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Chapter 1

CYSTIC FIBROSIS

Cystic fibrosis (CF) is one of the most common fatal hereditary disorders worldwide.1 It is 

caused by mutations in the cystic fibrosis transmembrane conductance regulator (CFTR) 

gene. This gene codes for the CFTR protein, which functions as a channel for chloride ions and 

water across the membrane of cells that produce mucus, sweat, saliva, tears, and digestive 

enzymes. A mutation in this CFTR gene impairs the function of these channels, which leads to 

thicker and sticky mucus. Because the CFTR protein is present in all mucus producing organs 

in the body, CF is a multi-system genetic disorder affecting the lungs, pancreas, liver, intestine 

and other organs.2,3 Symptoms of CF can differ due to the many different mutations in the 

CFTR gene, ranging from complete absence or mild dysfunction of CFTR. Depending on the 

impaired function of CFTR, patients may experience fat malabsorption and chronic pulmonary 

infections leading to bronchiectasis and progressive lung damage.4

Therapy is directed to maintain and optimize pulmonary function and nutritional status, 

since these are key factors in survival.5 Recent decades have shown a great improvement in 

survival of individuals with CF.6 Registries in Europe, the USA, and Canada now demonstrate 

that median survival for CF is around 40-50 years.7 This is much higher than the median 

age at death worldwide, which is only around 30 years6,7 due to health inequalities and a 

dramatic variation in survival of CF individuals across Europe.6,8 The increased survival in some 

Western countries can be explained by newborn screening programs,9,10 centralized care9 

using evidence-based clinical and nutrition guidelines,11 access to CF specific medications, 

and the introduction of drugs that modulate CFTR.12,13 As the majority of children with CF now 

live into adulthood, the number of adults with CF is growing. This also means that more CF 

patients have different stages of pulmonary disease, with complex co-morbidity. Therefore, 

health care professionals need to be able to adapt the nutritional treatment of a CF patient 

across the life span.

NUTRITIONAL CARE

Nutritional status has a positive association with pulmonary function and survival in CF.14 

However, many patients suffer from an impaired nutritional status, due to a combination of 

increased nutrient demands, increased losses, and impaired nutritional intake. Insufficient 

nutritional intake is common in the CF population. There are many different reasons for this. 

First, CF patients often experience severe fatigue15 which can contribute to a reduced food 
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consumption with increased risk of nutrient deficiencies.16 Second, chronic loss of appetite 

in CF patients is a well known problem17,18 without appropriate treatment.19 These problems 

often concerns both individuals and their families, and may contribute to development of 

complex family or social situations with disturbed eating behaviors.19 Moreover, risk factors 

for developing eating disorders include factors which may be a direct consequence of severe 

CF disease such as delayed growth and puberty, low body weight, comorbidities such as cystic 

fibrosis related diabetes (CFRD), preoccupation with the disease and dietary management, as 

well as the reduced life expectancy.20 Also social isolation, low self esteem and a disturbed 

body image may be a result of CF.21 All of these issues, in combination with gastro-intestinal 

dysfunction and increased caloric expenditure, make it often difficult to attain an appropriate 

nutritional status.22 Increased caloric expenditure is mainly caused by increased work of 

breathing due to chronic lung infection and loss of pulmonary function. In addition, chronic 

pulmonary infection and inflammation lead to cytokine-induced catabolism.22 To compensate 

for these demands, nutrition guidelines for patients with CF recommend energy intakes of 

110-200% of requirements for the healthy population of the same sex and age11 to maintain 

or achieve body mass index (BMI) targets.11,23 Furthermore, if oral intake is insufficient, enteral 

tube feeding is described as an effective method to improve nutritional status, especially in 

malnourished patients.24

Despite appropriate management, CF patients still require intensive monitoring for both 

malnutrition and overweight/obesity. A study in sixty-eight Greek CF patients showed that 

22% of the patients were malnourished and 13% was overweight or obese. In the remaining 

65% of the patients, only 29% met the classification of a normal nutritional status based 

on having a body mass index (BMI) between the 10th and 85th percentiles in children and 

adolescents or between 18.5 and 24.9 kg/m2 in adults.25 However, even a healthy weight or 

BMI may mask nutritional problems, as these do not provide insight in the proportion of fat 

and fat free mass (FFM). Insight in body composition is important, because CF patients with 

a higher FFM were shown to have a better pulmonary function than patients with a higher 

FM.26,27 Moreover, depleted or low FFM is associated with significant lung disease and impaired 

pulmonary function.28 Losses of both muscle mass and muscle function must be prevented, 

because they will lead to unwanted weight loss, exhaustion and reduced physical activity 

capacity resulting in a higher risk of mortality.29-31 Therefore, BMI and weight measurements 

do not detect changes in tissue composition and therefore may underestimate results of 

nutritional support.32 As more patients with CF live well into adulthood, knowledge about 

the concepts and measurements of body composition has become more clinically important.

1
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LUNG TRANSPLANTATION

Despite better medication and nutrition guidelines, most CF patients still need a lung 

transplantation (LTx) to improve survival.33,34 LTx is a well-established treatment option for 

CF patients with end-stage lung disease.35,36 This therapeutic option should be considered for 

patients whose clinical status has progressively declined despite maximal medical treatment. 

International guidelines suggest that transplantation should be considered for patients with 

CF who have a 2-year predicted survival of less than 50% and who have functional limitations 

classified as New York Heart Association Class III or IV.37 If FEV1 has fallen to 30% or a patient 

with advanced disease shows a rapidly falling FEV1 despite optimal therapy, referral to a lung 

transplant center is warranted.37 Patients are accepted on the waiting list if contra-indications 

are absent. The decision to list patients with CF is complex and should take into account the 

rate of decline in pulmonary function, frequency of exacerbations, and the development of 

baseline hypercapnia and pulmonary hypertension. These current recommendations from 

the International Society of Heart and Lung Transplantation are based on small studies and 

expert opinion consensus.34

In order to reach the optimal survival rates before and after LTx, the Lung Allocation Score 

(LAS) has been recently introduced in the Netherlands (2014). LAS is used as marker of disease 

severity with scores ranging from 0 to 100. A high LAS is reflecting individuals with the most 

urgent need and the greatest change of success after transplantation.38 The use of LAS has 

been associated with shorter waiting list times and an improved survival benefit.36,38 However, 

CF lung transplant recipients with a high LAS (>46) also show a decreased one year post-

transplant survival38 and due to a shortage of available donor lungs, a considerable proportion 

of CF patients with high LAS already die before transplantation.39

For LAS calculation, anthropometric parameters such as weight and height are needed.40 

Ongoing weight loss despite aggressive nutritional supplementation is one of the current 

criteria for patients to be eligible for lung transplantation.34 However, relative contraindications 

for LTx are a nutritional status with a BMI below 18 or above 30.34,37 It is a challenge for dietitians 

working in transplant care to optimize energy requirements for improving the nutritional 

status in CF patients before LTx. One of the challenges is the difficulty in establishing the 

caloric demands. Indirect calorimetry is the most commonly used and reliable non-invasive 

method for measuring the REE in clinical populations, also in CF.41 A small study performed 

in ten CF children showed an increased (132% of predicted) mean resting energy expenditure 

(REE) measured by indirect calorimetry before LTx that decreased to 112% of predicted REE 
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within one year after LTx.42 However, longitudinal studies in which REE before and after LTx 

is investigated in adult CF patients are lacking.

As in the general CF population, it is warranted to investigate whether BMI is an adequate 

measure to assess and monitor nutritional status in CF LTx patients, as is now stated in 

current international guidelines.11 Moreover, current diagnostic tools for assessment of the 

nutritional status need to be explored in CF and also the applicability of these tools in CF LTx 

patients. Furthermore, research into effective nutritional intervention strategies in CF LTx 

patients are rare and highly warranted to optimize nutritional status and to contribute to the 

improvement of lung transplant outcome.

Aims and outline of this thesis This thesis aims to increase the knowledge on body 

composition, caloric demands, and effectiveness of nutritional interventions in adult CF 

patients, and how to measure these outcomes. Data were derived from clinical practice, 

ranging from outpatients who came for regular check-ups to end-stage patients before and 

after lung transplantation.

