

Congenital 0 2 6.1

Hypertrophic 0 4 12.1

Other 2 14.3 1 3.0

INTERMACS profile 2 4 28.6 0 <0.01

3 10 71.4 0

4 0 23 69.7

5 0 9 27.3

6 0 1 3.0

Not applicable due 
to LVAD

0 0

Frailty

Edmonton Frail 
scale

No frailty 6 54.5 29 87.9 0.08

Pre-frail 3 27.3 2 6.1

Mild frail 2 18.2 2 6.1

Moderate frail

Severe frail

Missing 3 21.4 0

Fried frailty criteria No frailty 5 38.5 18 54.5 0.12

Pre-frail 5 38.5 14 42.4

Frail 3 23.1 1 3.0

Missing 1 7.1 0

Medical domain

BMI kg/m2 [Mean ± SD] 25.2 ± 3.6 26.5 ± 3.9 0.22

>25 4 28.6 20 64.5 0.03

Missing 0 2 6.1

BSA m2 [Mean ± SD] 1.96 ± 0.21 2.03 ± 0.22 0.31

Missing 0 2 6.1
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Smoking status Former 7 50.0 20 60.6 0.50

Current 0 0

Alcohol use status Current 5 38.5 14 43.8 0.75

Missing 1 7.1 1 3.0

Comorbidity                   CCI [Mean ± SD] 2.0 ± 1.0 2.0 ± 0.9 0.92

High morbidity 
burden

CCI ≥3 4 28.6 8 24.2 0.73

Medication use Number [Mean ± SD] 7.3 ± 3.4 7.2 ± 2.5 0.92

Polypharmacy 8 66.7 23 71.9 0.92

Hyperpolypharmacy 2 16.7 5 15.6

Missing 2 14.3 1 3.0

Reduced renal 
function

eGFR<60 4 28.6 13 39.4 0.48

Reduced liver 
function

MELD-score ≥14 7 50.0 9 29.0 0.20

Missing 0 2 6.1

Bone mineral 
density

Normal 2 33.3 9 40.9 0.40

Osteopenia 4 66.7 12 54.5

Osteoporosis 0 1 4.5

Missing 8 57.1 11 33.3

Mental domain

Mood Depression 2 14.3 13 40.6 0.10

Missing 0 1 3.0

MMSE [Mean ± SD] 28.5 ± 1.3 28.9 ± 0.6 0.55

MOCA [Mean ± SD] 27.5 ± 1.6 27.2 ± 1.6 0.58

Impaired cognition MMSE ≤24 or MOCA  
≤25

2 14.3 3 9.1 0.63

Resilience 
Evaluation Scale

[Mean ± SD] 27.3 ± 4.8 26.9 ± 5.2 0.80

≤ 21 1 7.1 5 15.2 0.65

Quality of life Good 2 14.3 6 18.2 0.83

Moderate 3 21.4 9 27.3

Poor 9 64.3 18 54.5

Functional domain

Dependence in ADL 3 21.4 1 3.0 0.07

Dependence in iADL 7 50.0 16 48.5 0.92

Dependence in (i)
ADL

7 50.0 16 48.5 0.92

Nutritional status Normal 4 28.6 19 57.6 0.12

At risk of malnutrition 
(8-11)

7 50.0 12 36.4

Malnutrition (0-7) 3 21.4 2 6.1
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Reduced 4-meter 
gait speed

0 0

Missing 8 57.1 0

Reduced TUGT 2 28.6 1 3.0 0.08

Missing 7 50.0 0

Reduced handgrip 
strength* 

10 71.4 17 51.5 0.21

Mobility ≥1 fall in previous 6 
months

3 21.4 1 3.1 0.08

Missing 0 1 3.0

Use of walking aid 1 7.1 3 9.1 1.00

Social domain

Living situation At home without care 8 57.1 20 64.5 0.48

At home with 
household help

2 14.3 5 16.1

At home with help 
from caregiver

3 21.4 6 19.4

At home with 
professional care

1 7.1 0

Missing 0 2 6.1

Educational level Primary and 
secondary school 

4 28.6 14 42.4 0.67

Secondary vocational 
education

4 28.6 8 24.2

Bachelor’s/master’s 
degree

6 42.9 11 33.3

Employed Yes 7 50.0 12 36.4 0.07

No 4 28.6 19 57.6

Retired 3 21.4 2 6.1

In a relationship Yes 13 92.9 25 75.8 0.24

Having children Yes 13 92.9 24 72.7 0.24

Caregiver burden Low caregiver burden 5 45.5 16 57.1 0.76

High caregiver burden 4 36.4 7 25.0

No caregiver 2 18.2 5 17.9

Missing 3 21.4 5 15.2

*corrected for age and sex
Missing values are indicated for each variable in the table
ADL, activities of daily living; BMI, body mass index; BSA, body surface area; CCI, Charlson 
Comorbidity Index; eGFR, estimated glomerular filtration rate; iADL, instrumental activities of daily 
living; IM, INTERMACS score; MELD, model for end-stage liver disease; MMSE, mini mental state 
examination; MoCA, montreal cognitive assessment; TUGT, timed up and go test. 
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Supplementary Table S8. Treatment recommendations resulting from the comprehensive 
geriatric assessment, stratified by the presence of a left ventricular assist device 

N=47 % N=26 % P-value

No LVAD LVAD

Recommendations per patient   
Mean ± SD                                    

3.5 ± 1.5 3.8 ± 1.7 0.47

Treatment recommendations 
categories:*
Eligibility LVAD/HTx intervention 44 93.6 23 88.5 0.66

Positive    
Negative
Ambiguous
Missing

38
2
4
3

80.9
4.3
8.5
6.4

21
1
1
3

80.8
3.8
3.8
11.5

0.78

Osteoporosis and sarcopenia 3 6.4 10 38.5 <0.01

Other somatic problems 10 21.3 5 19.2 0.84

Medication modifications 5 10.6 10 38.5 <0.01

Cognition 6 12.8 3 11.5 1.00

Mood, mental support 13 27.7 1 3.8 0.01

Delirium 13 27.7 13 50.0 0.06

Malnutrition, weight reduction 15 31.9 9 34.6 0.81

Mobility, fall prevention 14 29.8 11 42.3 0.28

Intoxications 1 2.1 0 1.00

(Cardiac) rehabilitation 7 14.9 2 7.7 0.48

Care needs, social and financial 
support

7 14.9 5 19.2 0.74

Education, patient counseling, SDM, 
ACP 

23 48.9 6 23.1 0.03

Other recommendations 1 2.1 0 1.00

* Due to lack of space in the Table, the categories are indicated here in keywords only. See Table 3 of 
the manuscript for a full description of the treatment recommendations categories.
HTx, heart transplantation; LVAD, left ventricular assist device; SDM, shared decision making; ACP, 
advance care planning



54   |   Chapter 2

Supplementary Table S9. Treatment recommendations resulting from the comprehensive 
geriatric assessment, stratified by age

N=39 % N=34 % P-value

<60 years ≥60 years

Recommendations per patient   
Mean ± SD

3.4 ± 1.4 3.8 ± 1.8 0.40

Treatment recommendations 
categories:*
Eligibility LVAD/HTx intervention 36 92.3 31 91.2 1.00

Positive    
Negative
Ambiguous
Missing

32
2
2
3

82.1
5.1
5.1
7.7

27
1
3
3

79.4
2.9
8.8
8.8

0.62

Osteoporosis and sarcopenia 7 17.9 6 17.6 0.97

Other somatic problems 6 15.4 9 26.5 0.24

Medication modifications 4 10.3 11 32.4 0.02

Cognition 7 17.9 2 5.9 0.16

Mood, mental support 9 23.1 5 14.7 0.37

Delirium 9 23.1 17 50.0 0.02

Malnutrition, weight reduction 11 28.2 13 38.2 0.36

Mobility, fall prevention 11 28.2 14 41.2 0.24

Intoxications 1 2.6 0 1.00

(Cardiac) rehabilitation 4 10.3 5 14.7 0.73

Care needs, social and financial 
support

7 17.9 5 14.7 0.71

Education, patient counseling, SDM, 
ACP 

20 51.3 9 26.5 0.03

Other recommendations 0 1 2.9 0.47

* Due to lack of space in the Table, the categories are indicated here in keywords only. See Table 3 of 
the manuscript for a full description of the treatment recommendations categories.
HTx, heart transplantation; LVAD, left ventricular assist device; SDM, shared decision making; ACP, 
advance care planning
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Supplementary Table S10. Treatment recommendations resulting from the comprehensive 
geriatric assessment, stratified by INTERMACS (IM) profile

N=14 % N=33 % P-value

IM 1-3 IM 4-6

Recommendations per patient   
Mean ± SD                                    

3.9 ± 1.3 3.3 ± 1.6 0.08

Treatment recommendations 
categories:*
Eligibility LVAD/HTx 
intervention

13 92.9 31 93.9 1.00

Positive    
Negative
Ambiguous
Missing

12
1
0
1

85.7
7.1

7.1

26
1
4
2

78.8
3.0
12.1
6.1

0.35

Osteoporosis and sarcopenia 1 7.1 2 6.1 1.00

Other somatic problems 2 14.3 8 24.2 0.70

Medication modifications 2 14.3 3 9.1 0.63

Cognition 1 7.1 5 15.2 0.65

Mood, mental support 4 28.6 9 27.3 1.00

Delirium 4 28.6 9 27.3 1.00

Malnutrition, weight reduction 7 50.0 8 24.2 0.10

Mobility, fall prevention 6 42.9 8 24.2 0.30

Intoxications 0 1 3.0 1.00

(Cardiac) rehabilitation 3 21.4 4 12.1 0.41

Care needs, social and financial 
support

2 14.3 5 15.2 1.00

Education, patient counseling, 
SDM, ACP 

8 57.1 15 45.5 0.46

Other recommendations 0 1 3.0 1.00

* Due to lack of space in the Table, the categories are indicated here in keywords only. See Table 3 of 
the manuscript for a full description of the treatment recommendations categories.
HTx, heart transplantation; LVAD, left ventricular assist device; SDM, shared decision making; ACP, 
advance care planning
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Abstract

Background: Transcatheter aortic valve replacement (TAVR) is an effective alternative 
to surgical aortic valve replacement for patients who are at increased surgical risk. 
Consequently, frailty is common in patients undergoing TAVR. 

Objectives: This study aims to investigate the impact of frailty on outcomes following 
TAVR.

Methods: A retrospective cohort study was conducted, including all TAVR candidates 
who visited the geriatric outpatient clinic for a preoperative screening. Frailty status was 
assessed according to the Groningen Frailty Indicator. The primary outcome of the study 
was defined as the occurrence of postoperative complications, and this was evaluated 
according to the Clavien-Dindo classification. An additional analysis was performed to 
assess the impact of frailty on 1-year all-cause mortality and complications within 30 
days of TAVR according to the Valve Academic Research Consortium (VARC-2) criteria. The 
VARC-2 criteria provide harmonized endpoint definitions for TAVR studies.

Results: In total, 431 patients with a mean age of 80.8 ± 6.2 years were included, of whom 
56% were female. Frailty was present in 36% of the participants. Frailty was associated 
with a higher risk of the composite outcome of complications [adjusted OR 1.55 (95% 
CI 1.03-2.34)], 30-day mortality [adjusted OR 4.84 (95% CI 1.62-14.49)], three-month 
mortality [adjusted OR 2.52 (95% CI 1.00-6.28)] and 1-year mortality [adjusted OR 2.96 
(95% CI 1.46-6.00)]. 

Conclusions: Frailty is common in TAVR patients and is associated with an increased 
overall risk of postoperative complications, particularly mortality. Increased optimization 
of screening and treatment of frailty in the guidelines for valvular heart diseases is 
recommended. 
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Introduction
Aortic valve stenosis is the most prevalent form of valvular heart disease in western 
countries. The prevalence of aortic stenosis increases with age, and its incidence is 
expected to increase further due to aging of the population[1, 2]. Symptomatic aortic valve 
stenosis is associated with high mortality and morbidity rates, including heart failure and 
pulmonary hypertension[2, 3]. In the past, the standard treatment for aortic valve stenosis 
was surgical aortic valve replacement (SAVR). Transcatheter aortic valve replacement 
(TAVR) has been established as an alternative to SAVR for patients who are at a high risk 
of complications[4]. In comparison to SAVR, TAVR is a less invasive treatment strategy. 
In current European Society of Cardiology (ESC) and European Association for Cardio-
Thoracic Surgery (EACTS) guidelines for the management of valvular heart disease, the 
use of TAVR is recommended over surgical procedures in older patients with an increased 
surgical risk[4]. Nevertheless, adverse events such as peripheral vascular complications, 
stroke, residual aortic regurgitation, and the need for pacemaker implantation are 
associated with TAVR[5, 6]. Therefore, it is important to identify risk factors that predict 
adverse outcomes of TAVR. Prior research has indicated that preoperative frailty is a strong 
predictor of 30-day mortality and late mortality among patients undergoing TAVR[7, 8]. 
Frailty is commonly defined as a “biologic syndrome of decreased reserve and resistance 
to stressors, resulting from cumulative declines across multiple physiologic systems, 
and causing vulnerability to adverse outcomes[9].” Postoperative delirium is frequently 
observed following TAVR and often leads to prolonged hospital stay and increased 
mortality[10, 11]. A recent Dutch single-center study has confirmed the association 
between frailty and postoperative delirium among 213 TAVR patients[12], although 
a self-developed and not formally validated frailty score was used to assess frailty and 
the study population was relatively small. Previous studies have examined the impact of 
frailty on both separate TAVR outcomes and composite outcomes formulated by the Valve 
Academic Research Consortium (VARC)[7, 8, 13–15].  However, no study has examined 
the overall risk of a variety of relevant geriatric complications (including re-interventions, 
intensive care unit admission, falls, infections, delirium, admission to a rehabilitation 
center, hospital readmission and mortality). The aim of our study is to investigate, using a 
validated frailty instrument, the association between frailty and the total risk of different 
complications in a large sample of patients undergoing TAVR.
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Materials and methods
2.1 Study design and patient selection
This retrospective single-center cohort study was performed at the University Medical 
Center Utrecht, a tertiary hospital in the Netherlands. Between January 2014 and 
December 2019, all TAVR candidates referred to the geriatric outpatient clinic for a 
geriatric preoperative screening (POS) were included in this study, regardless of age. 
Patients referred for a POS prior to operations other than TAVR, patients in whom frailty 
was not determined, patients with cancelled operations, and patients with follow-up 
appointments after 31 December 2019 were excluded. Ethical approval was waived 
by The Medical Ethics Committee of the University Medical Center Utrecht due to the 
retrospective nature of the study and the fact that all the procedures were part of 
routine care. The study has been conducted in accordance with The Code of Ethics of the 
World Medical Association (Declaration of Helsinki) for experiments involving humans. 
According to Dutch national regulations, in the case of file research, there is no obligation 
to obtain informed consent where the subject himself/herself is not physically involved 
in the research. 

2.2 TAVR procedure
The decision for TAVR intervention was determined by a multidisciplinary heart valve 
team consisting of at least one interventional cardiologist and one cardiac surgeon. The 
femoral artery was the preferred access site. Procedures were performed under general or 
local anesthesia  according to the decision of the anesthesiologist. 

2.3 Geriatric preoperative screening
The POS assessment was performed by geriatric nurse practitioners under the supervision 
of a geriatrician. A comprehensive anamnesis was performed, including patient medical 
history and current physical complaints. Patients were screened for cognitive impairment 
using the Mini Mental State Examination (MMSE)[16] or Montreal Cognitive Assessment 
(MOCA)[17] (<5% of cases), for depression using the Geriatric Depression Scale (GDS)[18], 
for risk of malnutrition using the Malnutrition Universal Screening Tool (MUST)[19] and for 
dependence in (instrumental) activities of daily living ((i)ADL) using the KATZ-15 index[20]. 
Patients underwent a physical examination that included measurement of handgrip 
strength and gait speed. The Charlson Comorbidity Index (CCI) was assessed to quantify 
somatic co-morbidity[21]. There is general consensus that a comprehensive geriatric 
assessment (CGA) is the best approach for identification of frailty[22]. During the CGA, 
the health of the elderly population is assessed in a systematic manner, focusing on the 
medical, mental, functional and social domains. Due to the time-consuming nature of the 
CGA, several screening tools have been developed to detect frailty. In this study, frailty was 
assessed with the Groningen Frailty Indicator (GFI, Supporting Information Table I)[23, 24]. 
The GFI is a validated 15-item instrument that determines loss of function and resources 
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in the four domains of the CGA[25]. After discussing the questions of the GFI with the 
patient, the geriatric nurse practitioner completed the GFI during the POS assessment. The 
GFI is widely used in clinical practice and research[24, 26]. During the study period, local 
guidelines for assessing frailty changed and frailty was also determined in some patients 
(n=155) using the Edmonton Frail Scale[27]. The EFS determines 9 domains of frailty 
(cognition, general health status, functional independence, social support, medication 
use, nutritional status, mood, continence, functional performance) using 10 questions 
and one physical “timed up and go” assessment. The EFS has been shown to correlate 
well with various geriatric conditions such as independence, drug use, mood, mental, 
functional and nutritional status[28]. Additional analyses were performed using frailty 
data determined with the EFS. It is not known which screening tool is most suitable for 
determining frailty in patients with cardiovascular disease. Previously, the Clinical Frailty 
Scale (CFS) has been used for patients with TAVR surgery.[29] Although this screening 
instrument is easy to use, because it does not require stopwatches, dynamometers or 
other specialized equipment or personnel, it is also semi-quantitative and subjective in 
nature, and therefore prone to interobserver variability.[30] Moreover, this instrument is 
primarily focused on the functional domain, with little or no attention paid to the cognitive, 
social and medical domains. The GFI and EFS were used in the current study, because 
of its multidimensional character. Furthermore, data were collected on living situation, 
alcohol use and smoking status. The American Society of Anesthesiologists (ASA) score 
was determined for each patient by the anesthesiologist involved[31]. After the geriatric 
assessment was completed, advice was given on the prevention of delirium, such as 
perioperative haloperidol prescription or involving family during the period of bedrest. In 
addition, advice was given on fall prevention, reduction of smoking and alcohol use, and 
improvement of medication use, mobility and nutritional status. When necessary, (e.g., 
in case of serious comorbidity or severe cognitive or functional impairment) advice was 
given to postpone or cancel the operation. 

2.4 Geriatric postoperative involvement 
After the TAVR procedure, patients were visited by a geriatric nurse practitioner to assist 
in the prevention or treatment of geriatric complications, such as postoperative delirium, 
falls or stroke. Patients were observed by nurses from the cardiologic department during 
admission and an additional assessment using the Delirium Observation Screening 
Scale (DOSS) was performed three times a day. The DOSS screens for typical behavioral 
patterns related to delirium[32]. The geriatric consulting team confirmed the diagnosis 
of postoperative delirium and gave treatment advice. A delirium was diagnosed using 
the criteria of the fifth edition of the Diagnostic and Statistical Manual of Mental 
Disorders[33]: an acute and fluctuating attention and awareness deficit complemented by 
a disturbance in cognition, which is the direct consequence of another medical condition, 
substance intoxication or withdrawal or exposure to a toxin. The disturbances in attention, 
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awareness and cognition are not better explained by a pre-existing, established or 
evolving neurocognitive disorder and do not occur in the context of a severely reduced 
level of arousal, such as coma. 

2.5 Follow-up
A follow-up appointment with a geriatric nurse practitioner under the supervision of 
a geriatrician was scheduled for three months after TAVR. Data were collected on the 
occurrence of postoperative complications. 

2.6 Data collection and processing
All data were collected from electronic medical records and imported into a database 
using the Statistical Package for the Social Sciences, version 25 (SPSS Inc., Chicago III, 
United States).
Demographic variables obtained were age, sex, alcohol status (current use, regardless of 
amount), smoking status (current use), body mass index (BMI) and living situation. Living 
situation was considered independent when patients lived in their own house, with or 
without homecare. Living situation was considered dependent when patients lived in an 
assisted nursing facility or skilled nursing facility.
Somatic variables obtained were the CCI, ASA class, and medication use. An adjusted CCI 
score without considering points for age-category was used, because it was assumed that 
there would be little variation in the age of the patients. This way, only the number of 
comorbidities was assessed. All types of medication were included, except for eye drops, 
dermal creams, food supplements without prescription and medication only taken when 
necessary. Polypharmacy was identified when the patient was using ≥5 medications 
during the POS visit[34]. 
Cognitive variables obtained were MMSE (or MOCA in <5% of the cases) and GDS. 
Functional variables obtained were KATZ-15, MUST, gait speed and handgrip strength. For 
the purpose of the analyses, all values except BMI were dichotomized at standard cutoff 
points, as explained in Table I. A cutoff value of ≥6 for the EFS and ≥4 for the GFI indicated 
frailty[25, 26].

2.7 Primary and secondary outcomes
The primary outcome of the study was the occurrence of major postoperative 
complications categorized by the Clavien-Dindo classification[35]. A recent study 
demonstrated that the Clavien-Dindo classification offers an accurate reflection of the 
complexity of postoperative evolution in cardiac adult surgery[36]. Under the Clavien-
Dindo classification, complications are graded in five categories according to the 
required treatment, ranging from any deviation from the normal postoperative course 
to intensive care admission and death (Supporting Information Table II). Grade >II was 
considered a major postoperative complication. All postoperative complications that 
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occurred during admission were categorized into the five Clavien-Dindo categories. When 
multiple complications in different categories occurred, the highest grade was taken into 
the analysis. 
Secondary outcomes are as follows: firstly, during admission, the presence of postoperative 
delirium confirmed by the geriatric consulting team, postoperative infections treated 
with antibiotics, occurrence of re-intervention, unplanned intensive care unit admission 
or admission to a rehabilitation center; and secondly, within three months of TAVR, 
the occurrence of falls, all-cause mortality, or one or more hospital readmissions. A 
composite outcome of postoperative complications was created to determine the risk of 
patients developing one or more of the secondary outcomes. Additionally, complication 
data were also reported according to the VARC-2 criteria, to determine the relationship 
between frailty and adverse outcomes after TAVR in a complementary manner[15]. 
Finally, the association between frailty and all-cause mortality 30 days and 1 year after 
TAVR surgery was assessed.

2.8 Statistical methodology
Dichotomized baseline variables were expressed as numbers and corresponding 
percentages. Differences in baseline characteristics between frail and non-frail patients 
were determined by the chi-square test or Fisher’s exact test as appropriate. Continuous 
baseline variables were expressed as means ± standard deviation (SD) and differences 
between frail and non-frail patients were determined by Student’s t-test. All outcome 
variables were entered into a univariate logistic regression analysis and subsequently into 
a multivariate logistic regression analysis to determine the relationship between frailty and 
the outcomes. Odds ratios (ORs) and 95% confidence intervals (95% CI) were calculated. 
The ORs were adjusted for age and sex. In addition, the presence of effect modification by 
age was examined. 
The number of missing values did not exceed 10%. Therefore, imputation methods were 
not used. A p-value ≤ 0.05 was considered statistically significant. The data were analyzed 
using the Statistical Package for the Social Sciences version 25 (SPSS Inc., Chicago III, 
United States).
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Results

3.1 Patient inclusion and baseline characteristics
From January 2014 to December 2019, 484 patients were referred for a geriatric POS, and 
431 of these patients were included in this study. Exclusions were due to operations other 
than TAVR (n=24), incomplete follow-up (n=17), incomplete POS assessments (n=7) and 
cancelled operations (n=5). A fl owchart of the patient inclusion process is presented in 
Figure I. In most cases, the reason for operation cancelation was severe comorbidities. 
Baseline characteristics are summarized in Table I. The mean age of the study population 
was 80.8 (SD ±6.2) years and 56% (n=240) were female. Frailty (GFI ≥ 4) was present in 
36% (n=155) of the study population. Female patients were signifi cantly more often frail. 
Patients with a dependence in (i)ADL, at risk of malnutrition, or with reduced mobility 
were signifi cantly more often frail, as were patients with an increased CCI score and 
patients with polypharmacy. Furthermore, a lower MMSE score and a higher GDS score 
were signifi cantly more often present in frail patients. 

Figure I fl owchart of patient inclusion
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Table I. Baseline characteristics of study participants

All 
(n=431)

Frail 
(n=155)

Non-frail 
(n=276) P-value

Demographics
Age Years [Mean ± SD] 80.8 ± 6.2 81.7 ± 6.3 80.3 ± 6.1 0.03 

≥ 80 years 284 (66%) 108 (70%) 176 (64%) 0.21

Female sex 240 (56%) 99 (64%) 141 (51%) 0.01 

Smoking 28 (7%) 11 (7%) 17 (6%) 0.71

Alcohol 206 (48%) 53 (34%) 153 (56%) <.001  

BMI [kg/m2] [Mean ± SD] 26.4 ± 4.7 26.3 ± 5.6 26.5 ± 4.2 0.71

Living dependent 20 (5%) 15 (10%) 5 (2%) <.001  

Functional status

(i)ADLa [≥1] 268 (64%) 134 (89%) 134 (50%) <.001  

MUSTb [≥1] 67 (16%) 46 (30%) 21 (8%) <.001  

Gait speed [<0.8 m/s] 91 (24%) 55 (40%) 36 (14%) <.001  

Handgrip strength [≤20 kg (women) / ≤30 kg 
(men)]

169 (42%) 76 (53%) 93 (36%) <.001  

Somatic status

Charlson comorbidity indexc [≥3] 224 (52%) 97 (63%) 127 (46%) <.001  

ASA-scored [≥3] 378 (92%) 145 (95%) 233 (90%) 0.04 

Polypharmacy [≥5 medications] 340 (79%) 139 (90%) 201 (73%) <.001  

Cognitive and psychological status

MMSEe [≤24] 44 (11%) 30 (20%) 14 (5%) <.001  

GDSa [≥6] 10 (3%) 8 (6%) 2 (1%) <.001  
SD = Standard Deviation; BMI = Body Mass Index; (i)ADL = (instrumental) Activities of Daily Living; 
MUST = Malnutrition Universal Screening Tool; ASA = American Society of Anesthesiologists; MMSE 
= Mini Mental State Examination; GDS = Geriatric Depression Scale
Possible range: a 0-15, b 0-6, c 0-33 (points for age not included), d1-5, e 0-30

3.2 Postoperative complications 
In 28% of the patients, the maximum observed Clavien-Dindo classification grade was 
I. Prevalence of ascending grades was 16%, 17%, 3% and 3% (Supporting Information 
Table  III). A Clavien-Dindo classification grade ≥II occurred in 43% (n=67) of the frail 
patients and in 37% (n=103) of the non-frail patients (Figure II). Occurrence of the 
composite outcome of postoperative complications was 45% in frail patients and 34% 
in non-frail patients (Figure III). Mortality within three months of TAVR occurred in 5% 
(n=20) of all patients. Eleven patients were frail (7%) and 9 patients were non-frail (3%). 
Postoperative delirium was diagnosed in 20 patients (5%); it occurred in 10 frail patients 
(7%) and 10 non-frail patients (4%). Re-intervention occurred in 13% of frail patients and 
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17% of non-frail patients. Readmission rates within three months of TAVR were similar for 
the frail group (10%) and the non-frail group (11%). 

Figure II The percentage of patients in whom the maximum observed Clavien-Dindo classification 
degree was I, II, III, IV or V, respectively

Figure III The occurrence of (geriatric) postoperative complications, during admission (indicated 
by *) and within 3 months of surgery (indicated by †), stratified by frailty status



3

The impact of frailty on adverse outcomes after TAVR   |   69   

3.3 Association between frailty and postoperative complications
All postoperative complications are presented in Figure III. Frailty was not significantly 
associated with a higher risk of major postoperative complications, defined as Clavien-
Dindo grade ≥2 [OR 1.20; (95% CI 0.80-1.80) p = 0.39] (Table II). Frailty was associated with 
a significantly higher risk of the composite outcome of postoperative complications [OR 
1.55; (95% CI 1.03-2.34) p = 0.04]. The risk of three-month mortality was significantly higher 
in frail patients compared to the non-frail group [OR 2.52 (95% CI 1.00-6.28) p = 0.05]. The 
risk of other postoperative complications was not significantly higher for the frail group 
compared to the non-frail group (all P ≥0.18). 
An additional analysis was performed to assess whether the effect of frailty was modified 
by age. In patients younger than 80 years, frailty was associated with a higher risk of the 
composite outcome of postoperative complications [OR 2.38 (95% CI 1.14-4.97)], while 
in patients of 80 years and older, frailty was not significantly associated with a higher risk 
of this outcome [OR 1.25 (95% CI 0.77-2.05)]. The interaction term for age-frailty was not 
statistically significant when entered into the multivariate model (p = 0.28). 

Figure IV The occurrence of 1-year mortality and postoperative complications according to the 
Valve Academic Research Consortium criteria 30-days after TAVR, stratified by frailty status
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Association between frailty, 1-year mortality and complications 
 according to VARC-2 criteria
An additional analysis was performed to determine the association between frailty, 1-year 
mortality and complications according to the VARC-2 criteria 30 days after TAVR surgery 
(Figure IV). Frailty was determined by the EFS or, if absent, the GFI. Frailty was significantly 
associated with an increased mortality risk 30 days after TAVR surgery [OR 4.84 (95% CI 
1.62-14.49)] and 1 year after TAVR surgery [OR 2.96 (95% CI 1.46-6.00)] when corrected 
for age and sex (Table II). Frailty was not significantly associated with an increased 
complication risk. A subgroup analysis that included only patients in whom frailty was 
identified by the GFI (n=431) showed that in both the unadjusted analysis [OR 3.45 (95% 
CI 1.20-9.91)] and the age- and sex-adjusted analysis [OR 3.89 (95% 1.32-11.47)], frailty was 
significantly associated with an increased risk of mortality. A subgroup analysis including 
only patients in whom frailty was assessed by the EFS (n=155) showed similar but not 
statistically significant results, probably due to a power issue [unadjusted OR 2.06 (95% CI 
0.21-20.78)] and [adjusted OR 1.81 (95% CI 0.17-19.75)].
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Table II. The association between frailty and adverse outcomes following TAVR

Odds Ratio (95% CI)
Unadjusted Adjusteda

Clavien-Dindo classification grade ≥ 2b 1.21 (0.81-1.81) 1.20 (0.80-1.80) During 
admission

Composite outcome of postoperative 
complicationsc 1.55 (1.04-2.32) 1.55 (1.03-2.34)

Postoperative delirium
1.86 (0.76-4.57) 1.80 (0.72-4.86)

During 
admission

Infection 1.05 (0.41-2.74) 1.11 (0.42-2.91)
During 
admission

Re-intervention 0.75 (0.43-1.32) 0.73 (0.41-1.30)
During 
admission

Intensive care unit admission 1.82 (0.67-4.96) 1.99 (0.72-5.46)
During 
admission

Admission to rehabilitation center 1.45 (0.76-2.77) 1.45 (0.75-2.80)
During 
admission

Falls 1.21 (0.57-2.55) 1.16 (0.54-2.51) < 3 months

Hospital readmission 0.94 (0.48-1.85) 1.00 (0.50-1.99) < 3 months

All-cause mortality 2.27 (0.92-5.60) 2.52 (1.00-6.28) < 3 months

All-cause mortalityd 2.41 (1.23-4.69) 2.96 (1.46-6.00) < 1 year

All-cause mortalityd 4.07 (1.42 – 11.7) 4.84 (1.62-14.49) < 30 days

Stroked 2.28 (0.75-6.92) 2.2 (0.7-6.91) < 30 days

TIAd 0.64 (0.07-5.81) 0.76 (0.08-7.2) < 30 days

Myocardial infarctiond 5.24 (0.47-58.3) 7.57 (0.61-94.12) < 30 days

Major vascular complicationd 1.60 (0.68-3.75) 1.48 (0.62-3.57) < 30 days

Life-threatening bleedingd 1.94 (0.76-4.95) 1.92 (0.73-5.06) < 30 days

Major bleedingd 1.49 (0.43-5.19) 1.77 (0.48-6.51) < 30 days

Valve related rehospitalizationd 1.03 (0.20-5.40) 1.08 (0.20-5.91) < 30 days

Congestive heart failure related 
rehospitalizationd 7.92 (0.82-76.93) 5.25 (0.53-51.98)

< 30 days

Pacemaker implantationd 1.04 (0.48-2.23) 1.00 (0.46-2.19) < 30 days
a Adjusted for sex and age
b Possible range I - V
c Composite outcome consisting of the following variables: postoperative delirium, infection, 
re-intervention, intensive care unit admission, admission to rehabilitation center, falls, hospital 
readmission and all-cause mortality within 3 months.
d Complications according to the VARC-2 criteria
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Discussion

4.1 Main findings
The aim of this study was to determine whether frailty is associated with a higher risk of 
adverse outcomes after TAVR. In 36% of the participants frailty was present. Frailty was 
significantly associated with an increased risk of the composite outcome of postoperative 
complications. In particular, frailty was associated with a higher risk of mortality within 30 
days, three months and 1 year of TAVR. 

4.2 Comparison with other studies
The prevalence of frailty in this study was in accordance with other studies investigating 
frailty in the TAVR population, ranging from 29 to 63%[8]. To the best of our knowledge, 
no previous study has investigated the association between frailty and adverse outcomes 
using the Clavien-Dindo classification. A recent systematic review found some evidence 
for the association between frailty and the following complications according to VARC 
criteria: major bleeding complications, blood transfusions, delirium, acute kidney injury, 
and infections. Frailty was not associated with vascular complications, stroke, or other 
major complications[8]. The finding of an increased three-month (7% in frail patients, 3% 
in non-frail patients, OR 2.52) and 1-year (15% in frail patients, 7% in non-frail patients, 
OR 2.96) mortality risk in frail patients was in accordance with previous studies[7, 8, 37]. 
A systematic review described a relative risk for six-month mortality ranging from 1.11 to 
13.77 and a 30-day mortality risk of 4% to 17% in frail patients and 1% to 6% in non-frail 
patients, which is consistent with the risk found in this study (7.4% in frail patients and 
1.9% in non-frail patients)[8]. In this study, the incidence of delirium after TAVR was 5%, 
while a recent systematic review found a pooled incidence of postoperative delirium of 
8% (95% CI 7-9%)[10]. This small difference may be a result of the geriatric consultation 
team’s involvement.

4.3 Strengths and limitations
The strengths of this study are the comprehensiveness of the geriatric assessment and the 
involvement of the geriatric team in TAVR care, the relatively large study population, the 
use of a validated multi-domain frailty instrument, and the assessment of the composite 
outcome. In this study, a wide variety of complications were analyzed using the Clavien-
Dindo classification, and there was a focus on secondary outcomes of importance to the 
geriatric population: delirium, infection, re-intervention, unplanned intensive care unit 
admission, admission to a rehabilitation center, falls, and hospital readmissions. In order 
to carefully compare our results with other studies, we performed an additional analysis 
in which association was determined for frailty and 30-day complications according to the 
VARC-2 criteria. A recent article on frailty in heart failure patients indicates that decline of 
physical function (decreased walking speed and grip strength) is not the only phenotype 
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of frailty[38]. The concept of frailty is a multi-domain problem, featuring problems in 
physical, psychological, and social domains. This is also evident in Table I of our study, 
which shows a significant association between frailty and reduced walking speed, 
reduced grip strength and increased risk of malnutrition (the physical domain) as well as 
cognitive impairment and depression (the psychological domain) and living dependent 
(the social domain). Although the GFI aligns with this perspective on frailty, we performed 
a subgroup analysis including patients in whom frailty had been determined using the 
EFS, since the more objective “timed up and go” variable is part of the EFS. 

This study has some limitations. Firstly, selection bias may exist, since the most frail patients 
have already been rejected for a TAVR by the cardiologist. However, the prevalence of frailty 
was similar to other studies. Secondly, due to a change in local guidelines regarding frailty 
instruments, different frailty instruments were used between January 2014 and December 
2019. For this reason, the GFI for some patients was not registered by the geriatric nurse 
practitioner. For those patients, the GFI was calculated by using information from the 
preoperative screening in order to determine the frailty status by GFI in each patient. Most 
information was obtained reliably from medical records, for example by means of other 
validated scales like the GDS or KATZ-15, which were performed during preoperative 
screening. Thirdly, during the index admission and follow-up period, we may have missed 
complications. A delirium is not always well recognized, especially a hypoactive delirium. 
Regarding the occurrence of falls at home, a recall bias may exist. Data on complications 
during hospital admission was not available for patients transferred to another hospital 
after the intervention. Fourthly, the limited number of cases led to a potential power 
problem when classifying adverse events into specific complications or mortality. Finally, 
in this study, several screening tools were applied, all of which have been validated in 
older adults of whom some had cardiovascular disease. However, most of these tools have 
not been validated specifically in the TAVR population.

4.4 Clinical implications and recommendations
This study demonstrates that frailty is not associated with a higher risk of postoperative 
complications according to the Clavien-Dindo classification or the VARC-2 criteria. The 
Clavien-Dindo classification grades complications based on the actual treatment of 
those complications. A cardiologist or cardiac surgeon may have a cautious attitude, 
particularly in frail patients, regarding the performance of a re-intervention or admission 
to the intensive care unit. Therefore, the Clavien-Dindo classification is most likely not 
an appropriate tool for measuring differences in outcomes between frail and non-frail 
patients. However, it is recommended that the total risk of complications after TAVR is 
investigated by means of a composite outcome, as this study showed that frail patients 
had a significantly higher risk of this outcome. Mortality appears to be the most important 



74   |   Chapter 3

factor for this higher risk in frail patients, but there is likely also a cumulative contribution 
of multiple complications to this risk. 
The current ESC guidelines for the management of valvular heart disease recommend 
TAVR instead of SAVR in frail patients[4]. However, the TAVR guidelines contain very few 
recommendations regarding screening and treatment of frailty[4, 39]. We recommend that 
frailty is included in conventional risk models for predicting mortality in cardiac surgery, 
such as The European System for Cardiac Operative Risk Evaluation (EuroSCORE) and 
the Society of Thoracic Surgeons (STS) risk score[40]. We advise preoperative screening 
by the geriatrician to assess frailty status. This screening provides balanced information 
on the risks and benefits of TAVR and enables shared-decision making[41]. Interventions 
such as family involvement, co-treatment with geriatrics, or a postoperative cardiac 
rehabilitation program can be useful in the prevention and postoperative treatment 
of geriatric complications like delirium or functional decline[40, 42, 43]. Through 
assessment of frailty, patients can be selected for pre-rehabilitation, as pre-operative 
interventions to reduce frailty can be useful. A recent systematic review and network 
meta-analysis on interventions to prevent or reduce the level of frailty found physical 
activity and nutritional supplementation to be most effective[44]. Effective interventions 
to improve frailty, quality of life, cognition and mood were physical activity, nutritional 
supplementation, medication management, psychosocial and cognitive training, and 
pharmacotherapy. These interventions can be performed or prescribed by geriatricians. 
Currently, a randomized controlled trial is being conducted in which half of the frail older 
TAVR candidates receive an intervention consisting of a home-based exercise program 
and a protein-rich oral nutritional supplement. The effect on several outcomes will be 
evaluated (The PERFORM-TAVR Trial). We suggest further research on the efficacy and 
feasibility of the afore mentioned interventions to improve frailty in TAVR candidates in 
order to improve clinical outcomes.

4.5 Conclusion
This study shows that frailty is associated with an increased overall risk of postoperative 
complications and particularly 30-day, three-month and 1-year mortality in older patients 
undergoing TAVR. Therefore, recommendations should be made in the TAVR guidelines 
with respect to the geriatric preoperative screening and treatment of frail patients.
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Supporting Information

Supporting Information Table I. Groningen Frailty Indicator (GFI) questionnaire[1]

Domains and items Yes No

Mobility (can the patient perform any of the following independently? Use of tools like 
walking stick, wheelchair or walker being allowed)
 1. Go shopping 0 1

 2. Walk around outside (around the house or to the neighbors) 0 1

 3. Dressing and undressing 0 1

 4. Toilet visit 0 1

Vision

 5. Does the patient experience problems in daily life because of poor vision? 1 0

Hearing

 6. Does the patient experience problems in daily life because of poor hearing? 1 0

Nutrition
 7. Has the patient involuntarily lost weight (> 6 kg) in the past 6 months 
(or > 3 kg in one month)?

1 0

Comorbidity

 8. Does the patient currently use four or more different types of medication? 1 0

Cognition
 9. Does the patient currently have complaints about his or her memory (or 
have a history of dementia)?

1 0

Psychosocial

 10. Does the patient sometimes experience emptiness around him or her? 1 0

 11. Does the patient sometimes miss people around him or her? 1 0

 12. Does the patient sometimes feel abandoned? 1 0

 13. Has the patient recently felt sad or depressed? 1 0

 14. Has the patient recently felt nervous or anxious? 1 0

Physical fitness
 15. How would the patient grade his or her physical fitness (0–10; ranging 
from very bad to good)?

0–6 =1  7–10 =0

A score of four or more is indicated as frail
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Supporting Information Table II. Clavien-Dindo Classification of surgical complications[2,3]

Grade Definition
I Any deviation from the normal postoperative 

course without the need for pharmacological 
treatment, or surgical, endoscopic, and 
radiological interventions.
Allowed therapeutic regimens are: drugs as 
antiemetic’s, antipyretics, analgesics, diuretics 
and electrolytes, and physiotherapy. This grade 
also includes wound infections opened at the 
bedside.

II Requiring pharmacological treatment with 
drugs other than such allowed for grade I 
complications. Blood transfusions and total 
parenteral nutrition are also included.

III Complication requiring surgical, endoscopic, or 
radiological intervention

IIIa Intervention not under general 
anesthesia

IIIb Intervention under general 
anesthesia

IV Life-threatening complication (including 
central nervous system complications) 
requiring intensive care unit management

IVa Single organ dysfunction (including 
dialysis)

IVb Multi-organ dysfunction
V Death of a patient

Supporting Information Table III. Highest Clavien-Dindo Classificationa grade

All (n=431) Frail (n=155) Non-frail (n=276)

Grade I 122 (28%) 43 (28%) 79 (29%)

Grade II 69 (16%) 28 (18%) 41 (15%)

Grade III 73 (17%) 26 (17%) 47 (17%)

Grade IV 14 (3%) 6 (4%) 8 (3%)

Grade V 14 (3%) 7 (5%) 7 (3%)

a Possible range I - V 

1. Stevernik N, Slaets JPL, Schuurmans H, et al (2001) Measuring frailty: development and testing 

the GFI (Groningen Frailty Indicator). Gerontologist 41:236–237.

2. Clavien PA, Barkun J, De Oliveira ML, et al. (2009) The clavien-dindo classification of surgical 

complications: Five-year experience. Ann Surg 250:187–196. 

3. Dindo D, Demartines N, Clavien PA (2004) Classification of surgical complications: A new 

proposal with evaluation in a cohort of 6336 patients and results of a survey. Ann Surg 240:205–

213. 
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Abstract

Objective: In recent years, transcatheter aortic valve implantation (TAVI) has become 
the treatment of choice for patients with symptomatic aortic valve stenosis considered 
to be at increased or high surgical risk. The aim of this study was to identify predictors of 
postoperative adverse events in older adults undergoing TAVI. 

Methods: A prospective observational cohort study of patients who were referred to 
a geriatric outpatient clinic for a geriatric assessment prior to TAVI was conducted. The 
outcomes were mortality and hospital readmission within three months of TAVI and the 
occurrence of major postoperative complications during hospitalisation according to the 
Clavien-Dindo classification. These three outcomes were also combined to a composite 
outcome. Univariate and multivariate logistic regression analyses were performed to 
identify predictors of the outcomes and composite outcome of adverse events. 

Results: This cohort included 490 patients who underwent TAVI (mean age 80.7 ± 
6.2 years, 47.3% male). Within 3 months of TAVI, 19 (3.9%) patients died and 46 (9.4%) 
patients experienced a hospital readmission. A total of 177 (36.1%) patients experienced 
one or more major complications according to the Clavien-Dindo classification during 
hospitalisation and 193 patients (39.4%) experienced the composite outcome of adverse 
events. In multivariate analyses, cognitive impairment was identified as an independent 
predictor of major postoperative complications (OR 2.16; 95% CI 1.14-4.19) and the 
composite outcome of adverse events (OR 2.40; 95% CI: 1.21-4.79). No association was 
found between the other variables and the separate outcomes and composite outcome. 

Conclusion: cognitive impairment is associated with postoperative adverse events in older 
patients undergoing TAVI. Therefore, it is important to screen for cognitive impairment 
prior to TAVI and it is recommended to include this in current TAVI guidelines.
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Introduction
Stenosis of the aortic valve is one of the most common cardiovascular diseases in the 
Western population.(1,2) It is associated with ageing and affects one in eight individuals 
aged 75 years and above.(1–3) In recent years, transcatheter aortic valve implantation 
(TAVI) has become the treatment of choice for patients with symptomatic aortic valve 
stenosis, considered to be at increased or high surgical risk.(1–3) Common surgical risk 
scores, such as the European System for Cardiac Operative Risk Evaluation (EuroSCORE) 
and Society of Thoracic Surgeons (STS) score, are widely used to guide treatment 
options based on the predicted risk of poor outcomes.(3) These models were created 
and validated in a standard surgical risk population.(3,4) Therefore, these models do not 
include relevant risk factors that are specifically prevalent in the geriatric population.
(1–3) In recent years, the evidence has grown that frailty can help identify patients who 
are at increased risk of mortality after a TAVI procedure.(3,4) Therefore, the European 
Society of Cardiology (ESC) guidelines for the management of valvular heart disease 
and the guidelines of the American College of Cardiology (ACC) recommend to use 
frailty scores to determine a patients’ suitability for TAVI.(1,2) Previous studies aimed to 
identify preoperative factors predictive of postoperative adverse outcomes in older 
patients undergoing TAVI.(3,4) Several predictors of 1-year mortality in older patients has 
been found, including the presence of frailty, a reduced gait speed and dependence in  
Activities of Daily Living (ADL). With regard to predictors of short-term outcomes (e.g. 30-
day mortality), there have been conflicting results, in particular with respect to frailty.(5–7) 
The majority of recently created prediction models in older patients focused on 
the occurrence of long term mortality.(8–10) Since the occurrence of postoperative 
complications results in substantial burden for patients and health care systems, it 
is necessary to focus both on postoperative mortality and morbidity and the overall 
occurrence of these negative outcomes. (11,12)
In this study, we aimed to identify predictors of postoperative adverse events, including 
mortality, hospital readmissions, major postoperative complications and the composite of 
these outcomes in older patients undergoing TAVI. 

