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Abstract

Background: This study investigated the trajectories of decline in individual instrumental activities of daily living (IADL) with aging and the 
effect of hearing loss, vision loss, or dual sensory loss on these trajectories in community-living frail older persons.
Method: This longitudinal population-based study was conducted in 9,319 community-living frail Dutch persons aged 60 years and older. 
Self-reported hearing loss, vision loss, or dual sensory loss and nine IADL were assessed in 15 studies of the Dutch National Care for the 
Elderly Program (The Older Persons and Informal Caregivers Survey Minimum Dataset). Probabilities of limitations in IADL, odds ratios (per 
5 years) for binary, and rate ratios (per 5 years) for score outcomes were calculated using mixed logistic and negative binomial models with 
age as the underlying timescale, stratified by sensory loss, and corrected for confounders.
Results: At baseline, the number of IADL limitations was higher in dual sensory loss (2.00 [interquartile range 1.00–4.00]) and vision loss (2.00 
[interquartile range 1.00–4.00]) compared to no sensory loss (1.00 [interquartile range 0.00–2.00]) or hearing loss (1.00 [interquartile range 
0.00–3.00]). Trajectories of individual IADL showed an increase in limitations in all IADL with age. Household tasks, traveling, shopping, 
preparing a meal, and walking showed the most rapid decline. Handling finances, traveling, and walking followed a different pattern of decline 
based on sensory loss status.
Conclusions: The age effect on limitations in IADL appears to be similar across all types of sensory loss, with the exception of handling 
finances, traveling, and walking. At baseline, persons with self-reported sensory loss had higher levels of self-reported functional limitations. 
Trajectories depict a decline in IADL competence with age.

Keywords: Trajectories, Sensory loss, Everyday competence, Mobility, Community living.

Age-related sensory deficits such as hearing loss (HL) or vision loss 
(VL) are common chronic conditions in older persons. In commu-
nity-based studies, prevalence of isolated HL, VL, or concurrent VL 
and HL, known as dual sensory loss (DSL), ranges between 11.6% 
and 43.0%, 5% and 20.6%, and 2.9% and 38%, respectively, with 
higher prevalence in older age (1–7). The impact of sensory loss (SL) 
has been associated with major negative health-related outcomes 
such as mobility, communication, social participation, depression, 

cognition, and functional disability; expression and strengths of 
associations are subject to severity and type of SL (3,7–10).

The ability to function and move around independently in the 
community is a high priority for older persons. Loss of competence 
in instrumental activities of daily living (IADL) such as handling 
finances, grocery shopping, or walking threatens an independent life-
style and often precedes the loss in competence of self-care activities 
of daily living such as toileting or bathing (11). Successful completion 
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of the individual IADL requires sufficient visual ability (eg preparing 
a meal) and/or auditory input (eg using the telephone, traveling).

Evidence regarding the impact of VL on IADL and mobility has 
been provided in cross-sectional (2,12,13) and longitudinal studies 
(8,14,15). Evidence of HL on IADL and walking has predominantly 
been assessed cross-sectionally (2,14,16). A recent review on DSL in 
older adults revealed that studies exploring DSL and IADL compe-
tence and walking are scare, mostly cross-sectional, with few studies 
exploring longitudinal effects and item-specific IADL competence (17). 
Acknowledging the importance of the different domains of IADL com-
petence, little is known on the effects of SL on individual IADLs over 
time in community-living frail older adults. This paucity may prevent 
the development of effective tailored interventions for these persons.

The aim of this study is to investigate trajectories of item-specific 
IADL decline over age and the (long-term) effect of self-reported 
HL, VL, or DSL on these trajectories in community-living frail older 
persons.

Methods

Study Design and Population
Data of the Dutch “The Older Persons and Informal Caregivers 
Survey Minimum Dataset” (TOPICS-MDS), a dynamic public access 
database of 42 research studies, were used (18). Detailed informa-
tion on the TOPICS-MDS has been described elsewhere (19).