Chapter 2 provides a review of literature published between 2015 and 2017 about nutritional 

management associated with pulmonary function and outcome in cystic fibrosis. Based on 

this review, which includes expert-based guidelines, optimal nutritional care of CF patients 

is proposed. In Chapter 3 to 5 we compare current clinically applicable methods to estimate 

body composition and resting energy expenditure with actual measurements. In Chapter 

3, we put measured versus predicted resting energy expenditures (REE) side by side in a 

cross-section of end-stage cystic fibrosis patients, using indirect calorimetry and different 

prediction equations used in clinical practice. In Chapter 4 we describe the bioelectrical 

impedance analysis (BIA) as a method to assess body composition in adult CF patients and 

we assess whether the differences between fasting and non-fasting BIA results are clinically 

relevant. The same techniques of BIA and REE are used in a unique longitudinal study in 

a cohort of CF patients before and after their lung transplantation and those results are 

presented in Chapter 5. Effectiveness of nutritional interventions is studied in Chapter 6 

and 7 in two other cohorts. In Chapter 6 we show the results of an observational study in 

which we monitored body weight and body mass index (BMI) before and after the start of 

enteral tube feeding (ETF) in patients with end-stage cystic fibrosis. Moreover, in Chapter 7, 

we investigate BMI and fat free mass index (FFMI), dietetic intervention and dietary intake in 

CF patients before and after lung transplantation. Finally, in Chapter 8, the contents of this 

thesis will be discussed and summarized. Also recommendations for current clinical practice 

and future directions for research are indicated.

1
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ABSTRACT

Purpose of review
Cystic fibrosis (CF) is a progressive genetic disease that affects multiple organ systems. 
Therapy is directed to maintain and optimize nutritional status and pulmonary function, as 
these are key factors in survival. In this review, the most recent findings regarding nutritional 
management associated with pulmonary function and outcome will be explored.

Recent findings
Evidence-based and expert-based guidelines emphasize the need for adequate nutritional 
intake to improve nutritional status. For infants and young children, the aim is to achieve 
the 50th percentile of weight and length for a healthy same-age population up to age 2 
years. For older children and adolescents 2-18 years, the target is a body mass index (BMI) 
of at or above the 50th percentile for healthy children. For CF adults of at least 18 years, 
the target is a BMI of at or above 22 kg/m2 for women and at or above 23 kg/m2 for men. 
Recently, new drugs are developed with the aim to treat the malfunction of the cystic fibrosis 
transmembrane conductance regulator gene. This potentiator/corrector therapy improves 
lung function and nutritional status and decreases the number of infective exacerbations. As 
survival is improving and the CF population is aging, it is important to focus on micronutrient 
and macronutrient intake of CF patients in different age and disease stages.

Summary
Recent evidence-based nutritional guidelines and improved medical treatment support 
the nutritional monitoring and interventions in CF patients. Nutritional care should be 
personalized and provided by a specialized CF dietitian because patients’ care needs may 
change dramatically during their disease progress.
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INTRODUCTION

Recent decades have shown a great improvement in survival of individuals with cystic fibrosis 

(CF).1 Registries in Europe, the USA and Canada now demonstrate that median survival for 

CF is around 40-50 years (UK 45.1, USA 41.1 and Canada 49.7 years). The median age at death 

worldwide is around 30 years1,2 because of health inequalities with the dramatic variation 

in the survival of CF individuals across Europe.1 The increased survival can be explained 

by implementation of centralized care, newborn screening programs (NBS) and evidence-

based guidelines including better nutritional care and the introduction of drugs aimed at the 

modulation of cystic fibrosis transmembrane conductance regulator (CFTR) protein.

NBS programs for CF have been widely adopted in several European countries, Australia, New 

Zealand and the majority of states in North America. Major improvements in both nutritional 

status and lung function in young children, adolescents and adults as a result of NBS have 

been reported. Early diagnosis of CF by NBS and early intervention, including nutritional 

supplementation to prevent malnutrition, mucolytic therapy and aggressive treatment of 

infection with Pseudomonas aeruginosa, may have contributed to these improvements.3,4

Moreover, nutritional status is positively associated with pulmonary function and survival in 

patients with CF. This strongly supports the nutritional strategies and the efforts to obtain 

normal growth in CF children, and the importance to maintain adequate nutritional status 

in adults with CF. Careful nutritional monitoring as recommended in European Society of 

Parenteral and Enteral Nutrition (ESPEN)-ESPHAN-European Cystic Fibrosis Society (ECFS) 

guidelines5▪▪ should continue to apply current early growth recommendation, with goal 

weight-for-length (WFL) at or above 50th percentile on growth charts before age 2.6▪▪,7 Timely 

and focused interventions to improve nutritional status are of great importance to improve 

prognosis and survival in CF.

The standard nutritional care for CF has been a high caloric diet with pancreatic enzyme 

replacement therapy (PERT) and fat-soluble vitamin supplementation to achieve an adequate 

nutritional status.5▪▪ The nutritional status can also be improved by using CFTR modulators, 

including correctors and potentiators. The effect of CFTR potentiation on clinical outcome 

and subsequently improved nutritional status is well described by Borowitz et al8▪▪ (Table 1).

A CFTR potentiator, known as Ivacaftor and commercially available as Kalydeco, has produced 

results as respiratory function gain, and pulmonary exacerbations reductions, and several 

2
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other achievements, such as better control of diabetes, improvement of pancreatic function, 

increase of body weight, improvement of BMI and BMI z scores and quality of life.9-12,13▪,14 Other 

studies show an improvement in lung function,12 a slower rate of lung function decline10 or 

no significant changes.11 With more knowledge about genetic modifiers of the disease, the 

individual prognosis can be better defined and individualized therapy can be optimized.

Table 1 Potential mechanisms through which Ivacaftor might contribute to improved 
nutritional status

Effect of CFTR potentiation Associated clinical outcome that could lead to  
improved nutritional status

In the sinuses and lower respiratory 
tract
↑ Fluidity of respiratory tract mucus
↓ Sinus mucus ↑ Sense of smell → improved appetite
↓ Airway mucus → ↓ Work of breathing →↓ energy expenditure and  

improved appetite
↓ Airway obstruction → fewer  

pulmonary exacerbations
 

In the gastrointestinal (GI) tract
↑ Bicarbonate and fluid flow through 

pancreatic duct, Brunner’s glands, 
and biliary tract

…Leads to improved fat/nutrient  
   absorption

Lipolytic: improved pH optimum for pancreatic enzymes, 
possible unplugging of pancreatic ductules and ‘rescue’
of acinar function
Postlypolytic: improved micelle formation
↓ Thickness of gut mucus layer
↓ Inflammation → improved enterocyte absorption

…and increase fluid in GI tract
↓ Obstipation ↑ Appetite
↓ Small intestinal bacterial overgrowth ↓ Competition for intestinal nutrients

Less inflammation → appetite
…and better action of defensins Change in fecal microbiome

Less inflammation → improved appetite, ↓energy  
expenditure

Systemic
Improved insulin secretion ↓ Loss of calories through glycosuria

↑ Protein anabolism
Less inflammation → improved appetite, ↓energy  
expenditure

Reproduced from [8▪▪].

As survival has increased, the number of adults with CF is expanding, as the majority of 

children with CF now live into adulthood. Evidence-based nutritional guidelines for CF have 
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been developed recently with more attention to adequate treatment of nutritional-related 

complications in CF such as CF-related diabetes (CFRD) and malnutrition.15,16

NUTRITIONAL MANAGEMENTOF CYSTIC FIBROSIS; AN 
UPDATE FOR ADEQUATE TREATMENT ACROSS THE LIFE 
SPAN

Recently, excellent evidence-informed and practice-based guidelines on nutrition care of 

infants, children and adults with CF have been developed by the ESPEN-European Society of 

Paediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN)-ECFS,5▪▪ and also the Cystic 

Fibrosis Foundation (CFF) evidence-informed guidelines on enteral tube feeding (ETF).17 In 

addition, the Australian evidence-based guidelines are expected for October 2017.18▪▪