Methods

Study design and population
This prospective, single-centre cohort study was conducted at the University Medical 
Centre Utrecht, a tertiary hospital in the Netherlands. All consecutive patients who visited 
the geriatric outpatient clinic for a geriatric assessment prior to TAVI between January 
2014 and June 2020 were included.  Patients were excluded if a) they were referred for 
a preoperative geriatric assessment prior to another operation than TAVI, b) the TAVI 
operation was cancelled, or c) the 3-month follow-up appointment was planned after 
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30 June 2020. Data was collected from patients’ electronical medical records during the 
outpatient clinic visit prior to TAVI, during the TAVI admission and three months post-TAVI. 
The study involved data obtained from usual care and ethical approval was waived by 
the local Ethics Committee of the University Medical Centre Utrecht. According to Dutch 
national regulations, in case of file research, there is no obligation to obtain informed 
consent. An anonymized data set was used in this study. 

TAVI-procedure
A multidisciplinary heart team consisting of at least one interventional cardiologist and 
one cardiac surgeon evaluated the patients’ suitability for a TAVI-procedure according 
to current guidelines. A preoperative complete cardiac assessment was performed. The 
preferred access site was the transfemoral artery. Procedures were performed under local 
or general anaesthesia. After the TAVI procedure, patients had to take six hours bedrest.  

Preoperative geriatric assessment 
The preoperative geriatric assessment was performed by a geriatric nurse practitioner 
under supervision of a geriatrician and involved a comprehensive geriatric assessment 
(CGA) in which the following domains were assessed: somatic, psychological, social and 
functional. An anamnesis was performed and data were collected on medical history, 
medication use (in particular the presence of (hyper)polypharmacy), smoking status, 
alcohol use, living situation, dependence in (instrumental) activities of daily living ((i)
ADL), nutritional status, the presence of a fall in the previous six months and the presence 
of a delirium in the past. With regard to the medical history, the Charlson Comorbidity 
Index (CCI) score was calculated.(13) An adjusted CCI score without scoring points for age-
category was used. A cut-off value of ≥3 was defined as multimorbidity. Polypharmacy 
was defined as the use of five or more medications, excluding food supplements 
without prescription, medication only taken when necessary, dermal creams and eye 
drops. Hyperpolypharmacy was defined as the use of ten or more medications. With 
regard to alcohol use and smoking status patients scored positive if they were current 
users, regardless of the amount. Patients lived dependent when they lived in a skilled 
nursing or assisted nursing facility. Patients lived independent when they lived in their 
own house, with or without homecare. To assess the dependence in (i)ADL the KATZ-15 
questionnaire was conducted.(14) Dependence in (i)ADL was defined as a KATZ-15 score 
≥2. The nutritional status was assessed using the Malnutrition Universal Screening Tool 
(MUST).(15) Malnutrition was suspected when the MUST score was ≥1. In addition, the 
American Society of Anaesthesiologists (ASA) score, determined by an anaesthesiologist, 
was obtained from the patients’ electronical medical records.(16)
Furthermore, a psychical examination was performed, which consisted of measurement 
of vital signs, gait speed and handgrip strength and a neurological- and functional 
examination. A decreased gait speed was defined as a gait speed of ≤0.80 meters per 
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second and a decreased handgrip strength was defined as ≤20 kilograms for women 
and ≤30 kilograms for men.(17) In addition, a minimal mental state examination (MMSE) 
or Montreal Cognitive Assessment (<5% of the cases, MoCA) was conducted to assess 
cognitive function.(18,19) A MMSE score ≤24 or MoCA score <26 was indicative for 
cognitive impairment. To assess the possible presence of a depression, the Geriatric 
Depression Scale (GDS) questionnaire was conducted. A GDS-15 score ≥6 was suggestive 
of a depression.(20)  
Frailty was assessed according to the Groningen Frailty Indicator (GFI).(21) This is an 
internationally applied, validated frailty instrument which offers a multidomain view on 
the degree of frailty. The GFI questionnaire consists of 15 questions, covering all domains 
of the CGA. Frailty was present in case of a GFI score of ≥4. Due to varying standard 
instruments to determine frailty in recent years, the GFI score was not reported in all 
patients by the geriatric nurse practitioner. In these cases, the GFI score was determined 
by the authors based on information collected during the preoperative geriatric 
assessment. A few questions of the GFI could not be filled in retrospectively. Therefore, the 
answers to these questions were rated as missing and the total GFI score was calculated, 
excluding these questions. Based on the results of the CGA, advice was provided on 
perioperative delirium prevention including both non-pharmacologic interventions and 
pharmacological interventions if indicated. Furthermore, advice was provided concerning 
fall-prevention, medication management, mobility, optimising nutritional status and 
reducing alcohol use and smoking. In some cases, it was recommended to cancel or 
postpone the TAVI procedure, for example in case of multimorbidity or severe functional 
or cognitive impairment. Nonetheless, the cardiologist made the ultimate decision. 

Postoperative geriatric involvement 
One day after the TAVI procedure, a geriatric nurse practitioner visited the patient on the 
cardiac ward to assist in the prevention or treatment of complications prevalent in the 
geriatric population (e.g. falls, delirium, stroke). Nurses from the cardiac ward observed 
the patients during the hospital stay and in case a postoperative delirium was suspected, 
the Delirium Observation Screening Scale (DOSS) was assessed three times a day. The 
DOSS is an early recognition tool for delirium, based on observations by nurses. A score 
of three and higher indicates a delirium.(22) A postoperative delirium was confirmed by 
the geriatric consulting team, based on criteria of the Diagnostic and Statistical Manual 
of Mental Disorders, Fifth Edition (DSM-5).(23) A postoperative delirium was treated by 
non-pharmacological interventions and if indicated, by pharmacological treatment 
like haloperidol. 

Follow-up
Three months after the TAVI procedure there was a follow-up appointment with a geriatric 
nurse practitioner, mostly by phone. Patients were asked about their general well-being 
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and physical complaints compared to the situation before the procedure. Data was 
collected on the occurrence of postoperative complications. Patients were also followed 
by their cardiologist six and twelve months after TAVI. 
 
Outcomes
The outcomes were mortality and hospital readmissions within three months of TAVI and 
major postoperative complications during hospitalisation according to the Clavien-Dindo 
classification (Supplement Table 1).(24,25) The Clavien-Dindo classification was already 
successfully implemented as outcome classification method in other surgical specialties 
(e.g. noncardiac thoracic surgery, colorectal surgery and urologic surgery) (26–30)  and 
a recent study proved that this classification adequately measures the quantity and 
severity of postoperative complications  in adult cardiac surgery.(31) The Clavien-Dindo 
classification consists of five categories, each category represents the type of therapy 
which was required to correct the complication. The need for pharmacological treatment 
is reflected in category I and II. Category III to IV range from a complication requiring 
a surgical, endoscopic or radiological intervention to a life-threatening complication 
requiring intensive care (unit) management. For example, an arrhythmia requiring the 
placement of a pacemaker is a Clavien-Dindo grade III complication. Category V reflects 
the death of a patient.(24,25) A composite outcome was created in which the three 
outcomes were combined. A Clavien-Dindo grade of II and higher was considered a major 
postoperative complication. When a patient suffered from two or more complications in 
different grade categories, the highest grade was used in the analysis. 

Statistical analysis
The prevalence of dichotomized baseline variables is presented as numbers and 
corresponding percentages. Continuous baseline variables are expressed as mean and 
standard deviation. In case there were more than 10% missing values for a variable (which 
holds for the GDS), the Little’s MCAR test was performed to determine whether missing 
values were completely at random or not. Since the results of the Little’s MCAR test showed  
no significance (p>0.05), multiple imputation methods were not indicated. Univariate 
logistic regression analyses were performed to identify potential predictors of the outcomes 
and the composite outcome. Before entering continuous variables into the univariate 
logistic regression analysis, we first performed the Box-Tidwell procedure to assess whether 
the continuous variables were linearly related to the logit of the dependent variable.  
All variables with p-value ≤0.10 in univariate analyses were entered into a stepwise 
multivariate analysis. Odds Ratios (OR) with a 95% Confidence Interval (CI) were 
calculated. Analyses were performed using IBM Statistical Package for the Social 
Sciences, version 25 (SPSS Inc., Chicago III, United States). 
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Results
Patient inclusion and baseline characteristics
A total of 555 patients visited the geriatric outpatient clinic for a geriatric assessment 
prior to TAVI  between January 2014 and June 2020. 65 patients were excluded from 
this study. Reasons for exclusion were referral to the geriatric outpatient clinic because 
of a preoperative assessment for an intervention other than TAVI (n=31), no three-
month follow-up data available because the follow-up appointment was scheduled 
after 30 June 2020 (n=20), insufficient information collected during preoperative 
assessment (n=10) and cancellation of the TAVI procedure (n=4). Operations were mostly 
cancelled due to severe comorbidities. Finally, 490 patients were included in the study.  
The baseline characteristics of the study population are outlined in Table 1. Mean age 
was 80.7 ± 6.2 years. 5 percent were between the age of 50 and 70 and 28% 85 years or 
older. 232 patients (47.3%) were male. A total of 170 patients (34.7%) were frail. The mean 
logistic EuroSCORE was 14.8%. 

Table 1. Baseline characteristics 

N %

All patients 490

Demographics

Age Years [Mean ±SD] 80.7 ±6.2

Age ≥80 years 319 65.1

Sex Male 232 47.3

Smoking Current smoker 31 6.3

Ex-smoker 198 40.4

Alcohol use Current alcohol user 241 49.2

Frailty

GFIa ≥4 170 34.7

Somatic status

ASA classb ≥3 456 93.1

CCIc ≥3* 258 52.7

Medication use Number [Mean ±SD] 8.4 ±4.5

Polypharmacy (≥5 medications) 408 83.3

Hyperpolypharmacy (≥10 medications) 163 33.3

Cognitive and psychological status
MMSEd [Mean ±SD] 27.5 ±2.5

MMSE ≤24 47 9.6
MOCAd [Mean ±SD] 26 ±3.4

MOCA <26 8 1.6
Impaired cognition MMSE ≤24 or MOCA <26 55 11.2
GDSa ≥6 17 3.5
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Delirium In past 48 9.8
Social status
Living situation Dependent 22 4.5
Functional status
Dependence in ADLe KATZ6 ≥1 114 23.3
Dependence in iADLf KATZ9 ≥1 287 60.5
Dependence in (i)ADLa KATZ15 ≥2 225 45.9
(At risk of ) malnutritione MUST ≥1 75 15.3
Gait speed <0.8 m/s 98 20
Handgrip strength ≤20 kg female / ≤30 kg male 246 50.2
Falls ≥1 in previous 6 months 93 19.1

 * Points for age category not included
SD: standard deviation GFI: Groningen Frailty Indicator,  ASA: American Society of Anaesthesiologists, 
CCI: Charlson Comorbidity Index, MMSE: Mini-Mental State Examination, MOCA: Montreal Cognitive 
Assessment, GDS: Geriatric Depression Scale, (i)ADL: (Instrumental) Activities of Daily Living,  MUST: 
Malnutrition Universal Screening Tool, m/s: meters per second, kg: kilograms
aScore range from 0 to 15, bscore range from 1 to 5, cscore range from 0 to 24, dscore range from 0 to 
30, escore range from 0 to 6, fscore range from 0 to 9.  

Table 2. Occurrence of outcome measures

N %

Mortality within three months of TAVI 19 3.9

Hospital readmission within three months of TAVI 46 9.4

Complications according to Clavien-Dindo during admission 177 36.1

  Clavien-Dindo Grade I 144 29.4

  Clavien-Dindo Grade II 69 14.1

  Clavien-Dindo Grade IIIa 66 13.5

  Clavien-Dindo Grade IIIb 15 3.1

  Clavien-Dindo Grade IVa 14 2.9

  Clavien-Dindo Grade IVb 2 0.4

  Clavien-Dindo Grade V 12 2.4

Composite outcome* 193 39.4
*Including mortality and hospital readmission within three months of TAVI and the occurrence of 
major postoperative complications (Clavien-Dindo Grade ≥II) during hospitalisation



4

Predictors of clinical outcome following TAVI   |   89   

Mortality and hospital readmissions within three months of TAVI
Occurrence of outcome measures are displayed in Table 2. Twelve patients (2.4%) died 
during hospital admission and 19 patients (3.9%) died within three months of TAVI. In total, 
there were 46 readmissions (9.4%), of which 22 (48%) were cardiac, 23 (50%) non-cardiac 
and for one readmission (2%) the reason could not be traced in the patient file. Cardiac 
reasons for readmission were often arrhythmias requiring pacemaker implantation or 
acute decompensated heart failure. Non-cardiac reasons were among others infections 
(requiring intravenous antibiotics) or cerebrovascular events. Due to the limited number 
of outcome events within three months of TAVI, logistic regression analyses to identify 
independent predictors were not feasible. 

Occurrence of major postoperative complications during hospitalisation
A total of 177 (36.1%) patients experienced one or more major postoperative complications 
(Clavien-Dindo Grade ≥II) during hospital admission. Results of the univariate and 
multivariate analysis are displayed in Table 3. Univariate analysis showed that cognitive 
impairment (OR 2.30; 95% CI 1.30-4.07), dependence in (i)ADL (OR 1.57; 95% CI 1.08-2.30), 
and a decreased gait speed (OR 1.64; 95% CI 1.04-2.60) were significantly associated with 
a higher risk of a major postoperative complication during hospitalisation. Multivariate 
analysis showed that cognitive impairment was independently associated with a higher 
risk of a major postoperative complication during hospital admission (OR 2.16; 95% CI 
1.14-4.19). 
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Table 3. Variables associated with major postoperative complications* during hospitalisation

Demographics Univariate 
OR [95% CI]

p value Multivariate 
OR [95% CI]

p value

Age 1.00 [0.97-1.03] 0.91

Sex (male) 1.37 [0.94-1.98] 0.10 0.91 [0.59-1.40] 0.66

Current smoker 1.12 [0.53-2.37] 0.76

Alcohol user 0.62 [0.42-0.89] 0.01 0.78 [0.50-1.21] 0.26

Frailty

GFI ≥4a 1.43 [0.96-2.13] 0.08 0.73 [0.42-1.24] 0.24

Somatic status

ASA class ≥3b 0.91 [0.44-1.86] 0.79

CCI ≥3**c 1.37 [0.94-1.98] 0.10 1.22 [0.80-1.87] 0.35

Polypharmacy 1.11 [0.67-1.83] 0.68

Hyperpolypharmacy 1.27 [0.86-1.88] 0.22

Cognitive and psychological status
MMSE ≤24 or MOCA <26d 2.30 [1.30-4.07] <0.01 2.16 [1.14-4.19] 0.02

GDS ≥6a 0.57 [0.18-1.77] 0.33

Delirium in past 1.06 [0.57-1.96] 0.85

Social status

Living dependent 2.20 [0.93-5.21] 0.07 1.59 [0.60-4.23] 0.35

Functional status

Katz15 ≥2a 1.57 [1.08-2.30] 0.02 1.20 [0.73-1.97] 0.47

MUST ≥1e 1.06 [0.64-1.77] 0.81

Gait speed < 0.8m/s 1.64 [1.04-2.60] 0.03 1.47 [0.85-2.55] 0.17

Handgrip strength ≤20 
kg/≤30 kg*** 

1.00 [0.68-1.47] >0.99

Falls in previous 6 months 1.37 [0.86-2.17] 0.18
*Clavien-Dindo Grade ≥II
** Points for age category not included
***≤20 kg female / ≤30 kg male
GFI: Groningen Frailty Indicator, ASA: American Society of Anaesthesiologists, CCI: Charlson 
Comorbidity Index, MMSE: Mini-Mental State Examination, MOCA: Montreal Cognitive Assessment, 
GDS: Geriatric Depression Scale, MUST: Malnutrition Universal Screening Tool, m/s: meters per 
second, kg: kilograms
aScore range from 0 to 15, bscore range from 1 to 5, cscore range from 0 to 24, dscore range from 0 to 
30, escore range from 0 to 6. 
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Composite outcome of adverse events
A total of 193 (39.4%) patients experienced the composite outcome consisting of 
mortality or hospital readmission within three months of TAVI and occurrence of major 
postoperative complications (Clavien-Dindo Grade ≥ II) during hospitalisation. Results 
from the univariate and multivariate analyses of the composite outcome are presented in 
Table 4. Cognitive impairment was statistically significant associated with an increased risk 
of the composite outcome in both univariate (OR 2.56; 95% CI 1.41-4.65) and multivariate 
analysis (OR 2.40; 95% CI 1.21-4.79). Univariate analysis showed that current alcohol use 
was associated with a lower risk (OR 0.62; 95% CI 0.43-0.90) and living dependently (OR 
2.49; 95% CI 1.01-6.13), dependence in (i)ADL (OR 1.74; 95% CI 1.20-2.54) and a decreased 
gait speed (OR 1.62; 95% CI 1.02-2.56) with a higher risk of the composite outcome. In the 
multivariate analysis, these factors were not identified as independent predictors of the 
composite outcome. 

Table 4. Variables associated with the composite outcome consisting of mortality or hospital 
readmission within three months of TAVI and occurrence of major postoperative complications 
(Clavien-Dindo Grade ≥ II) during hospitalisation

Composite outcome: 
postoperative adverse events

Univariate 
OR [95% CI]

p value Multivariate 
OR [95% CI]

p value

Demographics

Age 1.01 [0.98-1.04] 0.51

Sex (male) 0.87 [0.60-1.25] 0.45

Current smoker 1.13 [0.54-2.38] 0.75

Alcohol user 0.62 [0.43-0.90] 0.01 0.77 [0.50-1.19] 0.23

Frailty

GFI  ≥4a 1.47 [0.99-2.19] 0.06 0.67 [0.39-1.15] 0.14

Somatic status

ASA class ≥3b 1.11 [0.54-2.27] 0.78

CCI ≥3*c 1.38 [0.96-2.00] 0.09 1.23 [0.81-1.86] 0.34

Polypharmacy 1.18 [0.72-1.95] 0.52

Hyperpolypharmacy 1.27 [0.86-1.87] 0.23

Cognitive and psychological status

MMSE ≤24 or MOCA <26d 2.56 [1.41-4.65] <0.01 2.40 [1.21-4.79] 0.01

GDS ≥6a 0.46 [0.15-1.45] 0.19

Delirium in past 1.20 [0.66-2.21] 0.55

Social status

Living dependent 2.49 [1.01-6.13] 0.05 1.85 [0.66-5.19] 0.24

Functional status

Katz15 ≥2a 1.74 [1.20-2.54] <0.01 1.42 [0.87-2.31] 0.16
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MUST ≥1e 1.03 [0.62-1.71] 0.90

Gait speed < 0.8m/s 1.62 [1.02-2.56] 0.04 1.32 [0.76-2.28] 0.32

Handgrip strength ≤20 kg/≤30 kg*** 1.11 [0.76-1.63] 0.58

Falls in previous 6 months 1.39 [0.88-2.19] 0.16
* Points for age category not included **≤20 kg female / ≤30 kg male
GFI: Groningen Frailty Indicator, ASA: American Society of Anaesthesiologists, CCI: Charlson 
Comorbidity Index, MMSE: Mini-Mental State Examination, MOCA: Montreal Cognitive Assessment, 
GDS: Geriatric Depression Scale, MUST: Malnutrition Universal Screening Tool, m/s: meters per 
second, kg: kilograms
aScore range from 0 to 15, bscore range from 1 to 5, cscore from range 0 to 24, dscore range from 0 to 
30, escore range from 0 to 6. 

Discussion
The aim of this study was to identify predictors of postoperative adverse outcomes in 
older patients undergoing TAVI. Cognitive impairment was identified as an independent 
predictor of major postoperative complications during hospitalisation and the composite 
outcome of major complications, hospital readmissions and mortality. No association was 
found between the other variables and the composite and separate outcomes. 
The finding of cognitive impairment as an independent predictor of worse outcomes 
in older patients is in line with previous studies conducted in patients undergoing TAVI. 
Yanagisawa et al. evaluated if the presence of preoperative cognitive impairment was 
associated with postoperative adverse outcomes, in particular 1-year cumulative mortality.
(32) They included TAVI patients aged 70 or higher, whose cognitive performance was 
assessed using the MMSE. They found that patients with cognitive impairment had more 
in-hospital adverse outcomes (major bleeding, vascular complications, acute kidney 
injury, prolonged hospital stay) and that cognitive impairment was an independent 
predictor of 1-year all-cause mortality.(32)
Khan et al. included TAVI patients who were screened on the presence of geriatric risk factors.
(33) They found that the presence of cognitive deficits (according to the Mini-Cog test) was 
associated with the occurrence of a postoperative delirium and 30-day mortality.(33)
A possible explanation for this finding could be that patients with cognitive impairment are 
more prone to develop a postoperative delirium and that this is reflected in our outcome 
‘major postoperative complications during hospitalisation according to the Clavien-
Dindo classification’ and the composite outcome. However, only a minority (11.3%) of 
all patients with a Clavien-Dindo grade II complication experienced a delirium for which 
pharmacological treatment was necessary.  Another explanation, as stated by Yanagisawa 
et al., could be that a part of the patients with cognitive deficits are known to suffer from 
vascular cognitive impairment caused by systemic vascular risk factors.(32) The presence 
of these vascular risk factors might explain the increased risk of postoperative morbidity 
in patients with cognitive impairment. In contrast to previous studies conducted in TAVI 
patients(3,4), we did not find an association between other variables, like frailty, and 
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postoperative adverse outcomes. A possible explanation for this finding could be that all 
TAVI patients included in our study had a preoperative CGA. Based on the results of the 
CGA, an extensive advice was given with regard to identified risk factors. Therefore, our 
study population differs from the study population in previous studies, since all patients 
in our study had a preoperative intervention consisting of a CGA and the subsequent 
advice for appropriate treatment to prevent/reduce postoperative adverse outcomes.
This study has several strengths. The study design was prospective and a relatively large 
number of patients was included. Whereas previous studies mostly focused on separate 
outcomes, in particular mortality, this study also assessed a composite outcome, including 
mortality and hospital readmission within three months of TAVI and the occurrence of 
major postoperative complications during hospitalisation, assessing both postoperative 
mortality and morbidity. Therefore, an advantage of this composite outcome is that 
it reflects the overall course following TAVI. Furthermore, we included a wide variety of 
potential preoperative predictive factors, covering all the different domains of the CGA. In 
this study, frailty was assessed by a validated frailty instrument that includes all domains 
of the CGA and therefore it offers a broad assessment of frailty in comparison to other 
frailty instruments that cover less domains of the CGA.(21) 
This study has some limitations. Due to the limited number of events for mortality and 
hospital readmission within 3 months of TAVI, planned logistic regression analyses were 
not feasible. Furthermore, during the study period, the local guidelines regarding frailty 
instruments were changing. Therefore, for a number of patients, the GFI score was not 
reported by the geriatric nurse practitioner and had to be calculated by the authors. 
However, some questions of the GFI are subjective and could not be filled in retrospectively. 
The answers for these questions were rated as missing, and the total GFI score was 
calculated, excluding these questions. This might have resulted in an underestimation of 
the number of frail patients. However, the frailty prevalence in this study corresponded 
to the prevalence range (29 to 63%) of frailty in patients undergoing TAVI that was found 
in a recent meta-analysis.(34) Lastly, during the 3-month follow-up appointment with 
the geriatric nurse practitioner, patients were often not explicitly asked if they had been 
readmitted to a hospital within three months of TAVI. This may lead to an underestimation 
of the number of participants with a readmission if a patient was admitted to a hospital 
other than the University Medical Centre Utrecht. 

Clinical implications
The results of this study have some important clinical implications. We found cognitive 
impairment to be independently associated with a higher risk of postoperative adverse 
events. Screening for cognitive impairment with a screening tool like the MMSE or MoCA 
could help identify patients who are at increased risk of unfavourable outcomes and will 
provide additional information on the potential risks of TAVI, which improves shared-
decision making. Therefore, we advise to include screening for cognitive impairment in 
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the current local and international guidelines.(1) The 2017 ACC expert consensus on a 
decision pathway for TAVI in the management of adults with aortic stenosis, is innovative 
by advising to assess cognition by means of the MMSE, however, cognitive function is not 
yet included in their four proposed risk categories.(2) In addition, if a patient is suspected 
of cognitive decline or impairment after screening for cognitive impairment, he or she 
could be monitored more closely during admission and afterwards, especially by a 
geriatric team in order to detect and anticipate on problems in an early stage. 

Conclusion
This study identified cognitive impairment as an independent predictor of postoperative 
adverse events in older patients undergoing TAVI. Therefore, it is important to screen for 
cognitive impairment prior to TAVI, as this can identify patients who are at increased risk 
to develop a postoperative adverse event. It is recommended to include screening for 
cognitive impairment in current TAVI guidelines.
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Supplementary data

Supplementary Table S1. Clavien-Dindo Classification of surgical complications[1,2]

Grade Definition
I Any deviation from the normal postoperative course without the need for 

pharmacological treatment, or surgical, endoscopic, and radiological interventions.
Allowed therapeutic regimens are: drugs as antiemetic’s, antipyretics, analgesics, 
diuretics and electrolytes, and physiotherapy. This grade also includes wound 
infections opened at the bedside.

II Requiring pharmacological treatment with drugs other than such allowed for grade I 
complications. Blood transfusions and total parenteral nutrition are also included.

III Complication requiring surgical, endoscopic, or radiological intervention
IIIa Intervention not under general anesthesia
IIIb Intervention under general anesthesia
IV Life-threatening complication (including central nervous system complications) 

requiring intensive care unit management
IVa Single organ dysfunction (including dialysis)
IVb Multi-organ dysfunction
V Death of a patient

[1] Clavien PA, Barkun J, De Oliveira ML, Vauthey JN, Dindo D, Schulick RD, et al. The 
clavien-dindo classification of surgical complications: Five-year experience. Ann Surg. 
2009;250:187–96. https://doi.org/10.1097/SLA.0b013e3181b13ca2.

[2] Dindo D, Demartines N, Clavien PA. Classification of surgical complications: A new 
proposal with evaluation in a cohort of 6336 patients and results of a survey. Ann Surg. 
2004;240:205–13. https://doi.org/10.1097/01.sla.0000133083.54934.ae.
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Abstract

Background: The prevalence of (hyper)polypharmacy in patients on left ventricular assist 
device (LVAD) support and its effect on clinical outcome is unknown. Therefore, we aimed 
to determine the prevalence of (hyper)polypharmacy in LVAD patients and evaluate its 
association with mortality and complications.   

Materials and methods: 210 patients aged ≥40 years who received a primary LVAD 
implantation between 2011 and 2019 were included for analysis. Polypharmacy and 
hyperpolypharmacy were defined as the concomitant use of 5–9 and ≥10 medications at 
discharge after LVAD implantation, respectively. Cause specific cox regression was used 
to assess the association of ≥10 medications with mortality, cardiac arrhythmia, driveline 
infection and major bleeding.

Results: The median age of the patients was 57.5 years, and 35.7% were female. The 
average number of discharge medications was 8.8 ± 2.3 per patient. The prevalence of 
patients with 5-9 medications and ≥10 medications was 62.9% and 34.8%, respectively. The 
median follow-up duration was 948 days (interquartile range 874 days). The prescription 
of ≥10 medications was significantly associated with a higher risk of mortality (HR 2.03; 
95% CI 1.15-3.6, p-value 0.02) adjusted for sex, age, comorbidity and stratified for device 
type. The prescription of ≥10 medications was not associated with a higher risk of major 
bleeding, cardiac arrhythmia or driveline infection.

Conclusions: (Hyper)polypharmacy is highly prevalent in LVAD patients and is 
independently associated with a higher risk of mortality. Future research is needed to 
assess the efficacy of individual risk-benefit profiling of (cardiovascular) medication to 
ensure appropriate polypharmacy and decreasing negative health outcomes.
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Introduction
Heart failure (HF) is a chronic and progressive clinical syndrome affecting at least 
26 million people worldwide and its prevalence continues to increase.1 Treatment 
options include lifestyle changes, pharmacological treatment, device therapy, coronary 
revascularisation and cardiac rehabilitation according to HF severity. In case of therapy-
resistant symptomatic end-stage HF, there may be an indication for heart transplantation 
or mechanical support with a Left Ventricular Assist Device (LVAD).2 Due to the progressive 
nature of HF and current donor heart scarcity, patients on the heart transplant waiting 
list often need LVAD implantation to maintain adequate cardiac output (bridge to 
transplantation). LVAD implantation is also a permanent therapy for those who do not 
qualify or opt for heart transplantation (destination therapy). The Randomized Evaluation 
of Mechanical Assistance for the Treatment of Congestive Heart Failure (REMATCH) trial 
has shown that LVAD destination therapy leads to a higher survival rate and quality of 
life in patients ineligible for transplantation.3 Current survival at one, two and three years 
after LVAD implantation in the Netherlands is 83%, 76% and 70%, respectively.4 Despite 
these promising results, major adverse events are common after LVAD implantation: one 
year after LVAD implantation 41% of the patients have suffered from a major infection (a 
clinical infection treated by anti-microbial agents), 21% from gastro-intestinal bleeding 
and 13% from stroke.5 
HF patients have a higher prevalence of co-morbidities when compared to patients of 
similar age without HF.6 This is especially the case of patients for LVAD destination therapy, 
not eligible for heart transplantation due to advanced age, non-cardiac comorbidities or 
frailty.7 The pharmacological treatment of these cardiac and non-cardiac comorbidities in 
patients with end stage HF generates a high prevalence of polypharmacy (17 to 99%),8 
usually defined as the concomitant use of ≥5 regularly prescribed medications, and even 
of hyperpolypharmacy (26% to 74%),9,10 which is defined as the use of at least 10 different 
medications. Although sometimes unavoidable in order to comply with guidelines,  
(hyper)polypharmacy should not be considered harmless. In patients with HF, polypharmacy 
is associated with a higher risk of overtreatment, undertreatment, medication errors, 
poor adherence, adverse drug-reactions and drug-drug interactions.11–13 Kennel et 
al. showed that hyperpolypharmacy in patients with HF is independently associated 
with an increased rate of ambulatory contacts and hospital admissions.9 No studies are 
available on the prevalence of polypharmacy and hyperpolypharmacy in patients on 
LVAD support and the association with adverse outcomes after LVAD implantation. The 
aim of our study was to determine the prevalence of polypharmacy (5-9 medications) and 
hyperpolypharmacy (≥10 medications) in patients after primary LVAD implantation and to 
evaluate the association of hyperpolypharmacy with overall mortality and complications 
while on LVAD support. 
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Methods
2.1 Study design, setting and population
We conducted a retrospective cohort study at the University Medical Centre Utrecht, a 
tertiary hospital in the Netherlands. All consecutive patients who underwent primary 
LVAD implantation between 01-01-2011 and 31-12-2019 were included if they were 
40  years or older at implantation and survived the index admission. Data on mortality 
and complications were collected until 1-1-21, so each patient was followed for at least 
one year. We included patients 40 years of age or older, because a medication review is 
part of a comprehensive geriatric assessment (CGA) and we assume that a CGA in patients 
younger than 40 years will provide relatively few clinically relevant findings, since a CGA 
focuses on problems that occur particularly in older age (including impaired cognition, 
decreased functionality, limited social network). Patients who died during the index 
admission, i.e. the admission in which the LVAD was implanted, were not included in this 
study as no discharge medication was available for these patients. For these patients, it was 
not possible to use the medication list that was in use at the time of death to determine 
whether they were taking ≥10 medications because it often involved intercurrent 
medications (antibiotics, strong analgesics, inotropics), and this biased the presence of 
the prescription of ≥10 medications. The local medical ethics committee gave approval 
for a waiver to obtain informed consent (reference number WAG/mb/20/013298) given 
the anonymity of data collection and the non-interventional nature of the study.

2. 2 Data collection
Data were collected on patient characteristics (age at implantation, sex, body mass index), 
aetiology of cardiomyopathy, device type and Interagency Registry for Mechanically 
Assisted Circulatory Support (INTERMACS) profile before primary implantation. The 
INTERMACS classification comprises 7 severity profiles corresponding to New York Heart 
Association class III and IV, with INTERMACS 7 corresponding to advanced New York 
Heart Association class III heart failure and INTERMACS 1 representing the situation of 
critical cardiogenic shock.14 Data were also collected on mortality and the occurrence of 
complications.15 
The medical history, both cardiac and non-cardiac, was obtained from the discharge letter 
of the index admission. Chronic conditions and acute somatic problems from which a 
patient had not yet recovered during admission were documented using the 2016 version 
of the tenth edition of the International Classification of Diseases.16 This data was then used 
to determine the Charlson Comorbidity Index (CCI) score.17 The CCI scores the presence 
of certain comorbidities, with a maximum score of 33, and predicts the 10-year survival 
in patients with multiple comorbidities. Originally, age is included in the calculation of 
10-year survival using the CCI. However, because we already included age as a variable 
in the cox proportional hazards models, we calculated the CCI for each patient without 
assigning points to age.
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Discharge medication was also collected from the discharge letter of the index admission. 
Medications were grouped to present medication use in a convenient way and to 
perform analyses of associations between specific medication groups and outcomes. 
The internationally widely and long-used Anatomical Therapeutic Chemical (ATC) 
classification system was used for this purpose.18 In the ATC classification system, the 
active substances are classified at five levels. We chose to use discharge medication to 
determine medication use because it better reflects the overall medical situation after 
LVAD implantation than admission medication, where some of the patients are not yet on 
cardiac medication or medication for other co-morbidities. The following medication was 
excluded from data collection: medication prescribed as needed, medication administered 
by cutaneous (skin cream) or ophthalmic routes (eye drops), medication without an 
existing ATC code and over-the-counter vitamins. Medication use was divided into 0-4 
medications (no polypharmacy), 5-9 medications (polypharmacy) and ≥10 medications 
(hyperpolypharmacy). 

2.3 Primary and secondary endpoints
The primary endpoint of the study was death or urgent heart transplantation (HTx). We 
chose to combine these two outcomes under the assumption that without receiving 
the heart transplantation (urgent recipient) the patient would die in the very short term. 
Urgent heart transplantation was defined as heart transplantation for which the patient 
received a priority status on the waiting list (national 1A, national 1B, or international HU). 
The secondary outcomes were defined using the adverse event definitions formulated 
by INTERMACS that occurred in at least 50 patients after discharge: cardiac arrhythmia, 
driveline infection and major bleeding.15

2.4 Statistical analysis
Baseline variables are expressed as numbers and percentages for categorical variables, 
and mean and standard deviations (SD) or median and inter quartile ranges (IQR) for 
continuous variables. Differences in baseline variables and prevalence of mortality 
and complications between patients with 0-9 medications and ≥10 medications were 
determined by the Fisher’s exact test for categorical variables, and independent T-tests or 
Mann-Whitney U test for continuous variables. 
Kaplan-Meier analysis was performed, categorized in patients with 0-9 medications and ≥10 
medications. Cox proportional hazards models were applied, to assess the association of 
the prescription ≥10 medications with our primary outcome. Patients on ongoing support 
at the end of follow-up and patients that received a non-urgent heart transplantation 
were censored. Hazard Ratios (HR) and 95% Confidence Intervals (95% CI) were calculated. 
In addition, the HRs were stratified for device type and adjusted for age at implantation, 
sex, comorbidities (by means of the CCI score), to examine whether the prescription ≥10 
medications merely reflects the presence of comorbidities or an independent factor. As 
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a sensitivity analysis, an additional cox model was used with the number of medications 
as a continuous variable. In addition, in another cox model tertiles of the number of 
medications were used as a variable to study the association with the primary outcome. 
Because most of the deceases had a neurologic (stroke) or cardiac cause, an additional cox 
analysis was performed to examine the association of medications to prevent stroke and 
cardiac medication, with the primary outcome. Medications to prevent stroke concerned 
the medication groups antihypertensives (ATC groups C07-C09), antithrombotics (B01) 
and lipid-lowering agents (C10). Cardiac medications involved the ATC groups B01, 
C01, C03, C07, C08, C09, C10. Another sensitivity analysis was performed, similar to the 
primary multivariate cox regression analysis. However, now patients were also censored 
for urgent heart transplantation, as this was usually done in literature. The proportional 
hazard assumption was met in all cox models. The predictor variables age, sex, CCI, device 
type and the prescription ≥10 medications were tested for multicollinearity by inspection 
of correlation coefficients and variance inflation factor (VIF) values, and there was no 
indication of multicollinearity. To determine whether the effect of ≥10 medications on 
mortality was modified by age, a cox model with the interaction between age and the 
prescription ≥10 medications was performed. 
To evaluate the association between the prescription ≥10 medications and the secondary 
outcomes, cause-specific cox models were used, censoring for competing outcomes 
(death, heart transplantation, explanation). In case of recurrent adverse events, the first 
event was used for analysis. HR’s were stratified for device type and adjusted for age, sex 
and CCI. For all tests, a p-value ≤0.05 was considered statistically significant. All analyses 
were performed using R version 3.6.3.  
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Results
3.1 Patient inclusion and baseline characteristics
A total of 232 consecutive patients aged 40 years and older underwent primary LVAD 
implantation between January 2011 and January 2020. For 22 patients (9%) discharge 
medication was not available due to postoperative in-hospital mortality. These patients 
were excluded from the study. In total, 210 patients were included in the study. Baseline 
characteristics are presented in Table 1.
The median age was 57.5 years at the time of LVAD implantation and 35.7% were female. 
The number of comorbidities and the CCI score was significantly higher in the group 
of patients with ≥ 10 medications than in the group of patients with 0-9 medications 
(number of comorbidities 6.3 ± 2.4 versus 5.0 ± 1.8, CCI score 2.0 ± 0.9 versus 1.7 ± 0.8). 

Table 1. Baseline characteristics of patients with 0-9 medications and ≥10 medications 

Demographics All patients 
(n = 210)

0-9 
medications
(n = 137)

>10 
medications
(n = 73)

P-value

Sex number (%)
-Female

75 (35.7) 51 (37.2) 24 (32.9) 0.64

Age at implantation (years) 
median [IQR]

57.5 [11] 57.0 [13] 58 [10] 0.44

Body mass index (kg/m2)  
median [IQR]

24.2 [6] 23.7 [6] 25.2 [5] 0.04

Comorbidities mean ± SD
- Total number
- Charlson Comorbidity Index*

5.5 ± 2.1
1.8 ± 0.8

5.0 ± 1.8
1.7 ± 0.8

6.3 ± 2.4
2.0 ± 0.9

<0.001
0.002

Number of discharge 
medications mean ± SD

8.8 ± 2.3 7.4 ± 1.4 11.3 ± 1.6 <0.001

Ischemic cardiomyopathy 
number (%)

66 (31.4) 43 (31.4) 23 (31.5) 1.00

Dilated cardiomyopathy  
number (%)

129 (61.4) 87 (63.5) 42 (57.5) 0.49

Device type 
number (%)

HeartMate II 70 (33.3) 48 (35.0) 22 (30.1) 0.57
HeartWare 75 (35,7) 49 (35.8) 26 (35.6) 1.00
HeartMate 3 65 (31.0) 40 (29.2) 25 (34.2) 0.55

INTERMACS 
profile 
number (%)

Temporary 
support

37 (17.6) 28 (20.4) 9 (12.3) 0.20

1 7 (3.3) 2 (1.5) 5 (6.8) 0.10
2 61 (29.0) 38 (27.7) 23 (31.5) 0.68
3 71 (33.8) 46 (33.6) 25 (34.2) 1.00
4 32 (15.2) 22 (16.1) 10 (13.7) 0.80
5 2 (1.0) 1 (0.7) 1 (1.4) 1.00
6 0 (0) 0 (0) 0 (0) 1.00
7 0 (0) 0 (0) 0 (0) 1.00

IQR: interquartile range, SD: standard deviation.
* Points for age not included
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Figure 1. Distribution of the numbers of discharge medication of the LVAD patients.

3.2 Prevalence of polypharmacy and hyperpolypharmacy
The average number of discharge medications was 8.8 ± 2.3. Five patients (2.4%) used 
0-4 medications (no polypharmacy), with a mean number of 3.6 medications per patient. 
The majority (132 patients, 62.9%) used 5-9 medications (polypharmacy), with a mean 
of 7.6 prescriptions per patient. A total of 73 patients (34.8%) used ≥10 medications 
(hyperpolypharmacy), with on average 11.3 medications per patient. Figure 1 shows 
the distribution of the number of medications per patient, ranging from 3 to 15. Since 
only 5 patients met the criterion for no polypharmacy (0-4 medications), this group 
was combined with patients with 5-9 medications and compared to patients with ≥10 
medications. 
Of the total of 1839 prescribed medications, 1001 (54.4%) were cardiovascular medications. 
Most frequently prescribed were antithrombotics (vitamin K antagonists and acetylsalicylic 
acid are routine medications for patients with an LVAD), diuretics, agents acting on the 
renin-angiotensin system and antiarrhythmic medications (predominantly amiodarone). 
(Supplementary Table S1) Most commonly used non-cardiovascular medications were 
medications for acid related disorders (in particular proton pump inhibitors), analgesics 
(predominantly paracetamol), and mineral supplements (mainly potassium chloride). 
Finally, sildenafil was commonly used. Sildenafil falls under urological agents according 
to the ATC classification system, but the patients in this study used it to lower pulmonary 
pressure (right ventricle afterload reduction). 
Supplementary Figure S1 presents the difference in medication use between patients 
who survived during the follow-up period and those who died or underwent urgent 
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HTx. Antithrombotics, medication for acid related disorders and diuretics were the most 
commonly used medication groups. There were no differences between both patient 
groups.

Figure 2. Survival (time to death or urgent heart transplantation) of patients with 0-9 medications 
and ≥10 medications.

3.3 Mortality and complications
The median follow-up duration was 948 days (interquartile range 874 days). Figure 2 
shows the survival (time to death or urgent HTx, as a proxy of mortality) of patients with 
0-9 medications and ≥10 medications. Patients with ≥10 medications had a significantly 
lower survival compared to patients 0-9 medications (crude HR 1.76; 95% CI 1.03-2.98, 
p-value 0.04) (Table 2). This association remained significant after adjusting for age, sex, 
CCI and stratified for device type (adjusted HR 2.03; 95% CI 1.15-3.6, p-value 0.02). A total 
of 56 patients (27%) died after a median of 828 days following LVAD implantation. Table 3 
lists the causes of death. A total of 56 patients received a heart transplant after a median 
of 1029 days, of which 32% (n=18) were urgent transplants. The adjusted hazard ratio 
was 1.23 (95% CI 1.09-1.38, p-value 0.001) for the number of medications as a continuous 
variable in the multivariate cox proportional hazards model of the primary outcome 
(mortality or urgent HTx). 
The tertiles for the number of medications were determined. The first tertile concerned 3-8 
medications, the second tertile 8-10 medications and the third tertile 10-15 medications. 
Compared with the first tertile, the use of 8-10 medications did not significantly increase 
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the risk of the combined outcome of mortality and urgent HTx (HR adjusted for age, 
sex, CCI and stratified for device type 1.79; 95% CI 0.84-3.81, p-value 0.13), but the use 
of 10-15 medications did (adjusted HR 2.96; 95% CI 1.40-6.26, p-value <0.01). Figure 3 
displays the survival for the three different tertiles. Supplementary Tables S2 and S3 show 
the association of the use of medications to prevent stroke and cardiac medications, 
respectively, with survival.
The sensitivity analysis with additional censoring for urgent heart transplantation also 
showed a significantly higher mortality (urgent HTx not included) for patients with ≥10 
medications (adjusted HR 1.77; 95% CI 1.07-2.95, p-value 0.03). An additional analysis was 
performed to assess whether the effect of ≥10 medications was modified by age at the 
time of implantation. The interaction term for age - ≥10 medications  was not statistically 
significant when entered into the multivariate model (p-value 0.43), i.e. the association 
between ≥10 medications and mortality was not different for persons younger and older 
than 60 years.
The prescription of ≥10 medications was not associated with any of the adverse events as 
listed in Table 4.  

Figure 3. Survival (time to death or urgent heart transplantation) of patients with 3-8 medications, 
8-10 medications and 10-15 medications (tertiles)  
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Table 2. The association between the prescription of ≥10 medications and survival (mortality and 
urgent heart transplantation)

Variables added to the  
cox proportional hazards 
models

Univariate model Multivariate model*
HR 95% CI P-value HR 95% CI P-value

≥ 10 medications 1.76 1.03-2.98 0.04 2.03 1.15-3.62 0.02

Age 1.04 0.99-1.08 0.04
Sex 0.92 0.53-1.62 0.78
Charlson Comorbidity Index 0.96 0.69-1.35 0.83

CI: confidence interval, HR: hazard ratio.  
* Stratified for device type

Table 3. Numbers and causes of death

Cause of death All = 56 
n (%)

Device malfunction 3 (5.4)
Infection 7 (12.5)
Multi-organ failure 7 (12.5)
Neurological 18 (32.1)
Right ventricle failure 7 (12.5)
Other 14 (25)

Table 4. Cause specific cox regression: association of the prescription of ≥10 medications with 
complications.  

Complication 
type

Number of 
patients (after 
index discharge)
n (%)

Crude Adjusted for age, sex, CCI, 
stratified for device type

HR 95% CI P-value HR 95% CI P-value

Cardiac arrhythmia 98 (47) 0.80 0.53-1.25 0.35 0.76 0.48-1.20 0.24
Driveline infection 65 (31) 0.82 0.49-1.40 0.47 0.99 0.57-1.71 0.96
Major bleeding 74 (35) 1.26 0.78-2.02 0.34 1.29 0.78-2.15 0.31

CI: confidence interval, CCI: Charlson Comorbidity Index (without points for age), HR: hazard ratio. 
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Discussion
This study showed that the prescription of 5-9 medications (polypharmacy) is highly 
prevalent (62.9%) in patients after LVAD implantation. The prescription of ≥10 medications 
(hyperpolypharmacy) was also common (34.8%) with on average 11.3 medications per 
patient. Hyperpolypharmacy was independently associated with the risk of mortality, 
but not with the risk of complications (major bleeding, cardiac arrhythmia or driveline 
infection). Supplementary Figure S1 and Supplementary Table S3 and S4 indicate that not 
the type but the number of medications are associated with survival.