For this study, studies were eligible if they had data of partici-
pants with at least one follow-up assessment at either 6, 12, 18, or 
24 months, and were targeted at frail persons living independently 
in the community. Participants were eligible if they were 60 years of 
age or older and had complete baseline data on all variables relevant 
to this research question. This resulted in a final data set (derived 
January 2016) consisting of 15 studies and data of 9,319 frail older 
persons (Figure 1 and Supplementary Table 1).

Ethical approval for the fully anonymized data set was integrated 
in the individual studies. Studies using TOPICS-MDS data were 
exempted from ethical review (Radboud University Medical Center 
Ethical Committee review reference number CMO: 2012/120).

Measurements

Determinants
Sensory loss
Self-reported HL and VL were assessed by asking the participant 
“Place a tick next to the illnesses and conditions ([hearing problem] 
or [vision problem]) that you have at the moment or have had in the 
past 12 months. You can select more than one answer.” Both items 
were scored with two answer categories “absent” (0) and “present” 
(1). Subsequently, a variable SL was constructed for baseline assess-
ment with four categories: no HL and no VL (no sensory loss [NSL]) 
(0), isolated HL (1), isolated VL (2) and DSL (both HL and VL) (3).

Outcomes

Primary Outcomes
Ability to perform IADL
At baseline and follow-up, self-reported activities of daily living 
(ADL) and IADL were assessed using the modified KATZ-15 ADL 
and IADL questionnaire (20). Nine IADL items were measured: 
grooming, transportation, grocery shopping, preparation of a meal, 
telephone use, household, handling medications, managing money, 

and walking. Participants were asked “Do you need help with 
[item]?” Each item had two answer categories: “no” (0) and “yes” 
(1) (20).

Demographics and Other Variables
At baseline and follow-up, demographic information on age, gender, 
and marital status was obtained using self-reported questionnaires. 
At baseline, information on educational level, socioeconomic status, 
and the number of 14 high-impact chronic health conditions was 
obtained. For details, see Supplementary Material.

Statistical Analysis

Characteristics of the participants were reported as frequencies and 
percentages for categorical variables and means and standard devia-
tions or medians and interquartile ranges for continuous variables 
where applicable.

TOPICS-MDS is a pooled data set of individual-level informa-
tion incorporating data of studies with different study designs and 
sampling frameworks. We used one-step, in particular, mixed (multi-
level) models with three levels (time, person, and study), where the 
study is the highest level of clustering. Individual participant data 
were used. This allowed for nesting within study and provided esti-
mates that are precision weighted according to the sample size of 
each study.

Mixed logistic regression models for dichotomous outcomes and 
mixed negative binomial regression models for score outcomes were 
used to estimate the association between age and each of the IADL 
items. To account for dependency across the repeated measurements 

Figure 1. Flow of participants and study inclusion (N = number; TOPICS-MDS 
= The Older Persons and Informal Caregivers Survey - Minimum Dataset).
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within the same participant during follow-up, a standard covariance 
components matrix was included (21–23) and a random intercept to 
account for differences between studies. The models were fitted on 
an age scale (per 5 years), corrected for determinants reported to be 
associated with disability, such as gender, education, socioeconomic 
status, and the number of chronic diseases (24). These models were 
used to estimate odd ratios (ORs) and rate ratios (RRs) with 95% 
confidence intervals (CIs) and to estimate predicted probabilities for 
individual IADL for each 5-year age group and SL group. For each 
IADL item, the interaction between age group and SL was tested to 
determine whether the association of these factors differed according 
to age (additional information in Supplementary Material). Statistical 
significance levels were set at .05. All analyses were performed using 
the statistical program IBM SPSS Statistics for Windows (Version 
24.0; IBM Corp.) and SAS version 9.4 (SAS Institute, Inc., Cary, NC).

Results

Table 1 shows the baseline characteristics of all participants strati-
fied by SL. Most of the 9,319 participants reported NSL (N = 4,150, 

44.5%) whereas 1,693 (18.2%) participants reported DSL. Age was 
higher with an increasing number of SL (Table 1). The number of 
reported IADL limitations was the highest for participants with DSL 
(2.00 [interquartile range 1.00–4.00]) and VL (2.00 [interquartile 
range 1.00–4.00]). Figure  2 depicts the prevalence of the number 
of IADL limitations over a 2-year period. Almost 75% reported no 
limitation in IADL at age 60–64 years; by age 75–79 years, this per-
centage was 48%, and in those ≥90 years, 6% reported no limitation 
in any IADL.