Also (systematic) reviews on oral calorie supplements for CF, vitamin D, vitamin E, omega-3 

poly unsaturated acids, probiotics, insulin and oral agents for managing CF-related diabetes 

endorse the importance of adequate nutritional treatment at different age- and disease stages 

in CF.19-24,25▪▪,26-28

IMPORTANCE OF ADEQUATE GROWTH AND NUTRITIONAL 
ASSESSMENT

BMI and BMI percentile for age are important measures of nutritional status in both adults 

and children with CF. The goal is a WFL of at or above the 50th percentile in children less 

than 2 years of age and a BMI of at or above the 50th percentile for children older than 2 

years, meaning that nutritional status is comparable with that of well-nourished healthy 

children.5▪▪,6▪▪,7 The rationale for this goal is that a positive association exists between 

pulmonary function, generally measured by forced expiratory volume in 1 s (FEV1) percentage 

predicted and nutritional status.6▪▪,29 Children with CF who achieve higher WFL at age 2 years 

have improved pulmonary and survival outcomes into adulthood. CF care providers should be 

using growth charts appropriate to the nationality and ethnicity of the patients. If these are 

not available, the World Health Organization (WHO) growth charts should be used www.who.

int/childgrowht/standards/en/.5▪▪ Growth and nutritional status should be monitored as part of 

routine CF care, including pubertal status.6▪▪ For CF adults over the age of 18 years, the target 

is a BMI of at or above 22 kg/m2 for women and 23 kg/m2 for men.5▪▪,30▪ Methods and timing of 

2
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assessment and monitoring of nutritional status in age-related CF people are well described 

in the ESPEN-ESPGHAN-ECFS guidelines.5▪▪ In adults, assessment of body composition 

is becoming clinically important as depleted or low fat free mass (FFM) is associated with 

significant lung disease and impaired pulmonary function15 and independent of BMI level.30▪ 

In children, bone mineral content (BMC) is a more sensitive indicator of nutritional deficit than 

low BMI; low values of BMC are correlated with impaired pulmonary function in children with 

CF.5▪▪ Furthermore, total body potassium counting is a body composition assessment method 

that measures the body cell mass (BCM). The BCM is the metabolically active component of 

the FFM and reflects the functional cellular components of the body involved in biochemical 

processes and energy metabolism. BCM is not influenced by hydration. In contrast to the 

interpretation of total FFM, which can be affected by hydration changes with growth and 

disease.31 Therefore, BCM measurements are an important reflection of nutritional status in 

growing children and those with clinical conditions. However, this method may not be widely 

available and other methods such as bioelectrical impedance analysis and dual energy X-ray 

absorptiometry can provide information on fat mass and FFM and should be used where 

possible. Future research needs to focus on perfecting bedside techniques to assess body 

composition, which will assist in improving nutrition-related outcome measures.31

ENERGY BALANCE IN CYSTIC FIBROSIS

Optimal energy intake is critical to the overall health of people with CF. Insufficient nutritional 

intake is common in the CF population and is caused by poor appetite, malabsorption and 

disturbed body image. This, in combination with increased caloric expenditure, makes it often 

difficult to attain an appropriate nutritional status.6▪▪

The energy balance is not only determined by energy intake (food), energy expenditure 

(activity, maintenance and increased demands with inflammation) and losses (diarrhea 

and vomiting). In CF, a variety of factors contribute to individual energy needs, including 

nutrient maldigestion and/or malabsorption, presence of pulmonary exacerbation, pulmonary 

function, FFM, sex, pubertal status, CFTR mutation, age and other medical complications, 

such as liver disease and CFRD.6▪▪

Loss of energy due to malabsorption is a problem in CF patients with exocrine pancreatic 

insufficiency. PERT is essential to improve fat malabsorption in pancreatic insufficient 

patients.32▪ Eighty-five percent to 90% of people with CF have pancreatic insufficiency, leading 
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to malabsorption of nutrients, especially fat and fat-soluble vitamins.6▪▪,32▪ Addition of proton 

pump inhibitors may improve effectiveness of PERT.32▪ Current guidelines recommend lipase 

intake by age of the patient, by body weight and by grams of fat ingested per day,5▪▪ but a 

large variability and inconsistency with new guidelines on nutrition and PERT-use was found 

in six European pediatric CF centers.33 The MyCyFAPP Project has been started to develop 

educational and self-management tools for patients’ better adherence to therapies.33

Increased caloric expenditure is mainly caused by increased work of breathing due to chronic 

lung infection and loss of pulmonary function. In addition, chronic pulmonary infection and 

inflammation lead to cytokine-induced catabolism.6▪▪ In patients with end-stage CF, predication 

equations for energy needs underestimate resting energy expenditure (REE).34

There is a wide variation in the energy requirements of people with CF. To achieve a normal 

growth and nutritional status, energy intake targets for age may need to be increased in 

children with CF, although obesity should be avoided.5▪▪ For this reason, recommendations for 

energy needs are 110-200% of those required by the healthy population of the sex and age 
5▪▪,15. Improvement in weight gain can be achieved using energy dense diets, and additional 

oral nutritional supplements (ONS), behavioral interventions, ETF or parenteral nutrition.5▪▪,15

A recent systematic review of ONS in three randomized clinical trials (total of 131 patients) 

found that ONS did not promote additional weight gain in moderately malnourished children 

with CF over and above the use of dietary advice and monitoring alone.19 In contrast with 

children, the use of ONS in adults with CF has not been adequately studied.5 Although 

the Cochrane review concluded that there is not enough evidence to support the use of 

ONS, practice-based evidence has shown that in clinical practice, individually prescribed 

supplements have increased energy intake and weight in undernourished patients,5▪▪ but 

further research should investigate the long-term effect of supplement use.

The CFF recommends use of ETF in people with CF who are unable to attain caloric 

requirements to meet growth/weight maintenance goals despite evaluation by a 

multidisciplinary team.17 Using this intervention, it is important to monitor for complications 

such as glucose intolerance and glucosuria. Gastrostomy tubes are commonly used in patients 

using ETF, and jejunostomy tubes are placed in patients with gastro paresis.30▪

Although CF is commonly associated with malnutrition, the proportion of overweight and 

obese individuals is increasing. In one US pediatric CF center, 23% of patients with CF aged 

2
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2-18 years were found to have an average BMI percentile greater than 90. Surprisingly, 88% 

of the overweight patients and 69% of the obese patients had CFTR mutations associated 

with pancreatic insufficiency. In a longitudinal cohort study that spanned from 1985 to 

2011, the proportion of overweight or obese adults in a Canadian CF center increased from 

7% to 18%. The benefit of increasing BMI greater than 25 in adults seems to be small as 

improvement in pulmonary function seems to be blunted.30▪ Moreover, recent studies show a 

higher proportion of obese individuals with CF having elevated serum triglycerides and total 

cholesterol.30▪ Furthermore, a cross sectional study in 32 adults with CF and a reference group 

of 20 adults without CF showed that a normal-weight BMI with elevated percentage body fat 

is associated with reduced lung function.35▪ Dietary recommendations should therefore focus 

on a balanced diet and a healthy lifestyle with good exercise habits to achieve an adequate 

body composition with normal fat and FFM percentages.

SPECIALIZED NUTRITION-RELATED TREATMENTS IN CYSTIC 
FIBROSIS

For CF patients with pancreatic insufficiency, recent guidelines recommend the evaluation of 

plasma levels of fat-soluble vitamins after the start of enzyme and vitamin supplementation 

3-6 months after initiation or change in vitamin therapy; and annually thereafter.5▪▪ A 

review of Li et al.36 compared recent reports of actual dietary intake and nutritional status 

of micronutrients such as minerals, trace elements and vitamins with relevant dietary 

recommendations for CF. They conclude that although dietary intake and nutritional status 

in CF have improved significantly in recent decades, micronutrient status seems to have 

diverged. Recommendations for different age groups differ between countries.36 The 

optimal dosages of long-term micronutrient supplementation require further investigation, 

so that safety and effect on reducing lung disease severity and CF-related complications 

are balanced.20,36 Vitamin D is under investigation for its potential role in gut microbiota 

modification,37 intestinal calcium absorption and bone health,5▪▪,22 recovery from pulmonary 

exacerbations22 and improvement of lung function.23 The positive results observed in CF and 

non-CF trials of vitamin D supplementation provide a strong rationale for larger, randomized 

control trials of long-term, high-dose vitamin D3 supplementation in CF patients.23

CF patients usually have abnormal intestinal microbiota because of exposure to antibiotics. 