The prevalence and the association of (hyper)polypharmacy with outcomes in patients with 
an LVAD has not been investigated before. However, several previous studies addressed 
polypharmacy in patients with HF. A recent systematic review on the identification of a 
standard definition and the prevalence of polypharmacy in patients with HF, concluded 
that there is no standard definition of polypharmacy in HF literature and the prevalence 
ranged from 17.2% to 99%.8 In four studies where a definition of ≥10 medications was 
used, the prevalence of hyperpolypharmacy varied from 26-74%.9,10,19,20 Extrapolating 
these findings to our study, however, is of limited value due to heterogeneity of the study 
populations, particularly concerning the severity of HF. Where LVAD patients have severe, 
end-stage HF during admission for an LVAD implantation, the overall HF population has 
a broad case-mix ranging from mild HF to end-stage HF. A number of medications are 
used routinely in every patient who receives an LVAD. In our tertiary centre, patients 
are prescribed at least a vitamin K antagonist, an antiplatelet drug and a proton pump 
inhibitor after LVAD. Blood pressure is also strictly regulated (mean arterial pressure< 80 
mmHg) to reduce the risk of stroke and other complications.   
The evidence on the association of polypharmacy with mortality in the general HF 
population is conflicting. Again, comparison with the results of the current study is 
hampered by the heterogeneity of the study populations. Sunaga et al. evaluated the 
relationship between various clinical factors and mortality in patients with HF.20 They 
found that patients who were taking <6 medications on admission experienced a 
significantly lower all-cause 2 year-mortality than patients taking ≥6 medications (10.0% 
vs. 25.0%, P = 0.045). However, the study by Sunaga et al concerned the number of 
medications before admission and this study determined the number of medications on 
discharge from hospital, with the study of Sunaga et al not taking into account medication 
changes during admission. Wu et al. examined the association between the use of 10-14 
medications and several adverse outcomes in patients with HF with preserved ejection 
fraction (HFpEF). Contrary to the finding in this study and the study of Senaga et al, Wu 
et al. found that the prescription of 10-14 medications was associated with a reduced risk 
of all-cause mortality (HR 0.61; 95% CI 0.39-0.96, P=0.031), and an increased risk of HF 
hospitalisation (HR 2.83; 95% CI 1.37-5.86, P=0.01) and all-cause hospitalisation (HR 1.81; 
95% CI 1.29-2.53, P=0.001).19 However, Wu et al. included relatively stable patients with HF, 
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whereas the study of Sunaga and our study included patients with unstable or advanced/
end stage HF.     

4.1 Strengths and limitations
This study was the first to examine the prevalence of the prescription of 5-9 medications 
(polypharmacy) and ≥10 medications (hyperpolypharmacy) and its association with 
adverse outcomes in a large sample of patients after primary LVAD implantation. The 
risk of selection bias is very small, because an existing prospective database was used for 
patient selection, in which data of all consecutive LVAD patients was registered. Data on 
the occurrence of a selection of complications were collected, using the definition of the 
international INTERMACS registry, making the results internationally interpretable. 
This study has some limitations. The medical history and discharge medication were 
extracted from the discharge letter. There is a chance that these letters contained 
incomplete or incorrect information due to human error. Second, due to the retrospective 
collection of medication data, we could not take into account medication adherence, 
correct use or changes in medication after hospital discharge. Third, the incidence of many 
adverse events was very low, and therefore were not included for analysis in the current 
study, as there was not enough power here to demonstrate a significant association. 
Finally, although this study showed that there is a significant association between the 
prescription of ≥10 medications and mortality, it cannot be determined whether there 
is a causal relationship. Despite adjustment for age, sex, device type and comorbidities, 
it is still possible that hyperpolypharmacy reflects the presence of frailty. Several 
observational studies demonstrated a significant association between an increased 
number of medications and frailty (possibly bidirectional) and frailty is a known risk factor 
for mortality in patients with HF.21,22 Because there is no agreement on the definition of 
frailty and the way it should be assessed in (end stage) heart failure, hyperpolypharmacy 
as a proxy of frailty would in that case simplify prognostication of patients post LVAD.  

4.2 Clinical implications and future research
Over the last few years, awareness of polypharmacy in patients with HF has been 
growing. The fact that this study showed that the prescription of ≥10 medications was 
associated with mortality, independent of the presence of comorbidities, demonstrates 
the importance of adequately addressing hyperpolypharmacy. However there is a lack 
of clarity on how best to manage polypharmacy.23–25 Thereby, it is important to realise 
that polypharmacy in a number of patients with heart failure cannot be prevented 
and is indicated if current guidelines are followed. The common ground for addressing 
(hyper)polypharmacy seems to be a multidisciplinary individual approach, where a risk-
benefit profile of (cardiovascular) medication should be determined and inappropriate 
polypharmacy should be identified and prevented. In our study, more non-cardiovascular 
medications were used in the hyperpolypharmacy group (reflecting the presence of more 
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comorbidities) than in the group with 0-9 medications, which are possible targets for a 
medication review. A medication review leads to improved medication appropriateness, 
reduced polypharmacy and reduced adverse drug reactions26, however, there is little 
evidence for an effect on clinical outcomes.27,28 Future research should confirm the 
association between hyperpolypharmacy and mortality, adjust for the presence of 
frailty, assess the appropriateness of the hyperpolypharmacy and study the effect of 
optimising polypharmacy in a randomised controlled trial. It is recommended to collect 
the medication data prospectively. The completeness of the medication list, medication 
adherence and the correct use of medication should be verified. For longer follow-up 
periods, information on changes in medication use should also be collected. 

Conclusion
This study showed that polypharmacy is highly prevalent in patients with primary LVAD 
implantation. Hyperpolypharmacy also occurred frequently, and was independently 
associated with mortality. Future research is warranted to confirm this association and 
to assess the efficacy of individual risk-benefit profiling of (cardiovascular) medication to 
ensure appropriate polypharmacy and to decrease negative health outcomes.
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Supplementary data

Supplementary Table S1. Use of cardiovascular medication and non-cardiovascular medication 
in patients with LVAD categorised according to the Anatomical Therapeutic Chemical (ATC) 
classification (second level) and stratified by the level of polypharmacy

ATC code (second level)
all patients
(n=210)

0-9 
medications
(n=137)

>10 
medications
(n=73)

Cardiovascular medications1

B01 Antithrombotic agents 209 (99.5%) 137 (100%) 72 (98.6%)
C01 Cardiac therapy (cardiac glycosides (i.a. 
digitalis), antiarrhythmics, cardiac vasodilators 
(i.a. nitrates))

90 (42.9%) 49 (35.8%) 41 (56.2%)

C03 Diuretics 165 (78.6%) 99 (72.3%) 66 (90.4%)
C07 B-blockers 15 (7.1%) 8 (5.8%) 7 (9.6%)
C08 Calcium channel blockers 20 (9.5%) 13 (9.5%) 7 (9.6%)
C09 ACE inhibitors, angiotensin II receptor 
blockers

132 (62.9%) 79 (57.7%) 53 (72.6%)

C10 Lipid modifying agents 79 (37.6%) 39 (28.5%) 40 (54.8%)
Non-cardiovascular medications1

A02 Medications for acid related disorders 185 (88.01%) 117 (85.4%) 68 (93.2%)
A03 Medications for functional 
gastrointestinal disorder

1 (0.5%) 1 (0.7%) 0 

A06 Medications for constipation 26 (12.4%) 13 (9.5%) 13 (17.8%)
A07 Antidiarrheals, intestinal 
antiinflammatory/antiinfective agents

3 (1.4%) 0 3 (4.1%)

A10 Medications used in diabetes 25 (11.9%) 7 (5.1%) 18 (24.7%)
A11 Vitamins 10 (4.8%) 6 (4.4%) 4 (5.5%)
A12 Mineral supplements 90 (42.9%) 55 (40.1%) 35 (47.9%)
B03 Antianemic preparations 33 (15.7%) 12 (8.8%) 21 (28.8%)
B05 Blood substitutes and perfusion solutions 4 (1.9%) 1 (0.7%) 3 (4.1%)
G03 Sex hormones and modulators of the 
genital system

5 (2.4%) 1 (0.7%) 4 (5.5%)

G04 Urologicals (I.a. medications used in 
prostatic hypertrophy)

88 (41.9%) 50 (36.5%) 38 (52.1%)

H01 Pituary and hypothalamic hormones and 
analogues

2 (1.0%) 0 2 (2.7%)

H02 Corticosteroids for systemic use 9 (4.3%) 2 (1.5%) 7 (9.6%)
H03 Thyroid therapy 20 (9.5%) 9 (6.6%) 11 (15.1%)
H05 Calcium homeostasis 1 (0.5%) 1 (0.7%) 0
J01 Antibacterials for systemic use 23 (11.0%) 10 (7.3%) 13 (17.8%)
J02 Antimycotics for systemic use 2 (1.0%) 1 (0.7%) 1 (1.4%)
J05 Antivirals for systemic use 1 (0.5%) 0 1 (1.4%)
J06 Immune sera and immunoglobulins 1 (0.5%) 0 1 (1.4%)
L01 Antineoplastic agents 1 (0.5%) 0 1 (1.4%)
L02 Endocrine therapy 3 (1.4%) 2 (1.5%) 1 (1.4%)
L04 Immunosuppressants 4 (1.9%) 0 4 (5.5%)



116   |   Chapter 5

M04 Antigout preparations 23 (11.0%) 5 (3.6%) 18 (24.7%)
M05 Medications for treatment of bone disease 2 (1.0%) 0 2 (2.7%)
N02 Analgesics 110 (52.4%) 64 (46.7%) 46 (63.0%)
N03 Antiepileptics 8 (3.8%) 3 (2.2%) 5 (6.8%)
N04 Anti-parkinson medications 1 (0.5%) 1 (0.7%) 0
N05 Psycholeptics 57 (27.1%) 24 (17.5%) 33 (45.2%)
N06 Psychoanaleptics 15 (7.1%) 7 (5.1%) 8 (11.0%)
N07 Other nervous system medications 
(parasympathicomimetics, medications 
used in addictive disorders, antivertigo 
preparations)

1 (0.5%) 0 1 (1.4%)

P01 Antiprotozoals 2 (1.0%) 1 (0.7%) 1 (1.4%)
R01 Nasal preparations 3 (1.4%) 3 (2.2%) 0
R03 Medications for obstructive airway 
diseases

11 (5.2%) 4 (2.9%) 7 (9.6%)

R05 Cough and cold preparations 4 (1.9%) 2 (1.5%) 2 (2.7%)
R06 Antihistamines for systemic use 2 (1.0%) 0 2 (2.7%)
S01 Ophtalmologicals 1 (0.5%) 0 1 (1.4%)

1 ATC categories of medications used by at least one patient are presented.
ACE, angiotensin-converting enzyme; ATC, Anatomical Therapeutic Chemical; LVAD, left ventricular 
assist device; NOAC, non-vitamin K antagonists;

Supplementary Figure S1.  The percentage of patients using a particular medication (i.e. the 10 
most commonly used medications in the entire study population), stratified by survival 
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Supplementary Table S2. The association between the prescription of medications preventing 
stroke (antihypertensives, antithrombotics and lipid-lowering agents) and survival (mortality and 
urgent heart transplantation)

Variables added to the  Cox 
proportional hazards model

Univariate model Multivariate model*
HR 95% CI P-value HR 95% CI P-value

Medications to prevent 
stroke±

0.88 0.67-1.74 0.40 0.83 0.61-1.12 0.22

Age 1.04 1.00-1.07 0.06
Sex 1.05 0.60-1.82 0.88
Charlson Comorbidity Index 1.14 0.81-1.60 0.45

* Stratified for device type 
± ATC groups C07-C09, B01, C10

Supplementary Table S3. The association between the prescription of cardiac medications and 
survival (mortality and urgent heart transplantation)

Variables added to the  Cox 
proportional hazards model

Univariate model Multivariate model*

HR 95% CI P-value HR 95% CI P-value

Cardiac medications± 1.16 0.93-1.44 0.20 1.17 0.93-1.49 0.19

Age 1.03 1.00-1.07 0.06

Sex 0.99 0.57-1.73 0.97

Charlson Comorbidity Index 1.03 0.74-1.44 0.86
* Stratified for device type 
± ATC groups B01, C01, C03, C07, C08, C09, C10.
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Abstract

Background: Studies have found statin treatment to be associated with improved one-
year survival after transcatheter aortic valve implantation (TAVI), suggesting pleiotropic 
effects of statins on preventing perioperative complications. Statin treatment is not 
associated with  postoperative cardiovascular complications or mortality, however, other 
postoperative complications have not been investigated.

Aim: To explore whether preoperative statin treatment is associated with a lower short-
term risk of mortality, readmission, and major postoperative complications in older 
patients undergoing TAVI.

Methods: A retrospective cohort study including patients aged 65 years and older who 
had undergone a comprehensive geriatric assessment prior to TAVI between January 2014 
and January 2021. The primary outcomes were 90-day mortality, 90-day readmissions, 
and major postoperative complications according to the Clavien-Dindo classification. 
Multivariable logistic regression was performed with adjustment for potential confounders, 
namely age, gender, comorbidity, body-mass index, smoking, diminished renal function, 
alcohol use and falls.

Results: This study included 584 patients, of whom 324 (55.5%) were treated with a statin. 
In the statin treated group, 15 (4.6%) patients died within 90 days of TAVI compared with 
10 (3.8%) patients in the non-statin group (adjusted OR 1.17; 95% CI 0.51 to 2.70). The 
number of 90-day readmissions was 39 (12.0%) and 34 (13.1%) (adjusted OR 0.91; 95% CI 
0.54 to 1.52), respectively. In the statin treated group, 115 (35.5%) patients experienced 
a major complication compared to 98 (37.7%) in the non-statin group (adjusted OR 0.95; 
95% CI 0.67 to 1.37). 

Conclusion: Preoperative statin treatment is not associated with improved short-term 
outcomes after TAVI. A randomized controlled trial with different statin doses may be 
warranted to investigate whether initiating statin treatment before TAVI improves both 
post-operative outcomes and long term survival.
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Introduction
Aortic valve stenosis is the most common valvular heart disease in developed countries 
and becomes more prevalent with age. In people aged 75 years and older, the prevalence is 
12.4% (1). Due to the poor prognosis of untreated symptomatic aortic valve stenosis, even 
in the absence of severe comorbidities, early treatment is recommended. Transcatheter 
aortic valve implantation (TAVI) is recommended in patients who are unsuitable for 
surgical aortic valve replacement. The criteria for TAVI include increased surgical risk, age 
≥75 years and frailty (2). Although TAVI is a well-established therapy in older patients, 
especially in more frail patients, the five year survival rate after TAVI is only 48% (3).
Periprocedural statin treatment, among other treatments, has been the subject of 
investigations to improve patient survival after TAVI. In a meta-analysis of observational 
studies on statin treatment at the time of TAVI, statin treatment was found to be associated 
with reduced all-cause mortality two years after TAVI (4). Since this meta-analysis, three 
more observational studies have been published, the results of which were in line with 
the original meta-analysis (5–7). In two of these studies, the observed association was 
strongest in patients without coronary artery disease and within the first months after 
TAVI (5,7). One could discuss whether this association was caused by residual confounding 
or by direct, pleiotropic effects of statin treatment on post-TAVI complications. Suggested 
pleiotropic effects include anti-inflammatory effects, the inhibition of cytokine-mediated 
induction of proadhesive and procoagulant substances, the reduction of neointimal 
thickening and the induction of endothelial nitric oxide synthase leading to improved 
vascular remodelling (8–10). However in studies on short-term cardiovascular outcomes 
after TAVI, no association has been found between statin treatment and periprocedural 
cardiovascular outcomes or 30 day mortality (11,12). This finding is in line with two 
randomised controlled trials (RCTs) that have indicated no effect of statin treatment in 
preventing perioperative myocardial injury in cardiothoracic surgery (13,14). Furthermore, 
the available studies on short-term outcomes have focused on cardiovascular outcomes 
and mortality, not on other post-operative complications. Therefore, in the present study, 
we aimed to determine whether statin treatment is associated with a short-term risk of 
mortality and readmissions, as well as with major postoperative complications in older 
patients undergoing TAVI.
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Methods

Study design 
This retrospective cohort study was conducted at the University Medical Center Utrecht, 
a tertiary teaching hospital in the Netherlands. All patients aged 65 years and older who 
had undergone a comprehensive geriatric assessment (CGA) within 90 days prior to TAVI 
between January 2014 and January 2021 were included. Patients were excluded if no CGA 
was performed or if they declined permission for their healthcare data to be re-use for 
research. Due to the retrospective nature of this study, it did not fall within the scope of 
the Medical Research Involving Human Subjects Act, which was confirmed by the local 
Ethics Committee (reference number WAG/mb/18/019289). 

Data collection 
Baseline
Patients visited the geriatric outpatient clinic for a CGA prior to TAVI. During this 
visit, the patients’ somatic, psychological, functional and social domains were 
assessed as described in an earlier study (15). After the CGA had been performed, 
the patients were advised regarding the feasibility of TAVI, how to optimise their 
health prior to the intervention, and how to reduce the risk of complications. 
Data from the CGA (Supplementary table I) were collected from electronic medical charts. 
The Charlson comorbidity index at baseline was calculated for each patient., A score of 
3 or  higher was defined as multimorbid. Moreover, statin treatment was determined 
based on structured medication reconciliation at hospital admission and actual statin 
treatment at hospital admission before and after TAVI. Furthermore, the intensity of statin 
treatment was divided into low-to-moderate intensity statin (LMIS) and high intensity 
statin (HIS) therapy (16). HIS therapy was defined as daily dosage of atorvastatin ≥40 mg 
or rosuvastatin ≥20 mg. Lower daily doses of these medications and the use of other types 
of statins were defined as LMIS therapy. 

Follow-up
During hospitalisation for TAVI (index hospitalisation), a geriatric nurse practitioner 
performed patient follow-up to diagnose and treat geriatric complications such as falls, 
delirium, functional decline, and stroke. During a follow-up appointment three months 
after TAVI, a geriatric nurse practitioner checked whether rehospitalisation had occurred. 
This practitioner was supervised by a geriatrician.

Outcomes
The primary outcomes were 90-day mortality, 90-day readmissions and major 
postoperative complications during hospitalisation. The Clavien-Dindo classification 
system was used to classify of postoperative complications through reviewing patient 
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charts of all patients (17,18). All complications that occurred during index hospitalization 
were collected and classified according to the treatment needed for the complication. 
Grades I complications require no intervention or mainly basic pharmacological 
treatment; Grade II complications require more advanced pharmacological treatment; 
Grade III complications require surgical, endoscopic, or radiological intervention; 
Grade IV complications require intensive care; and Grade V indicates death. This study 
considered a Clavien-Dindo grade II complications or higher to be major postoperative 
complications (Supplement Table II). For secondary outcomes, we divided these 
major postoperative complications, into cardiovascular complications, respiratory 
complications, neurologic complications, renal complications, and complications with 
other organ systems. Cardiovascular complications encompassed various conditions 
such as arrythmia requiring medication or pacemaker insertion, tamponade, myocardial 
infarction, and resuscitation; pulmonary complications were mainly pneumonia; 
neurologic complications included delirium, transient ischaemic attacks and stroke; renal 
complications primarily consisted of urinary tract infections; and other complications 
included post-procedural bleeding or anaemia requiring transfusion. Furthermore, acute 
kidney injury (AKI) was evaluated as a postoperative complication, as it is often only a 
Clavien-Dindo Grade I complication according to the Clavien-Dindo classification. AKI 
was defined as an increase in serum creatinine of ≥26.5 µmol/l from baseline or to ≥1.5 
times the baseline value(19). 

Statistical analysis 
Categorical baseline variables were expressed as numbers and corresponding 
percentages. Continuous baseline variables were presented as means and standard 
deviations. Between-group differences for categorical variables were determined using 
Pearson’s chi square and Fisher’s exact test where appropriate. For continuous variables, 
an independent two-sample t-test was used to test for group differences. In the case of 
more than 10% missing values for a variable, we performed Little’s Missing Completely 
At Random test to determine whether the missing values were missing completely 
at random. Since no variables were missing in more than 10% of patients, multiple 
imputation methods were not indicated. Furthermore, we performed a logistic regression 
analysis to assess the association between statin treatment and the various outcomes. 
For the multivariate analysis, the number of independent variables included was limited 
to 1 per 10 outcomes. The selected variables were age, gender, a Charlson Comorbidity 
Index three or higher, BMI≥30, smoking, eGFR<60, alcohol use and falls in the previous 6 
months. Odds ratios (ORs) with 95% confidence intervals (CIs) were calculated. Additional 
analyses were performed to assess for effect modification by LMIS or HIS therapy, and age 
(<80 years and ≥ 80 years). All analyses were performed using the IBM Statistical Package 
for the Social Sciences (SPSS) software version 26.0 (SPSS Inc., Chicago III, United States). 
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Results 

Patient inclusion and baseline characteristics
During the study period, 620 patients underwent TAVI. Seven patients did not permit their 
data to be reused for clinical research, while 29 patients did not receive a CGA prior to TAVI. 
A total of 584 patients were included in this study, of whom 324 were treated with a statin 
before TAVI (55.5%). Moreover, 65 patients were treated with HIS (20% of the statin users). 
Table 1 presents the patients’ baseline characteristics. Compared with non-users, statin 
users were younger (79.8 vs 81.7 years); were more often male (53.7% vs 38.5%); had a 
higher BMI (27.1 vs 26.3); were more often multimorbid (51.2% vs 35.8%) including prior 
stroke (21.9% vs 13.1%), prior myocardial infarction (18.8% vs 6.9%), and diabetes (29.6% 
vs 12.3%); used more medications (10.6 vs 7.5), and were less often at risk of malnutrition 
(14.8% vs 21.9%). The statin treatment status did not change for any patient during their 
hospital stay. 

Table 1. Baseline characteristics

Statin No statin P-value

(n=324) (n=260)

Demographics        

Age Years [Mean ±SD] 79.8 ±6.2 81.7 ±5.9 <0.001

Age ≥80 years 187 (57.7%) 190 (73.1%) <0.001

Gender Male 174 (53.7%) 100 (38.5%) <0.001

BMI Kg/m2 [Mean ±SD] 27.1 ±4.8 26.3 ±4.8 0.05

Smoking Current smoker 28 (8.6%) 17 (6.5%) 0.38

Missing 4 (1.2%) 8 (3.1%)

Alcohol use Current alcohol user 163 (50.3%) 128 (49.2%) 0.99

Missing 4 (1.2%) 9 (3.5%)

Frailty        

EFS a or GFI b ≥6 or ≥4, respectively 81 (25.0%) 64 (24.6%) 0.936

Missing 20 (6.2%) 17 (6.5%)

Somatic status        

CCI c* ≥3 166 (51.2%) 93 (35.8%) <0.001

-     Diabetes n (%) 96 (29.6%) 32 (12.3%) <0.001

-     Stroke n (%) 70 (21.9%) 34 (13.3%) 0.008

-     Myocardial infarction n (%) 61 (18.8%) 18 (6.9%) <0.001

-     Any malignancy n (%) 41 (12.7%) 29 (11.2%) 0.58

Medication use Number [Mean ±SD] 10.6 ±4.2 7.5 ±4.0 <0.001

Polypharmacy (≥5 medications) 312 (96.3%) 196 (75.4%) <0.001
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Hyperpolypharmacy 
(≥10 medications) 175 (54.0%) 73 (28.1%) <0.001

eGFR < 60 ml/min/1.73m2 109 (33.6%) 78 (30.0%)   0.35

Cognitive and psychological status 

Impaired cognition MMSE d ≤24, MOCA d 
<26, 6-CIT≥8 e 5 (1.5%) 3 (1.2%) 0.68

Missing 33 (10%) 24 (9.2%)

GDS-15b  ≥6 14 (4.3%) 10 (3.8%) 0.77

Delirium in past 41 (12.7%) 23 (8.8%) 0.14

Missing 3 (0.9%) 2 (0.8%)

Functional status        

Dependence in (i)ADL KATZ-15 b ≥2 154 (47.5%) 122 (46.9%) 0.81

Missing 21 (6.5%) 15 (5.8%)

At risk of malnutrition MNA f ≤11, MUST g ≥1 48 (14.8%) 57 (21.9%) 0.03

Missing 7 (2.2%) 5 (1.9%)

Falls ≥1 in previous 6 months 63 (19.4%) 45 (17.3%) 0.55

Missing 10 (3.1%) 11 (4.2%)

Social status        

Living situation Living dependent 15 (4.6%) 8 (3.1%) 0.37

Missing 27 (8.3%) 28 (10.8%)
* not adjusted for age  

BMI: Body Mass Index; EFS: Edmonton Frail Scale; GFI: Groningen Frailty Indicator; ASA: American 
Society of Anaesthesiology; CCI: Charlson Comorbidity Index; eGFR: estimated glomerular filtration 
rate; MMSE: Mini-Mental State Examination; MOCA: Montreal Cognitive Assessment; 6-CIT: six item 
cognitive impairment test; GDS: Geriatric Depression Scale; (i)ADL: (Instrumental) Activities of Daily 
Living; MNA: Mini Nutritional Assessment; MUST: Malnutrition Universal Screening Tool.
a Score range from 0 to 17, b Score range from 0 to 15, c Score range from 0 to 33, d Score range from 0 
to 30, e Score range from 0-28, f Score range from 0 to 14, g Score range from 0 to 6 

Primary outcomes
Statin treatment was found not to be associated with a decreased short-term risk of 
mortality, readmissions, or major complications (Table 2). The 90-day mortality rate was 
4.6% among statin users compared with 3.8% among non-users (adjusted OR 1.17; 95% 
CI 0.51–2.70). Furthermore, readmission risks at 90 days was 12.0% (39) in statin users 
and 13.1% (34) in non-users (adj. OR 0.91; 95% CI 0.54–1.52). Of the statin users, 35.5% 
experienced a major complication compared with 37.7% of non-users (adjusted OR 0.95; 
95% CI 0.67–1.37). The effect of statin use on the short-term risks of mortality, readmissions, 
or postoperative complications was not significantly modified by the intensity of statin 
treatment (i.e. LIMS or HIS) or age (Table 3). 
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Secondary outcomes
No significant associations were observed between statin treatment and the risk of 
postoperative complications in any specific organ system, including major cardiac or 
neurologic complications or AKI (Table 2). The rate of cardiovascular complications was 
18.2% among statin users compared with 19.6% among non-users (adjusted OR 0.95; 95% 
CI 0.62–1.45). Pulmonary complications occurred in 2.5% of statin users and 3.1% in non-
users (adjusted OR 0.84; 95% CI 0.30–2.32), while neurological complications were found 
in 7.1% of statin users compared with 7.7% in non-users (adjusted OR 1.05; 95% CI 0.56–
2.00). Renal complications were seen in 3.7% of statin users compared with 2.3% of non-
users (adjusted OR 1.54; 95% CI 0.56–4.23) and other complications occurred in 15.1% 
of statin users compared with 18.8% of non-users (adjusted OR 1.05; 95% CI 0.65–1.68). 
Acute kidney injury occurred in 5.9% of statin users and 3.5% of non-users (adjusted OR 
0.88; 95% CI 0.40–1.85).

Table 2. The association between statin treatment and short-term outcomes after TAVI.

Outcomes Statin No statin OR [95% CI] P-value adj OR [95% CI] P-value

Primary outcomes n=324 n=260        

90-day mortality 15 (4.6%) 10 (3.8%) 1.21 [0.54-2.75] 0.64 1.17 [0.51-2.70]c 0.71

90-day readmission 39 (12.0%) 34 (13.1%) 0.91 [0.56-1.49] 0.71 0.91 [0.54-1.52]d 0.70

Major postoperative 
complicationsa

115 (35.5%) 98 (37.7%) 0.91 [0.65-1.28] 0.58 0.95 [0.67-1.37]e 0.79

Secondary outcomes            

Cardiovascular 
complications

59 (18.2%) 52 (20.0%) 0.93 [0.621.41] 0.74 1.05 [0.67-1.63]e 0.84

Respiratory 
complications

8 (2.5%) 8 (3.1%) 0.80 [0.30-2.15] 0.66 0.86 [0.32-2.36]f 0.77

Neurologic 
complications

23 (7.1%) 20 (7.7%) 0.92 [0.49-1.71] 0.78 1.05 [0.55-2.01]g 0.87

Renal complications 12 (3.7%) 6 (2.3%) 1.63 [0.60-4.40] 0.34 1.60 [0.59-4.36]f 0.36

Other complications 49 (15.1%) 36 (13.8%) 1.11 [0.70-1.77] 0.66 1.01 [0.61-1.66]e 0.97

Acute kidney injuryb 15 (4.6%) 14 (5.4%) 0.88 [0.41-1.85] 0.73 0.86 [0.40-1.85]c 0.70

 - Missing 19 (5.9%) 9 (3.5%) -      
a Clavien-Dindo Grade ≥II
b increase in serum creatinine of ≥26.5 µmol/l from baseline or an increase in serum creatinine to 
≥1.5 times the baseline value
c Adjusted for age and gender
d Adjusted for age, gender, a CCI three or higher, BMI≥30, smoking, eGFR<60 and alcohol use
e Adjusted for age, gender, a CCI three or higher, BMI≥30, smoking, eGFR<60, alcohol use and falls 
in previous 6 months
f Adjusted for age
g Adjusted for age, gender, a CCI three or higher and BMI≥30
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Table 3. The association between statin treatment and short-term outcomes after TAVI, stratified 
by age and intensity of statin therapy

   Statin No statin OR [95% CI] P-value adj OR [91% CI] P-value

Age <80 years (n=207) n=137 n=70        
90-day mortality 4 (2.9%) 4 (5.7%) 0.50 [0.12-2.05] 0.33 na.b  

90-day readmission 19 (13.9%) 7 (10.0%) 1.45 [0.58-3.63] 0.43 1.45 [0.57-3.69]c 0.43
Major postoperative 
complicationsa 48 (35.0%) 23 (32.9%) 1.10 [0.60-2.03] 0.76 0.88 [0.45-1.70]d 0.69

Age ≥80 years (n=377) n=187 n=190        
90-day mortality 11 (5.9%) 6 (3.2%) 1.92 [0.69-5.29] 0.21 1.91 [0.89-5.29]e 0.21

90-day readmission 20 (10.7%) 27 (14.2%) 0.72 [0.39-1.34] 0.30 0.72 [0.38-1.36]f 0.31
Major postoperative 
complicationsa 67 (35.8%) 75 (39.5%) 0.86 [0.56-1.30] 0.47 0.91 [0.59-1.42]g 0.69

LMIS (n=519) n=259 n=260        
90-day mortality 14 (5.4%) 10 (3.8%) 1.43 [0.62-3.28] 0.40 1.37 [0.59-3.19]c 0.46

90-day readmission 32 (12.4%) 34 (13.1%) 0.94 [0.56-1.57] 0.81 0.93 [0.54-1.58]h 0.78
Major postoperative 
complicationsa 95 (36.7%) 98 (37.7%) 0.96 [0.67-1.37] 0.81 1.02 [0.70-1.48]g 0.94

HIS (n=325) n=65 n=260        
90-day mortality 1 (1.5%) 10 (3.8%) 0.39 [0.05-3.11] 0.37 0.35 [0.04-2.86]e 0.33

90-day readmission 7 (10.8%) 34 (13.1%) 0.80 [0.34-1.90] 0.62 0.70 [0.28-1.74]f 0.45
Major postoperative 
complicationsa 20 (30.8%) 98 (37.7%) 0.74 [0.41-1.32] 0.30 0.69 [0.37-1.29]g 0.24

LMIS: Low-moderate intensity statin; HIS: High intensity statin (atorvastatin ≥40mg or rosuvastatin 
≥20 mg).
a Clavien-Dindo Grade ≥II
b not applicable, less than 10 outcomes
c Adjusted for age and gender
d Adjusted for age, gender, a CCI three or higher, BMI≥30, smoking, eGFR<60 and alcohol use
e Adjusted for age
f Adjusted for age, gender, a CCI three or higher, BMI≥30
g Adjusted for age, gender, a CCI three or higher, BMI≥30, smoking, eGFR<60, alcohol use and falls 
in previous 6 months
h Adjusted for age, gender, a CCI three or higher, BMI≥30, smoking and eGFR<60
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Discussion
This study found no association between statin treatment before TAVI and a decreased 
risk of negative short-term outcomes, including 90-day mortality, 90-day readmissions, 
and major postoperative complications. Although several studies have suggested a 
direct pleiotropic effect of statins during the postoperative period after TAVI, we found no 
association between statin treatment and any postoperative complications. 
The difference between our study and the two previous studies that have suggested a 
direct pleiotropic effect directly after TAVI is that they were propensity score matched 
(5,7). In the first study, which included 3,956 patients, a total of 626 matched pairs were 
formed, accounting for 31% of the initial cohort (5). In the second study which included 
2,588 patients, 936 matched pairs were created, accounting for 72% of the initial study 
population(7). In both studies, 40% of patients who were not using statins could not be 
successfully matched. It is important to consider that propensity score matching might 
have led to the exclusion of patients without an indication for statin treatment while 
including patients with a high cardiovascular risk who were not using statin treatment. 
This could have led to higher mortality risks in the included non-users compared to the 
included users. This could have potentially accounted for the observed positive effect 
of statin use on mortality in these two studies, as matching was performed based on 
variables such as prior cardiovascular events, cholesterol levels, and other coexisting 
medical conditions.
In addition, the finding that statin treatment was not significantly associated with short-
term outcomes after TAVI is consistent with previous observational studies on short-term 
cardiovascular complications and short-term mortality. Merdler et al. found no significant 
effect of statin treatment on one-month mortality and postoperative cardiologic 
complications (11). Moreover, Huded et al. found no significant effect of statin treatment 
on post-TAVI myocardial infarction, AKI, in-hospital mortality and 30-day mortality 
(12). Furthermore, Klinkhammer et al. demonstrated no effect of statin treatment on 
postoperative cardiological complications or mortality one and six months after TAVI (20). 
In all studies, including our study, statin non-use in patients with an indication for statins 
treatment was highly prevalent. Therefore, matching on covariates indicative of high 
cardiovascular risk, including prior cardiovascular events, diabetes, hypercholesterolemia 
and hypertension, poses a risk of overestimating statin treatment after TAVI by selecting 
high-risk patients already known to benefit from statin treatment. Our outcomes are in 
line with RCTs on statin treatment during coronary artery bypass grafting surgery, which 
revealed no association with short-term mortality and postoperative complications (21). 

Strengths and limitations
This study has several strengths. First, the data were collected from a relatively large 
cohort that included patients over a long period of time. Together with the broad inclusion 
criteria, this has probably resulted in a high representation of the study population 
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for the total older population of TAVI patients and thus good external validity of the 
outcomes. Second, this study examined the effect of statin treatment on the overall risk 
of short-term negative outcomes using both short-term mortality and morbidity. Third, all 
postoperative complications occurring after TAVI were classified according to the Clavien-
Dindo classification, therefore, in addition to the standard reported complications, such 
as myocardial infarction, stroke, and AKI, all other postoperative complications were 
included as relevant clinical outcomes. However, due to the retrospective nature of 
the study, we were not able to report on all endpoints specified by the Valve Academic 
Research Consortium (22).
This study also has several limitations. First, the number of events was relatively low, which 
could have led to residual confounding in the analyses, as only a limited number of possible 
confounding variables could be included. Second, due to the retrospective nature of the 
study, a possibility of residual confounding also exists, since reasons for non-use were not 
available. Third, we only had information on statin treatment before hospitalisation from 
a structured medication review and on statin exposure during the hospital stay for the 
TAVI procedure. Fourth, we did not have access to public pharmacy outpatient dispensing 
records; therefore, we did not have information on the duration of statin treatment before 
the procedure or its continuation after TAVI. Lastly, the HIS subgroup was small, which 
could have resulted in insufficient power to demonstrate significant associations between 
HIS and the outcomes. 

Clinical implications and recommendations for future research 
Based on the lack of an association between statin treatment and short-term outcomes 
post-TAVI in this study as well as in previous studies, the initiation of statin treatment is not 
specifically advised for improving short-term outcomes after TAVI. Yet, statins are often 
indicated to improve long-term negative outcomes, as atherosclerotic comorbidity is 
common in these patients. A clinical trial could answer critical questions about the short-
term effects of statin treatment after TAVI as well as whether initiating statin treatment 
before TAVI improves long-term outcomes. Furthermore, because our study included a 
relatively small number of patients treated with HIS, different statin dosages could be 
incorporated into a trial as well to determine whether HIS treatment has an effect on 
short-term outcomes in patients who can tolerate high statin dosages.

Conclusion 
This study demonstrated that preoperative statin treatment is common in TAVI patients, 
but is not associated with decreased risks of negative short-term outcomes after a TAVI, 
including 90-day mortality, 90-day readmissions, and major postoperative complications. 
Given the magnitude of statin non-use in all observational TAVI statin studies, an RCT 
with different statin doses could be warranted for investigating whether initiating statin 
treatment before TAVI improves both post-operative outcomes and long-term survival.
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Supplementary data

Supplementary table S1. Individual elements of the applied comprehensive geriatric assessment 
stratified by the somatic, psychological, functional and social domains

Elements of the CGA Instrument/test Cut-off score Interpretation

Somatic domain

Medical history

Comorbidity Charlson Comorbidity 
Index[1]

≥3 Multimorbidity

Medication use 1. ≥5 drugs
2. ≥ 10 drugs

1. Polypharmacy
2. Hyperpolypharmacy

Smoking status Current smoker

Alcohol use Current alcohol user

BMI Kg/m2

Renal function Estimated glomerular 
filtration rate

< 60 ml/min/1.73m2 Impaired kidney 
function

Psychological domain

Cognition Mini-Mental State 
Examination[2]

≤24 Cognitive impairment

Cognition Montreal Cognitive 
Assessment[3]

<26 Cognitive impairment

Cognition Six item cognitive 
impairment test[4]

≥8 Cognitive impairment

Mood Geriatric Depression Scale[5] ≥6 Depression

Previous delirium Yes Increased risk of 
delirium

Functional domain

(Instrumental) 
activities of daily 
living

KATZ-15[6] ≥2 Dependence

Nutritional status Malnutrition Universal 
Screening Tool[7]

≥1 Increased risk of 
malnutrition

Nutritional status Mini Nutritional 
Assessment[8]

≤11 Increased risk of 
malnutrition

History of falling ≥1 in previous 6 
months

Increased risk of 
falling

Gait speed 4 meter walk gait speed 
test[9]

≤0.80 meters per 
second

Decreased gait speed

Handgrip strength Hand dynamometer[9] ≤20 kilograms for 
women and ≤30 
kilograms for men

Decreased handgrip 
strength

Social domain

Living situation 1. At home 
2. At a skilled 
nursing or assisted 
nursing facility

1. Independent
2. Dependent

Frailty

Frailty status Edmonton Frail Scale[10] ≥6 Frail

Frailty status Groningen Frailty 
Indicator[11]

≥4 Frail
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Supplementary Table S2. Clavien-Dindo Classification of surgical complications. 

Grades Definition

Grade I Any deviation from the normal postoperative course without the need 
for pharmacological treatment or surgical, endoscopic and radiological 
interventions. 
Allowed therapeutic regimens are: drug as antiemetics, antipyretics, analgetics, 
diuretics and electrolytes and physiotherapy. This grade also includes wound 
infections opened at the bedside. 

Grade II Requiring pharmacological treatment with drugs other than such allowed for 
grade I complications. 
Blood transfusions and total parenteral nutrition are also included. 

Grade III Requiring surgical, endoscopic or radiological intervention  

- IIIa Intervention not under general anesthesia 

- IIIb Intervention under general anesthesia 

Grade IV Life-threatening complications (including central nervous system complications)* 
requiring IC/ICU-management 

- IVa Single organ dysfunction (including dialysis) 

- IVb Multiorgandysfunction 

Grade V Death of a patient

* Brain hemorrhage, ischemic stroke, subarachnoid haemorrhage, but excluding transient 
ischemic attacks;  
IC: intermediate care; ICU: intensive care unit 
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Abstract

Objective: To assess the efficacy of medication review as an isolated intervention and 
with several co-interventions for preventing hospital readmissions in older adults.

Methods: Ovid MEDLINE, Embase, The Cochrane Central Register of Controlled Trials and 
CINAHL were searched for randomized controlled trials evaluating the effectiveness of 
medication review interventions with or without co-interventions to prevent hospital 
readmissions in hospitalized or recently discharged adults aged ≥ 65, until September 13 
2019. Included outcomes were ‘at least one all-cause hospital readmission within 30 days 
and at any time after discharge from the index admission.’

Results: Twenty-five studies met the inclusion criteria. Of these, 11 studies (7,318 
participants) contributed to the network meta-analysis (NMA) on all-cause hospital 
readmission within 30 days. Medication review in combination with a) medication 
reconciliation and patient education (risk ratio (RR) 0.45; 95% confidence interval (CI) 
0.26–0.80) and b) medication reconciliation, patient education, professional education 
and transitional care (RR 0.64; 95% CI 0.49–0.84) were associated with a lower risk of 
all-cause hospital readmission compared to usual care. Medication review in isolation 
did not significantly influence hospital readmissions (RR 1.06; 95% CI 0.45-2.51). 
The NMA on all-cause hospital readmission at any time included 24 studies (11,677 
participants). Medication review combined with medication reconciliation, patient 
education, professional education and transitional care resulted in a reduction of hospital 
readmissions (RR 0.82; 95% CI 0.74-0.91) compared to usual care.
The quality of the studies included in this systematic review raised some concerns, mainly 
regarding allocation concealment, blinding and contamination.

Conclusion: Medication review in combination with medication reconciliation, patient 
education, professional education and transitional care, was associated with a lower risk 
of hospital readmissions compared to usual care. An effect of medication review without 
co-interventions was not demonstrated. Trials of higher quality are needed in this field.
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Introduction
Hospitalizations can have detrimental effects on older patient outcomes.1,2 Following 
hospitalization, older adults are at risk for complications like delirium, falls, functional 
decline and subsequent institutionalization or readmission.1,2 Medication related 
readmissions occur frequently, particularly in older adults.3 
Improving medication appropriateness may reduce medication related problems and 
the number of hospital readmissions. Medication appropriateness is present when 
therapeutic objectives are being achieved or there is a reasonable chance they will be 
achieved and the benefits of the medication outweigh the risks for an individual patient.4 
Relevant systematic reviews often recommend a medication review to improve the quality 
of prescriptions in older patients.5–8 Christensen et al. conducted a Cochrane review 
assessing the effect of medication review in hospitalized patients.9 A medication review is 
an intervention which can be carried out in isolation or in combination with one or more 
co-interventions. Co-interventions i.e. medication reconciliation, education of patients/
healthcare professionals, use of Computerized Decision Support tool, prescribing criteria 
like START/STOPP criteria10 or the Beers’ criteria,11 complement or structure the basic 
critical evaluation of a patient’s medication, and may all have a different effects on hospital 
readmissions.
Frequently the terms for medication review and co-interventions as listed previously are 
erroneously used interchangeably. Thus, leading to substantial heterogeneity. Medication 
related problems frequently occur on transition from one health care setting to another.12,13 
However, Christensen et al. excluded studies where medication review recommendations 
were implemented after discharge.  
An internationally accepted standardized approach for implementing medication reviews 
in research and clinical settings is lacking. It is unclear whether a medication review alone 
or in combination with co-interventions, effectively prevents hospital readmissions. 
Published data are conflicting, possibly due to the heterogeneity of the interventions 
evaluated and the timing of execution.5,6,14–17  To address this, we categorized all medication 
review interventions by the presence of associated co-interventions. A network meta-
analysis (NMA) permitted the synthesis of relative effects from studies comparing 
competing interventions, even if these interventions were not directly compared to each 
other in the literature.18,19 We included studies where the intervention was carried out 
during admission or within 2 weeks of discharge. 
The aim of this systematic review and NMA was to determine and compare the impact of  
medication review in isolation or with co-interventions, during hospitalization or within 2 
weeks of discharge, on hospital readmissions. 
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Methods
Protocol
The study protocol was registered online. (PROSPERO, registration number 
CRD42020150799)

Study identification 
Replicating the search strategy of Christensen et al.9 we searched online repositories Ovid 
MEDLINE, Embase, The Cochrane Central Register of Controlled Trials and CINAHL from 
January 1 2014 to September 13 2019, without language restriction (Supplementary 
Table S11-14). Original studies of Christensen et al. were identified via reference lists 
and rescreened. Bibliographical hand searches of relevant systematic reviews were also 
conducted.7-9,15,17,21-27

Eligibility Criteria
Controlled trials (randomized, quasi and cluster) evaluating the effectiveness of medication 
review interventions with or without co-interventions to prevent hospital readmissions in 
adults aged 65 years and older were included. Participants were hospitalized or recently 
discharged (the medication review was conducted within 2 weeks of discharge) to the 
community, nursing home or rehabilitation center. Comparison treatments were usual 
care, a sham intervention or another version of a medication review intervention.
Included outcomes were; i) at least one all-cause hospital readmission, ii) at least one 
medication-related readmission at any time and iii) all-cause hospital readmission rate. 
Details of the study population, interventions, comparators and outcomes are described 
in Supplementary Table S10. 

Study Selection
Study selection was performed by two researchers (LD and LB). A supervised test 
screening (RJPMS) of application of inclusion criteria was conducted prior to the start of 
the title/abstract screening phase and the full text screening phase to ensure consistency 
i.e. 50 studies with 98% agreement between researchers. Each researcher independently 
screened half of the titles and abstracts identified by the systematic search. Each 
researcher subsequently independently screened half of the included full texts for 
inclusion. Uncertainties were resolved by discussion or by involvement of a third author 
(WK, RJPMS, HLK). Several publications from the same patient cohort were considered as 
one study with one or more companion reports.