Trajectories of IADL
Supplementary Table  2 of the supplement provides an overview 
of the number of participants in the analysis per IADL item and 
SL and time of measurement. Figure 3A–J displays the trajectories 
of IADL limitations by age and SL. Trajectories of the individual 
IADL depict an increased probability in IADL limitations with age. 
Five IADL have the highest probability of decline: household tasks 
(Figure 3C), traveling (Figure 3H), shopping (Figure 3F), preparing 
a meal (Figure 3D), and walking (Figure 3I). Difficulties with house-
hold tasks, traveling, and shopping show the most rapid decline with 

Table 1. Baseline Characteristics of Participants

All Participants No Sensory Loss Hearing Loss Vision Loss
Dual Sensory 
Loss

(N = 9,319) (N = 4,150) (N = 1,945) (N = 1,531) (N = 1,693)

Age (mean ± SD) 78.58 ± 6.60 76.87 ± 6.16 79.55 ± 6.16 78.60 ± 6.71 81.67 ± 6.53
Gender (N; %)
 Male 3,802 (40.8) 1,694 (40.8) 991 (51.0) 462 (30.2) 655 (38.7)
 Female 5,517 (59.2) 2,465 (59.2) 954 (49.0) 1,069 (69.8) 1,038 (61.3)
Education (N; %)
 Low† 2,993 (32.1) 1,270 (30.6) 618 (31.8) 522 (34.1) 538 (34.4)
 Medium‡ 5,301 (56.9) 2,391 (57.6) 1,111 (57.1) 847 (55.3) 952 (56.2)
 High§ 1,025 (11.0) 489 (11.8) 216 (11.1) 162 (10.6) 158 (9.3)
Marital status (N; %)
 Married 4,675 (50.2) 2,262 (54.5) 1,048 (53.9) 660 (43.1) 705 (41.6)
 Divorced 609 (6.5) 264 (6.4) 97 (5.0) 132 (8.6) 116 (6.9)
 Widow/widower/partner deceased 3,403 (36.5) 1,345 (32.4) 700 (36.0) 608 (39.7) 750 (44.3)
 Single 475 (5.1) 205 (4.9) 71 (3.7) 104 (6.8) 95 (5.6)
 Sustainable living/unmarried 157 (1.7) 74 (1.8) 29 (1.5) 27 (1.8) 27 (1.6)
Living situation (N; %)
 Independent alone 4,405 (47.3) 1,783 (43.0) 843 (43.3) 832 (54.3) 947 (55.9)
 Independent with others 4,914 (52.7) 2,367 (57.0) 1,102 (56.7) 699 (45.7) 746 (44.1)
Socioeconomic status 2010 (mean ± SD) 0.07 ± 1.01 0.14 ± 1.03 0.08 ± 1.01 0.00 ± 1.00 −0.06 ± 0.98
Chronic diseases (median ± IQR) 2.00 [1.00–3.00] 1.00 [0.00–2.00] 2.00 [1.00–3.00] 2.00 [1.00–3.00] 3.00 [1.00–4.00]
Number of (I)ADL limitations (KATZ-15, total) 
(median [IQR])

2.00 [0.00–4.00] 1.00 [0.00–3.00] 1.00 [0.00–4.00] 2.00 [1.00–5.00] 3.00 [1.00–5.00]

Number of ADL limitations (total 0–6) (median 
[IQR])

0.00 [0.00–1.00] 0.00 [0.00–1.00] 0.00 [0.00–1.00] 0.00 [0.00–1.00] 0.00 [0.00–1.00]

Number of IADL limitations (total 0–9) (median 
[IQR])

1.00 [0.00–3.00] 1.00 [0.00–2.00] 1.00 [0.00–3.00] 2.00 [1.00–4.00] 2.00 [1.00–4.00]