Probiotics could modify the gut microbiota. Several reviews examined the use of probiotics 

in the treatment of CF pulmonary exacerbation and intestinal inflammation.25▪▪,26,28,38 
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Unfortunately, they lack the scientific quality that is needed for a recommendation. Until 

there is more robust evidence supporting the safety of probiotics in clinical care, they should 

be used with caution with high-risk patients such as those with acute exacerbations or those 

with severe respiratory function.25▪▪

Also the evidence for dietary supplementation of fatty acids to improve lung function or 

anti-inflammatory effects39 in children or adults with CF is too limited for recommendations 

in daily practice.5▪▪,21

Treatment of CFRD includes education on diabetes self-management, insulin therapy and 

aerobic exercise. Although some CF centers use oral medications to help control diabetes, the 

CFF clinical practice guidelines support the use of insulin therapy and this remains the most 

widely used treatment method.24 The achievement of adequate blood glucose levels would be 

best to prevent decline in pulmonary function.27 Patients need to learn to adjust their insulin 

dose to the carbohydrate content of the meal, sip feeds or ETF. CFRD patients can benefit 

from being seen periodically by a specialized team with expertise in both diabetes and CF.5▪▪

For CF women planning to become pregnant, a daily supplement of 400 µg of folic acid in the 

preconception period and throughout the first trimester to prevent neural tube defects is 

recommend,5▪▪ similar to non-CF women. A variety of complications may occur in pregnant CF 

women, including impaired airway clearance, chronic respiratory tract infections, diabetes 

mellitus, pancreatic insufficiency and nutritional deficiencies. Pregnancy is advised against 

if the FEV1 is less than 30% predicted or if pulmonary hypertension is present.40 Pregnant 

women with moderate pulmonary function increase the probability of an optimal outcome.41 

Management includes adequate nutrition with PERT and fat-soluble vitamins, management of 

the chest infections with antibiotics and monitoring of maternal diabetes.40 The third trimester 

may be associated with increasing dyspnea that may necessitate bed rest with supplemental 

oxygen and nutritional supplements.41

Lung transplantation (LTx) is a well-established treatment option for CF patients with end-

stage lung disease. Ongoing weight loss despite aggressive nutritional supplementation 

is one of the criteria for listing for LTx.42 It is a challenge for dietitians to optimize energy 

requirements for improving the nutritional status in pre-LTx patients with CF. Measurement 

of REE can be a helpful tool to optimize nutritional intervention as prediction equations seem 

to underestimate REE in end-stage CF patients.34 After LTx, patients with CF are at risk of 

2

Proefschrift Francis Hollander v5 - productie.indd   27 4-6-2020   14:32:18



28

Chapter 2

developing diabetes, and both tacrolimus and systemic steroids are known to increase the 

risk of diabetes posttransplant.43

CONCLUSION

Nutritional care should be closely adapted to the various stages and complications of CF 

across the lifespan to extend survival and to improve quality of life. Moreover, new therapies, 

such as CFTR modulators and transplantation techniques, change the needs for nutritional 

intervention. Recent evidence-based and expert-based guidelines provide up-to-date 

information for optimal nutritional care of the general patient, but for treatment of individual 

CF patients personalized treatment by a specialized CF dietitian is recommended.
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ABSTRACT

Background
Resting energy expenditure (REE) is increased in patients with cystic fibrosis (CF) with 
end-stage lung disease due to chronic inflammation and pulmonary infections. After lung 
transplantation (LTx), energy expenditure is expected to be lower because inflammation will 
decrease. We assessed the agreement between measured and predicted REE in pre-LTx CF 
and post-LTx patients with CF and differences in REE in pre-LTx CF and post-LTx patients with 
CF in a cross-sectional study.

Methods
Included were 12 pre-LTx patients with CF (9 women; median age 31.6 years; interquartile 
range [IQR], 23.3-40.0) and 12 patients with CF within 2 years after LTx (6 women; median age 
33.5 years; IQR, 22.3-40.3). REE was measured in a fasted state using indirect calorimetry. 
Values were compared with predicted REE calculated by formulas of Harris Benedict (1919 
and 1984), Schofield, and the World Health Organization (1985). A calculated REE between 
90% and 110% of REE measured was considered adequate.

Results
Prediction equations underestimate REE in at least 75% of pre-LTx and 33% of post-LTx 
patients with CF. Mean (SD) REE measured by indirect calorimetry was 1735 (251) kcal pre-LTx 
and 1650 (235) kcal) post-LTx (P = .40). REE expressed per kilogram of fat-free mass (FFM) was 
40.5 kcal/kg in pre-LTx patients with CF, which was higher than the 34.3 kcal/kg in post-LTx 
patients with CF patients (P = .01).

Conclusions
Prediction equations underestimate REE in patients with end-stage CF. REE per kg of FFM is 
lower post-LTx than pre-LTx in patients with CF. Measurement of REE is recommended for 
patients with CF, especially pre-LTx, to optimize energy requirements for improving nutritional 
status.
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INTRODUCTION

Nutritional status has a strong positive association with pulmonary function and survival in 

cystic fibrosis (CF).1 Nutrition guidelines for patients with CF recommend energy intakes of 

110%-200% of requirements for the healthy population of similar age, sex, and size.2 Most 

patients with CF require a higher energy intake than healthy individuals due to chronic 

inflammation and pulmonary infections.3 In addition, a reduction in dietary intake, especially 

during episodes of infection, and increased energy losses from fat malabsorption have a 

negative impact on nutritional status.3,4 Insights into energy requirements are necessary for 

determining dietary requirements to achieve an adequate nutrition status.

In general, to determine energy requirements in patients, different prediction equations 

can be used in which resting energy expenditure (REE) is multiplied by activity and disease 

factors.5,6 Therefore, REE is an important determinant of total energy expenditure (TEE). REE 

can be calculated based on age, sex, and body weight in healthy persons, using raw data of 

prediction equations such as those of Harris-Benedict (HB; 1919 and 1984),6 Schofield,5 and 

the World Health Organization (WHO; 1985).7

For patients with CF, there is no consensus on which prediction equation is most reliable. 

The prediction equations of the WHO and HB (1919) underestimate REE in adult patients 

with CF with exocrine pancreatic insufficiency (PI) and homozygote ∆F508 compared with 

measured REE by indirect calorimetry.8 Moreover, commonly used prediction equations 

are often not suitable for calculating REE in critically ill or hospitalized patients.9 Different 

prediction equations can overestimate or underestimate REE in adults with CF.10 This will 

provide inadequate individual recommendations for TEE and impairs reaching an optimal 

nutrition status.

Previous studies have shown that nutrition status predicts survival and affects outcome in 

adult patients with CF pre- and post-LTx.11,12 In our own LTx patients with CF, a low body mass 

index (BMI) and especially a low fat-free mass index (FFMI) at waiting list entry impaired 

survival.11 Despite dietary treatment and tailored exercise training, no significant improvement 

in BMI or FFMI was seen between waiting list entry and the last outpatient visit pre-LTx. This 

might be due to underestimated energy requirements used in the dietary advice.11 These 

results suggest that adequate prediction of REE by equations is hampered by the increased 

energy requirements due to lung disease severity. Correct REE values will improve estimation 

of TEE, and this will provide adequate individual recommendations for energy.

3
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Indirect calorimetry is the most commonly used and noninvasive method for measuring REE 

in clinical populations, as well in CF.13,14 We found no studies that compared the validity of 

prediction equations for energy requirements pre-LTx and post-LTx with measured values. 

The primary aim of this study was to assess the agreement between measured REE using 

indirect calorimetry and predicted REE according to Harris-Benedict 1919 and 1984, Schofield, 

and WHO 1985 prediction equations. Our secondary aim was to assess differences in REE in 

pre-LTx CF and post-LTx patients with CF in a cross-sectional study.

METHODS

Study Population and Characteristics
From September 2014 through December 2014, all patients with CF who visited our outpatient 

clinic for lung transplantation at the University Medical Center Utrecht and who were either 

pre-LTx or within 2 years post-LTx were included for REE measurements. Unfortunately, 

no follow-up data on the same patients pre-LTx and post-LTx were yet available. Exclusion 

criteria for REE measurement were claustrophobia, pneumothorax, and intravenous antibiotic 

treatment. Data on sex, genotype mutation, exocrine PI, presence of cystic fibrosis-related 

diabetes (CFRD) or new-onset diabetes after transplant (NODAT), age, colonization with 

Pseudomonas aeruginosa, and pulmonary function were collected from electronic medical 

patient records. Chronic infection with P aeruginosa was defined according to Lee et al.15 

Pulmonary function was routinely assessed by spirometry (ZAN, Oberthulba, Germany) and 

expressed as FEV1% of the predicted normal forced expiratory volume in 1 second (FEV1). All 

FEV1 measurements were performed by the Laboratory for lung function of the University 

Medical Center Utrecht prior to REE measurement. The study was approved by the Medical 

Ethics Committee of University Medical Center Utrecht.