Data extraction
One researcher (LD) extracted all descriptive and outcome data. Outcome data were 
verified by a second researcher (LB). Conflicts were discussed and resolved by the two 
researchers. For every included study data was extracted by means of a bespoke report-
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form capturing study design, population characteristics, intervention characteristics and 
reported outcomes (Supplementary Table S15).
Reported interventions were categorized into nine intervention components: medication 
review, medication reconciliation, shared decision making, patient education/ medication 
counselling, health professional education, use of validated methods, use of Computerized 
Decision Support, compliance aid and transitional care (Table 1 and Supplementary 
Table  S1). The list of the nine intervention components was developed during the 
preparation of the study protocol. The list is based on medication review interventions 
in previously published RCTs and clinical experience of several pharmacologists among 
the co-authors. One researcher (LD) categorized the interventions of the included studies 
by this list. A second researcher (HK) blindly evaluated this categorization for a random 
sample of included studies (n=10, 40%), and there was a 90% overlap. Inconsistencies 
were solved during a consensus meeting. Information about the co-interventions found 
in the included studies is presented in Supplementary Table S2.

Risk of bias assessment
The risk of bias assessment was performed using the Effective Practice and Organisation 
of Care (EPOC) version of Cochrane’s Risk of Bias tool.20 The risk of bias assessment was 
performed by one researcher (LD) and verified by a second researcher (LB). Discrepancies 
were discussed and resolved.

Data Analysis
When the number of included studies was sufficient (i.e. less interventions than studies 
providing data), we performed random-effects NMA for each of the aforementioned 
outcomes using the netmeta command in R Statistical Software (Team RC. R: A language 
and environment for statistical computing. Vienna, Austria: R Foundation for Statistical 
Computing, 2013).18,19,21,22 After categorization of the interventions of included studies 
(Table 1), many studies turned out to consist of multi-component interventions (e.g. 
medrev + medrec + pedu). Therefore, as per protocol, we analyzed the effect of the 
(combination of ) components, also known as component NMA (CNMA) (for details: see 
Supplement, additional information regarding NMA).23 We calculated risk ratios (RR) along 
with their 95% confidence intervals (CI) for each intervention versus usual care. For each 
outcome we used P-scores to rank intervention effects.23 P-scores measure the certainty 
that an intervention is better than the competing interventions of the network, and take 
values between 0 and 1; the higher the P-score, the more beneficial the intervention.
We did not check for inconsistency, i.e. the occurrence of conflicting direct and indirect 
evidence, as for none of the interventions versus usual care there was both direct and 
indirect evidence available. We assessed transitivity clinically.18

Further subgroup analyses (participants aged ≥75 years, multi-morbid participants and 
nursing home residents) were not feasible due to the low number of studies identified.
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Confidence in the NMA results
We evaluated the credibility of the NMA results using the CINeMA approach.24 CINeMA is 
an online web application, considering six domains (within-study bias, across-study bias, 
indirectness, imprecision, heterogeneity, and incoherence) to judge the confidence on 
NMA results. For each treatment comparison we rated the corresponding treatment effect 
on each of the aforementioned six domains as either ‘no concerns’, ‘minor concerns’ or 
‘major concerns’ (for details: see online Supplement, additional information regarding the 
CINeMA approach).

Table 1. Intervention components to prevent hospital readmissions

Intervention component Abbreviation

Medication review Mdrev

Medication reconciliation Mdrec

Shared decision making Sdm

Patient education/ medication counselling Pedu

Health professional education Hpedu

Use of validated methods Vm

Use of Computerized Decision Support  Cds

Compliance aid Ca

Transitional care Tc

Results
Study selection
We identified 4,045 studies through database search. Supplementary Figure S1. illustrates 
study identification and selection. Five additional RCTs were identified, two25,26 from the 
list of excluded studies of Christensen et al. and three27–29 from screening reference lists of 
12 relevant systematic reviews. After screening, 25 studies25–49 and 1 companion report50 
were included in the final analysis. 

Study and participant characteristics
An executive summary of included study and participant characteristics is presented in 
Table 2. (detailed individual study description is available in Supplementary Table S2 and 
S3). In 12 studies (48%)26,28,31,33,36–38,43–45,48,49, the mean/median age was 75-84 years and in 
four studies (16%) ≥85 years.25,29,32,34 In the majority of the studies, at least half of the study 
population was female (n=19, 76%).25–29,31–33,35–40,43–45,48,49

In four studies (16%)28,29,42,43, the intervention was community based within 2 weeks of 
discharge. The duration of follow-up of all studies varied from 4 weeks to 1 year. Study size 
ranged from 22 – 4049, over half (n=21, 84%) of included studies had a study population 
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≥100.25–33,35,39–49 The mean/median number of regularly used medication was at least 6 and 
in most studies ranged between 6 and 10 (n=18, 72%).25–30,32,33,35,37–40,43,44,46–48

A summary of the characteristics of the medication review interventions is provided in 
Supplementary Table S5.

Table 2. Summary of participant and study characteristics of the 25 included randomized 
controlled trials

Participant or study characteristic Number of 
studies (%)

Citation number for each study in each 
row

Mean/median age (years)

     65-74 9 (36%) 27,30,35,39–42,46,47

     75-84 12 (48%) 26,28,31,33,36–38,43–45,48,49

     ≥ 85 4 (16%) 25,29,32,34

Female (%)

     25-49 5 (20%)   30,34,42,46,47

     50-74 19 (76%)   25–29,31–33,35–40,43–45,48,49

     Not reported 1 (4%)   41

Year of publication

     2000-2004 1a (4%)   28

     2005-2009 5a (20%)   26,27,29,32,41

     2010-2014 3a (12%)   25,38,45

     2015-2019 16 (64%)   30,31,33–37,39,40,42–44,46–49

Continent

     Europe 16 (64%)   25,26,43– 46,48,49,27,29,30,32,37,38,41,42

     North America 6 (24%)   30,31,34,35,42,49

     Australia/New Zealand 1 (4%)   28

     South America 1 (4%)   46

     Asia 1(4%)   48

Study design

     Parallel 19 (76%) 25,27–29,31–34,36–42,45–47,49

     Quasi randomized 4 (16%) 26,35,44,48

     Cluster 2 (8%) 30,43

Site

     Single center 17 (68%) 26–28,30–32,34,36–38,42,44–49

     Multicenter 8 (32%) 25,29,33,35,39–41,43

Setting

     Hospital 21 (84%) 25–27,30–41,44–49

     Community 3 (12%) 28,29,42

     Community pharmacy 1 (4%) 43
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Duration of follow-up (weeks)

     0-4 7 (28%) 30,34,35,44,46,47,49

     5-12 6 (24%) 28,31,37,38,42,48

     13-26 7 (28%) 25,27,29,33,40,43,45

     27-52 5 (20%) 26,32,36,39,41

Sample size

     <100 4 (16%) 34,36–38

     100-499 16 (64%) 26–28,30–33,39,42–49

     500-999 3 (12%) 25,29,41

     ≥1000 2 (8%) 35,40

Regular used medication, mean/
median number
     0-5 0

     6-10 18 (72%) 25–30,32,33,35,37–40,43,44,46–48

     11-15 1 (4%) 42

     >15 2 (8%) 34,36

     Not reported 4 (16%) 31,41,45,49

Chronic conditions, mean/median 
number
     0-5 4 (16%) 25,28,43,46

     Not reported 21 (84%) 26,27,29–42,44,45,47–49

a These studies were identified from screening the reference list of relevant systematic reviews 
and the list of included and excluded studies by Christensen et al. The studies identified through 
database search were all published after 2014.

Risk of bias of included studies
Individual risk of bias assessments of included studies are presented in Supplementary 
Table S4 and the aggregate risk of bias assessment per domain in Supplementary Figure S2.
Most studies had a low risk of bias for the domains ‘random sequence generation’ (n=19, 
76%)25,27–29,31–34,36–42,45–47,49, ‘similarity of baseline characteristics’ (n=24, 96%)25–32,34–49. 
Allocation concealment was adequately performed in one third, inadequately in one third 
and unclear in the remaining third of the trials. In 76% of the studies, no information was 
reported at baseline on hospital (re)admissions in the preceding months (n=19).27,29–39,42–48 
Blinding of participants or personnel was not performed in the majority of studies. Blinded 
outcome assessment was performed in 17 studies (68%).25,26,28–30,32–37,39–41,45–47 In 19 studies 
(76%) there was a high risk of bias for contamination.25–29,31–34,36–40,42,45,47–49 For the domains 
‘incomplete outcome data’ (n=16, 64%)25,27–38,40,42,47 and ‘selective outcome reporting’ 
(n=13, 52%)26,30–33,36,37,39,40,42,44,45,49, more than half of the studies scored a low risk of bias.
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Network meta-analysis
NMA was performed for the outcomes ‘all-cause hospital readmissions within 30 days’ 
and ‘all-cause hospital readmissions at any time.’ There was insufficient reported data to 
perform a NMA for other outcomes as the number of interventions evaluated was higher 
than the number of studies providing data.

All-cause hospital readmissions within 30 days
For the outcome ‘at least one all-cause hospital readmission within 30 days after discharge’, 
the NMA included 11 studies (7,318 participants)30,31,33–35,40,44,46–49 and 10 interventions that 
were all compared with usual care (Supplementary Figure S3). Each intervention was 
directly compared to usual care, except for the medication review intervention without 
any co-interventions, for which only indirect evidence was present. The RRs and 95% 
CIs for every intervention versus usual care resulting from the primary analysis in which 
each existing combination of components was analyzed as a distinct intervention, are 
presented in Table 3 and Figure 1. 
Two interventions were associated with a statistically significant decrease in hospital 
readmissions: a) medication review in combination with medication reconciliation and 
patient education (RR 0.45; 95% CI 0.26–0.80; P-score 0.92) and b) medication review in 
combination with medication reconciliation, patient education, professional education 
and transitional care (RR 0.64; 95% CI 0.49–0.84; P-score 0.76).
Analysis of effects of single components (Supplementary Table S7) showed that patient 
education significantly reduced hospital readmissions (RR 0.64; 95% CI 0.41–0.99). 
Analysis of effects of the compound interventions (interventions rebuilt by adding 
up the separate effects of the components) (Supplementary Table S6) demonstrated a 
statistically significant effect for a) medication review in combination with medication 
reconciliation and patient education (RR 0.54; 95% CI 0.35–0.85) and b) medication review 
in combination with medication reconciliation, patient education, professional education 
and transitional care (RR 0.63; 95% CI 0.48–0.82).

All-cause hospital readmissions at any time
For the outcome ‘at least one all-cause hospital readmission at any time’, the NMA included 
24 studies (11,677 participants)25–35,37–49 and 17 interventions. (Supplementary Figure S4). 
All interventions consisting of multiple components were compared with usual care. There 
was no direct evidence for medication review without any co-interventions versus usual 
care. Table 3 and Figure 2 present the RRs for each intervention versus usual care from 
the primary analysis. The combination of medication review, medication reconciliation, 
patient education, professional education and transitional care, was associated with a 
statistically significant reduction of hospital readmission at any time (RR 0.82; 95% CI 0.74-
0.91; P-score 0.77). 
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Two interventions were associated with a statistically significant increase of hospital 
readmissions: a) medication review in combination with patient education, professional 
education, compliance aid and transitional care (RR 1.22; 95%CI 1.01-1.46; P-score 0.17) and 
b) medication review in combination with medication reconciliation, patient education, 
professional education, use of validated methods and transitional care (RR 2.22; 95% CI 
1.29–3.83; P-score 0.02).
For the separate components and for the compound interventions, there were no 
statistically significant effects on hospital readmissions (Supplementary Table S8 and S9).
We performed an additional pairwise meta-analysis for those studies in which medication 
review was performed after discharge, to compare the effect of a medication review in 
general with usual care. NMA was not possible due to the limited number of studies (n=4).  
Medication review had no statistically significant effect on hospital readmissions at any 
time, when compared to usual care (RR 1.14; 95% CI 0.75-1.74).

Confidence in the NMA results
For all comparisons, major concerns for ‘within-study bias’ and ‘reporting bias’ were 
present, mainly due to lack of blinding of personnel and participants (which is the result of 
the nature of the intervention) and due to the fact that there are no established statistical 
methods to explore reporting bias, respectively, resulting in low overall confidence in 
all effects. To allow for discrimination based on the other domains, we also assessed the 
confidence rating for every comparison by only taking into account the ratings for the 
remaining four domains. Table 3 presents these confidence ratings for every intervention 
versus usual care, along with the reason(s) for downgrading. Based on these four 
domains only, the confidence in the NMA results was moderate to high for the majority of 
the comparisons.

Table 3. Risk ratios with 95% confidence intervals (95% CI), P-scores and CINeMA confidence 
ratings for the interventions versus usual care for the outcomes all-cause hospital readmissions 
within 30 days and all-cause hospital readmissions at any time 

Intervention Studies 
(N)

Participants 
(N)

Risk 
ratio 
(95% CI)

P-
score

Confidence 
rating 

all domainsa

Confidence 
rating 
4 remaining 
domainsa

All-cause hospital readmissions within 30 days

mdrev+mdrec+pedu 1 207 0.45 (0.26 
to 0.80)

0.92 Lowb,c Moderated,e

mdrev+pedu+tc 1 104 0.59 (0.18 
to 1.91)

0.67 Lowb,c Moderatee,f

mdrev+mdrec+pedu+
hpedu+tc

1 1467 0.64 (0.49 
to 0.84)

0.76 Lowb,c Moderated,e

mdrev +cds 1 254 0.73 (0.43 
to 1.22)

0.61 Lowb,c Moderate,d,e,f

mdrev+mdrec+tc 1 429 0.79 (0.52 
to 1.22)

0.52 Lowb,c Lowd,e,f,g
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mdrev+mdrec 2 4201 0.88 (0.72 
to 1.07)

0.40 Lowb,c Moderated,e,f

mdrev+mdrec+
hpedu+vm

1 166 0.88 (0.59 
to 1.31)

0.40 Lowb,c Moderatee,f

mdrev+tc 2 380 0.89 (0.55 
to 1.42)

0.39 Lowb,c Moderatee,f

mdrev+hpedu 1 1467 0.89 (0.70 
to 1.14)

0.37 Lowb,c Moderated,e,f

mdrev 0 NA 1.06 (0.45 
to 2.51)

0.26 Lowb,c Moderated,f,g

All-cause hospital readmissions at any time

mdrev+pedu+tc 1 104 0.59 (0.18 
to 1.91)

0.78 Lowb,c Moderatef

mdrev+pedu+mdt+tc 1 121 0.62 (0.38 
to 1.02)

0.90 Lowb,c High

mdrev+mdrec+pedu 1 207 0.76 (0.55 
to 1.04)

0.80 Lowb,c High

mdrev+mdrec+
pedu+hpedu+tc

2 2229 0.82 (0.74 
to 0.91)

0.77 Lowb,c High

mdrev+mdrec+
hpedu+vm

1 166 0.88 (0.59 
to 1.31)

0.61 Lowb,c Moderatef

mdrev+tc 2 380 0.89 (0.55 
to 1.42)

0.59 Lowb,c Moderatef

mdrev+mdrec+
pedu+tc

3 1205 0.91 (0.79 
to 1.04)

0.60 Lowb,c High

mdrev+mdrec 5 4708 0.92 (0.82 
to 1.05)

0.56 Lowb,c High

mdrev+mdrec+tc 1 429 0.94 (0.74 
to 1.19)

0.52 Lowb,c Moderatef,g

mdrev+hpedu 1 1467 0.97 (0.86 
to 1.10)

0.46 Lowb,c High

mdrev+mdrec+
pedu+hpedu

1 141 1.01 (0.58 
to 1.76)

0.44 Lowb,c Moderatef,g

mdrev+pedu+cds+tc 1 345 1.02 (0.82 
to 1.26)

0.39 Lowb,c Moderated,f

mdrev+cds 2 554 1.02 (0.79 
to 1.31)

0.40 Lowb,c Moderatef

mdrev+pedu+
hpedu+ca+tc

1 855 1.22 (1.01 
to 1.46)

0.17 Lowb,c High

mdrev 0 NA 1.50 (0.84 
to 2.69)

0.13 Lowb,c Moderated,f,g

mdrev+mdrec+pedu+
hpedu+vm+tc

1 123 2.22 (1.29 
to 3.83)

0.02 Lowb,c High

Abbreviations: mdrev, medication review; mdrec, medication reconciliation; pedu, patient 
education/medication counselling; hpedu, health professional education; vm, use of validated 
methods; cds, use of Computerized Decision Support; ca, compliance aid; tc, transitional care. 

a The result of the assessment for the domains ‘within-study bias’ and ‘reporting bias’ was the same for 
every comparison, i.e. major concerns for ‘within-study bias’ and ‘reporting bias’ was suspected (first 
column). To maintain a distinctive character, the remaining four of the six planned domains were 
taken into account, i.e. ‘indirectness’, ‘imprecision’, ‘heterogeneity’ and ‘incoherence’ (second column). 
bwithin-study bias; creporting bias; dheterogeneity; eincoherence; fimprecision; gindirectnes
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Figure 1. Summary risk ratios (RR) with 95% confidence intervals (95%-CI) resulting from the 
primary network meta-analysis for every intervention consisting of one or more components 
versus usual care for the outcome all-cause hospital readmissions within 30 days, including 11 
studies
Abbreviations: mdrev, medication review; mdrec, medication reconciliation; pedu, patient 
education/medication counselling; hpedu, health professional education; vm, use of validated 
methods; cds, use of Computerized Decision Support; ca, compliance aid; tc, transitional care.

Figure 2. Summary risk ratios (RR) with 95% confidence intervals (95%-CI) resulting from the 
primary network meta-analysis for every intervention consisting of one or more components 
versus usual care for the outcome all-cause hospital readmissions at any time, including 24 studies
Abbreviations: mdrev, medication review; mdrec, medication reconciliation; pedu, patient 
education/medication counselling; hpedu, health professional education; vm, use of validated 
methods; cds, use of Computerized Decision Support; ca, compliance aid; tc, transitional care.
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Discussion
This systematic review and NMA updated current literature on the effect of different 
medication review interventions during hospital admission and transition of care, on 
prevention of hospital readmissions in participants aged 65 years and older.9 Medication 
review in combination with medication reconciliation and patient education was 
associated with a significant reduction of  all-cause hospital readmissions within 30 days. 
This also applied for medication review in combination with medication reconciliation, 
patient education, professional education and transitional care. Medication review as an 
isolated intervention had no significant effect on hospital readmissions. This comparison 
was based on the NMA with indirect evidence. In this review, most studies compared 
active interventions to usual care, resulting in most effect estimates being informed 
either by direct or indirect evidence. Hence, most effect estimates are imprecise. This was 
evidenced both by the wide 95% confidence intervals and the CINeMA analysis where non-
significant effect estimates extended to clinically relevant regions (RR<0.8 or RR>1.25). 
In the CNMA, the risk ratio for medication review as an isolated intervention was also 
not statistically significant. For the outcome ‘at least one all-cause hospital readmission 
at any time’, medication review in combination with medication reconciliation, patient 
education, professional education and transitional care was associated with a statistically 
significant reduction, although the risk reduction was less pronounced than for hospital 
readmissions 30 days after discharge. An effect of medication review as an isolated 
intervention or performed after discharge was not demonstrated.
 
A number of previous studies have highlighted the importance of co-interventions.7,12,15,40 
Multifaceted programs including a medication review, medication reconciliation, patient 
counselling and follow-up by primary care physician, pharmacists, and nursing home 
physicians, reduced the risk of hospital readmissions.12,40 A previous meta-analysis on the 
effectiveness of medication review as an isolated short-term intervention also found no 
effect on hospital admissions.5

The two combinations of intervention components that were associated with a statistically 
significant increase of hospital readmissions at any time, were both investigated by one 
study each, with a high summary risk of bias and were directly compared to usual care.29,43 
In these two studies, possible explanations for this unexpected finding were a) an increase 
of help seeking behavior after disease-specific education from the pharmacist leading 
to better recognition of warning signs b) more adverse events as a result of improved 
compliance c) study-related involvement in medication management may have increased 
the complexity of care causing anxiety, confusion or dependence on health services, or d) 
chance (type I error).29,43 

A strength of this study is the application of standard NMA as well as CNMA, in which 
we determined the effect of both the individual intervention components and the 
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combinations of these components. Medication review is a very heterogeneous strategy 
and we investigated which particular combination of components of a medication review 
was most effective. An additional advantage of NMA is the ranking of interventions 
according to their effectiveness using P-scores.
Another strength is that we focused both on studies in which the intervention was 
carried out during admission and studies that applied the intervention within 2 weeks of 
discharge. By including the latter studies, the medication review was performed at a time 
period in which the risk of medication related harm or medication errors is expected to be 
the highest (i.e. during transition of care).12,13

This study has some limitations relating to the studies we included. The quality of 
the included studies raised some concerns. In two third of the studies, the risk of bias 
for allocation concealment was high or unclear. However, baseline characteristics 
were similar between study arms in all but one study,33 indicating that randomization 
worked well. Although blinding of participants or personnel was not possible due 
to the nature of the interventions, blinded outcome assessment was performed 
in 68% of the studies. In addition, the outcome of hospital readmissions is a fairly 
objective outcome as often data on hospital readmissions was extracted from national 
registers. We also noted a high risk of bias for contamination in 76% of the studies: 
the pharmacist’s recommendations in the intervention group probably have led to 
a learning effect for the prescriber, and this may have also influenced the way the 
prescriber managed the medication in the control group. This type of bias, however, 
may have resulted in an underestimation of the intervention effect in those studies.  
Also, we found that the majority of the studies did not report on mean number of chronic 
conditions, medication appropriateness and number of recommendations following the 
medication review, while this information may give an indication of the potential effect of 
the medication review. The use of different inclusion criteria regarding polypharmacy, use 
of a specific drug class and comorbidities, might also impact the effect of the intervention.

There were some limitations to the review process. Firstly, the outcome all-cause hospital 
readmissions at any time is inherently heterogeneous. We accepted any time point for 
hospital readmissions which ranged from one month to 1 year after intervention. This 
heterogeneity may explain why the effect of medication review interventions was more 
pronounced for the outcome hospital readmissions within 30 days than readmissions at 
any time.
The evaluation of many (combinations of ) intervention components permitted 
identification of the most effective combination. However, this also may have decreased 
the power of the analyses, due to the large number of components relatively to the low 
number of studies. A second reason for a reduced power of the analyses is the previously 
mentioned fact that most effect estimates were informed either by direct or indirect 
evidence
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The results of this study showed that it is not the medication review in itself, medication 
reconciliation, patient education, healthcare professional education and transitional care 
are essential elements that need to be implemented in clinical practice to reach effect on 
hospital readmissions.
For future studies, we advise adequate allocation concealment and we suggest to report 
on hospital (re)admissions in the preceding months at baseline, as multiple previous 
hospital (re)admissions are associated with an increased risk for readmissions.51 
In the included studies, follow-up duration was heterogeneous and often short. To 
determine the effect of a medication review in both the short and long term, we 
recommend that future studies pursue longer follow-up duration. Outcome definition, 
including ‘hospital readmissions’, was very heterogeneous.52 Use of a recently published 
core outcome set for clinical trials of medication review could overcome this challenge 
and enable NMA.53 Furthermore, we recommend future studies that perform a medication 
review after hospital discharge to confirm the current finding of no effect of this 
intervention on hospital readmissions. Finally, we propose to focus on participants with 
multi-morbidity, polypharmacy and increasing age (>75 years), who are at higher risk of 
medication related problems and medication errors, but have been poorly represented 
in studies. 

Conclusion
This systematic review and NMA demonstrates that medication review in combination 
with medication reconciliation, patient education, professional education and transitional 
care is associated with a decreased risk of hospital readmissions within 30 days, compared 
to usual care. Therefore it is important to combine it with these co-interventions when 
implementing a medication review. An effect of medication review as an isolated 
intervention or performed after discharge could not be demonstrated. The effect of a 
medication review with co-interventions on hospital readmissions during a longer period 
of time after discharge was less pronounced. 
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Supplementary Table S1. Medication review interventions categorized into 9 components

Intervention 
component

Definitions

Medication 
review 
(mdrev)

Medication review is a structured evaluation of a patient’s medicines with the 
aim of optimizing medicine use and improving health outcomes. This entails 
detecting medication-related problems and recommending interventions. 

Performed by:
-  Pharmacist 

alone
-  Pharmacist and 

physician team
- Physician alone
- Nurse
-  Pharmacy 

technician
- Other

Context:
-  Solely a 

medication 
review

-  Medication 
review as part of 
a Comprehensive 
Geriatric 
Assessment

How many 
times 
performed?
- Once
- Daily
- Weekly
-  Certain number 

of times

Delivery of 
recommendations:
- Written report
-  Oral report/ 

deliberation
- Directly executed

Medication 
reconciliation  
(mdrec)

The process of identifying the most accurate list of a patient’s current 
medicines including the name, dosage, frequency and route – and 
comparing them to the current list in use, recognizing and documenting any 
discrepancies, thus resulting in a complete list of medications.

Shared 
decision 
making (sdm)

The process of information exchange, deliberation and making a decision 
between patient and physician.

Patient 
education/ 
medication 
counselling 
(pedu)

Interventions designed to provide patient support, typically via tailored 
education to inform the patient about their condition(s), medication 
indications and its correct use, supporting medication adherence or using 
motivational interviewing. There is a focus on medications which had been 
commenced or discontinued too.

Health 
professional 
education 
(hpedu)

Education of health professionals on how to perform a medication review or 
raising awareness about the importance of medication reviews.

Use of 
validated 
methods (vm)

The use of validated criteria for determining inappropriate medication use, like 
Beers’ criteria1 or START/STOPP criteria2. 

Use of 
Computerized 
Decision 
Support  (cds)

Computerized decision-making support (CDS) for medication management 
involves a programme on the health professional’s computer to guide the 
prescriber to the selection of appropriate treatment(s) by means of electronic 
alerts.

Compliance 
aid (ca)

The use of tools to improve compliance with the medication regimen, e.g. 
dosette or Webster pack.

Transitional 
care 
(tc)

The development of an individualized discharge plan for a patient prior to 
them leaving hospital for home. Discharge planning may also extend across 
healthcare settings and include postdischarge support.
Regarding medication use: the preparation of a medicines record sheet, 
outlining all medications and dosage instructions. The distribution of this 
information to the patient’s general practitioner and community pharmacist. 
(Telephone) follow-up by the clinical pharmacist or physician. 
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Supplementary Figure S1. Flow diagram of study selection
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Supplementary Table S2. Individual study characteristics of the 25 randomized controlled studies 
included in the analysis

First author, year Study 
design

Comparison(s)a Outcome(s)b Duration 
of follow-
up (weeks)

Bladh, 2011 Parallel Mdrev+pedu+cds+tc; uc 1,3 26

Bonetti, 2018 Parallel Mdrev+pedu+tc; uc 1,2 4

Brühwiler, 2019 Parallel Mdrev+mdrec; uc 1,2 4

Chiu, 2018 Quasi Mdrev+mdrec+pedu; uc 1,2 12

Cossette, 2017 Parallel Mdrev+cds; uc 1,2 4

Edey, 2019 Cluster Mdrev+tc; uc 1,2 4

Elliott, 2017 Parallel Mdrev+cds; mdrev 1,2 8

Gillespie, 2009 Parallel Mdrev+mdrec+pedu+tc; uc 1,4 52

Gustafsson, 2017 Parallel Mdrev+mdrec+tc; uc 1,2,3,5 26

Haag, 2016 Parallel Mdrev+tc; uc 1,2 4

Hohl, 2017 Quasi Mdrev+mdrec; uc 1,2 4

Holland, 2005 Parallel Mdrev+pedu+hpedu+ca+tc; uc 1,3,6 26

Legrain, 2011 Parallel Mdrev+mdrec+pedu+tc; uc 1,3 26

Lenssen, 2018 Parallel Mdrev+mdrec+tc; uc 5 52

Lisby, 2018 Parallel Mdrev+mdrec; uc 1 12

Lisby, 2010 Parallel Mdrev+mdrec; uc 1 12

Mannheimer, 2006 Parallel Mdrev+cds; uc 1,3 26

Naunton, 2003 Parallel Mdrev+pedu+ca+tc; uc 1,5 12

Nielsen, 2017 Parallel Mdrev+mdrec; uc 1,4 52

Ravn-Nielsen, 2018 Parallel Mdrev+mdrec+pedu+hpedu+tc; 
mdrev+hpedu; uc

1,2,3,5 26

Scullin, 2007 Parallel Mdrev+mdrec+pedu+hpedu+tc; uc 1,4 52

Spinewine, 2007 Quasi Mdrev+mdrec+pedu+tc; uc 1,4 52

Tuttle, 2018 Parallel Mdrev+mdrec+pedu+hpedu; uc 1 12

van der Heijden, 2019 Cluster Mdrev+mdrec+pedu+
hpedu+vm+tc; uc

1,3 26

Van der Linden, 2017 Quasi Mdrev+mdrec+hpedu+vm; uc 1,2 4
a Abbreviations: mdrev, medication review; mdrec, medication reconciliation; pedu, patient education/
medication counselling; hpedu, health professional education; vm, use of validated methods; cds, use 
of Computerized Decision Support; ca, compliance aid; tc, transitional care; uc, usual care.
b Outcomes abbreviations:
Outcome 1 = all-cause hospital readmissions at any time
Outcome 2 = all-cause hospital readmissions within 30 days after discharge from the index admission
Outcome 3 = all-cause hospital readmissions within 180 days after discharge from the index admission
Outcome 4 = all-cause hospital readmissions within 1 year after discharge from the index admission
Outcome 5 = Persons experiencing medication-related readmissions
Outcome 6 = Hospital readmission rate (number of all-cause hospital readmissions per certain 
number of people and time units)
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Supplementary Table S3. Individual participant characteristics of the 25 randomized controlled 
studies included in the analysis

First author, 
year

Country Setting Sample 
size

Mean/ median 
age (years)

Female  
(%)

Regular used 
medication, 
mean/
median 
number 

Bladh, 2011 Sweden Hospital 345 81;82* 60.9 NR

Bonetti, 2018 Brazil Hospital 104 65 31.3;35.8* 7;8*

Brühwiler, 2019 Switzerland Hospital 152 72;71* 36.8;43.4* 6

Chiu, 2018 China Hospital 207 83.3 50;53.8* 9.4

Cossette, 2017 Canada Hospital 254 81.5;80.5* 61.9;58.6* NR

Edey, 2019 Canada Hospital 358 69 48.4 7.5

Elliott, 2017 United 
States

Hospital 110 75.6 61.8 NR

Gillespie, 2009 Sweden Hospital 368 86.6 58.7 8.7;7.3*
Gustafsson, 
2017

Sweden Hospital 429 83.1 63;64* 8.4;8.3*

Haag, 2016 United 
States

Hospital 22 81;86* 31;17* 17;15.5*

Hohl, 2017 Canada Hospital 4049 71;69* 56.4;55.1* 8.1;7.7*
Holland, 2005 United 

Kingdom
Community 855 85.4;85.5* 61.1;63.8* 6.0;5.8*

Legrain, 2011 France Hospital 665 85.8;86.4* 69.7;62.6* 6.9;6.6*
Lenssen, 2018 Germany Hospital 60 77.6 60 16.8
Lisby, 2018 Denmark Hospital 98 80.4;80.5* 72;71* 7.0;6.4*
Lisby, 2010 Denmark Hospital 99 80.2;78.2* 60;61* 10.2;10.1*
Mannheimer, 
2006

Sweden Hospital 300 71;74* 51;48* 7.4;6.9*

Naunton, 2003 Australia Community 121 74;77* 56;69* 7;6.5*

Nielsen, 2017 Denmark Hospital 310 74.1;72.1* 54;46* 8

Ravn-Nielsen, 
2018

Denmark Hospital 1467 72 53.7 10;10;9*

Scullin, 2007 United 
Kingdom

Hospital 762 70.3;69.9* NR NR

Spinewine, 
2007

Belgium Hospital 172 82.4;81.9*
71.9;66.7* 7.9;7.3*

Tuttle, 2018 United 
States

Community 141 69 48 13

van der 
Heijden, 
2019

The 
Netherlands

Community 
pharmacy

123 75.5;73.9* 48.1;56.4* 8.9;8.4*

Van der Linden, 
2017

Belgium Hospital 166 84.5 48;56* 9;10*

* Data reported per study arm. NR; not reported
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Supplementary Figure S2. Aggregate risk of bias assessment per domain

Characteristics of the medication review
A summary of medication review methodology is presented in Supplementary Table S5. 
All medication review interventions were performed in combination with at least one co-
intervention. In 20 studies (80%) the medication review was performed by a pharmacist 
or clinical pharmacologist alone. Medication review was performed by a geriatrician in 
one study only.3 The number of times the medication review was performed varied from 
once (n=10, 40%) to several times (n=3, 12%) and daily (n=6, 24%). Recommendations 
following medication review were directly implemented in one study.4 While advice for 
the physician was given verbally (n=5, 20%), written (n=7, 28%) or both (n=4, 16%) in the 
remaining studies. The number of recommendations that followed from the medication 
review was described in only 3 studies, but the acceptance rate was reported in 10 studies, 
ranging from 18 to 82%. The studies barely reported on medication appropriateness or 
potentially inappropriate medication.

Supplementary Table S5. Description of how the medication review was conducted

Aspects of the medication review Number of studies (%)

Type of intervention

     Single component 0

     Multiple components 25 (100%)

Who performed the medication review

     Pharmacist or clinical pharmacologist 20 (80%)

     Pharmacist and clinical pharmacologist 2 (8%)
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     Pharmacist and pharmacy technician 1 (4%)

     Pharmacist and trial nurse 1 (4%)

     Geriatrician 1 (4%)

Number of times the medication review was conducted

     Once 10 (40%)

     Multiple times 3 (12%)

     Daily 6 (24%)

     Not reported 6 (24%)

The way the recommendations were delivered

     Directly executed 1 (4%)

     Written report 7 (28%)

     Oral report/deliberation 5 (20%)

     Both written and oral 4 (16%)

     Not reported 8 (32%)

Results from (component) NMA for all-cause hospital readmissions within 30 days
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A network plot provides an overview of the intervention data resulting from all included 
randomized controlled trials and visualizes the studied interventions and the direct 
comparisons between these interventions.
Nodes represent interventions consisting of one or more components and their size 
is proportional to the number of participants randomized to this intervention. Edges 
represent direct evidence obtained from randomized controlled trials directly comparing 
the interventions linked by this edge. Thickness of edges is proportional to the number 
of participants randomized to this comparison. The blue shadow connecting multiple 
interventions indicates a multi-arm trial.
Abbreviations: mdrev, medication review; mdrec, medication reconciliation; pedu, patient 
education/medication counselling; hpedu, health professional education; vm, use of 
validated methods; cds, use of Computerized Decision Support; ca, compliance aid; tc, 
transitional care; uc, usual care.

Supplementary Figure S3. Network plot for the outcome all-cause hospital readmissions within 
30 days

Supplementary Table S6. Risk ratios (RR) with 95% confi dence intervals (95% CI) resulting from 
network meta-analysis (left) and component network meta-analysis (right) for every intervention 
versus usual care for the outcome all-cause hospital readmissions within 30 days

Abbreviations: mdrev, medication review; mdrec, medication reconciliation; pedu, patient 
education/medication counselling; hpedu, health professional education; vm, use of validated 
methods; cds, use of Computerized Decision Support; ca, compliance aid; tc, transitional care; uc, 
usual care.
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Supplementary Table S7. Risk ratios with 95% confidence intervals (95% CI) resulting from the 
component network meta-analysis for every intervention component versus usual care for the 
outcome all-cause hospital readmissions within 30 days

Component Risk ratio 95% CI

Use of Computerized Decision Support 0.80 0.51-1.27

Medication reconciliation 1.03 0.73-1.46

Medication review 0.83 0.60-1.13

Patient education/medication counselling 0.64 0.41-0.99

Transitional care 1.05 0.78-1.42

Health professional education 1.10 0.76-1.58

Use of validated methods 0.94 0.54-1.64

Results from (component) NMA for all-cause hospital readmissions at any time

A network plot provides an overview of the intervention data resulting from all included 
randomized controlled trials and visualizes the studied interventions and the direct 
comparisons between these interventions.
Nodes represent interventions consisting of one or more components and their size 
is proportional to the number of participants randomized to this intervention. Edges 
represent direct evidence obtained from randomized controlled trials directly comparing 
the interventions linked by this edge. Thickness of edges is proportional to the number 
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of participants randomized to this comparison. The blue shadow connecting multiple 
interventions indicates a multi-arm trial.
Abbreviations: mdrev, medication review; mdrec, medication reconciliation; pedu, patient 
education/medication counselling; hpedu, health professional education; vm, use of 
validated methods; cds, use of Computerized Decision Support; ca, compliance aid; tc, 
transitional care; uc, usual care.

Supplementary Figure S4. Network plot for the outcome all-cause hospital readmissions at any time

Supplementary Table S8. Risk ratios (RR) with 95% confi dence intervals (95% CI) resulting from 
network meta-analysis (left) and component network meta-analysis (right) for every intervention 
versus usual care for the outcome all-cause hospital readmissions at any time

Abbreviations: mdrev, medication review; mdrec, medication reconciliation; pedu, patient 
education/medication counselling; hpedu, health professional education; vm, use of validated 
methods; cds, use of Computerized Decision Support; ca, compliance aid; tc, transitional care; uc, 
usual care.
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Supplementary Table S9. Risk ratios with 95% confidence intervals (95% CI) resulting from the 
component network meta-analysis for every intervention component versus usual care for the 
outcome all-cause hospital readmissions at any time

Component Risk ratio 95% CI

Use of Computerized Decision Support 0.95 0.70-1.30

Medication reconciliation 0.88 0.68-1.14

Medication review 1.00 0.79-1.26

Compliance aid 1.02 0.69-1.51

Patient education/medication counselling 0.96 0.74-1.25

Transitional care 1.04 0.82-1.31

Health professional education 1.02 0.82-1.27

Use of validated methods 1.40 0.92-2.14

Additional information about methods

Additional information regarding study population, interventions, 
 comparators and outcomes

Supplementary Table S10. Study population, interventions, comparators and outcomes

Population Adults aged ≥65 years
Included: - Hospitalized patients or recently* discharged to the community, 
nursing home or rehabilitation center after hospital admission
Excluded: studies that included, in particular:
- Persons with solely end of life care
- Persons with psychiatric diseases, such as schizophrenia or depression
-  Persons with specific diseases, receiving disease-specific medication (e.g. COPD 

or heart failure) 
- Persons recruited from intensive care units
-  Outpatients and persons seen at the emergency department but not admitted 

to a hospital

Intervention Medication review as an isolated intervention or with co-interventions 
performed during hospital admission, at discharge or shortly after*. 
Interventions of included studies were classified into the 9 intervention 
components presented in Supplementary Table S1. 
Excluded: - Medication reviews targeting specific medication types instead of 
the whole medication list

Comparator Usual care, a sham intervention or another medication review intervention 

Outcomes 1. Persons experiencing at least one all-cause hospital readmission
- within 30 days after discharge from the index admission
- within 180 days after discharge from the index admission
- within 1 year after discharge from the index admission
- at any time
2. Persons experiencing at least one medication-related readmissions at any time 
3. Hospital readmission rate (number of all-cause hospital readmissions per 
certain number of people and time units)

*  the medication review was performed within 2 weeks of discharge
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1.2 Additional information regarding NMA:
We compared the relative intervention efficacy using frequentist NMA.5,6 When the 
number of included studies was sufficient, we performed random-effects NMA for each of 
the aforementioned outcomes, using the graph-theoretical method. Network plots were 
used to examine the network geometry, and forest plots and league tables (that rank the 
interventions from most effective to least effective) to present the results. We computed 
the restricted maximum likelihood estimate of the heterogeneity variance, the index 
that shows the proportion of variance that is due to heterogeneity rather than sampling 
variance and we evaluated the confidence in the treatment effect estimates using the 
CINeMA approach that compares 95% confidence intervals to 95% predictive intervals 
in terms of their agreement in statistically significant and clinically important effects.7 
This approach also compares heterogeneity variance estimates to those estimated from 
empirical distributions and evaluates how large the estimates are.8 
After we had categorized the interventions of included studies into the nine components 
(Supplementary Table S1), many studies turned out to consist of interventions with more 
than one component (e.g. medrev + medrec + pedu). We analyzed the effect of the 
(combination of ) components in three steps:
1. Each existing combination of components was considered to be a distinct intervention. 
The effect of these combinations was compared with usual care (e.g. medrev + medrec + 
pedu as a distinct intervention versus usual care). 
2. The effect of a single component was determined by disentanglement of combinations 
of components that included this particular single component. This means that the 
effect of a single component results from every combination this component was part 
of. For example, to determine the effect of medrev versus usual care, data is used from 
comparisons such as ‘medrev + medrec + pedu versus usual care’ and ‘mdrev+pedu+pl 
versus usual care.’
3. Next, we rebuilt interventions by adding up the separate effects of single components. 
For example, to determine the effect of medrev+medrec+pedu versus usual care, we 
add up the effect of the single components (determined in step 2) medrev, medrec, and 
pedu via an algorithm. The data for the effect of this compound intervention came from 
many more studies than just those that have investigated precisely this combination of 
components.
Step one was our primary analysis, for step 2 and 3 we applied the additive model of 
component network meta-analysis (CNMA). 

1.3 Additional information regarding the CINeMA approach:
For each treatment comparison we summarized within study biases and indirectness 
by the average risk of bias and indirectness assessments in the respective studies. We 
considered risk ratios less than 0.8 or larger than 1.25 to be clinically relevant and we 
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evaluated imprecision by comparing statistical significance to clinical relevance. For more 
information about the CINeMA assessments we refer to Nikolakopoulou et al.7

For each treatment comparison we rated the corresponding treatment effect at each of the 
six domains (within-study bias, across-study bias, indirectness, imprecision, heterogeneity, 
and incoherence) as either ‘no concerns’, ‘minor concerns’ and ‘major concerns’. If there 
was at most one domain with minor concerns and the other domains with no concerns, 
we rated the overall confidence as high. If there were at most two domains with minor 
concerns or at most one domain with major concerns and the other domains with no 
concerns, we rated the overall confidence as moderate. If there were three or more 
domains with minor concerns or two or more domains with major concerns, we rated the 
overall confidence as low.

1.4 Electronic search strategy

Supplementary Table S11. Electronic search strategy MEDLINE

Search 
Line

Search Terms

1 Pharmacy service, hospital/ [ML]
2 ((PHARMACEUTICAL CARE or PHARMACY or PHARMACIES or PHARMACIST? or 

PRESCRIBING) and (inpatient? or hospital$ or WARD? or UNIT or UNITS)).ti.
3 ((PHARMACEUTICAL CARE or PHARMACY or PHARMACIES or PHARMACIST? or 

PRESCRIBING) adj2 (inpatient? or hospital$ or WARD? or UNIT or UNITS)).ab. 
4 Medication Systems, Hospital/ [ML]
5 ((medication? or prescribing or prescription? or dispensing) adj2 system?).ti,ab. and 

(hospital$ or WARD or WARDS or (CARE adj2 UNIT?) or INPATIENT?).ti,hw. 
6 (stopp or beer’s criteria).ti,ab. [Term added Aug 2011]
7 or/1‐6 [Hosp Pharm/Med Systems]
8 exp Hospitals/ or exp Hospital Units/ [ML]
9 (hospital$ or WARD or WARDS).ti.
10 Hospitalization/ [ML]
11 hospital$.ab.
12 “length of stay”/ or Patient admission/ or Patient discharge/ or Patient readmission/ or 

Patient transfer/ [ML]
13 ((patient? or hospital$).ti,hw. and (discharg$ or admission? or admitting or 

readmission? or readmit$ or transfer?).ti.) or “length of stay”.ti. 
14 (((patient? or hospital?) adj2 (discharg$ or admission? or admitting or readmission? or 

transfer?)) or “length of stay”).ab.
15 Inpatients/ [ML]
16 (inpatient? or in‐patient?).ti.
17 exp HOSPITAL DEPARTMENTS/ or HOSPITAL SHARED SERVICES/ [ML]
18 MEDICAL STAFF, HOSPITAL/ or HOSPITALISTS/ [ML]
19 or/8‐18 [Hospitals/Hospitalization/Inpatients]
20 (pharmacy or pharmacies or pharmacist? or prescription? or prescribing).ti.
21 (pharmacist‐led or pharma$ initiated or ((driven or lead or led) adj2 pharmacist?)).ab.
22 (PRESCRIBING adj2 PATTERN?).ab.



170   |   Chapter 7

23 (“physician‐pharmacist?” or “doctor‐pharmacist?”).ti,ab.
24 ((IMPROV$ or OPTIMI?ING or OPTIMI?E? or OPTIMAL$) and (DOSING or DOSAGE 

or PHARMAC$ or PRESCRIB$ or PRESCRIPT$)).ti. or ((IMPROV$ or OPTIMI?ING or 
OPTIMI?E? or OPTIMAL$) adj2 (PHARMACEUTICAL CARE or PHARMACY or PRESCRIB$ 
or PRESCRIPT$)).ab.

25 ((pharmaceutical adj (care or consult$)) or (pharmacist? adj2 (care or consult$ or 
intervention? or managed))).ab.

26 (((prescription? or prescribing or medication?) adj4 review$) or (pharmacist? adj2 
review$)).ti,ab.

27 ((drug therapy or drug regime? or medication? or medicineS or pharmacy or 
pharmacist? or pharmaceutical or PRESCRIB$ or prescription?) adj2 (audit$ or 
monitor$ or RECONCIL$ or review?)).ti,ab.

28 ((medication? or prescrib$ or pharmac$) adj2 (manage? or management or service? or 
system?)).ti,ab.

29 ((“drug therapy” or dosage? or dose? or medication? or PRESCRIPTION? or PRESCRIB$ 
or PHARMACIST? or PHARMACEUTICAL CARE) adj2 (managing or management or 
monitor$)).ti,ab.

30 (drug? review? or drug? assess$ or drug? audit? or drug? reconcil$).ti,ab.
31 (“drug utili?ation” adj2 (review? or reconcil$ or audit?)).ab. or (“drug utili?ation” and 

(review? or reconcil$ or audit?)).ti.
32 Medication adherence/ [ML]
33 Pharmacists/ or Pharmacists’ Aides/ [ML]
34 Pharmaceutical Services/ or Drug Information Services/ [ML]
35 Clinical Pharmacy Information Systems/ [ML]
36 Prescriptions/ or Drug Prescriptions/ or Pharmaceutical Preparations/ or Drug Therapy/ 

or Drug Dosage Calculations/ or Electronic Prescribing/ or Medication Systems/ [ML]
37 Drug Monitoring/ or Medication Therapy Management/ [ML]
38 Drug Therapy/ or Drug Therapy, Computer‐Assisted/ [ML]
39 POLYPHARMACY/ or POLYPHARM$.ti. [ML]
40 MEDICATION ERRORS/ [ML]
41 Drug utilization review/ [ML]
42 Drug Utilization/ [ML]
43 inappropriate prescribing/ [Term added Aug 2011]
44 ((Medication? or prescrib$ or prescription? or drug therap$) adj2 assessment?).ti,ab. 