 Difficulties grooming YES (N; %) 215 (2.3) 75 (1.8) 36 (1.9) 39 (2.5) 65 (3.8)
 Difficulties handling finances YES (N; %) 2,120 (22.7) 980 (23.6) 404 (20.8) 350 (22.9) 386 (22.8)
 Difficulties with household tasks YES (N; %) 5,022 (53.9) 1,803 (43.4) 1,009 (51.9) 1,013 (66.2) 1,197 (70.7)
 Difficulties preparing a meal YES (N; %) 1,724 (18.5) 590 (14.2) 376 (19.3) 330 (21.6) 428 (25.3)
 Difficulties handling medication YES (N; %) 764 (8.2) 245 (5.9) 158 (8.1) 154 (10.1) 207 (12.2)
 Difficulties with shopping YES (N; %) 2,490 (26.7) 850 (20.5) 44 (23.0) 544 (35.5) 648 (38.3)
 Difficulties using phone YES (N; %) 379 (4.1) 97 (2.3) 104 (5.3) 55 (3.6) 123 (7.3)
 Difficulties with traveling YES (N; %) 2,830 (30.4) 940 (22.7) 496 (25.5) 617 (40.3) 777 (45.9)
 Difficulties with walking YES (N; %) 2,614 (28.1) 870 (21.0) 516 (26.5) 554 (36.4) 674 (39.8)

Notes: ADL = activities of daily living; IADL = instrumental activities of daily living; IQR = interquartile range; N = number; SD = standard deviation.
†Less than six classes of primary school, six primary school classes, more than primary school/primary school with uncompleted further education. ‡Practical 

training, secondary vocational education. §Preuniversity education, university/higher professional education.
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age, whereas difficulties with preparing a meal and walking have an 
initial gentle decline at younger old age, with increase in decline after 
age 80 years.

Trajectories on difficulties handling finances (Figure  3B) and 
medications (Figure 3E) indicate a gentle decline up to age 85 years 
with a slight increase thereafter. However, participants with NSL 
barely decline in handling finances over the entire age range. 
Grooming (Figure 3A) and telephone use (Figure 3G) appear to be 
unaffected up to age 90 years, with more than 80% being able to 
perform these activities at age 100 years. Trajectories in the number 
of IADL limitations suggest a steady decline up to age 90 years, lev-
eling off thereafter.

Age Effect on Groups of SL and IADL Limitation
Table  2 shows the effect of age (per 5  years) for each SL group 
adjusted for gender, education, socioeconomic status, and the 
number of chronic diseases.

The age effect on difficulties handling finances was higher for 
all groups with SL compared to without SL: HL (OR = 1.38 [95% 
CI  =  1.27; 1.50]), VL (OR  =  1.40 [95% CI  =  1.31; 1.49]), DSL 
(OR = 1.48 [95% CI = 1.38; 1.58]) versus NSL (OR = 1.15 [95% 
CI = 1.08; 1.23]).

Concerning difficulties with household tasks, the age effect was 
highest for HL (OR = 1.99 [95% CI = 1.86; 2.13]) and lowest for 
NSL (OR = 1.75 [95% CI = 1.67; 1.83]). VL and DSL had similar 
point estimates as NSL.

The age effect on difficulties with traveling and shopping 
was highest for HL (ORTravel  =  1.89 [95% CI  =  1.76; 2.03] and 
ORShopping  =  1.68 [95% CI  =  1.56; 1.80]) and lowest for VL 
(ORTravel = 1.43 [95% CI = 1.36; 1.51] and ORShopping = 1.39 [95% 
CI = 1.32; 1.47]). Point estimates of DSL and NSL lay between HL 
and VL.

Concerning difficulties using the telephone, handling medication, 
and grooming, the age effect was highest for NSL (ORTelephone = 1.61 
[95% CI = 1.42; 1.83], ORMedication = 1.60 [95% CI = 1.47; 1.75], 
and ORGrooming  =  1.78 [95% CI  =  1.54; 2.05]) and lowest for VL 
(ORTelephone = 1.13 [95% CI = 0.98; 1.31], ORMedication = 1.30 [95% 

CI = 1.20; 1.40], and ORGrooming = 1.33 [95% CI = 1.15; 1.54]). Point 
estimates for HL and DSL lay between NSL and VL.