Anthropometric Data
Measurements of body weight (±0.1 kg) and height (±0.1 cm) were performed in the Nutritional 

Assessment laboratory of the Department of Dietetics, using a calibrated electronic scale 

(SECA model 701; SECA, Hamburg, Germany) and stadiometer (SECA model 225). Patients were 

measured in fasted state dressed in indoor clothing and without shoes. BMI was classified 

according to the WHO recommendations: underweight, <18,5 kg/m2; normal weight, 18.5-

24.9 kg/m2; and overweight, 25-29.9 kg/m2.16 Fat-free Mass (FFM) was routinely measured in 

pre-LTx and post-LTx patients with CF at the Department of Lung Function using bioelectrical 

impedance analysis (BIA) (Body stat 1500; Bodystat Ltd, Douglas, UK). Patients were measured 
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in fasted state and lying in supine position. A low FFMI was defined as ≤14.6 kg/m2 for women 

and ≤16.7 for men.17

Measurement of REE
REE was measured using indirect calorimetry by a ventilated hood system (COSMED Quark 

RMR; COSMED, Rome, Italy), which was calibrated daily before use. Measurements of REE were 

performed according to institutional standard operating procedures (SOP). A new disposable 

antibacterial filter was used in every REE measurement to prevent bacterial and viral cross-

contamination. Patients were measured in a fasted and rested state of at least 8 hours. If 

patients were using oxygen supplementation, this was stopped before the REE measurement. 

Patients were in supine position. Measurements were performed in standard neutral hospital 

room temperature. A clear canopy was placed over the head of the patient. The canopy was 

disinfected with antiviral and antibacterial disinfection wipes after every REE measurement. 

Respiratory gas exchanges were monitored for 30 minutes. Data of steady-state ventilation of 

at least 15 to 20 minutes were achieved in all patients, when the average minute VO2 and VCO2 

changes by <10% and the average respiratory quotient changes by <5%. The Weir equation 

was used to calculate REE.18

Calculation of REE by Prediction Equations
Different prediction equations are used in clinical practice to calculate REE in patients with 

CF. According to an earlier study of validation of predictive equations for REE in adult out-

clinic and clinic patients, the most practical and relatively accurate equations were selected 

to compare with measured REE.19 The original Harris-Benedict (HB 1919) and revised Harris-

Benedict equation by Roza and Shizgal (HB 1984), Schofield equation, and WHO prediction 

equation were used without activity and disease factors.

Statistical/Data Analysis
Normality was tested by histograms, Q-Q plots, and the Shapiro-Wilk test. Descriptive 

statistics were used to summarize baseline characteristics. Results are expressed as median 

± interquartile range (IQR) unless stated otherwise. Bland-Altman analysis was performed 

to examine agreement between measured vs predicted REE. Significant differences between 

groups were tested by the Mann-Whitney U test for continuous variables and with the Fisher 

exact test for nominal data.

A calculated REE between 90% and 110% of REE measured was considered as an 

acceptable prediction; below 90% was considered an underestimation and above 110% an 

3

Proefschrift Francis Hollander v5 - productie.indd   39 4-6-2020   14:32:31



40

Chapter 3

overestimation.20 Statistical analysis was performed using SPSS version 21.0 (SPSS, Inc, an 

IBM Company, Chicago, IL). A P value of <.05 was considered to indicate statistical significance.

RESULTS

Study Population
Twenty-eight patients with CF were eligible for REE measurement. Four patients were excluded 

due to claustrophobia (n=1), pneumothorax (n=2), and death (n=1) shortly before scheduled 

measurement. Twenty-four patients with CF were included, of whom 12 were pre-LTx and 12 

were post-LTx (7 patients within 6-12 months post-LTx and 5 patients within 12-24 months 

post-LTx). Characteristics are shown in Table 1.

Anthropometrics
No significant differences between anthropometric measurements were seen pre-LTx and 

post-LTx. Underweight based on BMI <18.5 kg/m2 was seen in only 1 man in the pre-LTx group 

and 1 woman in the post-LTx group. Median FFMI was 15.0 kg/m2 (14.4-16.0) in the group of 

patients pre-LTx and 16.8 kg/m2 (14.8-17.6) in the group post-LTx. Four patients (3 women) 

had a low FFMI in the pre-LTx group and 1 woman within 2 years post-LTx group according to 

cutoff points by Kyle et al 17 (data not shown).

REE Measurement and Calculation by Prediction Equations
Mean (SD) measured REE was 1735 (251) kcal in the patients who were measured pre-LTx and 

1650 (235) kcal in the patients measured post-LTx (Table 2). This difference was not significant 

(P =.40). However, because the pre-LTx group contained more women, and men and women 

differ in metabolically active FFM, we also corrected the measured energy expenditure for 

kilograms of FFM. This showed that REE per kilogram FFM was significantly higher pre-LTx 

than post-LTx (P =.01) (Table 2).

The predicted REE values using the 4 different prediction formulas did not differ much from 

each other, with a mean difference of 57 kcal (range, 10-198 kcal). In most pre-LTx patients with 

CF, the predicted REE values were lower than the measured REE. Predicted values were within 

10% of measured values in only 3 out of 12 patients. Figure 1 shows the Bland-Altman graphs 

of REE measured (kcal/d) compared with REE using equations of HB 1919, HB 1984, Schofield, 

and WHO (1985) in pre-LTx (open squares) and post-LTx (filled squares) patients with CF.
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Table 1 Characteristics of Pre-LTx and Post-LTx Patients With Cystic Fibrosis.a

Characteristic Pre-LTx (n=12) Post-LTx (n=12)  P Value

Female sex 9 (75) 6 (50)  .40

Age in years, median (IQR) 31.6 (23.3-40.0) 33.5 (22.3-40.3) 1.00

Time post-LTx, median (IQR) NA 11.5 (8.1-21.3)

PI 12 (100) 12 (100) 1.00

CFRD 7 (58) 7 (58) 1.00

NODAT NA 5 (42)

Genotype
    ∆F508/∆F508
    ∆F508/other
    ∆F508/unknown

6 (50)
3 (25)
3 (25)

4 (33)
2 (17)
6 (50)

 .45

Pseudomonas aeruginosa 8 (67) 6 (50)  .41

FEV1% predicted, median (IQR) 25.0 (20.3-28.5) 76.5 (56.0-91.8)  .00

Body weight, median (IQR), kg 56.0 (52.5-65.1) 60.7 (55.6-74.7)  .22

Height, median (IQR), cm 167.3 (162.8-174.1) 172.5 (162.1-175.8)  .68

BMI, median (IQR), kg/m2 20.4 (19.1-21.9) 22.0 (18.9-24.6)  .68

Low BMI < 18.5 kg/m2 1 (8.3) 1 (8.3) 1.00

FFM, median (IQR), kg 41.2 (39.2-46.9) 45.5 (43.0-59.2) .22

BMI, body mass index;  CFRD, cystic fibrosis-related diabetes;  FEV1 % predicted, forced expiratory volume 
in 1 second as percent of predicted; FFM, fat-free mass; IQR, interquartile range; LTx, lung transplantation; 
NA, not applicable; NODAT, new-onset diabetes after transplant; PI, exocrine pancreatic insufficiency.
aValues are presented as number (%) unless otherwise indicated.

Table 2 Measured Resting Energy Expenditure in Pre-LTx and Post-LTx Patients With Cystic 
Fibrosis.