[Term added Aug 2011]
45 (inappropriate$ adj2 (medicine? or medication? or prescrib$ or drug?)).ti,ab. [Term 

added Aug 2011]
46 or/20‐45 [PHARMA/DRUG CONCEPTS ‐‐combine with hospital concepts]
47 (randomized controlled trial or controlled clinical trial).pt. or randomized.ab. or 

placebo.ab. or clinical trials as topic.sh. or randomly.ab. or trial.ti.
48 exp animals/ not humans.sh.
49 47 not 48 [Cochrane RCT Filter 6.4.d Sens/Precision Maximizing]
50 7 and 49 [Hosp Pharma & RCT]
51 19 and 46 and 49 [Hospitals & Pharma/Drug sets & RCT]
52 50 or 51
53 limit 52 to yr=”1980 ‐Current”
54 (2012$ or 2013$ or 2014$).ed,ep,dp. [Entry date, E‐pub date, Pub Date]
55 (198$ or 199$ or 2$).ep. [Electronic publication date 1980 to present]
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56 (201108$ or 201109$ or 20111$).ed,dp. [August 2011‐Dec2011]
57 52 and 54
58 (52 and 55) not 57
59 (52 and 56) not (or/57‐58)
60 52 and 2011$.dp,ep,yr,ed. [2011 all date search]
61 60 not (or/57‐59)
62 57 or 58 or 59 or 61 [Results to export Jan 7 2013 update search]
63 remove duplicates from 62
64 limit 63 to yr=”2014 -Current”

Search run at 13-09-2019 using Ovid MEDLINE(R) 

Supplementary Table S12. Electronic search strategy Embase

Search 
Line

Search Terms

1 1 *hospital pharmacy/ not outpatient?.ti. [EM] 
2 hospital? pharmacy.ti.
3 ((pharmaceutical care or pharmacist? or prescribing) adj4 (inpatient? or hospital$ or 

ward? or ICU or intensive care or (emergency adj2 (room? or department? or unit or 
units)))).ti.

4 ((pharmaceutical care or pharmacist? or prescribing) adj3 (inpatient? or hospital$ or 
ward? or ICU or intensive care or (emergency adj2 (room? or department? or unit or 
units)))).ab.

5 ((medication? or prescribing or prescription? or dispensing) adj2 system?).ti,ab. and 
(hospital$ or ward or wards or (care adj2 unit?) or inpatient?).ti,hw.

6 (medication? adj4 (review$ or audit$)).ti. and (hospital$ or ward or wards or (care adj2 
unit?) or inpatient?).ti,hw.

7 (stopp or beer’s criteria).ti,ab. [Term added Aug 2011]
8 or/1‐7 [Hosp Medication Rev or Hosp Pharm‐‐combine with Filters]
9 ((medication? or medicine?) adj4 (review or audit)).ti.
10 ((medication? or medicine?) adj2 (review or audit)).ab.
11 (((prescription? or prescribing) adj4 review$) or (pharmacist? adj2 review$)).ti,ab.
12 ((drug formulary or drug therapy or drug regime? or medication? or medicines or 

pharmacy or pharmacist? or pharmaceutical or prescrib$ or prescription?) adj3 (audit$ 
or monitor$ or reconcil$)).ti,ab. 

13 (drug? review? or drug? assess$ or drug? audit? or drug? reconcil$).ti,ab.
14 (“drug utili?ation” adj2 (reconcil$ or audit?)).ab. or (“drug utili?ation” adj4 (reconcil$ or 

audit?)).ti. [line moved]
15 inappropriate prescribing/ [Term added Aug 2011]
16 ((Medication? or prescrib$ or prescription? or drug therap$) adj2 assessment?).ti,ab. 

[Term added Aug 2011]
17 (inappropriate$ adj2 (medicine? or medication? or prescrib$ or drug?)).ti,ab. [Term 

added Aug 2011]
18 or/9‐17 [Medication Review/Audit]
19 exp *Hospital/ [EM]
20 exp *Ward/ [EM]
21 (hospital$ or WARD or WARDS).ti.
22 *Hospitalization/ [EM]
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23 *Hospital care/ or *Intensive care/ [EM]
24 *”length of stay”/ or *hospital admission/ or *Hospital discharge/ or *Hospital 

readmission/ or *Patient transport/ [EM]
25 (((patient? or hospital$) and (discharg$ or admission? or admitting or readmission? or 

readmit$ or transfer?)) or “length of stay”).ti.
26 (((patient? or hospital?) adj2 (discharg$ or admission? or admitting or readmission? or 

transfer?)) or “length of stay”).ab.
27 *hospital patient/ [EM]
28 (inpatient? or in‐patient?).ti.
29 *Hospital service/ [EM]
30 *Hospital personnel/ or *Hospital physician/ or *Medical staff/ or *Resident/ [EM]
31 or/19‐30 [Hospitals/Hospitalization/Inpatients]
32 (pharmacy or pharmacies or pharmacist? or prescription? or prescribing).ti.
33 (pharmacist‐led or pharma$ initiated or ((driven or lead or led) adj2 pharmacist?)).ab.
34 (prescribing adj2 pattern?).ab.
35 (“physician‐pharmacist?” or “doctor‐pharmacist?”).ti,ab.
36 ((improv$ or optimi?ing or optimi?e? or optimal$) and (dosing or dosage or pharmac$ 

or prescrib$ or prescript$)).ti. or ((improv$ or optimi?ing or optimi?e? or optimal$) adj2 
(pharmaceutical care or pharmacy or prescrib$ or prescript$)).ab.

37 ((pharmaceutical adj (care or consult$)) or (pharmacist? adj2 (care or consult$ or 
intervention? or managed))).ab.

38 ((medication? or prescrib$ or pharmac$) adj2 (manage? or management or service? or 
system?)).ti,ab.

39 ((“drug therapy” or dosage? or dose? or medication? or PRESCRIPTION? or PRESCRIB$ 
or PHARMACIST? or PHARMACEUTICAL CARE) adj2 (managing or management or 
monitor$)).ti,ab. 

40 *Patient compliance/ and (medication? or pharmac$ or drug? or prescrib$ or 
prescription?).ti.

41 *Pharmacist/ or *Pharmacy technician/ [EM]
42 *Pharmaceutical care/ [EM]
43 *medical information system/ and (medication? or pharmac$ or drug? or prescrib$ or 

prescription?).ti,hw. [EM]
44 *Prescription/ [EM]
45 *Medication therapy management/ or *Recommended drug dose/ or *Optimal drug 

dose/ [EM]
46 *Polypharmacy/ or POLYPHARM$.ti. [EM]
47 *Medication error/ [EM]
48 *”drug use”/ [EM]
49 *Drug utilization/ [EM]
50 *DRUG FORMULARY/
51 or/32‐50 [Pharmacy/Prescribing/Med Use] 
52 medical audit/
53 *medical audit/ or *monitoring/ [EM]
54 monitoring/
55 (audit? or monitoring or reconcil$).ti.
56 or/52,54‐55 [Monitoring/Audit broad]
57 randomized controlled trial/ or controlled study/ or controlled clinical trial/ [EM]
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58 pretest posttest control group design/
59 clinical study/ or major clinical study/ or clinical trial/
60 multicenter study/
61 random$.ti. or (randomi?ed or randomly).ab. or controlled.ti.
62 (clinical study/ or major clinical study/ or clinical trial/) and random$.ti.
63 crossover‐procedure/ or double‐blind procedure/ or single‐blind procedure/ [EM]
64 or/57‐63 [Trials Filter EM]
65 (animal model? or animal experiment? or animal study? or animal trial? or canine or 

feline or bovine or cow or cows or mice or dog? or cat or cats or rabbit? or rat or rats or 
veterinar$).ti. or (animal or veterinary).hw. [EM]

66 (editorial or letter or note or “review” or trade or survey).pt. [EM]
67 systematic review/ or meta‐analysis/ or (systematic adj3 review).ti. or (meta‐analy$ or 

metaanaly$).ti. or (literature adj2 review).ti.
68 64 not (or/65‐67) [EPOC RCT Filter EM]
69 18 and 31 [Drug Review/Audit & Hosp]
70 31 and 51 and 56 [Hosp & Pharma & Monitoring‐‐Broad search]
71 (or/69‐70) and 68 [RCT Results 2]
72 8 and 68 [Med Rev Hosp & RCT Results 1]
73 72 or 71 [RCT Results]
74 (20113$ or 20114$ or 20115$ or 2012$ or 2013$ or 2014$).em. [Entry week Aug 2011 

to Nov 2014]
75 (“2011” or “2012” or “2013” or “2014”).yr.
76 73 and (74 or 75) [Results Nov 18, 2014]
77 remove duplicates from 76
78 limit 77 to yr=”2014 -Current”

Search run at 13-09-2019 using Embase Classic+Embase 

Supplementary Table S13. Electronic search strategy The Cochrane Library

Search 
Line

Search Terms

1 (“PHARMACEUTICAL CARE” near/2 inpatient* or PHARMACY near/2 inpatient* or 
PHARMACIES near/2 inpatient* or PHARMACIST* near/2 inpatient* or PRESCRIBING 
near/2 inpatient*):ab or (stopp or (Beer N2 criteria)):ti,ab 

2 (“PHARMACEUTICAL CARE” near/2 hospital*or PHARMACY near/2 hospital* or 
PHARMACIES near/2 hospital* or PHARMACIST* near/2 hospital* or PRESCRIBING 
near/2 hospital*):ab

3 (“PHARMACEUTICAL CARE” near/2 WARD* or PHARMACY near/2 WARD* or 
PHARMACIES near/2 WARD* or PHARMACIST* near/2 WARD* or PRESCRIBING near/2 
WARD*):ab

4 (“PHARMACEUTICAL CARE” near/2 UNIT or PHARMACY near/2 UNIT or PHARMACIES 
near/2 UNIT or PHARMACIST* near/2 UNIT or PRESCRIBING near/2 UNIT):ab

5 (“PHARMACEUTICAL CARE” near/2 UNITS or PHARMACY near/2 UNITS or PHARMACIES 
near/2 UNITS or PHARMACIST* near/2 UNITS or PRESCRIBING near/2 UNITS):ab

6 (medication* near/2 system* or prescribing near/2 system* or prescription* near/2 
system* or dispensing near/2 system*):ti,kw and (hospital* or WARD or WARDS or 
INPATIENT* or CARE near/2 UNIT*):ti,kw

7 MeSH descriptor: [Pharmacy Service, Hospital] this term only
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8 MeSH descriptor: [Medication Systems, Hospital] this term only
9 (#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8)
10 MeSH descriptor: [Hospitalization] explode all trees
11 MeSH descriptor: [Inpatients] this term only
12 MeSH descriptor: [Hospital Departments] explode all trees
13 MeSH descriptor: [Hospital Shared Services] this term only
14 MeSH descriptor: [Hospital Units] explode all trees
15 MeSH descriptor: [Medical Staff, Hospital] explode all trees
16 (hospital* or WARD or WARDS):ti
17 hospital*:ab
18 (patient* or hospital*):ti,kw and (discharge* or admission* or admitting or 

readmission* or readmit* or transfer*):ti or “length of stay”:ti
19 (Patient* near/2 discharg* or Patient* near/2 admission* or Patient* near/2 admitting 

or Patient* near/2 readmission* or Patient* near/2 transfer*) or “length of stay”:ab
20 (hospital* near/2 discharg* or hospital* near/2 admission* or hospital near/2 admitting 

or hospital near/2 readmission* or hospital near/2 transfer*) or “length of stay”:ab  
21 (inpatient* or in‐patient*):ti
22 (#10 or #11 or #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 or #21)
23 (pharmacy or pharmacies or pharmacist* or prescription* or prescribing):ti
24 (“pharmacist‐led” or “pharma* initiated” or pharmacist* near/2 driven or pharmacist* 

near/2 lead or pharmacist* near/2 led):ab
25 Prescribing near/2 Pattern*:ab
26 (“physician‐pharmacist*” or “doctor‐pharmacist*”):ti,ab
27 (IMPROV* or OPTIMI*ING or OPTIMI*E* or OPTIMAL*):ti and (DOSING or DOSAGE or 

PHARMAC* or PRESCRIB* or PRESCRIPT*):ti
28 (IMPROV* near/2 “PHARMACEUTICAL CARE” or OPTIMI*ING near/2 “PHARMACEUTICAL 

CARE” or OPTIMI*E* near/2 “PHARMACEUTICAL CARE” or OPTIMAL* near/2 
“PHARMACEUTICAL CARE”):ab

29 (IMPROV* near/2 PHARMACY or OPTIMI*ING near/2 PHARMACY or OPTIMI*E* near/2 
PHARMACY or OPTIMAL* near/2 PHARMACY):ab

30 (IMPROV* near/2 PRESCRIB* or OPTIMI*ING near/2 PRESCRIB* or OPTIMI*E* near/2 
PRESCRIB* or OPTIMAL* near/2 PRESCRIB*):ab

31 (IMPROV* near/2 PRESCRIPT* or OPTIMI*ING near/2 PRESCRIPT* or OPTIMI*E* near/2 
PRESCRIPT*or OPTIMAL* near/2 PRESCRIPT*):ab

32 “pharmaceutical care” or “pharmaceutical consult*” or (pharmacist* near/2 care or 
pharmacist* near/2 consult* or pharmacist* near/2 intervention* or pharmacist* 
near/2 managed):ab

33 (prescription* near/4 review* or prescribing near/4 review* or medication* near/4 
review*OR pharmacist* near/2 review*):ti,ab

34 (“drug therapy” near/2 audit* or “drug regime*” near/2 audit* or medication* near/2 
audit* or medicine* near/2 audit* or pharmacy near/2 audit* or pharmacist* near/2 
audit* or pharmaceutical near/2 audit* or PRESCRIB* near/2 audit* or prescription* 
near/2 audit*):ti,ab

35 (“drug therapy” near/2 monitor* or “drug regime*” near/2 monitor* or medication* 
near/2 monitor* or medicine* near/2 monitor* or pharmacy near/2 monitor* or 
pharmacist* near/2 monitor* or pharmaceutical near/2 monitor* or PRESCRIB* near/2 
monitor* or prescription* near/2 monitor*):ti,ab
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36 (“drug therapy” near/2 RECONCIL* or “drug regime*” near/2 RECONCIL* or medication* 
near/2 RECONCIL* or medicine* near/2 RECONCIL* or pharmacy near/2 RECONCIL* 
or pharmacist* near/2 RECONCIL* or pharmaceutical near/2 RECONCIL* or PRESCRIB* 
near/2 RECONCIL* or prescription* near/2 RECONCIL*):ti,ab

37 (“drug therapy” near/2 review* or “drug regime*” near/2 review* or medication* near/2 
review* or medicine* near/2 review* or pharmacy near/2 review* or pharmacist* 
near/2 review* or pharmaceutical near/2 review* or PRESCRIB* near/2 review* or 
prescription* near/2 review*):ti,ab

38 (medication* near/2 manage* or prescrib* near/2 manage* or phamac* near/2 
manage*):ti,ab

39 (medication* near/2 management or prescrib* near/2 management or pharmac* 
near/2 management):ti,ab

40 (medication* near/2 service* or prescrib* near/2 service* or pharmac* near/2 
service*):ti,ab

41 (medication* near/2 system* or prescrib* near/2 system* or pharmac* near/2 
system*):ti,ab 

42 (“drug therapy” near/2 managing or dosage* near/2 managing or dose* near/2 
managing or medication* near/2 managing or PRESCRIPTION* near/2 managing or 
PRESCRIB* near/2 managing or PHARMACIST* near/2 managing or “PHARMACEUTICAL 
CARE” near/2 managing):ti,ab

43 (“drug therapy” near/2 management or dosage* near/2 management or dose* 
near/2 management or medication* near/2 management or PRESCRIPTION* 
near/2 management or PRESCRIB* near/2 management or PHARMACIST* near/2 
management or “PHARMACEUTICAL CARE” near/2 management):ti,ab

44 (“drug therapy” near/2 monitor* or dosage* near/2 monitor* or dose* near/2 monitor* 
or medication* near/2 monitor* or PRESCRIPTION* near/2 monitor* or PRESCRIB* 
near/2 monitor* or PHARMACIST* near/2 monitor* or “PHARMACEUTICAL CARE” near/2 
monitor*):ti,ab

45 (“drug* review*” or “drug* assess*” or “drug* audit*” or “drug* reconcil*”):ti,ab
46 (“drug utili*ation” near/2 review* or “drug utili*ation” near/2 reconcil* or “drug 

utili*ation” near/2 audit*):ab
47 (review* or reconcil* or audit*):ti and “drug utili*ation”:ti
48 MeSH descriptor: [Medication Adherence] this term only
49 MeSH descriptor: [Pharmacists] this term only
50 MeSH descriptor: [Pharmacists’ Aides] explode all trees
51 MeSH descriptor: [Pharmaceutical Services] this term only
52 MeSH descriptor: [Drug Information Services] this term only
53 MeSH descriptor: [Clinical Pharmacy Information Systems] this term only
54 MeSH descriptor: [Prescriptions] this term only
55 MeSH descriptor: [Drug Prescriptions] this term only 
56 MeSH descriptor: [Drug Dosage Calculations] this term only
57 MeSH descriptor: [Pharmaceutical Preparations] this term only
58 MeSH descriptor: [Electronic Prescribing] this term only
59 MeSH descriptor: [Medication Systems] this term only
60 MeSH descriptor: [Drug Monitoring] this term only
61 MeSH descriptor: [Medication Therapy Management] this term only
62 MeSH descriptor: [Drug Therapy] this term only
63 MeSH descriptor: [Drug Therapy, Computer‐Assisted] this term only
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64 MeSH descriptor: [Medication Errors] this term only
65 MeSH descriptor: [Drug Utilization Review] this term only
66 MeSH descriptor: [Drug Utilization] this term only
67 MeSH descriptor: [Polypharmacy] this term only
68 Polypharm*:ti
69 Polypharmacy or polypharm*:ti
70 MeSH descriptor: [Inappropriate Prescribing] this term only
71 ((Medication or medications or prescrib* or prescription or prescriptions or drug 

therap*) near/2 assessment):ti,ab
72 (inappropriate* near/2 (medicine or medicines or medication or medications or 

prescrib* or drug or drugs)):ti,ab
73 (#23 or #24 or #25 or #26 or #27 or #28 or #29 or #30 or #31 or #32 or #33 or #34 or #35 

or #36 or #37 or #38 or #39 or #40 or #41 or #42 or #43 or #44 or #45 or #46 or #47 or 
#48 or #49 or #50 or #51 or #52 or #53 or #54 or #55 or #56 or #57 or #58 or #59 or #60 
or #61 or #62 or #63 or #64 or #65 or #66 or #67 or #68 or #69 or #70 or #71 or #72)

74 (#9 or (#22 and #73))
75 limit to (2014,2015,2016,2017,2018,2019)

Search run at 13-09-2019 using The Cochrane Library 

Supplementary Table S14. Electronic search strategy CINAHL

Search 
Line

Search Terms

1 (MH “Pharmacy Service”)
2 TI ( pharmaceutical care or pharmacy or pharmacies or pharmacist* or prescribing )
3 (MH “Medication Systems”) OR TI (medication* n2 system) or (prescribing n2 system) 

or (prescription* n2 system) or (dispensing n2 system) OR TI (medication* n2 systems) 
or (prescribing n2 systems) or (prescription* n2 systems) or (dispensing n2 systems) 
OR TI ((medication N2 assessment) or (prescrib* N2 assessment) or (prescription N2 
assessment) or (drug therap* N2 assessment)) OR AB ((medication N2 assessment) or 
(prescrib* N2 assessment) or (prescription N2 assessment) or (drug therap* N2 ass ...  

4 TI ( hospital* OR inpatient ward or wards or intensive care or ICU or emergency 
department* or unit ) OR MW ( hospital* OR inpatient ward or wards or intensive care 
or ICU or emergency department* )

5 (MH “Adolescent, Hospitalized”) OR (MH “Aged, Hospitalized”) OR (MH “Child, 
Hospitalized”) OR (MH “Emergency Patients”) OR (MH “Infant, Hospitalized”) OR (MH 
“Inpatients”)

6 (MH “Hospitals+”) OR (MH “Hospital Units+”) OR TI ( inpatient* or hospital$ or WARD* 
or UNIT or UNITS )

7 (MH “Hospitalization”) OR (MH “Length of Stay”) OR (MH “Patient Admission”) OR 
(MH “Patient Discharge”) OR (MH “Discharge Planning+”) OR (MH “Patient Discharge 
Education”) OR (MH “Early Patient Discharge”) OR (MH “Transfer, Discharge”) OR (MH 
“Patient Dumping”) OR (MH “Readmission”) OR (MH “Transfer, Intrahospital”) 

8 (MH “Medication Reconciliation”)
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9 TI ( (drug therapy N2 reconcil*) or (drug therapy N2 audit*) or (drug therapy N2 
review*) ) or AB ( (drug therapy N2 reconcil*) or (drug therapy N2 audit*) or (drug 
therapy N2 review*) ) OR TI ( (medicine* N2 reconcil*) or (medicine* N2 audit*) or 
(medicine* N2 review*) ) or AB ( (medicine* N2 reconcil*) or (medicine* N2 audit*) or 
(medicine* N2 review*) )

10 (MH “Nursing Audit”) OR (MH “Audit”)
11 TI ( medication* or medicine* or drug therap* or prescrib* or prescript* or medication* 

) or MW ( medication* or medicine* or drug therap* or prescrib* or prescript* or 
medication* )

12 S10 and S11
13 S1 or S2 or S3
14 S4 or S5 or S6 or S7
15 S8 or S9 or S12
16 S13 and S14 
17 S14 and S15
18 TI ( (multicent* n2 design*) or (multicent* n2 study) or (multicent* n2 studies) or 

(multicent* n2 trial*) ) or AB ( (multicent* n2 design*) or (multicent* n2 study) or 
(multicent* n2 studies) or (multicent* n2 trial*) )

19 (MM “Clinical Trials+”)
20 TI ( “clinical study” or “clinical studies” ) or AB ( “clinical study” or “clinical studies”)  
21 TI random* or AB random*
22 TI controlled or AB controlled
23 TI ( “control* N1 clinical” or “control* N1 group*” or “control* N1 trial*” or “control* N1 

study” or “control* N1 studies” or “control* N1 design*” or “control* N1 method*” ) or 
AB ( “control* N1 clinical” or “control* N1 group*” or “control* N1 trial*” or “control* N1 
study” or “control* N1 studies” or “control* N1 design*” or “control* N1 method*” )

24 S18 or S19 or S20 or S21 or S22 or S23
25 TI ( (stopp or “beer’s criteria”) ) OR AB ( (stopp or “beer’s criteria”) )
26 S16 or S17 or S25
27 S24 and S26
28 TI medication review*
29 S27 or S28
30 (MH “Pharmacy Service”)
31 TI ( pharmaceutical care or pharmacy or pharmacies or pharmacist* or prescribing )
32 (MH “Medication Systems”) OR TI (medication* n2 system) or (prescribing n2 system) 

or (prescription* n2 system) or (dispensing n2 system) OR TI (medication* n2 systems) 
or (prescribing n2 systems) or (prescription* n2 systems) or (dispensing n2 systems) 
OR TI ((medication N2 assessment) or (prescrib* N2 assessment) or (prescription N2 
assessment) or (drug therap* N2 assessment)) OR AB ((medication N2 assessment) or 
(prescrib* N2 assessment) or (prescription N2 assessment) or (drug therap* N2 ass ...

33 TI ( hospital* OR inpatient ward or wards or intensive care or ICU or emergency 
department* or unit ) OR MW ( hospital* OR inpatient ward or wards or intensive care 
or ICU or emergency department* )

34 (MH “Adolescent, Hospitalized”) OR (MH “Aged, Hospitalized”) OR (MH “Child, 
Hospitalized”) OR (MH “Emergency Patients”) OR (MH “Infant, Hospitalized”) OR (MH 
“Inpatients”)

35 (MH “Hospitals+”) OR (MH “Hospital Units+”) OR TI ( inpatient* or hospital$ or WARD* 
or UNIT or UNITS )
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36 (MH “Hospitalization”) OR (MH “Length of Stay”) OR (MH “Patient Admission”) OR 
(MH “Patient Discharge”) OR (MH “Discharge Planning+”) OR (MH “Patient Discharge 
Education”) OR (MH “Early Patient Discharge”) OR (MH “Transfer, Discharge”) OR (MH 
“Patient Dumping”) OR (MH “Readmission”) OR (MH “Transfer, Intrahospital”)

37 (MH “Medication Reconciliation”)
38 TI ( (drug therapy N2 reconcil*) or (drug therapy N2 audit*) or (drug therapy N2 

review*) ) or AB ( (drug therapy N2 reconcil*) or (drug therapy N2 audit*) or (drug 
therapy N2 review*) ) OR TI ( (medicine* N2 reconcil*) or (medicine* N2 audit*) or 
(medicine* N2 review*) ) or AB ( (medicine* N2 reconcil*) or (medicine* N2 audit*) or 
(medicine* N2 review*) )

39 (MH “Nursing Audit”) OR (MH “Audit”)
40 TI ( medication* or medicine* or drug therap* or prescrib* or prescript* or medication* 

) or MW ( medication* or medicine* or drug therap* or prescrib* or prescript* or 
medication* )  

41 S39 and S40
42 S30 or S31 or S32
43 S33 or S34 or S35 or S36
44 S37 or S38 or S41
45 S42 and S43
46 S43 and S44
47 TI ( (multicent* n2 design*) or (multicent* n2 study) or (multicent* n2 studies) or 

(multicent* n2 trial*) ) or AB ( (multicent* n2 design*) or (multicent* n2 study) or 
(multicent* n2 studies) or (multicent* n2 trial*) )

48 (MM “Clinical Trials+”)
49 TI ( “clinical study” or “clinical studies” ) or AB ( “clinical study” or “clinical studies”)
50 TI random* or AB random*
51 TI controlled or AB controlled
52 TI ( “control* N1 clinical” or “control* N1 group*” or “control* N1 trial*” or “control* N1 

study” or “control* N1 studies” or “control* N1 design*” or “control* N1 method*” ) or 
AB ( “control* N1 clinical” or “control* N1 group*” or “control* N1 trial*” or “control* N1 
study” or “control* N1 studies” or “control* N1 design*” or “control* N1 method*” )  

53 S47 or S48 or S49 or S50 or S51 or S52
54 TI ( (stopp or “beer’s criteria”) ) OR AB ( (stopp or “beer’s criteria”)
55 S45 or S46 or S54
56 S53 and S55
57 TI medication review*
58 S56 or S57
59 S56 or S57 (limit: Publicationdate: 20140101-20191231) 

Search run at 13-09-2019 using CINAHL 



7

Medication review interventions to reduce hospital readmissions    |   179   

Supplementary Table S15. List and definition of all variable data collected

Variable name Definition
Study characteristics and patient characteristics
1st author Name
Year Publication year
Country Country of study
Study design RCT Parallel, cluster, cross-over, quasi, other
Sample size Total number of participants analyzed
Mean age Mean age study population in years
Median age Median age study population in years
% Female % Female of the study population
Mean follow-up Mean follow-up duration in weeks
Regular used med Mean number of regularly used medication
Medication 
appropriateness index

Mean medication appropriateness index

Chronic conditions Mean number of chronic conditions
Study setting Hospital, community, community pharmacy, other
Study sites Single center, multicenter
ITT/PP Intention to treat analysis, per-protocol analysis, not reported
Funding source of study Governmental organisation, research funding body, commercial 

organisation, mixed, charitable trust, no funding, other
Inclusion criteria Applied inclusion criteria 
Exclusion criteria Applied exclusion criteria 
Intervention - arm 1 Description of the intervention in words 
Intervention type - arm 1 Single component, multiple component
N - arm 1 Number of participants that received intervention arm 1
Performed by – arm 1 Who performed the medication review? Pharmacist or clinical 

pharmacologist, pharmacist and clinical pharmacologist, pharmacist 
and pharmacy technician, pharmacist and trial nurse, geriatrician

Context – arm 1 What was the context of the medication review? Solely a medication 
review or the medication review was part of a Comprehensive 
Geriatric Assessment

Times performed – arm 1 How many times was the medication review performed? Once, daily, 
multiple times.

Delivery – arm 1 The way the recommendations were delivered: directly executed, 
written report, oral report/deliberation, both written and oral, not 
reported

Arm 2 and 3 All arm 1 variables are repeated for arm 2 and 3 (if indicated)
Component 1 Medication review: is medication review part of the study 

intervention?
Component 2 Medication reconciliation: is medication reconciliation part of the 

study intervention?
Component 3 Shared decision making: is shared decision making part of the study 

intervention?
Component 4 Patient education/ medication counselling: is patient education/

medication counselling part of the study intervention?
Component 5 Health professional education: is health professional education part 

of the study intervention?
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Component 6 Use of validated methods: is the use of validated methods part of the 
study intervention?

Component 7 Use of Computerized Decision Support: is the use of a Computerized 
Decision Support part of the study intervention?

Component 8 Compliance aid: is the application of a compliance aid part of the 
study intervention?

Component 9 Transitional care: is transitional care part of the study intervention?
Missing data Have any attempts been made to impute missing data
Missing data >10% Is more than 10% of the data missing?
Data extraction results: Dichotomous outcomes
Timepoint Timepoint at which the result was measured in weeks
Outcome Which outcome was addressed? 

Persons experiencing all cause hospital readmissions at any time 
Persons experiencing all cause hospital readmissions within 30 days 
Persons experiencing all cause hospital readmissions within 180 days 
Persons experiencing all cause hospital readmissions within 1 year 
Persons experiencing medication-related readmissions at any time

Subgroup analysis For which subgroup analysis can we use this data? 
None 
Participants aged 65-75 year 
Participants aged >75 years 
Participants with 2 or less comorbidities 
Participants with 3 or more comorbidities 
Community residents 
Nursing home residents

Events Number of events in arm 1, 2 and 3 (when indicated)
Comparison Which arms are compared
Effect size Type of effect size, effect size value, lower bound 95% confidence 

interval, upper bound 95% confidence interval. Is the effect size 
adjusted for confounding factors?

Data extraction results: rate outcomes
Timepoint Timepoint at which the result was measured in weeks
Outcome Which outcome was addressed? 

Hospital readmission rate
Subgroup analysis For which subgroup analysis can we use this data? 

None 
Participants aged 65-75 year 
Participants aged >75 years 
Participants with 2 or less comorbidities 
Participants with 3 or more comorbidities 
Community residents 
Nursing home residents

Events Number of events in arm 1, 2 and 3 + total person time at risk (when 
indicated)

Rate Rate and 95% confidence interval arm 1, 2, 3 + person time 
Comparison Which arms are compared
Rate ratio Rate ratio + 95% confidence interval. Is the rate ratio adjusted for 

confounding factors?
Risk of bias
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1. Was the allocation 
sequence adequately 
generated?
2. Was allocation 
adequately concealed?
3. Were baseline outcome 
measurements similar?
4. Were baseline 
characteristics similar?
5. Were incomplete 
outcome data 
adequately addressed?
6. Was knowledge of the 
allocated intervention 
adequately prevented 
during the study?
7. Was the study 
adequately protected 
against contamination?
8. Is there evidence that 
outcomes have been 
reported selectively?
9. Other sources of bias
Directness Are there any issues affecting directness? 
Data extraction notes
Notes Additional notes by review authors
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Abstract

Objective: To compare the effectiveness of single, multiple and multifactorial inter-
ventions to prevent falls and fall-related fractures in community-dwelling older persons.

Methods: MEDLINE, Embase and Cochrane Central Register of Controlled Trials were 
systematically searched for randomized controlled trials evaluating the effectiveness of fall 
prevention interventions in community-dwelling adults aged ≥65 years, from inception 
until February 27, 2019. Two large RCTs (published in 2020 after the search closed) were 
included in post-hoc analyses. Pairwise meta-analysis and network meta-analysis (NMA) 
were conducted.

Results: NMA including 192 studies revealed that the following single interventions, 
compared to usual care, were associated with reductions in number of fallers: exercise (risk 
ratio (RR) 0.83; 95% confidence interval (CI) 0.77 to 0.89) and quality improvement strategies 
(e.g. patient education) (RR 0.90; 95% CI 0.83 to 0.98). Exercise as a single intervention was 
associated with a reduction in falls rate (RR 0.79; 95% CI 0.73 to 0.86). Common components 
of multiple interventions significantly associated with a reduction in number of fallers and 
falls rate were exercise, assistive technology, environmental assessment and modifications, 
quality improvement strategies and basic falls risk assessment (e.g. medication review). 
Multifactorial interventions were associated with a reduction in falls rate (RR 0.87; 95% CI 
0.80 to 0.95), but not with a reduction in number of fallers (RR 0.95; 95% CI 0.89 to 1.01). 
The following single interventions, compared to usual care, were associated with 
reductions in number of fall-related fractures: basic falls risk assessment (RR 0.60; 95% CI 
0.39 to 0.94) and exercise (RR 0.62; 95% CI 0.42 to 0.90). 

Conclusions: In keeping with Tricco et al. 2017, several single and multiple fall prevention 
interventions are associated with fewer falls. In addition to Tricco, we observe a benefit at 
the NMA-level of some single interventions on preventing fall-related fractures.
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Introduction
Falls in older adults are a highly prevalent problem. Falls occur in one third of community-
dwelling people aged ≥65 years at least once a year.1 Twenty percent of these falls lead to 
a fall-related injury.2,3

Many intrinsic and extrinsic risk factors for falling have been identified.4 Suffering from 
multiple chronic conditions, e.g. rheumatic disease, vertigo, may pose an even higher risk 
of falling; these medical conditions are prevalent in older people.4

Fall prevention interventions target risk factors that are modifiable and can be divided 
into three main groups: 1) single interventions (participants receive one type of 
intervention), 2) multiple interventions (participants receive the same, fixed combination 
of two or more types of interventions), and 3) multifactorial interventions (participants 
receive a personalized selection out of two or more types of interventions, according to 
the results of a pre-executed, personal falls risk assessment).5 Until Tricco 20176, previous 
systematic reviews (SR) and meta-analyses were restricted to looking at combinations of 
multifactorial/multiple interventions on fall prevention as a whole, rather than being able 
to disentangle the effect of the individual components from the entire combination5,7 
It is, however, important to determine which particular components are most effective, 
as this can result in a more accurate prevention strategy. Network meta-analysis (NMA) 
enables the evaluation of individual components from multiple comparisons estimating 
the relative effectiveness between any pair of interventions, even if these interventions 
have never been compared directly.8,9

Furthermore, previous reviews did not focus on multimorbid older (age ≥75) adults.10 As 
this population have a high risk of falling, it is essential to gain more insight into which 
particular fall prevention interventions are most beneficial in this high risk group.
Therefore, the aim of this SR and NMA was to update the Tricco et al. search on the 
effectiveness of single, multiple and multifactorial interventions and their individual 
components for preventing falls and fall-related fractures in community-dwelling older 
persons, with a particular focus on multimorbidity and age >75 years.
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Methods

Protocol
The protocol for this SR and NMA was registered online with PROSPERO (PROSPERO 2019 
CRD42019137466) and was developed in accordance with the Preferred Reporting Items 
for Systematic Review and Meta-Analyses (PRISMA) statement. 

Study identification 
We updated the Tricco et al.6 SR and NMA of fall prevention interventions in older adults. 
We applied the same search terms as used in the original Tricco et al. review and updated 
the search from 1st December 2015 until 27th February 2019. The following electronic 
databases were searched: MEDLINE (via PubMed), Embase (OVID) and Cochrane Central 
Register of Controlled Trials. The search strategies with limitations are included in the 
Supplement: Appendix S11. The electronic search was supplemented with manual 
searches for additional randomized controlled trials (RCTs), by reviewing the reference 
lists of previous reviews,5,7 a recommendations statement,11 and NMA.12 We extended 
Tricco et al.’s search by searching for additional interventions (management of urinary 
incontinence, management of orthostatic hypotension, walking aids and chiropractic 
care) from database inception to February 2019. As a NMA is time-consuming, new papers 
might be published after the search period. To check whether the findings of the current 
NMA are consistent with most recent literature, the outcomes from 2 large RCTs published 
after the search date13,14 were incorporated into a post-hoc analysis.

Eligibility criteria
We included (cluster) randomized and quasi-randomized controlled trials published 
in any language that evaluated the effectiveness of interventions for preventing 
falls in community-dwelling persons aged ≥65 years. For details of the eligible study 
population, interventions, comparators and outcomes, as well as the exclusion criteria 
see Supplementary Table S11. We excluded studies on specific conditions (e.g. stroke, 
Parkinson’s Disease), where the effects of the interventions cannot be generalized to most 
community-dwelling older people.

Study Selection
Two authors each reviewed half of the study titles and abstracts that resulted from 
the search, and then both independently reviewed the full text of all studies that were 
retained. Any disagreement was resolved by consensus with a third  author. To ensure 
consistency of the eligibility criteria applied, the authors performed a pilot-test screening 
beforehand. 
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Data extraction and outcome definition
We created a data extraction sheet for the following variables: study characteristics; 
participant characteristics; and primary and secondary outcome information. We 
categorized the interventions into the same intervention components as used by Tricco 
et al6, and added additional intervention components (Table 1). Primary outcomes were 
number of fallers and number of fall-related fractures. Secondary outcomes were number 
of repeated fallers, number of hip fractures, falls rate and fracture rate. 

Risk of bias assessment
To assess risk of bias, we used the Effective Practice and Organisation of Care (EPOC) 
version of Cochrane’s Risk of Bias tool.15 This EPOC version fully overlaps with the original 
tool, yet adds the following criteria: contamination, similar baseline values of the outcome 
measures and similarity of baseline characteristics. Risk of bias assessment was performed 
by two authors independently and any disagreement resolved by consensus  with a third 
author. The authors first performed a pilot-test to ensure consistency in applying the risk 
of bias criteria.

Measures of treatment effect
For dichotomous outcomes, we calculated risk ratios (RR) accompanied by their 
95%-confidence intervals (CI). For rates, whereby each participant may experience the 
event of interest more than once, we extracted the number of events and total participant-
time (e.g. number of person-weeks of follow-up) and calculated rate ratios with 95%-CIs, 
assuming that the risk of the event occurring is constant across participants and over time. 

Synthesis of results 
For a detailed description of the meta-analysis methods see Supplement: Appendix S11. 
The primary analysis followed the standard approach whereby each distinct combination 
of intervention components is treated as a separate intervention, e.g. assistive technology 
+ exercise, versus usual care. We employed additional statistical models to disentangle the 
effect (i.e. determine effect sizes) of each separate intervention component, e.g. assistive 
technology versus usual care, and exercise versus usual care (component-NMA (C-NMA)). 
A non-technical review of C-NMA is previously given.16 A basic assumption of the C-NMA is 
the additivity assumption, in which the total effect of a multiple/multifactorial intervention 
is derived from the sum of the relevant components (Intervention a+b = Intervention a + 
Intervention b), thus the effect size of each individual intervention component can be 
determined.17,18 We used statistically significant effect estimates with the highest P-scores 
to rank interventions19 and estimate the average probability of a treatment being superior 
to other competing treatments. 
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Certainty of the evidence 
We used the Confidence in Network Meta-Analysis (CINeMA) approach, a quality 
assessment tool, to determine the degree of confidence in NMA effect estimates (see 
Supplement: Appendix S11).20,21 CINeMA rates six domains: within-study bias, reporting 
bias, indirectness, imprecision, heterogeneity, and incoherence. Specifically important 
for NMAs, CINeMA helpfully considers the degree of incoherence i.e. the disagreement 
between direct and indirect evidence.  

Subgroup and Sensitivity Analyses
A priori subgroup NMAs were planned if sufficient available data: participants aged 
≥75 years (subgroup age 75+) and participants with >3 co-existent chronic conditions 
(subgroup multimorbidity).22 
A planned sensitivity NMA was to exclude studies with one or more domains considered 
high risk of bias, (caveat: with the exception of the domain for “blinding”, since most 
studies were unable to conceal the intervention from participants). 
Post-hoc, we performed a sensitivity analysis comparing multifactorial interventions with 
usual care to determine whether multifactorial interventions as a whole were associated 
with a lower risk of falls. Taking power into account, we performed this analysis for the two 
outcomes with the largest networks: number of fallers and falls rate.

Table 1. Interventions to prevent falls categorized into 14 components

Intervention component 
(abbreviation)

Description

1. Exercise (exerc) Including gait- balance- and functional training, strength/
resistance training, flexibility, 3D training (e.g. Tai Chi, 
Qigong, dance and square stepping), general physical 
activity (e.g. walking groups), endurance training, and other

2. Medication (med) Vitamin D (cholecalciferol, alphacalcidol, sunlight, calcitriol, 
and ergocalciferol)

3. Surgery (surg) E.g. pacemaker implantation, hip prosthesis or cataract 
removal surgery

4.  Management of urinary 
incontinencea (incont)

Assisted toileting, bladder retraining, medication (e.g. 
tamsulosin, finasteride, botox injections), surgery (e.g. 
colposuspension surgery, sling procedures)

5. Fluid or nutrition therapy (nutr) Changes in diet, provision of supplements, nutritional 
therapy, protein drinks

6.  Psychological interventions 
(psych)

Cognitive behavioral therapy

7.  Environmental assessment and 
modifications (envir)

Assessment and correction of home environment (e.g. 
flooring, home check, home safety devices, home visits by 
occupational therapist, home furnishings and adaptations)
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8. Assistive technology (assist) Provision of aids for personal protection (e.g. hip protector) 
or personal mobility (e.g. walking aidsa, comprehensive 
podiatry assessment and treatment, orthosis), aids 
for communication/information/signaling (e.g. vision 
assessment and correction with glasses, personal alarm 
systems, hearing aids)

9. Social engagement (social) Social group activities (watching films, leisure reading, 
singing, conversation), community activities, peer support 
(from peers or caregivers), seminars on non–health-related 
topics of general interest to older adults.

10.  Quality improvement 
strategies (qualt)

- Patient-level quality improvement strategies: 
promotion of self-management, patient education, patient 
reminders, and motivational interviewing 
- Clinic-level or care team level quality improvement 
strategies: 
case management, team changes, electronic patient registry, 
facilitated relay of information to clinicians, audit and 
feedback, staff education, and clinician reminders  
- Health system-level quality improvement strategies:
Interventions with positive or negative financial incentives 
directed at clinicians (e.g. linked to adherence to some 
process of care or achievement of some target outcome). 
This strategy also includes positive or negative financial 
incentives directed at patients or system-wide changes in 
reimbursement systems

11.  Management of orthostatic 
hypotensiona (hypot)

Wearing elastic stockings, rising slowly, sleeping in a bed 
with head raised, pharmacological interventions

12.  Basic falls risk assessment 
(brisk)

Cardiovascular assessment (vital signs, ECG, loop recorder, 
pacemaker interrogation), medication review (review, 
modification, withdrawal/deprescribing), fracture risk 
screening (bone mineral density)

13.   Whole-body vibration (vibr) Transferring vibration of any frequency to the human body
14.  Chiropractic carea (chiro) Improving sensorimotor function associated with fall risk

a additional fall-prevention interventions not previously investigated by Tricco et al.
In general, we categorised interventions into similar components as used by Tricco et al. 2017 in 
order to assist with later merging of data extraction results. We also categorized the multifactorial 
interventions into the 14 interventions components. In order to be able to carry out analyses, we 
had to assume that all participants received these multifactorial intervention components.
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Table 2. Summary of participant and study characteristics of the 220 randomized controlled trials 
(n=104,638) identified in our original search.

Participant and study characteristics Number of studies (%)

Mean age (years)

     65-74 68 (30.9)

     75-84 128 (58.2)

     ≥ 85 11 (5.0)

     Not reported 13 (5.9)

Female (%)

     0-49 18 (8.2)

     50-100 198 (90.0)

     Not reported 4 (1.8)

History of falls in the last 12 months

     Fallers only 33 (15.0)

     Mixed 103 (46.8)

     Non-fallers only 0 

     Not reported 84 (38.2)

Year of publication

     1990-2002 36 (16.4)

     2003-2007 45 (20.5)

     2008-2012 54 (24.5)

     2013-2017 67 (30.5)

     2018-2019 18 (8.2)

Continent

     Europe 87 (39.5)

     Australia/New Zealand 49 (22.3)

     North America 48 (21.8)

     Asia 29 (13.2)

     South America 5 (2.3)

     Multicontinent 2 (0.9)

Study design

     Parallel 192 (87.3)

     Cluster 27 (12.3)

     Both 1 (0.5)

Site

     Multicenter 91 (41.4)

     Single center 129 (58.6)
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Sample size

     <100 54 (24.5)

     100-299 78 (35.5)

     300-999 71 (32.3)

     ≥1000 17 (7.7)

Duration of intervention (weeks)

     0-26 114 (51.8)

     27-52 53 (24.1)

     ≥52 32 (14.5)

     Not reported 21 (9.6)

Duration of follow-up (weeks)

     0-26 62 (28.2)

     27-52 111 (50.5)

     ≥52 46 (20.9)

     Not available/reported 1 (0.5)

Number of components

     Single intervention 99 (45.0)

     Multiple interventiona 75 (34.1)

     Multifactorial interventionb 46 (20.9)

a participants received the same, fixed combination of two or more types of interventions
b participants received a combination of two or more types of interventions, which were personalized 
according to the results of a pre-executed falls risk assessment
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Results

Study selection

Figure 1 presents an overview of the study selection. For a complete list of included 
references see Supplement: Appendix S12.
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Figure 1. Flow diagram of study selection
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Study and participant characteristics
The study and participant characteristics of the original 220 studies identified in our 
search are presented in Supplement: Appendix S1 and summarized in Table 2.
In 128 studies (58.2%), the mean age of participants was between 75-84 years and in 11 
studies (5.0%) >85 years. 