The age effect on difficulties preparing a meal was highest 
for DSL (OR  =  1.66 [95% CI  =  1.56; 1.77]) and lowest for VL 
(OR = 1.38 [95% CI = 1.38; 1.46]). Point estimates for HL and NSL 
lay between DSL and VL.

Concerning the limitations in the number of IADL, the age 
effect was higher for NSL (RR = 1.41 [95% CI = 1.30; 1.52]) or HL 
(RR = 1.43 [95% CI = 1.28; 1.60]) and lower for VL (RR = 1.24 
[95% CI = 1.13; 1.37]) or DSL (RR = 1.27 [95% CI = 1.15; 1.41]).

Discussion

In this study, the effect of self-reported HL, VL, or DSL on the trajec-
tories of self-reported limitations in IADL with aging in community-
living frail older persons was investigated. We observed that people 
with SL at baseline had higher levels of functional limitations at 
baseline. Trajectories on IADL limitations depict a decline in IADL 
competence with age that appears to be of similar pace for all SL 
groups, except for handling finances, traveling, and walking.

Looking at the individual trajectories of IADL items, household 
tasks, traveling, grocery shopping, preparing a meal, and walking were 
activities with the most rapid decline, with household tasks having the 
highest probability of decline in the younger-old with VL (0.18) and 
DSL (0.19). Furthermore, handling finances was almost unaffected in 
the NSL group over the entire age range contrary to a decline for those 
with SL. This is in-line with a longitudinal study on IADL disability 
and SL, which found an increased risk of difficulties handling finances 
for persons with VL or DSL, but not HL (25). Some methodological 
aspects must be considered to appreciate the results. First, we used 
self-reported measures rather than objective measures to assess sen-
sory function and IADL competence. Although both strong (26,27) 
and weak (7) correlations between self-reported and objective meas-
ures have been reported, subjective measures can be of advantage as 
they encompass a subjective component of functional capability that is 
not provided by objective measures. Restricting to objective measures, 
ie visual acuity or pure-tone audiometry, ignores other visual or audi-
tory influences such as contrast sensitivity or word-in-noise. Second, 
the use of survey data may have affected our results, as no information 
on the severity of or changes in sensory or health status nor the use 
of vision or hearing aids was available. Furthermore, nuances in func-
tioning and health status could not be accounted for by limiting an-
swer categories to yes/no lacking discriminative ability (28). This may 
have led to an underestimation of trajectories for persons with severe 
or changes in SL. However, one study found no difference in IADL 
limitations between hearing-aid users and nonusers after 5 years (29) 
whereas a small study on 17 individuals with 6  months follow-up 
suggests improvement in telephone use after wearing a hearing aid 
(30). Third, the heterogeneity within TOPICS-MDS as a pooled data 
set of different studies varying in population size and reporting lev-
els across variables may be of concern. However, statistical strategies 
frequently used for the analysis of individual participant data from 
various data sources were applied and random effects by study were 
used to account for differences between studies (21,22,31). Yet, differ-
ences in results due to modeling approaches and choice of statistical 
models have been reported (31,32). Fourth, survival and selection bias 
due to a mortality effect may have led to a biased estimation of the 
trajectories of decline.

The strengths of our study are the evaluation of NSL, HL, VL, 
along with DSL, and the long-term impact on individual IADL items. 

Figure 2. Prevalence of the number of limitations in self-reported activities of 
daily living (IADL) over a 2-year period stratified by age.
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Moreover, the large number of frail participants living in the commu-
nity and the broad age range of 60–100 years contribute to an in-depth 
understanding of the aging process in this population. Furthermore, 
IADL were chosen as an early indicator of decline as they often pre-
cede decline in basic activities of daily livings (11). The evaluation of 
IADL limitations at item level rather than the presence of IADL limita-
tions provided new insight in the item-specific decline with the goal 
of developing future targeted interventions. Because the analysis was 
conducted on an age scale, we were able to depict the trajectories on 
IADL items and clearly visualize the age component on the decline.