Measured REE Pre-LTx (n=12), Mean (SD) Post-LTx (n=12), Mean (SD) P Value

REE, kcal/d 1735 (251) 1650 (235) .40

REE, % predicted HB 1919 123 (18.6) 109 (7.4) .04

REE, % predicted HB 1984 122 (16.7) 109 (5.1) .02

REE, % predicted Schofield 124 (19.4) 110 (6.1) .02

REE, % predicted WHO 123 (19.3) 109 (5.7) .03

REE/kg, kcal/kg 30.0 (5.0) 26.3 (2.4) .03

REE/kg FFM, kcal/kg 40.5 (7.0) 34.3 (3.2) .01

FFM, fat-free mass; HB, Harris-Benedict; LTx, lung transplantation; REE, resting energy expenditure; WHO, 
World Health Organization. 
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As can be seen in Figure 1, pre-LTx using prediction equations underestimates REE in 75%–

83% of the patients. Within 2-years post-LTx, the predicted REE values were much closer to the 

measured REE. In 58%–67% of patients, REE was estimated within 10% of the measured values.

In all 7 pre-LTx patients with CF who had CFRD, an underestimation of REE was seen using all 4 

prediction equations. Six these 7 pre-LTx patients with CFRD were colonized with Pseudomonas 

aeruginosa. In 5 of 7 post-LTx patients with CFRD, prediction equations estimated REE within 

normal range. Also, the REE of 2 post-LTx patients with CFRD who were colonized with P 

aeruginosa was estimated correctly using prediction equations. In 2 of 5 post-LTx patients with 

NODAT, an underestimation of REE was seen using all 4 prediction equations (data not shown).

Figure 1. The difference between predicted and measured (as a percentage of measured REE) 
against measured REE values (kcal/d) in pre-LTx (open squares) and post-LTx (filled squares) 
patients with cystic fibrosis. HB, Harris-Benedict; LTx, lung transplantation; REE, resting energy 
expenditure; WHO, World Health Organization.
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DISCUSSION

The first aim of this study was to assess the agreement between measured REE using indirect 

calorimetry and predicted REE according to HB 1919 and 1984, Schofield, and WHO prediction 

equations.

Prediction equations only estimate REE at most in 25% of pre-LTx patients with CF and 67% of 

post-LTx patients with CF adequately. For example, the WHO underestimates REE in 75% of our 

pre-LTx patients with CF. A previous study showed underestimation by the WHO and HB 1919 

equations in >90% patients with CF with PI and homozygote ∆F508 patients with CF.8 A small 

Canadian study performed in 10 pre-LTx children with CF also showed underestimation of REE 

when predicted compared to measured (>115% of predicted) by using indirect calorimetry. 

Unfortunately, no data on prevalence of CFRD and/or P aeruginosa were described.21 On the 

basis of these findings, we recommend measuring REE instead of using prediction formulas 

in patients with CF, especially pre-LTx.

The second aim of this study was to assess differences in REE in pre-LTx and post-LTx patients 

with CF. Increased REE is related to colonization with P aeruginosa, genotype mutation, lung 

damage, and sex.4,8,22,23 In our study population, REE was underestimated using prediction 

equations in all pre-LTx patients with CFRD and colonized with P aeruginosa. Also, in all pre-

LTx patients with CF with genotype mutation homozygote ∆F508, prediction equations 

underestimated REE. This is consistent with findings from literature,8 although 2 post-LTx 

patients with CF with this genotype mutation had measured REE values within the normal 

range of predicted values for a healthy population. Data on CFRD and NODAT were included 

because of its high prevalence in end-stage CF and posttransplant and the influence of CFRD 

on REE.24 Prediction equations underestimated REE in all but 2 pre-LTx patients with CF, who 

were non-CFRD patients. These findings are in concordance with literature in which elevated 

REE is shown in patients with CFRD compared to healthy controls.25

Within two years post-LTx, not surprisingly lung function improves in the majority of our 

patients with CF. In 4 out of 12 post-LTx patients with CF REE was still underestimated using 

prediction equations, possible due to re-colonisation with Pseudomonas aeruginosa from the 

patient’s paranasal sinuses.26

When REE was adjusted for body weight or FFM a significant difference was seen between 

pre- and post-LTx patients with CF. REE/kg and REE/kg FFM was significantly higher in pre- 
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than in post-LTx patients with CF. These differences may be explained by a decrease of 

inflammation and pulmonary infections post-LTx and a decline of increased respiratory effort. 

In our study blood serum C-reactive protein (CRP) values were available, but no association 

was found between elevated CRP values and increased REE measurement outcomes (data 

not shown). This is in accordance with a study in patients with chronic obstructive pulmonary 

disease (COPD).27 For future research in pre-LTx and post-LTx patients with CF, nitric oxide 

(NO) possibly may be used as a biomarker of airway inflammation. A study in 22 CF children 

showed that the distal airway is a major site of inflammation, and measuring alveolar NO may 

be a marker of distal inflammation in CF,28 also used in asthma.29

Strengths of this study are the availability of REE measurements in CF patients before and 

after LTx. To our knowledge, this is the first study in which REE is measured in adult patients 

with CF before and after lung transplantation. Besides, data about infection status, CFRD 

and FFM was available.

This study is limited by its cross-sectional design. REE measurement could not be performed 

in the same patients with CF both pre- and post-LTx as in a study in 10 CF children.21 Further 

research is warranted using a longitudinal study design to determine changes of REE within 

the same patients before and after lung transplantation.

Use of BIA for measuring FFM is standard of care in our hospital. But reference values for 

specifically patients with CF are lacking. It is still unclear whether it is sufficiently accurate 

for clinical use in critically ill patients.30,31 Comparing BIA outcomes with the gold standard 

for indirectly measuring body composition, air displacement plethysmography,32 would 

contribute to the knowledge of validity of BIA in patients with CF.

Exploration of actual energy demands in pre- and post-lung transplantation patients with 

CF will contribute to better dietary practice. REE is an important determinant of total energy 

requirement in patients and with incorrect REE values from prediction equations dietitians 

are not able to perform an effective dietary treatment. Patient tailored REE can be used by 

dietitians to achieve an optimal nutritional status in this vulnerable patient population and this 

will additionally contribute to improvement of survival before and after lung transplantation. 

Our current data with future data might contribute to the development of a CF population 

specific prediction equation for REE also taken into account disease and activity factors. 

Although measuring REE gives a more reliable estimate of energy needs than prediction 

equations, this amount of energy may still not be enough to keep patients in energy balance. 
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Losses due to absorption problems need to be taken into account, and these may be at least 

10% of total energy needs.33

Research into the effects of oxygen supplementation on energy needs is lacking. Indirect 

calorimetry of course uses oxygen consumption and carbon dioxide production to estimate 

energy expenditure, and would therefore be unsuitable. Measuring total energy expenditure 

with the doubly-labelled water technique would overcome this problem and has the additional 

benefit of estimating total and not just resting energy expenditure.

Repeated weight monitoring is therefore still needed to see whether patients are in energy 

balance. Measurement of REE will not be necessary in patients who are perfectly able to 

maintain their body weight. However, in patients who lose weight – despite reporting to 

adhere to their diet and medication, it may be helpful in diagnosing the cause of the weight 

loss problem and therefore the solution. In that case, it may be more cost effective than 

performing a fat balance test (collecting diet information and stool samples).

In conclusion, prediction equations underestimate REE patients with end-stage CF. REE per 

kg body weight and REE per kg FFM is significantly higher pre-LTx as compared with post-

LTx. Measured REE values will contribute to better dietary treatment in patients with CF. 

Therefore, measurement of REE instead of using equations is recommended for patients with 

CF during different stages of their disease, especially pre-LTx to optimize energy requirements 

for improving the nutrition status. Future research should focus on explorative reasons for 

elevated REE.
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ABSTRACT

Background
Nutritional status affects pulmonary function in cystic fibrosis (CF) patients and can be 
monitored by using bioelectrical impedance analysis (BIA). BIA measurements are commonly 
performed in the fasting state, which is burdensome for patients. We investigated whether 
fasting is necessary for clinical practice and research.

Methods
Fat free mass (FFM) and fat mass (FM) were determined in adult CF patients (n=84) by whole 
body single frequency BIA (Bodystat 500) in a fasting and non-fasting state. Fasting and 
non-fasting BIA outcomes were compared with Bland-Altman plots. Pulmonary function 
was expressed as Forced Expiratory Volume at 1 second percentage predicted (FEV1%pred). 
Comparability of the associations between fasting and non-fasting body composition 
measurements with FEV1%pred was assessed by multiple linear regression.