Risk of bias assessment
The risk of bias assessment was performed at the study level (see Supplement: Appendix 
S2). Most studies had a low risk of bias for random sequence generation, similar baseline 
characteristics, similar baseline outcome measures, incomplete outcome data and other 
bias. Over half of the studies had an unclear risk of bias for allocation concealment 
(i.e. concealment method not described or insufficient detail to allow judgement), 
contamination and selective outcome reporting. Most studies had a high risk of bias for 
blinding and one in five studies a high risk of bias for incomplete outcome data. Given 
the methodological shortcomings emphasized here, one must interpret the findings from 
these studies with caution. Post-hoc inclusion of  2 RCTs13,14 did not alter these conclusions, 
namely a high risk of bias for blinding.

Number of fallers
The NMA for this primary outcome included 192 studies (98,388 participants), and 63 
different interventions all compared to usual care. These numbers also reflect the inclusion 
of 2 RCTs published after our search period was closed, in order to present most up-to-
date results. One study was not connected to the network, because the combinations 
of components reported (exerc+nutr+envir+brisk vs. exerc+nutr+envir) were not 
investigated by any of the other included RCTs. Therefore, this study (152 participants) 
was excluded from the primary analysis, but was included in the C-NMA (Supplementary 
Figure S2). Supplementary Appendix S3 reports the risk ratios and P-scores for every 
intervention versus usual care, in which each existing combination of components was 
analyzed as a distinct intervention (primary analysis). The interventions with significant 
associations are presented in Table 3, together with rating confidence in the results using 
CINeMA. 
Based on statistically significant effect estimates and high P-scores, the following single 
and multiple interventions were most strongly associated with reductions in number of 
fallers: 
a) combination of assistive technology (e.g. provision of aids for mobility) and basic falls 
risk assessment (e.g. medication review),
b) combination of assistive technology and quality improvement strategies (e.g. patient 
education),
c) standing on a whole body vibration platform to improve muscle strength and balance, 
and 
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d) combination of home modification, assistive technology, quality improvement strategies, 
management of orthostatic hypotension and basic falls risk assessment (Table 3).
Post-hoc inclusion of data from 2 RCTs13,14 had little effect on our conclusions, except 
in one small aspect where the intervention “quality improvement” rose to statistical 
significance.13 
There were no concerns about inconsistency as evaluated by the node-splitting method, 
overall test for inconsistency and net-heat plot.
In the C-NMA, in which the relative effects of each individual intervention component 
can be disentangled, the following were associated with a decrease in number of fallers, 
compared to usual care: a) whole body vibration (RR 0.61; 95%CI 0.42-0.90) and b) exercise 
(RR 0.92; 95%CI 0.88-0.97). Management of urinary incontinence was associated with an 
increase in number of fallers (RR 1.39; 95%-CI 1.08-1.79). (Supplementary Table S3)

We performed an additional analysis in which all multifactorial interventions were 
considered as one intervention type. A multifactorial intervention wasn’t significantly 
associated with a reduction in number of fallers (RR 0.95; 95%-CI 0.89-1.01, P-score 0.33; 
188 studies, 91,137 participants). 

We performed a sensitivity NMA excluding studies at high risk of bias, for the outcome 
number of fallers; the results were largely similar to the main analysis including all studies.

Subgroup analyses number of fallers
The NMA for subgroup age 75+ included 19 studies (28,945 participants, mean age 79.8 
years SD = 4.9) and 14 interventions that were all compared with usual care (Supplementary 
Appendix S4). Two studies were excluded from the primary analysis, as they were 
unconnected to the network (Supplementary Figure S4). Both studies compared vitamin 
D to placebo and were later included as an additional pairwise meta-analysis. Compared 
to placebo, vitamin D was not associated with a reduction in falls nor fractures.  
The RRs and P-scores for every intervention versus usual care are reported in Supplementary 
Figure S5, whereas the five interventions with a statistically significant association in 
Table 4. The interventions with a statistically significant association in the subgroups 
were consistent with the findings from the main analysis, yet fewer were observed in 
subgroups likely due to the smaller size of the subgroup analysis. Based on statistically 
significant effect estimates and high P-scores, the single intervention exercise was most 
strongly associated with a reduction in number of fallers in subgroup analysis age 75+. 
In the C-NMA, none of the intervention components was associated with a significant 
change in the number of fallers (Supplementary Table S4).
The NMA for the subgroup multimorbidity included 14 studies (7,879 participants), 
and 11 interventions that were all compared with usual care (Supplementary Appendix 
S5). For this subgroup there were no statistically significant effects on number of fallers 
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resulting from the primary analysis or C-NMA. For number of fall-related fractures and 
for the secondary outcomes, only a few studies reported on subgroups age 75+ and 
multimorbidity, thus data was insufficient for further subgroup analysis. 

Number of fall-related fractures
The number of fall-related fractures NMA, included 46 studies (43,811 participants) 
and 27 interventions compared with usual care (Supplementary Figure S8). In 60% 
of studies fractures were verified radiologically or through review of hospital records. 
Supplementary Appendix S6 reports the RRs and P-scores for every intervention versus 
usual care. Based on statistically significant effect estimates with the highest P-scores, the 
single interventions basic falls risk assessment and exercise were most strongly associated 
with a reduction in number of fall-related fractures; the latter with higher CINeMA 
confidence rating (Table 3). However, these significant reductions were lost at the C-NMA 
level. Strangely, the intervention component assistive technology was significantly 
associated with an increase in the number of fall-related fractures (RR 1.66; 95%-CI 1.07-
2.59). (Supplementary Table S6). 

Secondary outcomes
The results of the primary analysis (excluding post-hoc analyses) and C-NMA, comparing 
all intervention components with usual care for the outcomes number of repeated fallers, 
falls rate, number of hip fractures and fracture rate are presented in Supplement: Appendix 
S7 to S10. Table 3 reports the effect sizes and P-scores of interventions (including post-
hoc analyses) with a statistically significant association and the corresponding CINeMA 
confidence rating. 
For falls rate, we performed an additional analysis in which all multifactorial interventions 
were considered as one intervention type. Compared to usual care, multifactorial 
interventions were significantly associated with a reduced fall frequency (RR 0.88; 95%-CI 
0.81-0.96, P-score 0.54; 111 studies, 53,923 participants). 

CINeMA confidence rating
Table 3 and 4 present the CINeMA confidence ratings for interventions that were 
statistically significant associated with a lower risk of falls and fall-related fractures. 
Supplement: Appendix S11 provides detailed results from the CINeMA approach. 
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Table 3. Risk ratiosa  and rate ratiosb with 95% confidence interval (CI), P-scores and CINeMA 
confidence ratings for the interventions with a statistically significant association

Intervention Studies 
(N)

Participants 
(N)

Effect size 
(95% CI)

P-score CINeMA 
all domains

CINeMA 
four 
domainsc

Number of fallersa

assist+brisk 1 96 0.52 (0.30 to 
0.90)

0.89 Low High

assist+qualt 3 366 0.58 (0.41 to 
0.81)

0.89 Low High

vibr 3 798 0.61 (0.42 to 
0.89)

0.86 Low High

envir+assist+qualt+ 
hypot+brisk

1 397 0.62 (0.43 to 
0.88)

0.86 Low Moderated

exerc+envir+qualt 3 3,646 0.74 (0.57 to 
0.97)

0.75 Low High

exerc+assist 3 1,338 0.77 (0.62 to 
0.95)

0.73 Low High

exerc 56 14,825 0.83 (0.77 to 
0.90)

0.65 Low High

qualt+brisk 10 9,230 0.84 (0.73 to 
0.96)

0.62 Low High

exerc+envir+assist+ 
qualt+brisk

5  5,391 0.85 (0.74 to 
0.98)

0.60 Low High

exerc+qualt 30 8,064 0.87 (0.80 to 
0.96)

0.56 Low High

qualt 50 22,374 0.90 (0.83 to 
0.99)

0.49 Low High

qualt 5 12,904 0.90 (0.83 to 
0.98)

0.49 Low High

exerc+incont+envir+ 
assist+qualt+brisk

1 552 1.58 (1.01 to 
2.48)

0.05 Low High

Number of repeated fallersa

vibr 1 710 0.33 (0.12 to 
0.91)

0.94 Low High

exerc+assist 1 1,107 0.48 (0.25 to 
0.93)

0.88 Low High

exerc 19 5,590 0.71 (0.53 to 
0.95) 

0.71 Low Moderatee

Falls rateb

envir+assist+qualt 
+hypot+brisk

1 397 0.42 (0.30 to 
0.58)

0.99 ΝΑ ΝΑ

exerc+assist 2 1,188 0.68 (0.54 to 
0.86)

0.85 ΝΑ ΝΑ

exerc+med 2 616 0.68 (0.47 to 
0.98)

0.81 ΝΑ ΝΑ

exerc+envir+assist+ 
hypot+brisk

4 973 0.73 (0.59 to 
0.92)

0.78 ΝΑ ΝΑ
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exerc 27 7,485 0.79 (0.73 to 
0.87)

0.70 ΝΑ ΝΑ

exerc+qualt+hypot+ 
brisk

1 298 2.08 (1.34 to 
3.25)

0.01 ΝΑ ΝΑ

exerc+nutr+envir+ 
assist+brisk

1 328 1.84 (1.14 to 
2.97)

0.03 ΝΑ ΝΑ

Number of fall-related fracturesa

brisk 2 3,046 0.60 (0.39 to 
0.94)

0.72 Low Moderated

exerc 10 5,678 0.62 (0.42 to 
0.90)

0.71 Low High

Fracture rateb

exerc 5 2,511 0.49 (0.27 to 
0.89)

0.80 NA ΝΑ

exerc+qualt 2 1,975 0.52 (0.28 to 
0.96)

0.70 NA ΝΑ

c For the domains ‘within-study bias’ and ‘reporting bias’ there were major concerns for all 
comparisons. In order to still maintain distinctiveness, the evaluation of the confidence in the results 
of the NMA was based on the remaining four domains. Reason for downgrading CINeMA confidence 
rating: dindirectness, e heterogeneity
NA: characterization not applicable (NA) since CINeMA cannot address rate outcomes.
Abbreviations: exerc, exercise; med, medication; surg, surgery; incont, management of urinary 
incontinence; nutr, fluid or nutrition therapy; psych, psychological interventions; envir, environ-
mental assessment and modifications; assist, assistive technology; social, social engagement; 
qualt, quality improvement strategies; hypot, management of orthostatic hypotension; brisk, basic 
falls risk assessment; vibr, whole-body vibration .

Table 4. Risk ratios  with 95% confidence interval (CI), P-scores and CINeMA confidence ratings 
for the interventions with a statistically significant association versus usual care for the outcome 
number of fallers, subgroup age 75+

Intervention Studies 
(N)

Participants 
(N)

Effect size  
(95% CI)

P-score CINeMA 
all 
domainsa

CINeMA 
four 
domainsa

exerc 3 1,954 0.65 (0.50 to 
0.85)

0.91 Low High

qualt+brisk 2 5,771 0.75 (0.64 to 
0.87)

0.80 Low High

exerc+qualt 4 1,481 0.75 (0.67 to 
0.83)

0.81 Low High

exerc+envir+ 
qualt

1 3,182 0.76 (0.64 to 
0.89)

0.78 Low High

qualt 5 9,681 0.85 (0.74 to 
0.99)

0.59 Low High

a For the domains ‘within-study bias’ and ‘reporting bias’ there were major concerns for all 
comparisons. In order to still maintain distinctiveness, the evaluation of the confidence in the results 
of the NMA was based on the remaining four domains.
Abbreviations: exerc, exercise; envir, environmental assessment and modifications; qualt, quality 
improvement strategies; brisk, basic falls risk assessment.
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Discussion
In this SR and NMA, we updated current evidence on prevention of falls and fall-related 
fractures in older persons, with a focus on high risk subgroups of multimorbid older adults 
and aged ≥75 years. Compared to previous NMA by Tricco et al., we considered 57 new 
studies and added 4 interventions previously not considered. 
Several single and multiple interventions were associated with a lower risk of falls 
(i.e. in keeping with Tricco et al.) and also with fall-related fractures (divergent from 
Tricco). Exercise (single intervention) was frequently investigated in included studies 
and associated with a lower risk of all primary and secondary outcomes in the primary 
analysis. This was no longer evident once disentangled down to the C-NMA level, where 
no effect of exercise on fracture outcomes was observed. The same applied to basic falls 
risk assessment. These findings did not alter after post-hoc inclusion of data from two 
recent major RCTs.13,14

Common components seen in significant multiple interventions were exercise, assistive 
technology, environmental assessment and modifications, quality improvement 
strategies and basic falls risk assessment. In agreement with a recent Cochrane review, 
multifactorial interventions were associated with a reduction in falls rate, but not in 
number of fallers.5 One possible explanation is that falls rate may measure falls risk more 
accurately than number of fallers. While the latter counts persons who fall once or fall 
repetitively as one outcome event, the outcome falls rate counts each fall as a separate 
outcome event. Contrary to our findings above, Tricco et al. found that multifactorial 
intervention (comprised of exercise and quality improvement strategies) was associated 
with a reduction in number of fallers (OR 0.68; 95%-CI 0.49-0.94).6

We performed a meta-analysis on vitamin D supplementation versus placebo. We can 
corroborate previously published literature which showed no association of vitamin D 
with the risk of falls or fall-related fractures.23,24 Although Tricco et al. found an effect on 
fallers and injurious falls when vitamin D is combined with calcium supplementation and 
other intervention components.6 
Unexpectedly, considering that it is not widely used in clinical practice, whole-body 
vibration was associated with a lower risk of falls. This intervention was investigated in few 
studies (with small study populations and high summary risk of bias), so the clinical value  
is still unclear. The benefit we observed may be subject to publication bias.

This study has several strengths. (1) SR and NMA were performed in accordance with the 
EPOC tool and CINeMA approach. (2) Based on statistically significant effect estimates 
combined with high P-scores, we ranked interventions to draw conclusions. (3) By 
extracting information on the components forming the multifactorial interventions, 
we could also address which combination of components is most effective. (4) We 
investigated community-dwelling older adults, applied few exclusion criteria, and 
included interventions that complied with the transitivity assumption; thus our results 
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are widely generalizable. Moreover, whilst severe dementia was an exclusion criterion, we 
did allow studies with mild to moderate dementia participants as this reflects real-life and 
the increasing prevalence within the community-dwelling older population. (5) The large 
population size enabled subgroup analyses (aged 75+, multimorbidity).

This study has some limitations. (1) In contrast to Tricco and colleagues, we assigned a high 
risk of bias for domain blinding when falls and fractures were self-reported in a patient-
diary, as it was often not possible to blind participants to their intervention. This may explain 
our larger percentage of studies deemed at high risk of bias for blinding, but is difficult 
to prevent due to the nature of the interventions. Furthermore, blinding participants to 
their assigned intervention could affect their willingness/probability of engaging with 
the intervention and their reporting of fall incidents. (2) Allocation concealment was 
unclear in half of the studies and this might affect the trust we can place in the estimates 
of intervention effect sizes. Whilst baseline characteristics and fall history were reasonably 
balanced (similar between the study arms in 85% and 77% of trials, respectively), it is 
possible that other influencing factors (e.g. willingness/probability of engaging with the 
interventions) were less balanced across the study arms. (3) Categorization of interventions 
into components allowed us to make inferences about the effect of these components as 
a whole (e.g. exercise), but not about specific subcategories within these components 
(e.g. strength training or tai chi). Where a component showed no significant effect, it could 
still be that subcategories within this component are effective, particularly so in cases with 
high ‘within-component heterogeneity’. Many different interventions for fall prevention 
were evaluated and working with clustered intervention components was necessary to 
maintain sufficient power for the NMA. (4) Similarly, to avoid insufficient power we were 
unable to distinguish between different intervention dosages, durations of treatment, or 
between different lengths of follow-up durations in the NMAs. However, we expect the 
effect of the interventions to decrease with a longer follow-up duration, possibly reducing 
the overall effect estimates. Only 20% of included studies reported a follow-up longer 
than one year. Differences in dosage and length of interventions may also lead to ‘within-
component heterogeneity’. (5) CINeMA software cannot address rate outcomes. However, 
most studies reporting rates also provided data on dichotomous outcomes, for which 
CINeMA assessment was possible. Due to this overlap, the overall certainty in the evidence 
is expected to be similar across the dichotomous and rate outcomes. (6) Finally, most 
studies have similar baseline risk (e.g. falls rate) across interventions. When this is violated 
and large discrepancies are present, this limits our ability to draw indirect comparisons 
across the (C-)NMA. With few studies per comparison arm we cannot test with certainty 
whether baseline risk or other factors differ across intervention comparisons. Though we 
attempted to mitigate this risk with clinical (- compliance with transitivity assumption) 
and statistical (- heterogeneity assessments) judgements.   
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This NMA provides an extensive overview of current evidence for effective fall prevention 
interventions in older persons. Yet some questions remain unanswered. 
More research is needed on fall prevention interventions in multimorbid older persons, 
since this subgroup analysis lacked sufficient power for the NMA. Additional studies are 
needed to clarify and confirm the effect of whole-body vibration, given the potential 
publication bias identified.  
Further research is needed to evaluate effects of specific subcategories within the 
intervention components. For example, two recent studies performed by the research 
group of Tricco et al. explored effects of different quality improvement strategies and 
exercise interventions on falls.25,26 

Conclusion
Exercise is associated with a lower risk of falls and fall-related fractures. Common 
components of significant multiple interventions are exercise, assistive technology, 
environmental assessment and modifications, quality improvement strategies and basic 
falls risk assessment. A multifactorial intervention is associated with a reduction in falls 
rate, but not with a reduction in number of fallers. Over half of the studies included had 
methodological short comings (lack of allocation concealment and high risk of blinding). 
This points to a greater issue within the evidence base and highlights the need for more 
robust study procedures/reporting in which future policy can be based on. Few studies 
have investigated the effect of fall prevention interventions in multimorbid older people, 
which is highly recommended for future research.
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Supplementary Appendix S2. Aggregate and individual risk of bias results

Supplementary Figure S1. Aggregate risk of bias results according to the Eff ective Practice and 
Organisation of Care (EPOC) version of Cochrane’s Risk of Bias tool (n = 220 studies)
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Supplementary Appendix S3. Additional results for number of fallers

assist

assist+brisk

assist+qualt

brisk

chiro

envir

envir+assist

envir+assist+qualt+brisk

envir+assist+qualt+hypot+brisk

envir+qualt
envir+qualt+brisk

envir+qualt+hypot+brisk
exercexerc+assistexerc+assist+qualt+briskexerc+briskexerc+envir

exerc+envir+assist
exerc+envir+assist+brisk

exerc+envir+assist+hypot+brisk

exerc+envir+assist+qualt+brisk

exerc+envir+assist+qualt+hypot+brisk

exerc+envir+hypot+brisk

exerc+envir+qualt

exerc+envir+qualt+brisk

exerc+envir+qualt+hypot+brisk

exerc+envir+social+qualt

exerc+incont+envir+assist+qualt+brisk

exerc+incont+nutr+psych+envir+qualt+brisk

exerc+med+envir+assist+hypot+brisk

exerc+med+envir+assist+qualt+hypot+brisk

exerc+med+surg+nutr+envir+assist+qualt+brisk

exerc+nutr

exerc+nutr+envir+assist+brisk

exerc+nutr+envir+assist+qualt+brisk

exerc+nutr+envir+qualt+brisk

exerc+nutr+psych

exerc+nutr+qualt

exerc+psych

exerc+psych+envir+assist+qualt+brisk

exerc+psych+qualt
exerc+qualt

exerc+qualt+brisk
exerc+qualt+hypot+briskexerc+social+qualt exerc+surg+assist+qualtexerc+surg+envir+assist+qualt+hypot+briskincont+psych+assist+qualt

med
med+qualt

Non−ph_pbo

nutr

ph_pbo

psych

psych+envir+brisk

psych+qualt

qualt

qualt+brisk

social

uc

vibr

Abbreviations: exerc, exercise; med, medication; surg, surgery; incont, management of urinary 
incontinence; nutr, fl uid or nutrition therapy; psych, psychological interventions; envir, 
environmental assessment and modifi cations; assist, assistive technology; social, social engagement; 
qualt, quality improvement strategies; hypot, management of orthostatic hypotension; brisk, basic 
falls risk assessment; vibr, whole-body vibration; chiro, chiropractic care; uc, usual care; ph_pbo, 
pharmacological placebo; non-ph_pbo, non-pharmacological placebo.

A network plot provides an overview of the interventions investigated in all included randomized 
control trials. Interventions connected by a line were directly compared in one or more studies 
(direct evidence), e.g. exercise + nutrition versus usual care. Each node represents an intervention 
addressed in the included studies. The nodes are sized according to the number of participants 
who have received this intervention. The thickness of the line is according to the number of studies 
addressing this comparison. 

Supplementary Figure S2. Connected network plot for number of fallers including 189 studies 
and 61 interventions
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Treatment
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envir+qualt+hypot+brisk
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exerc+nutr+qualt
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exerc+med+surg+nutr+envir+assist+qualt+brisk
exerc+assist
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nutr
exerc+qualt
envir+assist+qualt+brisk
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exerc+nutr
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exerc+med+envir+assist+qualt+hypot+brisk
qualt
Non−ph_pbo
exerc+envir+assist+hypot+brisk
exerc+med+envir+assist+hypot+brisk
assist
exerc+envir+qualt+brisk
exerc+nutr+envir+assist+qualt+brisk
psych+qualt
med+qualt
exerc+envir+assist+brisk
med
uc
exerc+envir+assist+qualt+hypot+brisk
ph_pbo
exerc+surg+envir+assist+qualt+hypot+brisk
brisk
exerc+surg+assist+qualt
envir+assist
exerc+incont+nutr+psych+envir+qualt+brisk
exerc+psych
exerc+assist+qualt+brisk
social
psych+envir+brisk
incont+psych+assist+qualt
exerc+social+qualt
exerc+nutr+envir+qualt+brisk
exerc+nutr+envir+assist+brisk
exerc+envir+qualt+hypot+brisk
exerc+incont+envir+assist+qualt+brisk

0.4 0.71 1.6

Comparison: other vs 'uc'
(Random Effects Model) RR

0.11
0.40
0.45
0.49
0.52
0.58
0.60
0.61
0.62
0.66
0.74
0.76
0.77
0.78
0.78
0.80
0.81
0.82
0.82
0.83
0.83
0.83
0.84
0.85
0.86
0.87
0.87
0.87
0.89
0.89
0.90
0.90
0.90
0.90
0.91
0.93
0.93
0.93
0.94
0.97
0.98
0.99
0.99
1.00
1.00
1.01
1.01
1.01
1.03
1.05
1.08
1.09
1.09
1.09
1.13
1.14
1.28
1.30
1.35
1.51
1.58

95%−CI

[0.01; 1.94]
[0.08; 1.94]
[0.10; 2.03]
[0.11; 2.11]
[0.30; 0.90]
[0.41; 0.81]
[0.31; 1.17]
[0.42; 0.89]
[0.43; 0.88]
[0.17; 2.54]
[0.57; 0.97]
[0.57; 1.01]
[0.62; 0.95]
[0.57; 1.08]
[0.43; 1.44]
[0.61; 1.05]
[0.33; 2.00]
[0.54; 1.24]
[0.53; 1.27]
[0.69; 0.98]
[0.65; 1.05]
[0.77; 0.90]
[0.73; 0.96]
[0.65; 1.11]
[0.72; 1.02]
[0.70; 1.06]
[0.80; 0.96]
[0.63; 1.21]
[0.75; 1.05]
[0.71; 1.13]
[0.63; 1.28]
[0.68; 1.18]
[0.83; 0.99]
[0.80; 1.02]
[0.75; 1.10]
[0.65; 1.32]
[0.78; 1.11]
[0.75; 1.17]
[0.67; 1.30]
[0.78; 1.21]
[0.68; 1.40]
[0.72; 1.35]
[0.82; 1.20]

[0.65; 1.55]
[0.82; 1.24]
[0.75; 1.36]
[0.84; 1.22]
[0.74; 1.43]
[0.86; 1.27]
[0.78; 1.51]
[0.73; 1.62]
[0.80; 1.49]
[0.90; 1.31]
[0.78; 1.64]
[0.78; 1.66]
[0.57; 2.90]
[0.85; 1.96]
[0.91; 2.01]
[0.83; 2.76]
[1.01; 2.48]

Abbreviations: exerc, exercise; med, medication; surg, surgery; incont, management of urinary 
incontinence; nutr, fl uid or nutrition therapy; psych, psychological interventions; envir, 
environmental assessment and modifi cations; assist, assistive technology; social, social engagement; 
qualt, quality improvement strategies; hypot, management of orthostatic hypotension; brisk, basic 
falls risk assessment; vibr, whole-body vibration; chiro, chiropractic care; uc, usual care; ph_pbo, 
pharmacological placebo; non-ph_pbo, non-pharmacological placebo.

The boxes and error bars represent the risk ratios and its 95% confi dence interval. 
Supplementary Figure S3. Summary risk ratios (RR) with 95% confi dence intervals (95%-CI) and 
P-scores resulting from the network meta-analysis for every intervention consisting of one or more 
components versus usual care for the outcome number of fallers
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Supplementary Table S3. Risk ratios with 95% confidence intervals (95% CI) resulting from the 
component network meta-analysis for every intervention component versus usual care for the 
outcome number of fallers

Component Risk ratio 95% CI
assist 0.98 0.90-1.06
brisk 1.03 0.94-1.12
chiro 0.40 0.08-1.95
envir 1.01 0.92-1.11
vibr 0.61 0.42-0.90
exerc 0.92 0.88-0.97
nutr 1.02 0.90-1.16
med 1.00 0.88-1.15
hypot 0.97 0.84-1.12
incont 1.39 1.08-1.79
non_ph_pbo 0.98 0.87-1.11
ph_pbo 1.03 0.88-1.22
psych 0.96 0.84-1.09
qualt 0.94 0.89-1.01
social 1.14 0.97-1.34
surg 1.06 0.86-1.31

Abbreviations: exerc, exercise; med, medication; surg, surgery; incont, management of urinary 
incontinence; nutr, fluid or nutrition therapy; psych, psychological interventions; envir, 
environmental assessment and modifications; assist, assistive technology; social, social engagement; 
qualt, quality improvement strategies; hypot, management of orthostatic hypotension; brisk, basic 
falls risk assessment; vibr, whole-body vibration; chiro, chiropractic care; ph_pbo, pharmacological 
placebo; non-ph_pbo, non-pharmacological placebo.
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Supplementary Appendix S4. Additional results for number of fallers, subgroup age 75+

assist

assist+qualt

brisk
exerc

exerc+envir+assist+brisk

exerc+envir+qualt

exerc+nutr+envir+assist+brisk

exerc+qualt

exerc+qualt+brisk

exerc+surg+assist+qualt

Non ph_pbo
qualt

qualt+brisk

social

uc

Abbreviations: exerc, exercise; surg, surgery; nutr, fl uid or nutrition therapy; envir, environmental 
assessment and modifi cations; assist, assistive technology; social, social engagement; qualt, 
quality improvement strategies; brisk, basic falls risk assessment; uc, usual care; non-ph_pbo, non-
pharmacological placebo.

A network plot provides an overview of the interventions investigated in all included randomized 
control trials. Interventions connected by a line were directly compared in one or more studies 
(direct evidence), e.g. exercise + nutrition versus usual care. Each node represents an intervention 
addressed in the included studies. The nodes are sized according to the number of participants 
who have received this intervention. The thickness of the line is according to the number of studies 
addressing this comparison. 

Supplementary Figure S4. Network plot for number of fallers, subgroup age 75+
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Treatment

exerc
brisk
exerc+qualt
qualt+brisk
exerc+envir+qualt
qualt
exerc+qualt+brisk
exerc+envir+assist+brisk
uc
social
exerc+surg+assist+qualt
Non ph_pbo
assist+qualt
exerc+nutr+envir+assist+brisk
assist

0.4 0.6 0.8 1 1.2 1.4 1.6 22.2 2.6 3

Comparison: other vs 'uc'
(Random Effects Model) RR

0.65
0.69
0.75
0.75
0.76
0.85
0.93
0.94
1.00
1.01
1.03
1.16
1.19
1.35
1.45

95%−CI

[0.50; 0.85]
[0.37; 1.27]
[0.67; 0.83]
[0.64; 0.87]
[0.64; 0.89]
[0.74; 0.99]
[0.81; 1.07]
[0.75; 1.16]

[0.83; 1.23]
[0.83; 1.27]
[0.46; 2.91]
[0.49; 2.87]
[1.00; 1.83]
[0.62; 3.40]

Abbreviations: exerc, exercise; surg, surgery; nutr, fl uid or nutrition therapy; envir, environmental 
assessment and modifi cations; assist, assistive technology; social, social engagement; qualt, 
quality improvement strategies; brisk, basic falls risk assessment; uc, usual care; non-ph_pbo, non-
pharmacological placebo.

The boxes and error bars represent the risk ratios and its 95% confi dence interval.

Supplementary Figure S5. Summary risk ratios (RR) with 95% confi dence intervals (95%-CI) and 
P-scores resulting from the network meta-analysis for every intervention consisting of one or more 
components versus usual care for the outcome number of fallers, subgroup age 75+

Supplementary Table S4. Risk ratios with 95% confi dence intervals (95% CI) resulting from the 
component network meta-analysis for every intervention component versus usual care for the 
outcome number of fallers, subgroup age 75+

Component Risk ratio 95% CI
assist 1.31 0.86-1.99
brisk 0.93 0.79-1.09
envir 1.04 0.79-1.36
exerc 0.85 0.72-1.00
nutr 1.27 0.78-2.06
med 1.00 0.92-1.08
non_ph_pbo 1.51 0.60-3.78
ph_pbo 1.00 0.93-1.09
qualt 0.96 0.78-1.17
social 0.90 0.70-1.16
surg 0.97 0.54-1.75

Abbreviations: exerc, exercise; med, medication; surg, surgery; nutr, fl uid or nutrition therapy; 
envir, environmental assessment and modifi cations; assist, assistive technology; social, social 
engagement; qualt, quality improvement strategies; brisk, basic falls risk assessment; uc, usual 
care; ph_pbo, pharmacological placebo; non-ph_pbo, non-pharmacological placebo
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Supplementary Appendix S5. Additional results for number of fallers, subgroup multimorbidity

envir+assist+qualt+brisk

exerc

exerc+envir+assist+brisk
exerc+envir+qualt

exerc+envir+qualt+brisk

exerc+envir+social+qualt

exerc+med+surg+nutr+envir+assist+qualt+brisk

exerc+nutr

exerc+qualt
exerc+social+qualt

non_ph_pbo

qualt

uc

Abbreviations: exerc, exercise; med, medication; surg, surgery; nutr, fluid or nutrition therapy; 
envir, environmental assessment and modifications; assist, assistive technology; social, social 
engagement; qualt, quality improvement strategies; brisk, basic falls risk assessment; uc, usual 
care; non-ph_pbo, non-pharmacological placebo.

A network plot provides an overview of the interventions investigated in all included randomized 
control trials. Interventions connected by a line were directly compared in one or more studies 
(direct evidence), e.g. exercise + nutrition versus usual care. Each node represents an intervention 
addressed in the included studies. The nodes are sized according to the number of participants 
who have received this intervention. The thickness of the line is according to the number of studies 
addressing this comparison. 

Supplementary Figure S6. Network plot for number of fallers, subgroup multimorbidity
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Treatment

exerc+envir+social+qualt
exerc+envir+qualt
non_ph_pbo
exerc+med+surg+nutr+envir+assist+qualt+brisk
exerc+qualt
qualt
exerc+envir+assist+brisk
exerc+social+qualt
exerc
exerc+envir+qualt+brisk
exerc+nutr
envir+assist+qualt+brisk
uc

0.4 0.71 1.6

Comparison: other vs 'uc'
(Random Effects Model) RR

0.17
0.23
0.27
0.28
0.31
0.33
0.37
0.47
0.58
0.75
0.93
0.97
1.00

95%−CI

[0.01; 3.17]
[0.02; 2.77]
[0.02; 3.86]
[0.02; 3.58]
[0.03; 3.76]
[0.03; 3.52]
[0.03; 4.69]
[0.03; 6.78]
[0.19; 1.76]
[0.25; 2.26]
[0.28; 3.09]
[0.36; 2.67]

Abbreviations: exerc, exercise; med, medication; surg, surgery; nutr, fl uid or nutrition therapy; 
envir, environmental assessment and modifi cations; assist, assistive technology; social, social 
engagement; qualt, quality improvement strategies; brisk, basic falls risk assessment; uc, usual 
care; non-ph_pbo, non-pharmacological placebo.

The boxes and error bars represent the risk ratios and its 95% confi dence interval.

Supplementary Figure S7. Summary risk ratios (RR) with 95% confi dence intervals (95%-CI) and 
P-scores resulting from the network meta-analysis for every intervention consisting of one or more 
components versus usual care for the outcome number of fallers, subgroup multimorbidity

Supplementary Table S5. Risk ratios with 95% confi dence intervals (95% CI) resulting from the 
component network meta-analysis for every intervention component versus usual care for the 
outcome number of fallers, subgroup multimorbidity

Component Risk ratio 95% CI
assist 1.00 0.21-4.74
brisk 1.48 0.33-6.55
envir 0.76 0.32-1.85
exerc 0.83 0.46-1.52
nutr 1.11 0.29-4.19
med 0.89 0.38-2.09
non_ph_pbo 0.57 0.13-2.43
qualt 0.80 0.39-1.63
social 1.32 0.44-4.02
incont 0.89 0.38-2.09

Abbreviations: exerc, exercise; med, medication; incont, management of urinary incontinence; 
nutr, fl uid or nutrition therapy; envir, environmental assessment and modifi cations; assist, assistive 
technology; social, social engagement; qualt, quality improvement strategies; brisk, basic falls risk 
assessment; non-ph_pbo, non-pharmacological placebo.
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Supplementary Appendix S6. Additional results for number of fall-related fractures

Abbreviations: exerc, exercise; med, medication; surg, surgery; incont, management of 
urinary incontinence; nutr, fluid or nutrition therapy; psych, psychological interventions; 
envir, environmental assessment and modifications; assist, assistive technology; social, social 
engagement; qualt, quality improvement strategies; hypot, management of orthostatic 
hypotension; brisk, basic falls risk assessment; uc, usual care; ph_pbo, pharmacological placebo; 
non-ph_pbo, non-pharmacological placebo.
 
A network plot provides an overview of the interventions investigated in all included randomized 
control trials. Interventions connected by a line were directly compared in one or more studies 
(direct evidence), e.g. exercise + nutrition versus usual care. Each node represents an intervention 
addressed in the included studies. The nodes are sized according to the number of participants 
who have received this intervention. The thickness of the line is according to the number of studies 
addressing this comparison. 

Supplementary Figure S8. Connected network plot for number of fall-related fractures 
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Abbreviations: exerc, exercise; med, medication; surg, surgery; incont, management of 
urinary incontinence; nutr, fl uid or nutrition therapy; psych, psychological interventions; 
envir, environmental assessment and modifi cations; assist, assistive technology; social, social 
engagement; qualt, quality improvement strategies; hypot, management of orthostatic 
hypotension; brisk, basic falls risk assessment; uc, usual care; ph_pbo, pharmacological placebo; 
non-ph_pbo, non-pharmacological placebo.

The boxes and error bars represent the risk ratios and its 95% confi dence interval.

Supplementary Figure S9. Summary risk ratios (RR) with 95% confi dence intervals (95%-CI) and 
P-scores resulting from the network meta-analysis for every intervention consisting of one or more 
components versus usual care for the outcome number of fall-related fractures   
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Supplementary Table S6. Risk ratios with 95% confidence intervals (95% CI) resulting from the 
component network meta-analysis for every intervention component versus usual care for the 
outcome number of fall-related fractures

Component Risk ratio 95% CI
assist 1.66 1.07-2.59
brisk 0.88 0.61-1.26
envir 1.19 0.68-2.07
exerc 0.83 0.64-1.07
nutr 1.07 0.60-1.90
med 0.85 0.56-1.27
hypot 1.01 0.48-2.10
incont 2.20 0.64-7.57
non_ph_pbo 1.00 0.44-2.30
ph_pbo 0.77 0.51-1.17
psych 0.73 0.36-1.50
qualt 0.73 0.50-1.07
social 2.98 0.79-11.31
surg 0.60 0.26-1.34

 
Abbreviations: exerc, exercise; med, medication; surg, surgery; incont, management of 
urinary incontinence; nutr, fluid or nutrition therapy; psych, psychological interventions; 
envir, environmental assessment and modifications; assist, assistive technology; social, social 
engagement; qualt, quality improvement strategies; hypot, management of orthostatic 
hypotension; brisk, basic falls risk assessment; uc, usual care; ph_pbo, pharmacological placebo; 
non-ph_pbo, non-pharmacological placebo.
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Supplementary Appendix S7. Additional results for number of repeated fallers

Abbreviations: exerc, exercise; med, medication; surg, surgery; psych, psychological interventions; 
envir, environmental assessment and modifications; assist, assistive technology; qualt, quality 
improvement strategies; hypot, management of orthostatic hypotension; brisk, basic falls risk 
assessment; vibr, whole-body vibration; uc, usual care; non-ph_pbo, non-pharmacological placebo.

A network plot provides an overview of the interventions investigated in all included randomized 
control trials. Interventions connected by a line were directly compared in one or more studies 
(direct evidence), e.g. exercise + nutrition versus usual care. Each node represents an intervention 
addressed in the included studies. The nodes are sized according to the number of participants 
who have received this intervention. The thickness of the line is according to the number of studies 
addressing this comparison. 

Supplementary Figure S10. Network plot for number of repeated fallers
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Treatment

vibr
exerc+assist
exerc+envir
exerc+envir+assist
qualt+brisk
exerc+psych
exerc
exerc+envir+qualt+brisk
psych
envir+assist
exerc+qualt+brisk
envir
exerc+qualt
envir+assist+qualt+brisk
assist
psych+qualt
qualt
exerc+envir+assist+hypot+brisk
non_ph_pbo
uc
assist+qualt
exerc+surg+assist+qualt
exerc+med+envir+assist+hypot+brisk
psych+envir+brisk
envir+assist+brisk
exerc+envir+assist+brisk
brisk
med+qualt
assist+brisk

0.4 0.7 1 1.3 1.9 2.53.1 4 4.9

Comparison: other vs 'uc'
(Random Effects Model) RR

0.33
0.48
0.60
0.62
0.69
0.70
0.71
0.75
0.76
0.81
0.84
0.84
0.86
0.86
0.88
0.89
0.94
0.95
0.97
1.00
1.05
1.08
1.11
1.12
1.15
1.22
1.39
1.44
1.48

95%−CI

[0.12; 0.91]
[0.25; 0.93]
[0.32; 1.14]
[0.33; 1.17]
[0.35; 1.37]
[0.29; 1.69]
[0.53; 0.95]
[0.35; 1.64]
[0.44; 1.31]
[0.44; 1.49]
[0.43; 1.61]
[0.46; 1.54]
[0.56; 1.32]
[0.45; 1.67]
[0.48; 1.60]
[0.47; 1.70]
[0.64; 1.38]
[0.43; 2.11]
[0.66; 1.42]

[0.57; 1.92]
[0.55; 2.14]
[0.55; 2.21]
[0.54; 2.30]
[0.48; 2.74]
[0.58; 2.57]
[0.78; 2.48]
[0.57; 3.62]
[0.47; 4.67]

Abbreviations: exerc, exercise; med, medication; surg, surgery; psych, psychological interventions; 
envir, environmental assessment and modifi cations; assist, assistive technology; qualt, quality 
improvement strategies; hypot, management of orthostatic hypotension; brisk, basic falls risk 
assessment; vibr, whole-body vibration; uc, usual care; non-ph_pbo, non-pharmacological placebo.

The boxes and error bars represent the risk ratios and its 95% confi dence interval.

Supplementary Figure S11. Summary risk ratios (RR) with 95% confi dence intervals (95%-CI) and 
P-scores resulting from the network meta-analysis for every intervention consisting of one or more 
components versus usual care for the outcome number of repeated fallers
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Supplementary Table S7. Risk ratios with 95% confidence intervals (95% CI) resulting from the 
component network meta-analysis for every intervention component versus usual care for the 
outcome number of repeated fallers

Component Risk ratio 95% CI
assist 0.99 0.82-1.18
brisk 1.17 0.93-1.47
envir 0.97 0.79-1.19
vibr 0.33 0.13-0.81
exerc 0.79 0.69-0.90
med 1.36 0.82-2.26
hypot 0.99 0.59-1.66
non_ph_pbo 1.01 0.80-1.29
ph_pbo 1.33 0.75-2.34
psych 0.87 0.67-1.14
qualt 0.92 0.78-1.07
surg 1.53 0.87-2.69

  
Abbreviations: exerc, exercise; med, medication; surg, surgery; psych, psychological interventions; 
envir, environmental assessment and modifications; assist, assistive technology; qualt, quality 
improvement strategies; hypot, management of orthostatic hypotension; brisk, basic falls risk 
assessment; vibr, whole-body vibration; ph_pbo, pharmacological placebo; non-ph_pbo, non-
pharmacological placebo.
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Supplementary Appendix S8. Additional results for number of hip fractures

For the outcome of number of hip fractures, the performance of primary analysis was not 
possible due to the lack of a connected network. Analysis at the component level (C-NMA) 
was possible. 

Supplementary Table S8. Risk ratios with 95% confidence intervals (95% CI) resulting from the 
component network meta-analysis for every intervention component versus usual care for the 
outcome number of hip fractures

Component Risk ratio 95% CI
assist 1.16 0.44-3.12
brisk 0.83 0.28-2.48
envir 1.48 0.30-7.26
exerc 0.79 0.21-3.02
med 0.79 0.14-4.33
hypot 0.79 0.23-2.67
ph_pbo 0.69 0.12-3.89
psych 0.89 0.10-7.87
qualt 0.78 0.37-1.65
social 1.27 0.37-4.29

 
Abbreviations: exerc, exercise; med, medication; psych, psychological interventions; envir, 
environmental assessment and modifications; assist, assistive technology; social, social engagement; 
qualt, quality improvement strategies; hypot, management of orthostatic hypotension; brisk, basic 
falls risk assessment; ph_pbo, pharmacological placebo.
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Supplementary Appendix S9. Additional results for falls rate

assist

assist+qualt

brisk

envir

envir+assist

envir+assist+brisk

envir+assist+qualt

envir+assist+qualt+hypot+brisk

envir+qualt
envir+qualt+brisk

exercexerc+assist
exerc+brisk

exerc+envir

exerc+envir+assist

exerc+envir+assist+brisk

exerc+envir+assist+hypot+brisk

exerc+envir+assist+qualt+brisk

exerc+envir+assist+qualt+hypot+brisk

exerc+envir+hypot+brisk

exerc+envir+qualt+brisk

exerc+envir+social+qualt

exerc+incont+nutr+psych+envir+qualt+brisk

exerc+med

exerc+med+surg+nutr+envir+assist+qualt+brisk

exerc+nutr+envir+assist+brisk

exerc+nutr+envir+assist+qualt+brisk

exerc+nutr+qualt

exerc+psych+envir+assist+qualt+brisk

exerc+psych+qualt

exerc+qualt

exerc+qualt+brisk
exerc+qualt+hypot+brisk

exerc+social+qualt exerc+surg+assist+qualt
exerc+surg+envir+assist+qualt+hypot+brisk

med

Non_ph_pbo

ph_pbo

psych

psych+qualt

qualt

qualt+brisk

social

uc

vibr

Abbreviations: exerc, exercise; med, medication; surg, surgery; incont, management of urinary 
incontinence; nutr, fl uid or nutrition therapy; psych, psychological interventions; envir, 
environmental assessment and modifi cations; assist, assistive technology; social, social engagement; 
qualt, quality improvement strategies; hypot, management of orthostatic hypotension; brisk, basic 
falls risk assessment; vibr, whole-body vibration; chiro, chiropractic care; uc, usual care; ph_pbo, 
pharmacological placebo; non-ph_pbo, non-pharmacological placebo.

A network plot provides an overview of the interventions investigated in all included randomized 
control trials. Interventions connected by a line were directly compared in one or more studies 
(direct evidence), e.g. exercise + nutrition versus usual care. Each node represents an intervention 
addressed in the included studies. The nodes are sized according to the number of participants 
who have received this intervention. The thickness of the line is according to the number of studies 
addressing this comparison. 

Supplementary Figure S12. Network plot for falls rate
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Treatment

envir+assist+qualt+hypot+brisk
exerc+envir+social+qualt
exerc+envir+hypot+brisk
exerc+assist
exerc+med
envir+qualt+brisk
envir+assist+brisk
exerc+envir+assist+hypot+brisk
vibr
exerc+envir
exerc+nutr+qualt
exerc
social
exerc+envir+qualt+brisk
exerc+med+surg+nutr+envir+assist+qualt+brisk
exerc+envir+assist+qualt+brisk
exerc+envir+assist+qualt+hypot+brisk
med
exerc+psych+envir+assist+qualt+brisk
envir+qualt
brisk
exerc+qualt+brisk
exerc+envir+assist
envir+assist+qualt
exerc+nutr+envir+assist+qualt+brisk
ph_pbo
envir
exerc+qualt
exerc+envir+assist+brisk
psych
psych+qualt
exerc+brisk
exerc+social+qualt
qualt
qualt+brisk
Non_ph_pbo
exerc+psych+qualt
uc
assist
exerc+surg+assist+qualt
assist+qualt
envir+assist
exerc+incont+nutr+psych+envir+qualt+brisk
exerc+surg+envir+assist+qualt+hypot+brisk
exerc+nutr+envir+assist+brisk
exerc+qualt+hypot+brisk

0.1 0.4 0.7 1 1.31.6 2.2 2.83.4 44.6

Comparison: other vs 'uc'
(Random Effects Model) IRR

0.42
0.60
0.67
0.68
0.68
0.69
0.72
0.73
0.74
0.76
0.78
0.79
0.81
0.81
0.82
0.84
0.85
0.85
0.88
0.88
0.88
0.88
0.88
0.90
0.90
0.90
0.91
0.93
0.93
0.94
0.94
0.94
0.95
0.95
0.96
0.97
1.00
1.00
1.00
1.01
1.01
1.02
1.05
1.07
1.84
2.08

95%−CI

[0.30; 0.58]
[0.27; 1.34]
[0.43; 1.03]
[0.54; 0.86]
[0.47; 0.98]
[0.44; 1.07]
[0.49; 1.06]
[0.59; 0.92]
[0.54; 1.01]
[0.57; 1.00]
[0.14; 4.36]
[0.73; 0.87]
[0.59; 1.10]
[0.64; 1.03]
[0.61; 1.12]
[0.68; 1.04]
[0.59; 1.21]
[0.68; 1.07]
[0.69; 1.11]
[0.59; 1.30]
[0.71; 1.09]
[0.72; 1.08]
[0.71; 1.10]
[0.66; 1.21]
[0.63; 1.29]
[0.68; 1.20]
[0.77; 1.08]
[0.84; 1.03]
[0.67; 1.30]
[0.69; 1.27]
[0.75; 1.17]
[0.54; 1.64]
[0.59; 1.53]
[0.86; 1.05]
[0.80; 1.16]
[0.85; 1.12]
[0.79; 1.25]

[0.78; 1.29]
[0.75; 1.37]
[0.81; 1.27]
[0.83; 1.25]
[0.76; 1.45]
[0.78; 1.45]
[1.14; 2.97]
[1.34; 3.25]

Abbreviations: exerc, exercise; med, medication; surg, surgery; incont, management of urinary 
incontinence; nutr, fl uid or nutrition therapy; psych, psychological interventions; envir, 
environmental assessment and modifi cations; assist, assistive technology; social, social engagement; 
qualt, quality improvement strategies; hypot, management of orthostatic hypotension; brisk, basic 
falls risk assessment; vibr, whole-body vibration; chiro, chiropractic care; uc, usual care; ph_pbo, 
pharmacological placebo; non-ph_pbo, non-pharmacological placebo.