Participants reporting SL had higher levels of IADL limitations 
at baseline, but the effect of SL was subsiding over time, except for 
handling finances, traveling, and walking. This is in-line with other 
studies that found a higher prevalence of IADL limitations at base-
line but a diminished effect of SL over time (3,8).

Some of our findings were unexpected: grooming, handling medi-
cation, and telephone use appeared to be minimally affected by SL 
throughout the entire age range; yet, the effect of age varied between SL 
groups. The gentle decline in telephone use may be due to technological 
advances, ie availability and use of hearing and vision aids, or special-
ized (electronic) devices for visually or auditory impaired enhancing ease 
of telephone use (30,33), factors that we were unable to account for.

Furthermore, the age effect on isolated VL and IADL limitations 
appeared to be lower compared to NSL for several activities. In add-
ition, trajectories on difficulties with walking and the lower point 
estimates of the age–SL interaction in VL or DSL compared to NSL 
or HL were unexpected as most cross-sectional studies indicate an 
up to fourfold increased risk of walking difficulties due to VL or 
DSL (2,34). We hypothesize that older adults with VL and/or HL at 
younger old age possibly adapt to the situation by various strategies 
or acceptance of the situation, whereas persons with onset of disease 
at older age may be troubled by the new situation. This hypothesis 
is supported by studies in older adults with SL that suggest varying 
resilience and adaption over time (35,36). Other explanations may 
be the wording of SL assessment or the fact that we were unable to 
account for changes in SL throughout the follow-up as participants 
may have had improvement in vision or hearing, by, ie cataract sur-
gery, use of hearing aids, both readily available to all persons living 
in the Netherlands.

The results of this study suggest that the longitudinal influence 
of both types of SL either isolated or concurrent on the decline in 
IADL functioning is similar to those without SL, with the exception 
of handling medication, traveling, and walking. However, the effect 
of age differed per IADL activity and SL group. This is in contrast 
with other studies that found stronger associations for VL and/or 
DSL with IADL limitations over time than NSL (3,8,15). A study on 
HL and physical function found a 60% increased risk of IADL limi-
tations and walking with each 25-dB increase in hearing deficit (16). 
However, the operationalization of IADL and SL is not comparable 
to our study as a variety of IADL definitions was used varying be-
tween any type of limitations to change in disability and question-
naires or objective measurements for SL (3,8,15,16). Reasons for 
no significant difference between SL groups could be related to cop-
ing mechanisms through cognitive resources (35,36) or use of tech-
nology (33); however, the latter may be limited to the younger old. 
Inability to account for changes in SL status may have prevented 
significant differences between SL groups.

We observed that four of the five IADL items (traveling, gro-
cery shopping, preparing a meal, and walking) with the most rapid 

Figure 3. (A–I) Trajectories of limitations in individual activities of daily living 
(IADL) by age and sensory problem. (J) Trajectories of limitations in the 
number of IADL items by age and sensory problem.
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decline need dual sensory input for successful completion. In our 
study, these were also the items with the highest probabilities to be 
lost over the age range. Part of our data supports earlier evidence 
that VL seems to weight more than isolated HL or DSL (8,37), 
exemplified by the higher predicted probabilities for the VL group 
at younger old age for several IADL. However, the effect seems to 
subside after the age of 85 years.

More longitudinal research on the impact of SL on IADL limita-
tions is needed incorporating objective and subjective measures as 
well as severity of functional loss. Furthermore, the use of vision and 

hearing devices and other technology as well as context and coping 
strategies should be considered to unravel their effect on the trajec-
tories of individual IADL items.

Conclusion

The effects of age on limitations in individual IADL appear to be 
similar across all types of SL, with the exception of handling finances, 
traveling, and walking. At baseline, persons with self-reported SL 
had higher levels of self-reported functional limitations. Trajectories 
depict a decline in IADL competence with age. Household tasks, 
traveling, grocery shopping, preparing a meal, and walking showed 
the most rapid decline. Future longitudinal research should include 
severity of SL, technology use as well as context and coping strate-
gies and IADL capacity.
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