Results
Fasting FFM, its index (FFMI), and phase angle were significantly lower than non-fasting 
estimates (-0.23 kg, p=0.006, -0.07 kg/m2, p=0.002, -0.10°, p=0.000, respectively). Fasting FM 
and its index (FMI) were significantly higher than non-fasting estimates (0.22 kg, p=0.008) 
0.32%, p=0.005, and 0.07 kg/m2, (p=0.005). Differences between fasting and non-fasting FFM 
and FM were <1 kg in 86% of the patients. FFMI percentile estimates remained similar in 83% 
of the patients when measured after nutritional intake. Fasting and non-fasting FFMI showed 
similar associations with FEV1%pred (β: 4.3%, 95% CI: 0.98, 7.70 and β: 4.6%, 95% CI: 1.22, 
8.00, respectively).

Conclusion
Differences between fasting and non-fasting FFM and FM were not clinically relevant, and 
associations with pulmonary function remained similar. Therefore, BIA measurements can 
be performed in a non-fasting state.
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INTRODUCTION

Slowing the progression of lung disease severity is the primary aim in cystic fibrosis (CF) 

patient care, as a deterioration in pulmonary function impairs health-related quality of life 

and survival.1,2 Nutritional status is related to lung disease severity in CF patients.1-4 Body 

mass index (BMI) is often used to determine nutritional status,2,3 but does not distinguish 

between the amount of fat free mass (FFM) and fat mass (FM).5,6 The amount of FFM and FM 

is important, because CF patients with a higher FFM (in kg) have a better pulmonary function 

than patients with a higher FM (in kg and %).6,7 This indicates the need for a more detailed 

assessment of body composition in this patient group, because CF patients may have a normal 

BMI, but can still have an unfavorable proportion of FFM and FM characterized by a higher 

amount of FM than FFM.6,7

Bioelectrical impedance analysis (BIA) is a quick and portable method,8,9 which estimates 

the amount of FFM and FM from measured impedance and resistance.8,10,11 Being in a non-

fasting state has been shown to increase FFM and decrease FM estimates,9,12,13 and is therefore 

avoided in scientific studies. However, it is unclear whether this strict condition is needed in 

clinical practice.12,14 Currently, patients are asked to refrain from eating and drinking until BIA 

measurements have been performed, which can be experienced as burdensome. Therefore, 

this study assessed whether the differences between fasting and non-fasting BIA results are 

clinically relevant in adult CF patients. Researchers may use data registered in electronic 

patient records for studies. Thus, for applicability in clinical research, this study additionally 

investigated whether associations between BIA results with pulmonary function are different 

when using fasting or non-fasting data.

SUBJECTS AND METHODS

Study participants and design
An observational cross-sectional study was conducted among adult CF patients. Patient 

recruitment was done at the outpatient clinic of the CF center at the University Medical 

Center Utrecht from September 2017 until July 2018. Measurements were performed as part 

of routine CF care at their annual check-up, as this was the convenience of the activities 

being undertaken at the outpatient clinic visit. The annual check-up includes an oral glucose 

tolerance test (OGTT) for screening for CF-related diabetes in all patients not previously 

diagnosed with CFRD. Patients were assigned to a private room at the outpatient clinic at 
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7.45 AM., and remained there during all undertaken measurements and visits of the different 

specialists until 12.00 PM. Inclusion criteria were: ≥ 18 years of age, diagnosed with CF by 

genotyping,15 registered at CF center Utrecht. Exclusion criteria included: pregnancy and 

wearing a biosensor for treatment of cystic fibrosis related diabetes (CFRD). Patients provided 

written informed consent. The Medical Ethical Committee of the University Medical Center 

Utrecht approved the study protocol (research protocol 17-915/C).

Patient characteristics
Height was measured with a wall-mounted measuring tape (SECA 206, Hamburg, Germany) 

to the nearest 0.1 cm without shoes. Weight was measured to the nearest 0.1 kg on a digital 

scale (SECA 770, Hamburg, Germany) with patients dressed in light clothes and without shoes.

Other patient characteristics were obtained from electronic medical records and included: 

age, BMI (kg/m2), genotype of the disease (homozygote ΔF508, heterozygote ΔF508, or other), 

CFRD, pancreatic insufficiency (PI), presence of chronic Pseudomonas aeruginosa (P aeruginosa) 

infection, and use of CFTR modulator therapy (ivacaftor and combination lumacaftor/

ivacaftor). Patients were categorized based on the ESPEN BMI target value (for men ≥ 23 kg/

m2, for women ≥ 22 kg/m2).5

Non-fasting energy and fluid intake
Nutritional intake was registered before the non-fasting BIA measurements were performed 

and missing values were present in only six patients. Patients who were not diagnosed with 

CFRD had to perform an OGTT during their check-up for diagnosis of CFRD.2 Therefore, intake 

included 75 g of glucose (300 kcal) plus 200 mL of water in 71 patients who had to perform 

an OGTT for diagnosis of CFRD.2 The OGTT was performed after patients underwent fasting 

BIA measurements. Nutrition and fluid intake by patients was only allowed after OGTT result 

and before non-fasting BIA performance. Calculation of energy (kcal) and fluid (mL) intake 

was performed in eMagister (version VWB.2.2.14R1.5, Pink Roccade Healthcare, Den Bosch, 

NL), by using food composition data of NEVO2010 (version June 2010, National Institute for 

Public Health and Environment, Bilthoven, NL).

Pulmonary function
Pulmonary function was expressed as Forced expiratory volume at 1 second percentage 

predicted (FEV1%pred). FEV1%pred was assessed by spirometry tests (Geratherm, 

Geschwenda, Germany),3 using Global Lung Function Initiative reference equations.16
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Bioelectrical impedance analysis
Whole-body single frequency (SF) (50 kHz) BIA measurements were performed according to 

Standard Operating Procedures by trained personnel, using Bodystat 500 (Bodystat Ltd, Isle of 

Man, British Islands). Patients laid in supine position on the examination table, and had their 

right hand and foot cleaned with alcohol. For each patient two new electrodes were placed 

on the right hand, and two new electrodes on the right foot.17 Fasting measurements were 

performed between 8 and 9 AM. Patients were asked to void before fasting measurements. 

Non-fasting measurements were between 10 and 11 AM with no restrictions regarding 

caffeine intake and emptying the bladder. All patients performed both fasting and non-fasting 

measurements.

Raw BIA data (impedance, resistance, reactance, and phase angle) were registered in electronic 

medical records. Estimates of FFM (in kg, %, and kg/m2), and FM (in kg, %, and kg/m2) were 

obtained, using the Kyle equation.18

Percentile estimates for the fat free mass index (FFMI) (kg/m2), and fat mass index (FMI) (kg/

m2), based on Schutz et al,19 were used to compare anthropometric outcomes of patients to 

healthy people of similar age, and gender in clinical practice. Values between the 5th and 95th 

percentile were considered as normal.19,20 Values at the 5th percentile were considered as 

critical values for risk of malnutrition.

Statistical analyses
Descriptive statistics were used for the population characteristics, which were presented as 

means ± standard deviation (SD) or number (%), unless stated otherwise.

The differences between fasting and non-fasting measurements with their limits of agreement 

(LOA, means ± 1.96SD) were presented in Bland-Altman graphs.21 Clinically acceptable ranges, 

determined using Kyle et al.,20 and Schutz et al.19 percentiles, were used to define clinical 

relevance of the differences: -1.50 to 1.50 kg for FFM (kg), -1.40 to 1.40 kg for FM (kg), -2.0 

to 2.0% for FM (%), -0.42 to 0.42 kg/m2 for FFMI, and -0.50 to 0.50 kg/m2 for FMI. Clinical 

acceptable ranges were based on the differences between the 5th and 10th percentile values 

for the age categories 18-34 years, 35-54 years, and 55-74 years. Next, a grand mean was 

calculated for the differences of all age categories together. Also, to indicate significant 

differences between fasting and non-fasting measurements, p-values were generated with 

the paired t-test.

4
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Multiple linear regression assessed effects of using fasting or non-fasting BIA outcomes (BMI, 

FFMI, FMI) on associations with pulmonary function. Outcome variable was FEV1%pred. FMI 

was in the model with FFMI. Age was dichotomized based on the median value for regression 

analyses (≤ and > 26.0 years), which decreased the residual sums of squares. Covariates were 

progressively entered in the models, and remained present if the regression coefficients 

changed > 10%. Covariates considered were: age, sex,4, 7 presence of chronic P aeruginosa 

infection, PI, genotype of the disease, CFRD,4 and CFTR modulator therapy use.22, 23 Ultimately, 

age, gender and presence of chronic P aeruginosa infection remained present as covariates.