The boxes and error bars represent the rate ratios and its 95% confi dence interval.

Supplementary Figure S13. Summary rate ratios (IRR) with 95% confi dence intervals (95%-CI) 
and P-scores resulting from the network meta-analysis for every intervention consisting of one or 
more components versus usual care for the outcome falls rate
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Supplementary Table S9. Rate ratios with 95% confidence intervals (95% CI) resulting from the 
component network meta-analysis for every intervention component versus usual care for the 
outcome falls rate

Component Rate ratio 95% CI
assist 1.00 0.91-1.10 
brisk 0.99 0.90-1.09
envir 0.94 0.85-1.03
vibr 0.74 0.53-1.02
exerc 0.90 0.86-0.95
nutr 1.24 0.97-1.58
med 0.81 0.66-1.00
hypot 0.94 0.80-1.11
incont 0.98 0.63-1.50
non_ph_pbo 1.08 0.96-1.21
ph_pbo 0.87 0.66-1.14
psych 1.02 0.90-1.17
qualt 1.01 0.95-1.08
social 0.95 0.80-1.14
surg 1.14 0.92-1.42

Abbreviations: exerc, exercise; med, medication; surg, surgery; incont, management of urinary 
incontinence; nutr, fluid or nutrition therapy; psych, psychological interventions; envir, 
environmental assessment and modifications; assist, assistive technology; social, social engagement; 
qualt, quality improvement strategies; hypot, management of orthostatic hypotension; brisk, basic 
falls risk assessment; vibr, whole-body vibration; ph_pbo, pharmacological placebo; non-ph_pbo, 
non-pharmacological placebo.
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Supplementary Appendix S10. Additional results for fracture rate 

assist

assist+qualtexerc

exerc+envir+qualt+brisk

exerc+med+incont+nutr+envir+assist+qualt+brisk

exerc+qualt

med ph_pbo

qualt

uc

Abbreviations: exerc, exercise; med, medication; incont, management of urinary incontinence; 
nutr, fl uid or nutrition therapy; envir, environmental assessment and modifi cations; assist, assistive 
technology; qualt, quality improvement strategies; brisk, basic falls risk assessment; ph_pbo, 
pharmacological placebo.

A network plot provides an overview of the interventions investigated in all included randomized 
control trials. Interventions connected by a line were directly compared in one or more studies 
(direct evidence), e.g. exercise + nutrition versus usual care. Each node represents an intervention 
addressed in the included studies. The nodes are sized according to the number of participants 
who have received this intervention. The thickness of the line is according to the number of studies 
addressing this comparison. 

Supplementary Figure S14. Network plot for fracture rate

Treatment

exerc+med+incont+nutr+envir+assist+qualt+brisk
exerc
exerc+qualt
qualt
ph_pbo
med
uc
assist+qualt
assist
exerc+envir+qualt+brisk

0.1 1 1.9 2.8 4.66.4 9.113.621.734.3

Comparison: other vs 'uc'
(Random Effects Model) IRR

0.48
0.49
0.52
0.54
0.59
0.62
1.00
1.04
3.65
4.56

95%−CI

[0.21;  1.14]
[0.27;  0.89]
[0.28;  0.96]
[0.24;  1.24]
[0.20;  1.68]
[0.22;  1.76]

[0.70;  1.53]
[0.34; 38.81]
[0.53; 39.05]

Abbreviations: exerc, exercise; med, medication; incont, management of urinary incontinence; 
nutr, fl uid or nutrition therapy; envir, environmental assessment and modifi cations; assist, assistive 
technology; qualt, quality improvement strategies; brisk, basic falls risk assessment; uc, usual care; 
ph_pbo, pharmacological placebo.

The boxes and error bars represent the rate ratios and its 95% confi dence interval.

Supplementary Figure S15. Summary rate ratios (IRR) with 95% confi dence intervals (95%-CI) 
and P-scores resulting from the network meta-analysis for every intervention consisting of one or 
more components versus usual care for the outcome fracture rate
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Supplementary Table S10. Rate ratios with 95% confi dence intervals (95% CI) resulting from the 
component network meta-analysis for every intervention component versus usual care for the 
outcome fracture rate

Component Rate ratio 95% CI
assist 1.06 0.65 - 1.74
brisk 2.56 0.85 - 7.78
envir 2.56 0.85 - 7.78
exerc 0.69 0.44 - 1.06
nutr 0.40 0.13 - 1.29
med 1.15 0.56 - 2.36
hypot 0.40 0.13 - 1.29
ph_pbo 1.05 0.50 - 2.19
qualt 1.01 0.80 - 1.28

Abbreviations: exerc, exercise; med, medication; nutr, fl uid or nutrition therapy; envir, environmental 
assessment and modifi cations; assist, assistive technology; qualt, quality improvement strategies; 
hypot, management of orthostatic hypotension; brisk, basic falls risk assessment; ph_pbo, 
pharmacological placebo.

Supplementary Appendix S11. eMethods

1.1 Additional information regarding study population, interventions, comparators 
and outcomes

Supplementary Table S11. Additional information regarding study population, interventions, 
comparators and outcomes

Population Community-dwelling (living at home or in residential facilities) adults aged 
≥65 years. 
Included:  - Minimal dependence was allowed (e.g. home assistance with  
housework or showering, delivery of meals) 
 - Patients recruited in hospital and then discharged home for follow-up
Excluded: - Nursing home or rehabilitation center setting 
 - Studies on specifi c conditions (e.g. stroke, Parkinson’s Disease, severe 
dementia, spinal cord injury, multiple sclerosis, amputations), where the eff ects 
of the interventions cannot be generalized to most community-dwelling older 
people

Intervention Any intervention aimed at preventing falls:
- single
- multiple (>2 interventions, fi xed combination) 
-  multifactorial (>2 interventions, personalized according to the results of a 

pre-executed falls risk assessment) 
Included: - Fourteen individual intervention components were identifi ed 
(manuscript Table 1). 
Excluded: - Interventions violating the transitivity assumption (i.e. intervention 
not applicable to all participants in all studies included in the NMA)

Comparator One of the following control groups: usual care, pharmacological placebo, 
non-pharmacological placebo (a sham intervention), and any other type of 
intervention to prevent falls.
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Outcomes Primary outcomes:       
1. Number of fallers (participants who sustained one or more falls)       
2. Number of fall-related fractures 

Secondary outcomes:
1. Number of repeated fallers (one individual sustaining at least two falls) 
2. Number of hip fractures 
3. Falls rate (number of falls per person-year of follow-up) 
4. Fracture rate (number of fall-related fractures per person-year of follow-up) 

1.2 Electronic search strategy
General limits applied to the search of the updated literature included:
- Studies published between 2015 – 2019
- Human studies only, i.e. no animal studies
 
The search strategy for PubMed is presented below. The search strategy for the other 
databases can be requested from the corresponding author.

Search PubMed:

1. “Accidental Falls”[Mesh]
2. fall[Title/Abstract]
3. falls[Title/Abstract]
4. faller*[Title/Abstract]
5. fallen[Title/Abstract]
6. falling[Title/Abstract]
7. fall-related[Title/Abstract]
8. near-fall*[Title/Abstract]
9. or/1-8
10. “Adult”[Mesh]
11. “Health Services for the Aged”[Mesh]
12. elder*[Title/Abstract] OR geriatric*[Title/Abstract] OR gerontolog*[Title/Abstract] OR 

old-age*[Title/Abstract] OR senior*[Title/Abstract]
13. ((older[Title/Abstract] OR adult*[Title/Abstract] OR age[Title/Abstract] OR aged[Title/

Abstract]) AND (man[Title/Abstract] OR men[Title/Abstract] OR woman*[Title/
Abstract] OR women*[Title/Abstract] OR patient[Title/Abstract] OR patients[Title/
Abstract] OR person*[Title/Abstract] OR people*[Title/Abstract] OR population*[Title/
Abstract]))

14. or/10-13
15. 9 and 14
16. controlled clinical trial[Publication Type] OR randomized controlled trial[Publication 

Type]
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17. “Clinical Trials as Topic”[Mesh]
18. randomised[Title/Abstract] OR randomized[Title/Abstract] OR randomly[Title/

Abstract] OR RCT*[Title/Abstract] OR placebo*[Title/Abstract]
19. (singl*[Title/Abstract] OR doubl*[Title/Abstract] OR trebl*[Title/Abstract] OR 

tripl*[Title/Abstract]) AND (mask*[Title/Abstract] OR blind*[Title/Abstract] OR 
dumm*[Title/Abstract])

20. trial[Title]
21. or/16-20
22. 15 AND 21
23. 22 NOT (animals[MeSH] NOT humans[MeSH])
24. “Urinary Incontinence”[Mesh]
25. “Enuresis”[Mesh] 
26. Urinary Incontinence[Title/Abstract]
27. Urine Incontinence[Title/Abstract]
28. or/24-27
29. “Hypotension, Orthostatic”[Mesh]
30. Postural hypotension [Title/Abstract]
31. Orthostatic Hypotension [Title/Abstract]
32. or/29-31
33. “Shoes”[Mesh]
34. “Braces”[Mesh]
35. “Canes”[Mesh]
36. “Walkers”[Mesh]
37. “Mobility Limitation”[Mesh]
38. walking aid* [Title/Abstract]
39. walking stick* [Title/Abstract]
40. rollator* [Title/Abstract]
41. walking frame* [Title/Abstract]
42. or/33-41
43. 28 OR 32 OR 42
44. 23 AND 43

1.3 Additional information on methods systematic review
Screening: Studies from author Yoshihiro Sato were excluded, because a large part of his 
studies have been officially retracted from PubMed.
Data extraction: When multiple follow-up time points were reported, we chose the 
time point where we expected the highest clinical impact, e.g. in case of an exercise 
intervention, we chose the time point closest to the end of the exercise intervention.
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When only data on fall frequency was available, we combined data on fall frequency and 
the general follow-up time duration to estimate falls rates, assuming that each participant 
was followed for the entire follow-up period.

1.4 Additional information on network meta-analysis
Simplifications
Originally, we had planned to include all the different types of exercise as subgroups 
(e.g balance, strength, flexibility, endurance training). However, after completion of data 
extraction, the sample sizes for the subgroups were too small and thus had to be merged 
into one exercise component. For example, in RCTs with similar intervention arms: exercise 
(balance training) vs. exercise (strength training) vs. medication, exercise was merged 
(balance & strength training) vs. medication. For the merging process, the two exercise 
sample sizes were added together, and for dichotomous outcomes the number of events 
were added together but for continuous outcomes we computed weighted means and 
pooled standard deviations.  
RCTs where all intervention arms belonged to the same overall component were 
disregarded, e.g exercise (balance) vs. exercise (strength) vs. exercise (flexibility), since no 
comparisons could be drawn for the efficacy of one intervention over another. 

Data synthesis
At first, we conducted a random-effects meta-analysis using inverse variance weighting 
for each pairwise comparison.1 We conducted the analysis in R using the ‘meta’ package.2 
DerSimonian-Laird estimator was used for estimating the between-study variance.
Many studies compared interventions consisting of multiple interacting components. 
The primary NMA followed the standard approach where each distinct combination 
of components is treated as a separate intervention. To disentangle the effect of each 
component, we additionally employed statistical models to obtain relative effects for 
each separate component (component-NMA (C-NMA). For both analyses (standard NMA 
and (C-NMA),3,4 we used the netmeta package5 in R software (version 3.6.1) which handles 
the within multi-arm trials correlation by reducing the weight given to each effect size.2 A 
prerequisite for standard NMA is that the network is connected (you can go from any node 
to any other one). The C-NMA approach allows disconnected networks to be analyzed 
jointly as long as they include some common components. However, we performed NMA 
only for connected networks in which the number of studies exceeded the number of 
treatment nodes. We excluded from the analysis studies comparing identical treatments in 
the study arms, e.g. exercise (balance) vs. exercise (strength), or not having the necessary 
arm-level data. 
We encountered studies in which participants were randomized to multiple or 
multifactorial interventions. The main challenge in such a network was to disentangle the 
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effects of each component. We conducted a series of network meta-analyses. We followed 
the models (below) described in Welton et al. 2009 to estimate relative effects.3

More specifically,
Model A, pairwise meta-analysis: Some of the trials compared an active intervention 
to usual care. Model A lumps all interventions together and compares to the reference 
treatment (e.g. usual care). Such a model answers the question whether interventions 
work as a whole. 
Model B, standard NMA: Each possible combination of components is considered to be 
a separate intervention and has its own effect. This was the primary analysis.
Model C, component NMA, additive model: Assumes that each component has 
a separate effect. The total effect of an intervention is equal to the sum of the relative 
component effects (additivity assumption).
Model D, component NMA, interaction model: Extension of Model C with extra terms 
for combinations of pairs of components. Allows pairs of components to have a bigger or 
smaller effect than would be expected from the sum of their individual components
In the network meta-analysis, we used models A, B and where appropriate model C. 
For models A and B, we presented relative effects for each treatment, whereas for model 
C we placed emphasis on the absolute effects of components. Along with effects we also 
ranked interventions using P-scores.6 

Assessment of heterogeneity
For each comparison we assessed statistical heterogeneity by visually inspecting the 
forest plot. We computed the chi-square test for heterogeneity, the  index and the actual 
estimated value of heterogeneity (I2) both in each pairwise comparison and in the network.7 
For dichotomous outcomes, magnitude of heterogeneity variance was compared with 
the empirical distribution as derived by Turner et al 2012.8 Both in standard pairwise meta-
analyses and in network meta-analysis we assumed that heterogeneity is the same for 
all treatment comparisons to increase power in estimation. We estimated heterogeneity 
using restricted maximum likelihood both in pairwise and network meta-analysis.  

Assessment of Inconsistency
Assessment of statistical inconsistency
A key assumption in NMA is that of transitivity. This assumption implies that the 
distribution of effect modifiers is similar across treatment comparisons. In order to get 
a valid indirect estimate for B vs C via A, the distribution of all characteristics that may 
influence the relative effect for B vs C must be similar in A vs B and A vs C studies. Alternative 
interpretations of transitivity can be found in Salanti 2012.9 Intransitivity may manifest 
itself statistically through large discrepancies between direct and indirect evidence. This 
is called inconsistency.
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Local approaches for evaluating inconsistency
We applied the node-splitting approach to evaluate if direct evidence for a treatment 
comparison is in agreement with the indirect evidence estimated from the entire network 
after studies involving this treatment comparison were omitted.10 

Global approaches for evaluating inconsistency
To check the assumption of consistency in the entire network we used the “design-by 
treatment” model as described by Higgins and colleagues.11 This method accounts for 
different sources of inconsistency that can occur when studies with different designs (two-
arm trials vs. three-arm trials) give different results as well as disagreement between direct 
and indirect evidence. Using this approach, we inferred the presence of inconsistency 
from any source in the entire network based on a chi-square test. Inconsistency and 
heterogeneity are interweaved; to distinguish between these two sources of variability 
we employed the I2 for inconsistency that measures the percentage of variability that 
cannot be attributed to random error or heterogeneity (within comparison variability).

1.5 Additional information on CINeMA confidence rating
Methods:
A semi-automated assessment of the confidence in the results of the NMA was performed 
using CINeMA for every possible pairwise comparison of interventions. CINeMA 
makes judgements about six domains (within-study bias, reporting bias, indirectness, 
imprecision, heterogeneity, and incoherence) and scores each NMA treatment effect 
estimate as “no concerns”, “some concerns” and “major concerns”. Regarding within-study 
biases and indirectness, we summarized these domains for each network estimate using 
the average risk of bias and indirectness respectively. For reporting bias we summarized 
each network estimate as having “major concerns” as there are no established statistical 
methods to explore that and we did not have other information on whether such 
biases exist. For imprecision, we considered that relative effect estimates below 0.8 or 
above 1.25 are clinical  important and we followed the CINeMA strategy for exploring 
whether statistical significance and clinical importance coincide for each outcome. 
Incoherence (inconsistency) was checked by the node-split method10 and a global test 
for inconsistency.11 We additionally checked the net-heat plot.12 For heterogeneity we 
followed the standard CINeMA approach. A key characteristic of the CINeMA approach 
is the use of the percentage contribution matrix that shows how information flows in the 
network and more specifically, how each study and/or direct comparison informs the 
effect estimates. 

Results
For the domains ‘within-study bias’ and ‘reporting bias’, there were major concerns for 
all comparisons, resulting in low confidence in the results for every comparison. Major 
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concerns for the domain ‘within-study bias’ were mainly the result of the lack of blinding 
of personnel and participants, due to the nature of the fall prevention interventions. 
For reporting bias we summarized each network estimate as having “major concerns” 
as there are no established statistical methods to explore that. In order to still maintain 
distinctiveness, the evaluation of the confidence in the results of the NMA was based on 
the remaining 4 domains. The results of the assessments and the reasons for downgrading 
are presented in manuscript Table 3 and 4 for the 23 interventions with statistically 
significant associations versus usual care. Based on the assessment without consideration 
of the domains ‘within-study bias’ and ‘reporting bias’, for 20 of the 23 comparisons the 
confidence in the treatment effect was considered high.



246   |   Chapter 8

References
1.  Nikolakopoulou A, Mavridis D, Salanti G. Demystifying fixed and random effects meta-analysis. 

Evid Based Ment Health 2014;17:53-57.

2.  Rücker G, Schwarzer G. Reduce dimension or reduce weights? Comparing two approaches to 

multi-arm studies in network meta-analysis. Stat Med 2014;33:4353-4369. doi:10.1002/sim.6236

3.  Caldwell D, Welton N. Approaches for synthesising complex mental health interventions in 

meta-analysis. Evid Based Ment Health 2016;19:16-21. doi:10.1136/eb-2015-102275

4.  Rücker G, Petropoulou M, Schwarzer G. Network meta-analysis of multicomponent interventions. 

Biometrical J 2020;62:808-821. doi:10.1002/bimj.201800167

5.  Rücker G, Krahn U, König J, Efthimiou O, Schwarzer G. netmeta: Network Meta-Analysis using 

Frequentist Methods. R package version 1.0-1. Published online 2019. https://cran.r-project.

org/package=netmeta

6.  Rücker G, Schwarzer G. Ranking treatments in frequentist network meta-analysis works without 

resampling methods. BMC Med Res Methodol 2015;15:58. doi:10.1186/s12874-015-0060-8

7.  Higgins JP, Thompson SG. Controlling the risk of spurious findings from meta-regression. Stat 

Med 2004;23:1663-1682. doi:10.1002/sim.1752

8.  Turner RM, Davey J, Clarke MJ, Thompson SG, Higgins JP. Predicting the extent of heterogeneity 

in meta-analysis, using empirical data from the Cochrane Database of Systematic Reviews. Int J 

Epidemiol 2012;41:818-827. doi:10.1093/ije/dys041

9.  Salanti G. Indirect and mixed-treatment comparison, network, or multiple-treatments meta-

analysis: many names, many benefits, many concerns for the next generation evidence 

synthesis tool. Res Synth Methods 2012;3:80-97. doi:10.1002/jrsm.1037

10.  Dias S, Welton NJ, Caldwell DM, Ades AE. Checking consistency in mixed treatment comparison 

meta-analysis. Stat Med 2010;29:932-944. doi:10.1002/sim.3767

11.  Higgins JPT, Jackson D, Barrett JK, Lu G, Ades AE, White IR. Consistency and inconsistency 

in network meta-analysis: concepts and models for multi-arm studies. Res Synth Methods 

2012;3:98-110. doi:10.1002/jrsm.1044

12.  Krahn U, Binder H, König J. A graphical tool for locating inconsistency in network meta-analyses. 

BMC Med Res Methodol 2013;13:35. doi:10.1186/1471-2288-13-35



8

Interventions for preventing falls and fall-related fractures    |   247   

Supplementary Appendix S12. eReferences. List of 220 included studies 
and 3 companion reports

1.  Aloia JF, Rubinova R, Fazzari M, Islam S, Mikhail M, Ragolia L. Vitamin D and Falls in Older African 

American Women: The PODA Randomized Clinical Trial. J Am Geriatr Soc 2019;67:1043-1049. 

doi:10.1111/jgs.15760

2.  Ansai JH, Aurichio TR, Gonçalves R, Rebelatto JR. Effects of two physical exercise protocols on 

physical performance related to falls in the oldest old: A randomized controlled trial. Geriatr 

Gerontol Int 2016;16:492-499. doi:10.1111/ggi.12497

3.  Arantes PMM, Dias JMD, Fonseca FF et al. Effect of a Program Based on Balance Exercises on 

Gait, Functional Mobility, Fear of Falling, and Falls in Prefrail Older Women: A Randomized 

Clinical Trial. Top Geriatr Rehabil 2015;31:113-120. doi:10.1097/TGR.0000000000000056
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Cardiovascular disease is the most common cause of death in Europe with annually 3.8 
million deaths and more than 60 million potential life years lost.1 In 2020, the average 
age of death from cardiovascular disease in the Netherlands was 78 years for men and 
84 years for women.2 New cardiac interventions have improved survival in cardiovascular 
disease.3–5 In the older population, there is strong variability in health and functional 
status, which is partly due to the presence of frailty and geriatric impairments.6,7 Therefore, 
besides age, factors such as cognitive and functional status, frailty and comorbidity are 
important predictors of mortality and input for the shared decision-making process.8 
A comprehensive geriatric assessment (CGA) is a multidisciplinary assessment that 
systematically examines a patient’s medical, mental, functional and social capabilities and 
limitations.9,10 It is an effective instrument to identify geriatric impairments and frailty. In 
this thesis, first we assessed the prevalence of geriatric impairments and frailty resulting 
from CGA in different populations with cardiovascular disease, and the association of 
these impairments and frailty with post-operative adverse events (Part 1). Next, we 
studied the impact of medication, in particular statin therapy, and of polypharmacy 
on postoperative outcomes in patients with cardiovascular disease (Part 2). Finally, we 
explored the effectiveness of (multicomponent) interventions on geriatric impairments. 
In Part 2 of this thesis, we investigated whether medication review interventions are 
associated with improved outcomes in older persons. In Part 3, we examined which fall 
prevention interventions are associated with a decrease in falls and fall-related fractures 
in older persons. In this general discussion, we will discuss and interpret the main findings 
of this thesis, and elaborate on the implications and future perspectives. 

Main findings, interpretation and implications

Part 1. Geriatric impairments in patients with cardiovascular disease
In Chapter 2 of this thesis, we presented the prevalence of frailty and (geriatric) 
impairments in 73 patients aged ≥40 years who underwent CGA as part of the patient 
selection procedure for heart transplantation (HTx) and left ventricular assist devices 
(LVAD). HTx and LVAD are advanced therapies which may be indicated in case of 
chronic end-stage heart failure that remains refractory despite individualized optimal 
medical and conventional device therapy. In 97% of patients, at least 1 impairment 
resulted from CGA. The most common impairments were polypharmacy, high morbidity 
burden, reduced renal function, osteopenia, depression, poor quality of life, reduced 
functionality, (risk of ) malnutrition, reduced grip strength and high caregiver burden. A 
small proportion (7% according to Fried’s frailty criteria, 6% according to the Edmonton 
Frail Scale) of the potential LVAD and HTx candidates were frail and 39% were pre-frail. 
Most recommendations were made regarding 1. education (about the intervention and 
expected clinical course postoperatively), patient counselling, shared decision making 
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and advance care planning; 2. delirium risk and prevention; 3. mobility and fall prevention; 
and 4. malnutrition or weight reduction. The domains for which most impairments were 
found and the domains for which most treatment recommendations were given matched 
well, with the functional domain as the frontrunner. This study has demonstrated that, 
despite the relatively young population already informally pre-selected by cardiologists, 
impairments are common in all four domains of CGA. 
To our knowledge, there are no previous studies in which CGA has been performed in 
potential candidates for LVAD and HTx. Some studies have been conducted on the 
prevalence of individual components of CGA, such as multimorbidity, polypharmacy, 
malnutrition, frailty, sleep quality, depression, cognitive impairment, anxiety, quality of 
life, and caregiver burden. The results of those studies are difficult to compare with the 
present study, given the heterogeneity with regard to heart failure severity, age of the 
study population, definitions used for geriatric impairments, and the timing within the 
pathway of LVAD implantation or HTx (ranging from pre-intervention screening to many 
years after surgery and everything in between.)11–17 The studies in which impairments 
were measured just before LVAD implantation or HTx showed higher rates of malnutrition 
(using a different measurement tool than in the current study)18 and approximately 
equal rates of depression.19 At discharge after LVAD implantation, the prevalence of 
hyperpolypharmacy was found to be higher than at screening prior to LVAD and HTx as 
in the current study, which is quite conceivable since LVAD implantation and HTx involve 
starting new medication.20

In Chapter 3 and 4, we evaluated the prevalence of frailty and geriatric impairments in 
TAVI candidates, and the association with post-operative adverse events. In Chapter 3, 
431 TAVI candidates who visited the geriatric outpatient clinic for preoperative screening 
were included. In this study, we focused on frailty status, which was assessed according 
to the Groningen Frailty Indicator. Frailty was present in 36% of the patients. Frailty was 
associated with a higher risk of the composite outcome of postoperative complications 
(odds ratio (OR) 1.55; 95% confidence interval (CI) 1.03 to 2.34), 30-day mortality (OR 
4.84; 95% CI 1.62 to 14.49)], 3-month mortality (OR 2.52; 95% CI 1.00 to 6.28) and 1-year 
mortality (OR 2.96; 95% CI 1.46 to 6.00), when compared to non-frailty. In Chapter 4, we 
determined the prevalence and prognostic value of a more comprehensive set of geriatric 
impairments in 490 patients who underwent TAVI. Geriatric impairments were found to 
be common in this population. A third of these patients (35%) were frail and over 50% 
had a high comorbidity burden. Polypharmacy (≥5 medications) was present in 83% of 
patients and hyperpolypharmacy (≥10 medications) in 33%. Frequently present geriatric 
impairments were cognitive impairment, dependence in instrumental activities of daily 
living (IADL) and ADL, (a risk of ) malnutrition, reduced walking speed and handgrip 
strength. In multivariate analyses, cognitive impairment was identified as an independent 
predictor of major postoperative complications during hospitalisation (OR 2.16; 95% CI 
1.14 to 4.19) and the composite outcome of mortality and hospital readmissions within 
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three months of TAVI and major postoperative complications during hospitalisation (OR 
2.40; 95% CI 1.21 to 4.79).
In recent years, a number of studies have included older adults who underwent CGA 
prior to TAVI.21–23 As in Chapter 4, these studies found high prevalences of multimorbidity, 
cognitive impairment, malnutrition, limitations in (i)ADL and impaired gait, but a direct 
comparison is limited due to heterogeneity in instruments used and cut-off values applied. 
Baritello and colleagues conducted a review of pre-intervention frailty assessments in 
older patients undergoing TAVI and identified 49 different frailty assessments, which 
leads to a wide range of frailty prevalence estimates for TAVI recipients, ranging from 6% 
to 90% for single indicators and 15% to 85% for multidimensional frailty instruments.24 
The association of frailty with an increased risk of short- and long-term mortality in older 
patients undergoing TAVI found in Chapter 3 is consistent with the previous literature.25 
In Chapter 4, frailty was not found to be an independent predictor of the composite 
outcome consisting of mortality, hospitalisation and postoperative complications. This 
is probably due to multicollinearity, as the multivariate analysis included variables that 
(indirectly) indicate frailty (multimorbidity, cognitive impairment, disability in iADL 
and gait speed) and thus are highly correlated with frailty. In the univariate analysis, 
the association between frailty and the composite outcome was borderline significant 
(OR 1.47; 95% CI 0.99 to 2.19), p=0.06. The independent association found in Chapter 4 
between cognitive impairment and postoperative adverse events is confirmed in a recent 
systematic review and meta-analysis on the impact of pre-existing cognitive impairment 
on outcomes after TAVI.26 The explanation for this association is not yet clear. It is possible 
that the increased risk of delirium in patients with cognitive decline contributes to the 
increased risk of postoperative complications. Also, it is likely that in a proportion of the 
patients with cognitive impairment, the aetiology is vascular. The presence of vascular 
risk factors may explain the increased risk of postoperative morbidity in patients with 
cognitive impairment.27

In conclusion, the studies from Chapters 2 to 4 demonstrate that geriatric impairments 
and frailty are highly prevalent in (older) adults undergoing various cardiac interventions. 
The studies in TAVI candidates (Chapter 3 and 4) confirm the available literature on 
the prevalence of geriatric impairments in this population, and the study of geriatric 
impairments in potential LVAD and HTx candidates (Chapter 2) adds new information 
to the current body of evidence. The geriatric impairments and frailty in TAVI candidates 
have also been found to be associated with adverse outcomes, and are therefore an 
important input in the shared decision-making process regarding the proportionality of 
cardiac interventions. Also, frailty and geriatric impairments identified through CGA can 
be indicators of interventions to improve the pre-operative level of fitness and reduce 
the risk of adverse outcomes. However, studies have shown that geriatric impairments 
in older adults with CVD are often not well recognised by involved physicians (e.g. 
cardiologists) in daily practice.28,29 The CGA is ideally suited to systematically diagnose 
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geriatric impairments in all four domains of a person’s health, making this instrument 
an important contribution to optimising patient care and the shared decision-making 
process in older and/or frail patients. 

Usually, CGA is applied to adults aged 65 years and older. In the studies of this thesis, CGA 
was for the first time and successfully applied to potential candidates for LVAD and HTx 
aged at least 40 years. A number of measurement tools related to CGA are validated in 
patients with heart failure.30,31 Yet, these tools related to CGA are not validated in younger 
adults. If longitudinal studies confirm that (geriatric) impairments have a predictive value 
on adverse outcomes in candidates for LVAD or HTx, and CGA is applied to detect these 
impairments and improve the quality of patient selection and patient care, it would be 
recommended to validate this instrument in this younger population with end-stage 
heart failure. It is important to conduct further longitudinal research to investigate 
the prognostic value of frailty and (geriatric) impairments assessed with CGA. Patient 
selection for LVAD and HTx is complex, and this information can improve the quality of the 
patient selection process. This requires more understanding of the pre- and postoperative 
reversibility of impairments, also through longitudinal studies. In case of reversibility, HTx 
or LVAD intervention will be considered to be more suitable than in case of irreversible 
impairments. Only one pilot study evaluated the effect of an individual multimodal 
pre-habilitation programme in 19 patients awaiting heart transplantation. They found 
significant increases in functional capacity, exercise capacity, quality of life and emotional 
well-being in 11 patients who were re-evaluated before heart transplantation.32 However, 
no formal assessment of frailty or other impairments was performed before and after 
the intervention.32 No cardiovascular or other exercise-related events occurred during 
the supervised training. There is preliminary evidence from another study that frailty is 
(partially) reversible after LVAD or HTx.33 It is known that frailty status is dynamic, and one 
possible explanation for decrease in frailty after LVAD or HTx is that frailty and heart failure 
share common pathological pathways of low-grade inflammation and metabolic stress 
that decreases after the intervention.34

Many different conceptual definitions of frailty are in use. However, the tools available to 
evaluate frailty are based on two basic concepts of frailty: the physical frailty phenotype 
and the multidimensional cumulative deficit model. In Chapter 2 of this thesis, we used 
both Fried’s physical frailty criteria and the multidomain Edmonton Frail Scale to assess 
frailty. It was found that four out of five patients with an ambiguous advice for LVAD or 
HTx resulting from CGA were rated as non-frail by the Edmonton Frails scale. According 
to Fried’s criteria, one patient was assessed as non-frail and 4 patients as pre-frail. One in 
three patients with a negative advice for LVAD or HTx was assessed as non-frail by both 
the Edmonton Frail scale and Fried’s frailty criteria. Thus, relative high proportions of 
patients with an ambiguous or negative advice were not identified as frail. Although the 
multidomain components of the Edmonton Frail Scale nicely reflect CGA, subtle deficits 
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in cognition, social support, anxiety, or nutritional status are not detected with this 
instrument. Comorbidity is also not assessed in either instrument. These subtle deficits 
and comorbidity may have contributed to the ambiguous or negative advices. Our expert-
based experience in determining frailty in potential LVAD and HTx candidates is that CGA 
is the most appropriate assessment to determine frailty, given the wide range of geriatric 
impairments and the subtle abnormalities it identifies.
Given the high prevalence and proven negative effect of geriatric impairments on adverse 
outcomes in patients with CVD, interventions that can have a beneficial effect on these 
outcomes should be explored. Parts 2 and 3 of the general discussion address various 
interventions, including medication review and fall prevention interventions in older 
patients.

Part 2. Medication use in patients with cardiovascular disease and the 
impact of medication review interventions in older adults
Despite the emergence of multiple intervention options in recent decades, medication-
based treatment is still the cornerstone of CVD treatment.35 For instance, randomised 
controlled trials (RCTs) have shown a significant protective effect of statins on adverse 
outcomes in patients with coronary heart disease.36 The effect of statins in patients 
undergoing TAVI implantation is less clear. The combination of several medications, 
termed polypharmacy in the case of the concomitant use of ≥5 medications,37 can also 
have adverse effects, especially in multimorbid (older) adults with CVD. In this part of the 
discussion, we elaborate on the potential protective effect of statins in patients undergoing 
TAVI and on the prevalence and impact of polypharmacy in patients with an LVAD. Finally, 
we discuss interventions to improve polypharmacy and medication appropriateness. 

In Chapter 6, we assessed whether statin treatment is associated with 90-day mortality, 
90-day readmissions, and major postoperative complications during hospitalisation, and 
the composite of these outcomes in older patients undergoing TAVI. In 584 patients, of 
whom 56% were treated with a statin, we found no significant association between statin 
use and the aforementioned outcomes. This finding on short-term outcomes is consistent 
with previous observational studies on cardiovascular complications and mortality in TAVI 
patients.38–41 However, multiple observational studies and two meta-analyses showed 
a protective effect of statin use on long-term outcomes of TAVI.42,43 Available studies 
indicated that the beneficial effect of statins in reducing the risk of all-cause mortality 
was more evident with high-intensity statin treatment (HIS) than low or moderate-
intensity treatment.39 Because our study had a relatively small number of patients treated 
with HIS, this probably has resulted in too little power to demonstrate whether there are 
significant associations between HIS and the outcomes. Apart from this, there is no clear 
explanation for the discrepancy in the effect of statin use on short-term and long-term 
outcomes. Some studies have suggested a direct nonatherosclerotic or pleiotropic effect 
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of statins (amongst others anti-inflammatory) during the postoperative period following 
TAVI. Yet, the studies on short-term outcomes did not confirm this. Available studies are 
all observational and in a large proportion of the studies there is no information on statin 
adherence in the period after TAVI. It should be considered that the protective effect of 
statins on long-term outcomes could be the result of residual confounding (e.g. statin use 
could reflect an increased health awareness) or a reduction in cardiovascular events due 
to coronary heart disease (CHD), since concomitant CHD disease is common in patients 
undergoing TAVI.44 In the study presented in Chapter 6, we found no significant effect of 
statin use on cardiovascular events. Results of studies on whether the effect of statins is 
greatest in TAVI patients with or without (risk of ) CHD disease are conflicting.41,45 Ideally, 
a randomised controlled double-blind trial dividing TAVI patients into different statin 
intensity groups, in which medication adherence is explored, might eliminate bias. This 
will be ethically challenging as a proportion of patients have a clear indication for a statin 
given relevant comorbidities. In addition, when improved outcomes in statin users are 
found, this could also result from an effect on CHD. A possible answer to both issues is 
to choose a study population without (an increased risk of ) CHD. It is also important to 
properly analyse outcomes (mortality and morbidity) for whether or not they are related 
to CHD. 

Polypharmacy is often the result of an attempt to comply with single-disease oriented 
(cardiovascular) clinical guidelines. A recent literature review found that the prevalence of 
polypharmacy in patients with heart failure ranges from 17 to 99%.46 In the general older 
population, polypharmacy is related to an increased risk of adverse drug reactions, drug–
drug interactions, drug–disease interactions, non-adherence, cognitive impairment, 
malnutrition, urine incontinence, decline in physical functioning,  and increased risk of 
falls and delirium.47–49 A number of factors account for the high incidence of drug related 
problems in the older population with polypharmacy. The process of biological ageing is 
often accompanied by changes in pharmacokinetics and pharmacodynamics leading to 
increased drug sensitivity.50 Moreover, older patients with multimorbidity often involve 
multiple medical specialists. These specialists all prescribe the best evidence-based 
therapy for the condition in question, but often do not adequately consider the patient’s 
multimorbidity and consequences of complex pharmacotherapy. Lack of consideration of 
characteristics of older patients, such as cognitive impairment, depressed mood, reduced 
manual dexterity and swallowing ability, may lead to reduced adherence. 
The negative effects of polypharmacy are also recognised in patients with heart failure.51 
However, little is known about the prevalence and impact of (hyper)polypharmacy in 
patients with an LVAD. In Chapter 5, we assessed the impact of total medication use on 
outcomes in 210 patients aged ≥40 years on LVAD support. The prevalence of patients 
with 5-9 medications (polypharmacy) and ≥10 medications (hyperpolypharmacy) was 
63% and 35%, respectively. Over a quarter of patients (27%) died after a median of 828 
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days following LVAD implantation. The prescription of ≥10 medications was significantly 
associated with a higher risk of mortality (adjusted for comorbidity burden) when 
compared to the use of <10 medications.
A remarkable fact of the association found in Chapter 5 between hyperpolypharmacy and 
increased mortality risk is the median time to death of more than 2 years. This leads to 
the hypothesis that the association found is not the direct result of the aforementioned 
consequences of polypharmacy, but that hyperpolypharmacy may be strongly related 
to another confounding factor. Potentially important confounding factors for this 
association are frailty and comorbidity. In the study of Chapter 5, the association between 
hyperpolypharmacy and mortality remained significant after adjusting for comorbidity 
burden, age, sex and device type. No adjustment was made for frailty as there were no data 
available on frailty status in this retrospective study. There are no other studies available on 
polypharmacy in patients with LVAD to compare our results with. A recent study in a more 
general population of adults aged ≥70 years in the emergency department strengthens 
the hypothesis that the association between (hyper)polypharmacy and short-term 
mortality is at least partly explained by the presence of frailty.52 The question is whether 
frailty contributes to the development of (hyper)polypharmacy or vice versa. A systematic 
review found that longitudinally, non-frail persons with polypharmacy were at significantly 
higher odds for developing prefrailty compared to those not exposed to polypharmacy, 
even after adjustment for comorbidities.53 To our knowledge, only one study has examined 
the longitudinal association between frailty and polypharmacy. This study found that frail 
women aged ≥ 77 years had an increased risk of developing persistent polypharmacy 
compared with non-frail women.54 This suggests a potential bi-directional association 
between frailty and polypharmacy.53,55 Contrary to the above, another cohort study 
consisting of patients aged 70 years and older found that polypharmacy in (pre-)frail older 
adults is associated with mortality, disability, hospitalisation and emergency room visits, 
but not in non-frail older adults.56 This latter suggests that frailty may act as modulator of 
the negative impact of polypharmacy on health outcomes.57 In conclusion, it is plausible 
that the association found in Chapter 5 between hyperpolypharmacy and mortality in 
patients on LVAD support is at least partly explained by the confounding effect of frailty. 
This substantiates that it is important for clinicians to recognise hyperpolypharmacy as 
a red flag in the treatment of these patients. It is likely that hyperpolypharmacy in itself 
leads to increased morbidity and mortality risk, but it also indicates the probable presence 
of frailty. In the heart failure population and specifically in the LVAD population, frailty is 
a well-known predictor of adverse outcomes.58,59 There is a need to further investigate 
whether frailty and polypharmacy can be improved and whether this affects outcomes in 
this population. 

In recent years, there has been a shift from a focus on reducing polypharmacy to a focus on 
reducing medication inappropriateness. Polypharmacy and medication inappropriateness 
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are highly correlated. Polypharmacy is associated with both prescribing drugs that may 
be inappropriate for (older) people, known as potentially inappropriate drugs (PIMs), and 
not prescribing appropriate drugs, known as potential prescribing omissions (PPOs).60 
The OPERAM (optimising therapy to prevent avoidable hospital admission in the multi-
morbid elderly) substudy on potentially preventable drug-related hospital admissions 
found that exacerbation of heart failure was the most common cause of potentially 
preventable drug-related hospital admissions, due to both overtreatment (e.g. NSAIDs) 
and undertreatment (angiotensin-converting enzyme inhibitors, Β-blockers and 
diuretics).61 Different approaches are available to screen for PIMs and PPOs, yet we tend 
to overestimate the effectiveness of medication and underestimate the potential harm 
of medication, especially in frail patients.62–64 Realising this, recent years there is a less-is-
more attitude towards medication use. Therefore, deprescribing is recommended when 
possible to optimise medication therapy.65 Yet, relatively few RCTs have been conducted 
on deprescribing-related interventions specifically targeting cardiovascular medications.66 
A small RCT in patients with recovered dilated cardiomyopathy found that medication 
for heart failure (loop diuretics, mineralocorticoid receptor antagonists, B-blockers) 
cannot simply be discontinued given the high risk of heart failure relapse after treatment 
withdrawal.67 A study of statin discontinuation in patients with a life expectancy ≤ 1 year 
and a history of CVD in most participants found no difference in mortality between the 
groups that discontinued statins and those that continued. Discontinuation of statins may 
even improve quality of life.68 A study of antihypertensive drug discontinuation in patients 
with mild cognitive impairment found that antihypertensive drug discontinuation did not 
lead to an improvement in cognitive, psychological or general daily functioning, but also 
did not lead to an increase in adverse events.69

A medication review is a potential approach to improve medication appropriateness and 
deprescribe medication. Available evidence indicate that 8-13% of hospital admissions 
are associated with drug related problems, of which 50% are preventable.70 In Chapter 7 of 
this thesis, we investigated the efficacy of medication review interventions for preventing 
hospital readmissions through a systematic review and network meta-analysis. Twenty-five 
RCTs evaluating the effectiveness of medication review with or without co-interventions 
in adults aged ≥65 were included. Medication review in combination with (a) medication 
reconciliation and patient education and (b) medication reconciliation, patient education, 
professional education and transitional care were associated with a lower risk of all-
cause hospital readmission within 30 days compared to usual care. Medication review 
combined with medication reconciliation, patient education, professional education and 
transitional care resulted in a reduction of hospital readmissions at any time compared 
to usual care. Medication review without co-interventions did not significantly influence 
hospital readmissions. A recent Cochrane review update of RCTs of medication reviews 
for hospitalised older patients confirmed this association with a decline in hospital 
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readmissions.71 A subgroup analysis within the Cochrane review found no difference 
in effect between trials including medication review with co-interventions (e.g. written 
information to the patient, primary care physician or community pharmacy) and 
trials with basic medication reviews. However, there was heterogeneity within the 
group of medication review with co-interventions. A number of previous studies have 
highlighted the importance of co-interventions.72–74 Medication review combined with 
co-interventions is effective to reduce the risk of hospital readmissions in hospitalised or 
recently discharged adults ≥ 65 years. 

In conclusion, we found that statin treatment is not associated with an improved short-
term risk of mortality, readmissions, and major postoperative complications, and the 
composite of these outcomes in older patients undergoing TAVI. Furthermore, we showed 
that hyperpolypharmacy is associated with an increased mortality risk in patients on 
LVAD support. This finding substantiates that it is important for clinicians to recognise 
hyperpolypharmacy as a red flag in the treatment of these patients. Furthermore, it is 
important to perform a multicomponent medication review intervention to reduce the 
risk of hospital readmissions. In addition to medication review, medication reconciliation, 
patient education, healthcare professional education and transitional care are essential 
components that need to be implemented in clinical practice to reach this positive effect 
on hospital readmissions.

Part 3. Fall prevention interventions in older adults
In part 3 of the general discussion, we explore the effect of interventions on the 
geriatric impairments falls and fall-related fractures. Falling is a relevant geriatric 
impairment because it occurs often in adults aged 65 and older and can have far-
reaching consequences.75,76 Various cardiovascular diseases and in some cases their 
medical treatment lead to an increased risk of falls.77,78 In Chapter 8, we compared the 
effectiveness of single, multiple, and multifactorial interventions to prevent falls and fall‐
related fractures in community‐dwelling persons aged ≥65 years through a systematic 
review and network meta-analysis of 220 RCTs. Fall prevention interventions can be 
divided into three main groups: 1) single interventions (participants receive one type of 
intervention), 2) multiple interventions (participants receive the same, fixed combination 
of two or more types of interventions), and 3) multifactorial interventions (participants 
receive a personalized selection out of two or more types of interventions, according to 
the results of a pre-executed, personal falls risk assessment). 
The single interventions exercise and quality improvement strategies (e.g. patient 
education) were associated with reductions in number of fallers, compared with usual 
care. Exercise as a single intervention was associated with a reduction in falls rate. Common 
components of multiple interventions significantly associated with a reduction in number 
of fallers and falls rate were exercise, assistive technology, environmental assessment 
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and modifications, quality improvement strategies, and basic falls risk assessment (e.g., 
medication review). When ranking interventions by effectiveness, multicomponent 
interventions were generally found to be more effective than single interventions. 
Multifactorial interventions were also associated with a reduction in falls rate, but not with 
a reduction in the numbers of fallers. 
The following single interventions, compared with usual care, were associated with 
reductions in number of fall‐related fractures: basic falls risk assessment and exercise. 
Multiple interventions were not significantly associated with less fall-related fractures. 
For the outcome fall-related fractures, we did not analyse the effect of multifactorial 
interventions because of a lack of power due to the limited size of the network.
In 2017 Tricco et al. presented the first network meta-analysis on fall prevention.79 They 
concluded that exercise as a single intervention and various multicomponent interventions 
were associated with lower risk of injurious falls compared with usual care. Chapter 8 
updated this study. To the best of our knowledge, since the publication of Chapter 8 of 
this thesis, no (network) meta-analysis has been conducted on the effectiveness of the 
full range of fall prevention interventions in community-dwelling older people. Since 
publication, several new studies have examined the effectiveness of single interventions 
and multifactorial interventions, and our findings were further confirmed in these 
studies.80–82 The study by Lee et al.82 involved a meta-analysis of the effect of multifactorial 
interventions and found a lowering effect on the number of fallers, which was not found 
in our study and the most recent Cochrane review on this topic.83 
Over half of the studies included in Chapter 8 had methodological short comings (lack of 
allocation concealment and blinding). This points to a major limitation within the current 
evidence base and highlights the need for more robust study procedures/reporting 
methods on which future fall prevention policy can be based on.
In conclusion, some single interventions, with exercise being the most studied, are 
associated with a reduction in number of fallers, falls rate and number of fall-related 
fractures. Yet, multicomponent interventions in particular are effective in reducing 
number of fallers and falls rate. Important components of multicomponent interventions 
include exercise, assistive technology, environmental assessment and modifications, 
quality improvement strategies, and basic falls risk assessment. In case it is preferred or 
only feasible to implement one intervention, an exercise intervention is recommended 
to reduce falls. Given the multifactorial nature of falls, a multicomponent intervention is 
preferable to a single intervention in routine fall prevention care for community-dwelling 
older adults.
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Conclusion and future perspectives
This thesis revealed that geriatric impairments (e.g. polypharmacy, reduced functionality 
and malnutrition) and frailty are common in patients with CVD, in particular those 
screened for LVAD, HTx and TAVI. These geriatric impairments and frailty are associated 
with adverse outcomes. Since cognitive impairment was identified as an independent 
predictor of adverse outcomes in patients undergoing TAVI, it is important to screen for 
cognitive impairment in potential candidates for TAVI. As mentioned in the introduction, 
it is well known that geriatric impairments are usually multifactorial conditions. In line 
with this, both network meta-analyses we conducted showed that multicomponent 
interventions in particular are effective in preventing adverse outcomes. Multicomponent 
medication review interventions including medication reconciliation, patient education, 
education of healthcare professional and transitional care have a positive effect on 
hospital readmissions. Multicomponent fall prevention interventions including exercise, 
assistive technology, environmental assessment and modifications, quality improvement 
strategies, and basic falls risk assessment are effective in reducing fall risk. The network 
meta-analysis on medication review interventions showed the importance of paying 
attention to transitional care. Future studies are needed to assess the effect, feasibility 
and challenges of implementation of these interventions. In the Netherlands, the recently 
initiated trial ‘Less Is More: Optimised pharmacotherapy with improved coNtinuity of CarE 
in hospitaLised oLder peOple (LIMONCELLO) will investigate the effect of a medication 
review in hospitalised patients, including cardiac patients. This study will focus on patient 
involvement and transitional care with involvement of relevant hospital specialists, the 
general practitioner and community pharmacist. This transitional care is important, as 
previous large multicentre studies on the effect of improving medication appropriateness 
have shown that a relatively low percentage of medication recommendations were 
implemented.84,85

Future research should also confirm and further explore the impact of geriatric 
impairments and frailty on outcomes in specific cardiovascular populations, amongst 
others potential LVAD and HTx candidates. Knowledge of the prognostic value of these 
impairments provides a better understanding of the potential risks of intervention and 
therefore can improve shared decision-making. Further research is also needed on which 
multicomponent interventions are most effective in reducing geriatric impairments and 
frailty in this cardiovascular population and the effect on clinical outcomes.
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Background

The prevalence of cardiovascular disease (CVD) is increasing globally. Many patients with 
CVD belong to the group of patients aged 75 years and older. New cardiac interventions 
have improved survival in CVD. However, older age is associated with increased geriatric 
impairments and complications. Frailty and geriatric impairments such as cognitive 
impairment, falls and decreased functionality are clinical conditions that are most prevalent 
in the older population, and often do not fit into separate disease categories because 
of their multifactorial basis. Frailty is defined as a syndrome of decreased physiological 
reserve and resistance to stressors. In recent years, evidence has grown that frailty and 
geriatric impairments may help identify patients at increased risk of adverse postoperative 
outcomes. Comprehensive geriatric assessment (CGA) is a well-known method that can 
be used for identification of these high risk patients. CGA is a multidisciplinary assessment 
that systematically examines a patient’s capabilities and limitations regarding the 
medical, mental, functional and social domains. Frailty and geriatric impairments can be 
diagnosed through CGA. A medication review is also part of CGA, which is particularly 
important in patients with polypharmacy. The prevalence of polypharmacy increases with 
age and is higher in particular patient groups, including patients with CVD. Polypharmacy 
is associated with a higher risk of adverse outcomes, such as mortality, adverse drug 
reactions, hospital readmissions and falls. Several recommendations for interventions 
to decrease the risk of geriatric impairments and complications follow from CGA and 
medication review. A significant part of these recommendations involve fall prevention 
interventions.

In this thesis, we assessed the prevalence of geriatric impairments resulting from CGA 
in different populations with CVD, and the association of these impairments with 
post-operative adverse events (Part 1). Next, we examined the effect of medication 
on postoperative outcomes in patients undergoing various cardiac interventions. In 
addition, we investigated whether medication review interventions are associated with 
improved outcomes in older persons (Part 2). Finally, we examined which fall prevention 
interventions are associated with a decrease in falls and fall-related fractures in older 
persons (Part 3).

Part 1. Geriatric impairments in patients with cardiovascular disease
Patients with chronic end-stage heart failure that remains refractory despite individualised 
optimal medical and conventional device therapy may be selected for advanced therapies, 
including heart transplantation (HTx) and left ventricular assist devices (LVAD). In Chapter 
2, the prevalence of frailty and (geriatric) impairments was assessed in a cross-sectional 
study including 73 patients aged ≥40 years who received a CGA as part of the patient 
selection procedure for LVAD and HTx. In every patient, a conclusion comprising frailty 
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and other impairments was formulated on the medical, mental, functional, and social 
domains, and recommendations were made, amongst others to improve the preoperative 
level of fitness. Frailty was assessed by Fried’s frailty criteria and the Edmonton Frail Scale.
The mean age of the participants was 58 years (range 40-71). Half of the patients (52%) 
were screened for HTx, 45% for LVAD, and in two patients both options were still open 
at the moment of CGA. In 97% of patients, at least 1 impairment resulted from CGA. The 
most common impairments were polypharmacy, high morbidity burden, reduced renal 
function, osteopenia, depression, poor quality of life, reduced functionality, (risk of ) 
malnutrition, reduced grip strength and high caregiver burden. A small proportion (6-
7%) of the potential LVAD and HTx candidates were frail and 39% were pre-frail. Most 
recommendations were made regarding 1. education (about the intervention and 
expected clinical course postoperatively), patient counselling, shared decision making 
and advance care planning; 2. delirium risk and prevention; 3. mobility and fall prevention; 
and 4. malnutrition or weight reduction. The domains for which most impairments were 
found and the domains for which most treatment recommendations were given matched 
well, with the functional domain as the frontrunner.
This study has demonstrated that, despite the relatively young population already 
informally pre-selected by cardiologists, impairments are common in all four domains 
of CGA. Decision making regarding patient selection for LVAD and HTx is complex and 
unique for each patient. The comprehensive information regarding impairments and 
associated risks obtained through CGA can be incorporated into this decision making, 
allowing better consideration of potential risks and benefits. Yet, the prognostic value of 
the impairments resulting from CGA needs further investigation by means of longitudinal 
studies. 
In recent years, transcatheter aortic valve implantation (TAVI) has become the treatment 
of choice for patients with severe symptomatic aortic valve stenosis considered to be at 
increased or high surgical risk. In Chapter 3 and 4, we investigated the prevalence of frailty 
and geriatric impairments in TAVI candidates, and the association with post-operative 
adverse events.
In Chapter 3, we focused on the association of frailty with outcomes following TAVI. 
We conducted a cohort study, including all TAVI candidates who visited the geriatric 
outpatient clinic for preoperative screening. Frailty status was assessed according to 
the Groningen Frailty Indicator. A total of 431 patients were included. The mean age of 
the study population was 81 years. Frailty was present in 36% of the patients. Frailty was 
associated with a higher risk of the composite outcome of postoperative complications 
(odds ratio (OR) 1.55; 95% confidence interval (CI) 1.03 to 2.34), 30-day mortality (OR 4.84; 
95% CI 1.62 to 14.49), 3-month mortality (OR 2.52; 95% CI 1.00 to 6.28) and 1-year mortality 
(OR 2.96; 95% CI 1.46 to 6.00). Since frailty is common in TAVI candidates and associated 
with an increased risk of postoperative morbidity and mortality, it is recommended that 
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the screening and management of frailty will be optimised in guidelines for valvular heart 
disease.
In Chapter 4, we performed a cohort study of patients who were referred to the 
geriatric outpatient clinic for CGA prior to TAVI. This cohort included 490 patients who 
underwent TAVI. The mean age was 81 years. A third of these patients (35%) were frail. 
Polypharmacy (≥5 medications) was present in 83% of patients and hyperpolypharmacy 
(≥10 medications) in 33%. Geriatric impairments that were often identified were cognitive 
impairment, dependence in instrumental activities of daily living (IADL) and ADL, (a 
risk of ) malnutrition, reduced walking speed and handgrip strength. In multivariate 
analyses, cognitive impairment was identified as an independent predictor of major 
postoperative complications during hospitalisation (OR 2.16; 95% CI 1.14 to 4.19) and the 
composite outcome of mortality and hospital readmissions within three months of TAVI 
and major postoperative complications during hospitalisation (OR 2.40; 95% CI 1.21 to 
4.79). Therefore, it is important to screen for cognitive impairment prior to TAVI and it is 
recommended to include this in current TAVI guidelines.

Part 2. Medication use in patients with cardiovascular disease and the 
impact of medication review interventions in older adults
In Chapter 5 and 6 we investigated the association between medication use and outcomes 
in patients undergoing LVAD and TAVI implantation. 

Patients with heart failure have a greater comorbidity burden compared to patients of 
similar age without heart failure. The pharmacological treatment of these cardiac and non-
cardiac comorbidities in patients with end-stage heart failure generates polypharmacy, 
which is associated with a higher risk of overtreatment, undertreatment, medication 
errors, poor adherence, adverse drug-reactions and drug-drug interactions. No studies are 
available on the prevalence of polypharmacy and hyperpolypharmacy in patients on LVAD 
support and the association with adverse outcomes after LVAD implantation. Therefore, in 
Chapter 5, we aimed to determine the prevalence of polypharmacy (5-9 medications) and 
hyperpolypharmacy (≥10 medications) in patients after primary LVAD implantation and 
evaluate the association of hyperpolypharmacy with overall mortality and complications 
while on LVAD support. We performed a retrospective cohort study including 210 patients 
aged ≥40 years who received a primary LVAD implantation between 2011 and 2019. The 
median age of the patients was 58 years. The prevalence of patients with 5-9 medications 
and ≥10 medications was 63% and 35%, respectively. The median follow-up duration was 
948 days. The prescription of ≥10 medications was significantly associated with a higher 
risk of mortality (HR 2.03; 95% CI 1.15-3.6 adjusted for sex, age, comorbidity and stratified 
for device type) when compared to the use of <10 medications. The prescription of ≥10 
medications was not associated with a higher risk of major bleeding, cardiac arrhythmia 
or driveline infection. Future research is needed to assess the efficacy of individual risk-
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benefit profiling of (cardiovascular) medication to ensure appropriate polypharmacy and 
decrease negative health outcomes.

Previous studies demonstrated that statin treatment is associated with improved one-year 
survival after TAVI, both in patients with and without coronary artery disease, suggesting 
pleiotropic effects of statins on preventing perioperative complications. Available studies 
on short-term outcomes have only focused on cardiovascular outcomes and mortality and 
not on other complications. Our aim was therefore to determine whether statin treatment 
is associated with short-term risk of mortality, readmissions, and major postoperative 
complications, and the composite of these outcomes in older patients undergoing TAVI. 
In Chapter 6, we performed a cohort study including patients aged 65 years and older 
who underwent CGA prior to TAVI between 2014 and 2021. In total, 584 patients, of whom 
56% were treated with a statin, were included. Preoperative statin treatment during TAVI 
was common, but not associated with decreased risks of short-term outcomes after a TAVI 
including 90-day mortality, 90-day readmissions, major postoperative complications, and 
the composite of these outcomes. Additional analysis showed no significant association 
between statin treatment intensity and any of the short-term outcomes. Because this 
study had a relatively small number of patients treated with high intensity statin therapy 
(20% of the patients with a statin), further research is needed to determine whether or not 
high intensity statin treatment has an effect on short-term outcomes in patients that can 
tolerate high statin dosages.

Because of the negative effects of (hyper)polypharmacy, we investigated whether 
medication review leads to improved outcomes in older adults. Previous research 
showed that medication review leads to improved medication appropriateness, reduced 
polypharmacy and reduced adverse drug reactions, however, there is little evidence for an 
effect on clinical outcomes. In Chapter 7, we assessed the efficacy of medication review 
as an isolated intervention and with several co-interventions for preventing hospital 
readmissions in older adults through a systematic review and network meta-analysis. 
Twenty-five randomised controlled trials evaluating the effectiveness of medication 
review interventions with or without co-interventions to prevent hospital readmissions 
in hospitalised or recently discharged adults aged ≥65 were included. Of these, 11 studies 
(7,318 participants) contributed to the network meta-analysis on the outcome of all-cause 
hospital readmission within 30 days. Medication review in combination with (a) medication 
reconciliation and patient education (risk ratio (RR) 0.45; 95% CI 0.26 to 0.80) and (b) 
medication reconciliation, patient education, professional education and transitional 
care (RR 0.64; 95% CI 0.49 to 0.84) were associated with a lower risk of all-cause hospital 
readmission compared to usual care. Medication review without co-interventions did not 
significantly influence hospital readmissions (RR 1.06; 95% CI 0.45 to 2.51). The network 
meta-analysis on the outcome of all-cause hospital readmission at any time included 24 
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studies (11,677 participants). Medication review combined with medication reconciliation, 
patient education, professional education and transitional care resulted in a reduction 
of hospital readmissions (RR 0.82; 95% CI 0.74–0.91) compared to usual care. When the 
quality of the studies included in this systematic review was appraised, this raised some 
concerns, mainly regarding allocation concealment, blinding and contamination. Future 
trials of higher quality are needed in this field.

Part. 3 Fall prevention interventions in older adults
In Chapter 8, we compared the effectiveness of single, multiple, and multifactorial 
interventions to prevent falls and fall‐related fractures in community‐dwelling persons 
aged ≥65 years through a systematic review and network meta-analysis. Fall prevention 
interventions can be divided into three main groups: 1) single interventions (participants 
receive one type of intervention), 2) multiple interventions (participants receive the 
same, fixed combination of two or more types of interventions), and 3) multifactorial 
interventions (participants receive a personalised selection out of two or more types of 
interventions, according to the results of a pre-executed, personal falls risk assessment). 
In total, 220 randomised controlled trials evaluating the effectiveness of fall prevention 
interventions were included. Network meta-analysis including 192 studies revealed 
that the following single interventions, compared with usual care, were associated 
with reductions in number of fallers: exercise (RR 0.83; 95% CI 0.77 to 0.89) and quality 
improvement strategies (e.g., patient education) (RR 0.90; 95% CI 0.83 to 0.98). Exercise 
as a single intervention was associated with a reduction in falls rate (RR 0.79; 95% CI 
0.73 to 0.86). Common components of multiple interventions significantly associated 
with a reduction in number of fallers and falls rate were exercise, assistive technology, 
environmental assessment and modifications, quality improvement strategies, and 
basic falls risk assessment (e.g., medication review). Multifactorial interventions were 
associated with a reduction in falls rate (RR 0.87; 95% CI 0.80 to 0.95), but not with a 
reduction in number of fallers (RR 0.95; 95% CI 0.89 to 1.01). The following single 
interventions, compared with usual care, were associated with reductions in number of 
fall‐related fractures: basic falls risk assessment (RR 0.60; 95% CI 0.39 to 0.94) and exercise 
(RR 0.62; 95% CI 0.42 to 0.90). Over half of the studies included had methodological 
short comings (lack of allocation concealment and high risk of blinding). This points to 
a major limitation within the current evidence base and highlights the need for more 
robust study procedures/reporting methods on which future fall prevention policy can 
be based on.
In Chapter 9, we discussed the results of the aforementioned studies and the implications 
for clinical practice, as well as recommendations for future research. We concluded that 
geriatric impairments and frailty are common in patients with CVD, in particular those 
screened for LVAD, HTx and TAVI. Geriatric impairments (amongst others cognitive 
impairment and hyperpolypharmacy) and frailty were associated with adverse outcomes 
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in patients with CVD. Knowledge of the prognostic value of these impairments provides 
a better understanding of the potential risks of intervention and therefore can improve 
shared decision-making. Hence, future research should further explore the impact of 
geriatric impairments and frailty on outcomes in specific cardiovascular populations, 
amongst others potential LVAD and HTx candidates. Further research is also needed on 
which multicomponent interventions are most effective in reducing geriatric impairments 
and frailty in this cardiovascular population and the effect on clinical outcomes.  
In line with the multifactorial nature of geriatric impairments, both network meta-analyses 
we conducted showed that multicomponent interventions in particular are effective in 
preventing adverse outcomes. Future studies are needed to assess the effect, feasibility 
and challenges of implementation of these interventions.
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Hart- en vaatziekten (HVZ) komen wereldwijd steeds meer voor. Veel patiënten met HVZ 
zijn 75 jaar of ouder. Nieuwe hartinterventies hebben de overleving van HVZ verbeterd. 
Een hogere leeftijd gaat echter ook gepaard met een hoger risico op het optreden van 
complicaties. Kwetsbaarheid en geriatrische aandoeningen zoals cognitieve stoornissen, 
vallen en een verminderde functionaliteit komen met name voor bij de oudere patiënt. 
Het betreft aandoeningen die vaak niet in afzonderlijke ziektecategorieën passen 
doordat deze geriatrische aandoeningen multifactorieel bepaald zijn. Kwetsbaarheid 
wordt gedefinieerd als een syndroom van verminderde fysiologische reserves en een 
verminderende weerstand tegen stressfactoren. In de afgelopen jaren is aangetoond dat 
kwetsbaarheid en geriatrische aandoeningen een rol kunnen spelen bij het identificeren 
van patiënten met een verhoogd risico op ongunstige uitkomsten van een interventie. 
Het comprehensive geriatric assessment (CGA) is een uitgebreid klinisch geriatrisch 
onderzoek waarmee de mogelijkheden en beperkingen van een patiënt onderzocht 
worden op medisch, psychisch, functioneel en sociaal gebied. Doordat kwetsbaarheid en 
geriatrische aandoeningen gediagnosticeerd kunnen worden door middel van CGA, kan 
het CGA gebruikt worden om patiënten met een groter risico op nadelige uitkomsten 
van interventies te identificeren. Een medicatiebeoordeling maakt ook deel uit van het 
CGA, wat vooral belangrijk is bij patiënten die veel medicatie tegelijkertijd gebruiken 
(polyfarmacie). Polyfarmacie komt vaker voor op hogere leeftijd en bij patiënten met HVZ. 
In het geval van polyfarmacie is er een groter risico op onder andere sterfte, bijwerkingen, 
heropnames in ziekenhuizen en vallen. Uit het CGA en een medicatiebeoordeling volgen 
verschillende aanbevelingen voor interventies om het risico op geriatrische aandoeningen 
en complicaties te verminderen. Een deel van deze aanbevelingen betreft valpreventieve 
interventies.

In dit proefschrift onderzochten we hoe vaak geriatrische aandoeningen voorkomen 
bij verschillende patiëntgroepen met HVZ, vastgesteld door middel van een CGA. 
Tevens onderzochten we of deze geriatrische aandoeningen geassocieerd zijn met 
negatieve uitkomsten van interventies (deel 1). Vervolgens onderzochten we het effect 
van medicatie op uitkomsten van interventies bij patiënten die verschillende soorten 
hartinterventies ondergaan. Daarnaast onderzochten we of een medicatiebeoordeling 
geassocieerd is met verbeterde uitkomsten bij ouderen (deel 2). Tot slot onderzochten 
we welke valpreventieve interventies geassocieerd zijn met een afname van vallen en val-
gerelateerde fracturen bij ouderen (deel 3).
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Deel 1. Geriatrische aandoeningen bij patiënten met hart- en vaatziekten
Patiënten met ernstig hartfalen wat onvoldoende reageert op een optimale 
persoonsgerichte (medicamenteuze) behandeling kunnen worden geselecteerd voor 
geavanceerde therapieën, waaronder harttransplantatie of een steunhart. Bij een 
harttransplantatie wordt het hart van een patiënt met ernstig hartfalen vervangen door een 
donorhart. Een steunhart is een mechanische pomp die de functie van het hart ondersteunt 
en gedeeltelijk overneemt. In hoofdstuk 2 onderzochten we hoe vaak kwetsbaarheid 
en (geriatrische) aandoeningen werden vastgesteld door middel van een CGA bij 73 
patiënten van 40 jaar of ouder. Deze patiënten werden onderzocht omdat ze mogelijk een 
harttransplantatie of steunhart-implantatie zouden ondergaan. Voor elke patiënt werd 
een conclusie geformuleerd met betrekking tot de aanwezigheid van kwetsbaarheid en 
andere aandoeningen op medisch, mentaal, functioneel en sociaal gebied. Ook werden 
behandeladviezen gegeven om de conditie voorafgaand aan de ingreep te verbeteren. 
Kwetsbaarheid werd beoordeeld aan de hand van de kwetsbaarheidscriteria van Fried en 
de Edmonton Frail Scale. De gemiddelde leeftijd van de deelnemers was 58 jaar. Bij 97% 
van de patiënten werd ten minste één aandoening gevonden tijden het CGA. De meest 
voorkomende aandoeningen waren polyfarmacie, het hebben van meerdere ziektes 
tegelijk (multimorbiditeit), een achteruitgang in nierfunctie, botontkalking, depressie, 
slechte kwaliteit van leven, verminderde functionaliteit, (risico op) ondervoeding, een 
verminderde knijpkracht van de hand en een hoge zorglast voor mantelzorgers. Een klein 
deel (6 tot 7%) van de potentiële kandidaten voor steunhart en harttransplantatie was 
kwetsbaar en 39% had een voorstadium van kwetsbaarheid. De meeste behandeladviezen 
werden gedaan met betrekking tot 1). educatie (over de interventie en het verwachte 
klinische beloop na de interventie), counseling van patiënten, gedeelde besluitvorming 
en advance care planning; 2). delierrisico en preventie; 3). mobiliteit en valpreventie; en 
4). ondervoeding of gewichtsreductie. De domeinen (medisch, psychisch, functioneel en 
sociaal) waarvoor de meeste aandoeningen werden gevonden en de domeinen waarvoor 
de meeste behandeladviezen werden gegeven, kwamen goed overeen. Voor het 
functionele domein werden de meeste aandoeningen gevonden en behandeladviezen 
gegeven.
Uit dit onderzoek kan geconcludeerd worden dat aandoeningen in alle vier de domeinen 
veelvuldig voorkomen, ondanks de relatief jonge leeftijd van de patiënten. Tevens heeft 
er al een informele selectie plaatsgevonden door de betrokken cardioloog waarbij ernstig 
kwetsbare patiënten niet werden verwezen voor een CGA. De besluitvorming over de 
selectie van patiënten voor steunhart en harttransplantatie is complex. De uitgebreide 
informatie over (geriatrische) aandoeningen en daaraan gerelateerde risico’s die door 
het CGA wordt verkregen, kan worden meegenomen in deze besluitvorming, waardoor 
potentiële risico’s en voordelen beter kunnen worden afgewogen. Welke risico’s er precies 
gerelateerd zijn aan de gevonden aandoeningen dient verder onderzocht te worden door 
middel van longitudinale studies.
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Een aortaklepstenose is een vernauwing van de aortaklep en de meest voorkomende 
hartklepaandoening op hogere leeftijd. Tijdens een Transkatheter Aortaklep Implantatie 
(TAVI) wordt een klep via een katheter ingebracht en in de aangedane aortaklep 
geplaatst. De afgelopen jaren is een TAVI de eerste keus behandeling geworden voor 
patiënten met een ernstige symptomatische aortaklepstenose, waarbij een chirurgische 
aortaklepvervanging als riskant wordt ingeschat. In hoofdstuk 3 en 4 onderzochten we 
hoe vaak kwetsbaarheid en geriatrische aandoeningen voorkomen bij TAVI-kandidaten. 
Ook onderzochten we of dit geassocieerd is met slechte uitkomsten van TAVI. 
In hoofdstuk 3 richtten we ons op de associatie tussen kwetsbaarheid en uitkomsten 
na TAVI. Alle TAVI-kandidaten die de geriatrische polikliniek bezochten voor een CGA 
als onderdeel van de preoperatieve screening werden in deze studie geïncludeerd. 
Kwetsbaarheid werd beoordeeld volgens de Groningen Frailty Indicator. In totaal werden 
431 patiënten geïncludeerd. De gemiddelde leeftijd van de onderzoekspopulatie was 
81 jaar. Kwetsbaarheid werd vastgesteld bij 36% van de patiënten. Kwetsbaarheid was 
geassocieerd met een hoger risico op postoperatieve complicaties (odds ratio (OR) 
1,55; 95% betrouwbaarheidsinterval (CI) 1,03 tot 2,34), 30-dagen mortaliteit (OR 4,84; 
95% CI 1,62 tot 14,49), 3-maanden mortaliteit (OR 2,52; 95% CI 1,00 tot 6,28) en 1-jaars 
mortaliteit (OR 2,96; 95% CI 1,46 tot 6,00). Aangezien kwetsbaarheid veel voorkomt 
bij TAVI-kandidaten en geassocieerd is met een verhoogd risico op postoperatieve 
complicaties en overlijden, wordt aanbevolen om de screening naar kwetsbaarheid 
en de behandeling hiervan te optimaliseren in richtlijnen voor hartkleplijden. 
In hoofdstuk 4 voerden we een opnieuw een studie uit naar patiënten die voorafgaand 
aan een TAVI naar de geriatrische polikliniek waren verwezen voor een CGA. Deze studie 
omvatte 490 patiënten en de gemiddelde leeftijd was 81 jaar. Een derde van deze 
patiënten (35%) was kwetsbaar. Polyfarmacie (het gelijktijdig gebruik van ≥5 medicijnen) 
was aanwezig bij 83% van de patiënten en hyperpolyfarmacie (≥10 medicijnen) bij 33%. 
Geriatrische aandoeningen die vaak werden gevonden betroffen cognitieve stoornissen, 
afhankelijkheid in (instrumentele) activiteiten van het dagelijks leven, (een risico op) 
ondervoeding, verminderde loopsnelheid en handknijpkracht. Cognitieve stoornissen 
werden geïdentificeerd als een onafhankelijke voorspeller van ernstige postoperatieve 
complicaties tijdens ziekenhuisopname (OR 2,16; 95% CI 1,14 tot 4,19) en de samengestelde 
uitkomst van overlijden of heropnames in het ziekenhuis binnen drie maanden na TAVI 
en ernstige postoperatieve complicaties tijdens ziekenhuisopname (OR 2,40; 95% CI 1,21 
tot 4,79). Het is daarom van belang om voorafgaand aan TAVI te screenen op cognitieve 
stoornissen en het wordt aanbevolen om dit op te nemen in de huidige TAVI-richtlijnen.
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Deel 2. Medicatiegebruik bij patiënten met hart- en vaatziekten en de 
impact van een medicatiebeoordeling bij oudere volwassenen
In hoofdstuk 5 en 6 onderzochten we de associatie tussen medicatiegebruik en uitkomsten 
bij patiënten die een steunhart-implantatie en TAVI ondergingen.

Patiënten met hartfalen lijden vaker ook aan andere aandoeningen (comorbiditeit) dan 
patiënten van vergelijkbare leeftijd zonder hartfalen. De medicamenteuze behandeling 
van deze cardiale en niet-cardiale comorbiditeit bij patiënten met hartfalen leidt vaak 
tot polyfarmacie. Polyfarmacie gaat gepaard met een hoger risico op overbehandeling, 
onderbehandeling, medicatiefouten, slechte therapietrouw, bijwerkingen en interacties 
tussen medicijnen. Er zijn geen studies beschikbaar over hoe vaak polyfarmacie en 
hyperpolyfarmacie voorkomen bij patiënten met een steunhart. Ook niet over de 
associatie tussen polyfarmacie en ongunstige uitkomsten na steunhart-implantatie. 
Daarom onderzochten we in hoofdstuk 5 hoe vaak polyfarmacie (5-9 medicamenten) 
en hyperpolyfarmacie (≥10 medicamenten) voorkomt bij patiënten na steunhart-
implantatie. Tevens onderzochten we de associatie tussen hyperpolyfarmacie en het 
optreden van complicaties en overlijden na steunhart-implantatie. We includeerden 210 
patiënten van ≥ 40 jaar die tussen 2011 en 2019 een steunhart-implantatie ondergingen. 
De mediane leeftijd van de patiënten was 58 jaar. Van de 210 patiënten gebruikten 63% 
5-9 medicamenten en 35% ≥10 medicamenten. Hyperpolyfarmacie was geassocieerd 
met een hoger sterfterisico (hazard ratio 2,03; 95% CI 1,15 tot 3,6) in vergelijking met het 
gebruik van <10 medicamenten. Hyperpolyfarmacie was niet geassocieerd met een hoger 
risico op complicaties als grote bloedingen, hartritmestoornissen of driveline-infecties. 
Toekomstig onderzoek is nodig om te achterhalen of een geïndividualiseerde aanpassing 
na afweging van voor- en nadelen van (cardiovasculaire) medicatie zinvol is om negatieve 
gezondheidsuitkomsten te verminderen.

Eerdere studies hebben aangetoond dat behandeling met cholesterolverlagers 
geassocieerd is met een betere overleving één jaar na TAVI, zowel bij patiënten mét een 
atherosclerotische aandoening van de kransslagaders als zonder. Dit suggereert dat 
cholesterolverlagers naast het verlagen van cholesterol, mogelijk ook andere positieve 
effecten hebben die het risico op complicaties na TAVI zouden kunnen verlagen. 
Reeds verrichte onderzoeken naar korte termijn effecten van cholesterolverlagers na 
TAVI hebben zich enkel gericht op specifieke cardiovasculaire uitkomsten en overlijden. 
Ons doel was daarom om te bepalen of behandeling met cholesterolverlagers bij oudere 
patiënten die een TAVI ondergaan geassocieerd is met korte termijn effecten op een breder 
scala aan uitkomsten. Deze uitkomsten betreffen overlijden, ziekenhuisheropnames en 
postoperatieve complicaties, en de samenstelling van deze uitkomsten. In hoofdstuk 
6 includeerden we patiënten van 65 jaar en ouder die tussen 2014 en 2021 een CGA 
ondergingen voorafgaand aan een TAVI. In totaal werden 584 patiënten geïncludeerd, 
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waarvan 56% voorafgaand aan de TAVI een cholesterolverlager gebruikte. Het gebruik 
van een cholesterolverlager voorafgaand aan TAVI bleek niet geassocieerd te zijn met 
lagere risico’s op overlijden of ziekenhuisheropname 90 dagen na implantatie, belangrijke 
postoperatieve complicaties en de samenstelling van deze uitkomsten. Aanvullende 
analyse liet ook geen verband zien tussen de dosering van de cholesterolverlager en 
één van de uitkomsten. In dit onderzoek werd een relatief klein aantal patiënten (20% 
van alle gebruikers van een cholesterolverlager) behandeld met een hoge dosering 
cholesterolverlager. Daarom is verder onderzoek nodig om te bepalen of een hogere 
dosering een gunstig effect heeft op de korte termijn uitkomsten bij patiënten die een 
hoge dosering kunnen verdragen.

Vanwege de bekende negatieve effecten van (hyper)polyfarmacie, hebben we onder-
zocht of een medicatiebeoordeling leidt tot beterde uitkomsten bij oudere volwassenen. 
Een medicatiebeoordeling is een beoordeling van de gebruikte medicatie bij voorkeur 
door een arts en apotheker op basis van een gestructureerde, kritische evaluatie van de 
medische-, medicamenteuze- en gebruiksinformatie met als doel het optimaliseren van 
de effectiviteit van de medicamenteuze behandeling en het verminderen van de kans 
op gerelateerde problemen (bijvoorbeeld bijwerkingen). Eerder onderzoek toonde aan 
dat medicatiebeoordeling leidt tot het beter gebruiken van geschikte medicatie, minder 
polyfarmacie en minder bijwerkingen, maar er is weinig bewijs voor een positief effect 
op klinische uitkomsten. In hoofdstuk 7 hebben we door middel van een systematische 
beoordeling van de literatuur en een netwerkmeta-analyse de effectiviteit van een 
medicatiebeoordeling beoordeeld, zowel als geïsoleerde interventie als in combinatie 
met verschillende co-interventies. Er werden 25 gerandomiseerde onderzoeken 
geïncludeerd die de effectiviteit evalueerden van een medicatiebeoordeling met of 
zonder co-interventies om ziekenhuisheropnames te voorkomen bij opgenomen of 
recent ontslagen volwassenen van 65 jaar of ouder. Hiervan droegen 11 studies (7.318 
deelnemers) bij aan de netwerk meta-analyse naar de uitkomst ‘ziekenhuisheropname 
binnen 30 dagen’. Medicatiebeoordeling in combinatie met (a) medicatiereconciliatie en 
patiëntvoorlichting (risk ratio (RR) 0,45; 95% CI 0,26 tot 0,80) en (b) medicatiereconciliatie, 
patiëntvoorlichting, educatie aan de professional en zorg rondom ontslag naar een 
andere instelling of zorglijn (RR 0,64; 95% CI 0,49 tot 0,84) werden geassocieerd 
met een lager risico op ziekenhuisheropname binnen 30 dagen in vergelijking met 
gebruikelijke zorg. Medicatiebeoordeling zonder co-interventies had geen significante 
invloed op ziekenhuisheropnames binnen 30 dagen (RR 1,06; 95% CI 0,45 tot 2,51). 
De netwerkmeta-analyse naar de uitkomst ‘ziekenhuisheropname op enig moment’ 
omvatte 24 onde rzoeken (11.677 deelnemers). Medicatiebeoordeling in combinatie met 
medicatie reconciliatie, patiëntvoorlichting, educatie aan de professional en zorg rondom 
ontslag naar een andere instelling of zorglijn resulteerde in een afname van ziekenhuis-
heropnames op enig moment (RR 0,82; 95% CI 0,74 tot 0,91), vergeleken met gebruikelijke 
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zorg. Er waren zorgen over de kwaliteit van de studies die in deze systematische literatuur 
beoordeling waren opgenomen, bijvoorbeeld omdat de toewijzing van patiënten aan 
een interventiegroep of een controlegroep niet geblindeerd verliep. In de toekomst zijn 
studies t.a.v. medicatiebeoordeling van hogere kwaliteit nodig.

Deel 3. Valpreventie bij oudere volwassenen
In hoofdstuk 8 hebben we de effectiviteit onderzocht van enkelvoudige, meervoudige 
en multifactoriële interventies ter preventie van vallen en val-gerelateerde fracturen 
onder thuiswonende personen ≥65 jaar door middel van een systematische beoordeling 
van de literatuur en een netwerkmeta-analyse. Valpreventieve interventies kunnen 
worden onderverdeeld in drie hoofdgroepen: 1) enkelvoudige interventies: deelnemers 
ontvangen één soort interventie, 2) meervoudige interventies: deelnemers ontvangen 
dezelfde, vaste combinatie van twee of meer soorten interventies, en 3) multifactoriële 
interventies: deelnemers ontvangen een gepersonaliseerde selectie uit twee of meer 
soorten interventies, gebaseerd op de resultaten van een vooraf uitgevoerde, persoonlijke 
beoordeling van het valrisico. In totaal werden 220 gerandomiseerde onderzoeken naar 
de effectiviteit van valpreventieve interventies geïncludeerd. Netwerkmeta-analyse met 
192 studies toonde aan dat de volgende enkelvoudige interventies, in vergelijking met 
gebruikelijke zorg, geassocieerd waren met een vermindering van het aantal mensen 
dat valt: lichaamsbeweging (RR 0,83; 95% CI 0,77 tot 0,89) en strategieën voor kwaliteits-
verbetering (o.a. patiënteducatie) (RR 0,90; 95% CI 0,83 tot 0,98). Lichaamsbeweging 
als enkelvoudige interventie was ook geassocieerd met een afname van het aantal 
valincidenten (RR 0,79; 95% CI 0,73 tot 0,86). Veel voorkomende componenten 
van meervoudige interventies die geassocieerd waren met een vermindering van 
het aantal mensen dat valt en het aantal valincidenten waren lichaamsbeweging, 
ondersteunende technologie (hulpmiddelen voor persoonlijke zorg, bescherming, 
mobiliteit en communicatie), veiliger maken van de woonomgeving, strategieën voor 
kwaliteitsverbetering en basisevaluatie van het valrisico (bijv. cardiovasculair onderzoek, 
medicatiebeoordeling). Multifactoriële interventies werden geassocieerd met een afname 
van het aantal valincidenten (RR 0,87; 95% CI 0,80 tot 0,95), maar niet met een afname van 
het aantal mensen dat valt (RR 0,95; 95% CI 0,89 tot 1,01). De volgende enkelvoudige 
interventies, vergeleken met gebruikelijke zorg, waren geassocieerd met reducties in 
het aantal val-gerelateerde fracturen: basisevaluatie van het valrisico (RR 0,60; 95% CI 
0,39 tot 0,94) en lichaamsbeweging (RR 0,62; 95% CI 0,42 tot 0,90). Meer dan de helft 
van de geïncludeerde onderzoeken had methodologische tekortkomingen. Dit wijst op 
een belangrijke tekortkoming in het huidige bewijsmateriaal en benadrukt de noodzaak 
voor robuustere onderzoeksprocedures/rapportagemethoden waarop toekomstig 
valpreventiebeleid kan worden gebaseerd.
In hoofdstuk 9 bespraken we de resultaten van de bovengenoemde onderzoeken en de 
implicaties voor de klinische praktijk, evenals aanbevelingen voor toekomstig onderzoek. 
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We concludeerden dat geriatrische aandoeningen en kwetsbaarheid veel voorkomen 
bij patiënten met HVZ, in het bijzonder bij patiënten die worden gescreend voor een 
steunhart, harttransplantatie en TAVI. In deze onderzoeken werd een CGA gebruikt om de 
kwetsbaarheid te bepalen bij potentiële kandidaten voor steunhart en harttransplantatie. 
Geriatrische aandoeningen (onder andere cognitieve stoornissen en hyperpolyfarmacie) 
en kwetsbaarheid werden in verband gebracht met ongunstige uitkomsten bij patiënten 
met HVZ. Kennis van de prognostische betekenis van deze aandoeningen zorgt voor een 
beter begrip van de potentiële risico’s van een interventie en kan daarom de gezamenlijke 
besluitvorming verbeteren. Toekomstig onderzoek moet de invloed van geriatrische 
aandoeningen en kwetsbaarheid op de uitkomsten in specifieke cardiovasculaire 
populaties verder onderzoeken, onder andere bij potentiële kandidaten voor steunhart 
en harttransplantatie. Zo is er aanvullend onderzoek nodig naar welke interventies het 
meest effectief zijn in het verminderen van geriatrische aandoeningen en kwetsbaarheid 
in deze cardiovasculaire populatie en het effect op klinische uitkomsten. 
In lijn met de multifactoriële aard van geriatrische aandoeningen, toonden beide 
netwerkmeta-analyses die we uitvoerden aan dat met name interventies met meerdere 
componenten effectief zijn in het voorkomen van ongunstige uitkomsten. Toekomstige 
studies zijn nodig om het effect, de haalbaarheid en de uitdagingen van de implementatie 
van deze interventies te onderzoeken.
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Graag wil ik Karen Keijsers bedanken voor het attenderen op de vacature voor dit 
promotietraject. Vijf jaar geleden bespraken wij mijn wens om me te verdiepen in de 
geriatrische cardiologie door middel van een promotietraject. Jij bracht me in contact 
met Dineke. 

Beste coauteurs van beide OPERAM studies, bedankt voor de geweldige internationale 
samenwerking. Dank voor de aanvoerende rol die jullie mij als eerste auteur lieten nemen. 
Het was een geweldig leerzame ervaring om twee grote systematische literatuurstudies 
uit te mogen voeren. Helemaal omdat ik hierin werd begeleid door Rob Scholten, 
voormalig directeur van het Dutch Cochrane Centre. Dank Rob voor het delen van al 
jouw kennis en ervaring, op een vriendelijke, humoristische en nuchtere manier. Ook 
wil ik graag Renee Raijmann in het bijzonder bedanken voor de fijne samenwerking. Jij 
vervulde een essentiële rol toen je mijn taken waarnam voor de OPERAM studies tijdens 
mijn zwangerschapsverlof. Het is heel bijzonder dat jij daarna ook een promotietraject 
bent aangegaan, en vervolgens de werkzaamheden voor de AHEAD studie van mij hebt 
overgenomen. Ik heb het vol vertrouwen aan je overgedragen.  

Dank Geert Lefeber voor de bijdrage die je hebt geleverd aan meerdere hoofdstukken in 
dit proefschrift. Allereerst hebben we samen hard gewerkt aan de TAVI database. Ook heb 
je een actieve rol gehad in de data verzameling voor de AHEAD studie. Dank ook voor de 
inhoudelijke bijdrage aan deze artikelen. Geen vraag is te veel voor je, dank voor de fijne 
samenwerking.
 
Dank ook Marcel, Jolanda en Judith voor jullie bijdrage aan dit proefschrift. Jullie hebben 
op een kundige manier data verzameld voor zowel de TAVI studies als de AHEAD studie. 

Dank aan de gehele AHEAD onderzoeksgroep voor het gezamenlijk opzetten van deze 
studie. Het was ontzettend leerzaam om een studie vanaf het startpunt op te mogen 
zetten. De nieuwe samenwerking tussen de cardiologie en geriatrie was mijn reden 
om dit promotietraject aan te gaan. In het bijzonder bedank ik Linda van Laake en Faiz 
Ramjankhan voor deze nieuwe samenwerking. Ook dank aan alle collega’s van het 
hartfalenteam van het UMCU voor de prettige klinische samenwerking. Dank ook Lieke 
Numan voor het delen van jouw steunhart kennis en je wetenschappelijke vaardigheden, 
wat heeft geleid tot een mooie publicatie en vooral een hele prettige en laagdrempelige 
samenwerking. 

Dank José de Vries voor alle administratieve ondersteuning die je geboden hebt afgelopen 
jaren. 
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Natuurlijk wil ik ook graag mijn voormalig kamergenoten en collega-promovendi 
bedanken: Lianne, Namiko, Esther, Nienke, Jurre, Evelien, Gini en Renee. Dank voor al jullie 
gezelligheid en praktische tips met betrekking tot promoveren.

Dank alle geriaters en internisten ouderengeneeskunde van het UMCU voor de soepele 
overgang van promovendus naar aios geriatrie. Na twee jaar vooropleiding interne 
geneeskunde en 3 jaar promoveren, is het best even wennen om als aios geriatrie aan de 
slag te gaan. Jullie creëerden een veilig en vertrouwd opleidingsklimaat, waarvoor dank.

Dank ook alle geriaters en internist ouderengeneeskunde van het Catharina Ziekenhuis 
Eindhoven voor de warme ontvangst na de overstap vanuit het UMCU. In het bijzonder 
wil ik graag Leonie Klompe en Carolien van der Linden bedanken voor de steun toen het 
pittig was om het promotietraject af te ronden naast alle klinische werkzaamheden. Jullie 
gunden mij tijd om de laatste loodjes af te ronden. Ontzettend veel dank daarvoor!

Graag zou ik ook Felice, Taco, Thomas, Vivan en Julia bedanken voor jullie steun de 
afgelopen jaren. Ook mijn overige familie en vrienden bedank ik voor alle support.  

Marloe en Rianne, mijn paranimfen, goede vriendinnen en collega-arts-onderzoekers. 
Dank voor jullie interesse in mijn promotietraject de afgelopen jaren en dat jullie mij 
bijstaan tijdens de verdediging. Dat voelt beter met jullie aan mijn zijde. 

Mijn vader heeft mijn interesse in de geriatrie gewekt door zelf pionier te zijn in de 
klinische geriatrie. Ik hoop je trots te maken met deze bijdrage aan de klinische geriatrie. 

Annemarie en Ton, mijn schoonouders, wil ik graag bedanken voor de ondersteunende 
rol van de afgelopen jaren. Jullie hebben me geregeld ruimte gegeven om te werken aan 
dit traject door op Pieter en Oliva te passen. Dat heb ik erg gewaardeerd. 

Mama en Kees, mijn steun en toeverlaat. Zowel emotioneel als praktisch. Mama, je bent 
zo belangrijk voor me.

Lieve Job, mijn grootste supporter. Zonder klagen heb je mij de ruimte gegeven om dit 
proefschrift af te ronden naast de opleiding. Je bent trots op elke kleine stap vooruit. Dank 
voor je oneindige stroom aan steun, kracht en liefde. 

Lieve Pieter en Olivia, mijn allesies.
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