Because nutritional intake between measurements was different between patients, intake-

related bias was assessed by stratification, based on the calculated median energy (≤ or > 

638 kcal) and fluid intake (≤ or > 390 mL).

All tests were two-sided and the significance level was set at 5%. Statistical analyses were 

performed using IBM SPSS Statistics (version 25.0.0; IBM Corp., Armonk, NY).

RESULTS

The annual check-up included 128 patients. We excluded 44 patients from the study 

population, due to no consent given (n=2), measurement errors (phase angle>10˚ 10, 11) (n=2) 

or because they did not have both fasting and non-fasting measurements (n=40). Ultimately, 

84 patients were included for analyses. Missing data for nutritional intake were only present 

in six patients, and were imputed using the median value.

Median (IQR) age was 26.0 years (22.0 – 33.8), and about half of the patients were men (61%) 

(Table 1). Most patients (57%) were homozygous for ΔF508 mutation, and 42% of the patients 

met the ESPEN BMI target value.2 Nutritional intake before non-fasting BIA measurements 

was 662 kcal ± 255, and fluid intake was 420 mL ± 183. FEV1%pred was 67.7% ± 22.4 (Table 1).
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Table 1. Characteristics of included adult cystic fibrosis patients (n=84) and excluded adult 
cystic fibrosis patients (n=40).

Included patients 
N=84

Excluded patients
N=40

Age (years), median (IQR) 26.0 (22.0 – 33.8) 29.0 (24.0 – 37.0)

Male, number (%) 51 (61%) 18 (45%)

Height (cm), mean ±SD 174.5 ± 8.6 171.5 ± 8.8

Weight (kg), median (IQR) 67.6 (58.5 – 75.4) 64.3 (58.3 – 70.2)

BMI (kg/m ), mean ±SD 22.3 ± 3.1 21.8 ± 3.9

ESPEN BMI targeta, number (%) 35 (42%) 10 (25%)

PI, number (%) 75 (90%) 34 (85%)

CFRD, number (%) 13 (16%) 25 (63%)

ΔF508 homozygous, number (%) 48 (57%) 23 (58%)

ΔF508 heterozygous, number (%) 30 (36%) 11 (28%)

Other, number (%) 5 (6%) 6 (15%)

CFTR modulator therapy user, number (%) 43 (51%) 16 (40%)

FEV1%pred (%), mean ±SD 67.7 ± 22.4 63.7 ± 22.0

n= number of subjects. IQR= interquartile range. SD = standard deviation. BMI = body mass index. PI = pan-
creas insufficiency. CFRD = cystic fibrosis related diabetes. CFTR = cystic fibrosis transmembrane con-
ductance regulator. CFTR modulator therapy includes ivacaftor and lumacaftor/ivacaftor use. Normally 
distributed data presented as mean ±SD, not normally distributed data as median (IQR).
a ESPEN BMI target: ≥ 23 kg/m² for men and ≥ 22 kg/m² for women.

Differences between fasting and non-fasting BIA outcomes
On average, fasting FFM (kg), FFMI (kg/m2), and phase angle (°) were lower than non-fasting 

estimates (mean difference: -0.23 kg, LOA: -2.67, 2.22, -0.07 kg/m2, LOA: -0.51, 0.37, and -0.10°, 

LOA: -0.56, 0.36, respectively) (Figure 1, A, B, F, Table 2). Fasting FM (in kg and %), and FMI 

(kg/m2) were higher than non-fasting estimates (mean differences: 0.23 kg, LOA: -1.10, 1.55, 

0.32%, LOA: -1.65, 2.28, and 0.07 kg/m2, LOA: -0.38, 0.52, respectively) (Figure 1, C, D, E, Table 

2). All mean differences were significantly different from zero (FFM p= 0.002, FFMI p=0.006, 

FM p=0.003 for kg and p=0.005 for %, FMI p=0.005) (Table 2). However, the mean differences 

were within the clinically acceptable range (Figure 1), and LOA were similar to the clinically 

acceptable range (Figure 1).

4
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Table 2. Anthropometric outcomes from fasting and non-fasting bioelectrical impedance 
analysis measurements in adult cystic fibrosis patients (n=84).

Fasting Non-fasting Mean difference P-value

Fat free mass (kg) 52.1 ± 9.5 52.3 ± 9.6 -0.23 ± 0.67 0.002

Fat free mass index (kg/m2) 17.0 ± 2.1 17.1 ± 2.1 -0.07 ± 0.23 0.006

Fat mass (kg) 16.0 ± 6.8 15.8 ± 6.8 0.22 ± 0.67 0.003

Fat mass index (kg/m2) 5.3 ± 2.4 5.2 ± 2.4 0.07 ± 0.23 0.005

Fat mass (%) 23.3 ± 7.7 23.0 ± 7.7 0.31 ± 1.00 0.005

Phase angle (degree, ˚) 6.5 ± 1.0 6.6 ± 1.0 -0.10 ± 0.23 0.000

Data presented as mean ±SD. n= number of subjects. SD = standard deviation. P-values indicate significant 
difference between fasting and non-fasting values at 5%, and were calculated using the paired t-test.

The LOA for FFM (kg) go out of the clinically acceptable range (1.50 kg, LOA: -2.67, 2.22) 

(Figure 1, A), but the majority of the patients (95%) showed a clinically acceptable difference 

(difference < 1.50 kg) between fasting and non-fasting FFM (kg). Moreover, 86% of the patients 

showed a difference < 1 kg between fasting and non-fasting FFM (kg) and FM (kg), and in 60% 

of the patients the difference was < 0.5 kg. The LOA for phase angle also go out of the clinically 

acceptable range (0.25 ,̊ LOA: -0.56 ,̊ 0.36˚), which relates to only 70% of the patients showing 

a clinically acceptable difference between fasting and non-fasting measurements (Figure 1, F).

Approximately 80% of the patients showed normal FFMI percentile estimates (fasting 79% 

and non-fasting 83%), and normal FMI percentile estimates (fasting 89% and non-fasting 

90%). Percentile estimates remained similar in 83% of the patients in both fasting and non-

fasting states. These results indicate that most patients showed a similar nutritional status 

classification in both the fasting and non-fasting states. In 24% of the patients, a lower FM% 

was observed in the non-fasting state. Furthermore, 15 patients (18%) showed a FFMI < 5th 

percentile and three of these 15 patients (20%) showed normal FFMI in non-fasting state 

(data not shown).

Comparison associations between fasting and non-fasting BIA results with 
FEV1%pred

Our study showed that for each 1.0 kg/m2 increase in fasting FFMI, FEV1%pred was 4.34% 

higher (β: 4.34, 95% CI: 0.98, 7.70). This was similar to the beta coefficient for non-fasting FFMI 

values (β: 4.61, 95% CI: 1.22, 8.00). For FMI similar results were found between using fasting 

FMI values and non-fasting FMI values (β: -0.35, 95% CI: -2.82, 2.31, β: -0.30, 95% CI: -2.76, 2.17, 

respectively), as well as between fasting and non-fasting phase angle (β: 7.10%, 95% CI: 1.45, 

12.74, β: 7.00%, 95% CI: 1.07, 12.92, respectively). These results indicate that non-fasting BIA 
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measurements can be registered in electronic patient records and that researchers may use 

non-fasting BIA data in observational studies.

Stratified analyses
Stratification for energy (≤ 638 kcal n=44 and > 638 kcal n=40) and fluid intake (≤ 390 mL 

n=45 or > 390 mL n=39) showed no intake-related bias (Figure 2). Mean differences between 

fasting and non-fasting data were similar between patients with a low and high energy (Figure 

2, A, C, E) and fluid intake (Figure 2, B, D, E). Patients with a higher nutritional intake (> 638 

kcal and > 390 mL) showed larger LOA than patients with a low energy or low fluid intake, 

indicating that individual differences were larger in patients with a higher nutritional intake 

than patients with a lower nutritional intake. Still, even in > 90% of the patients with a high 

intake the differences between fasting and non-fasting BIA measurements were clinically 

acceptable (< 0.42 kg/m2 for FFMI and < 0.50 kg/m2 for FMI) (Figure 2). 4

Proefschrift Francis Hollander v5 - productie.indd   57 4-6-2020   14:32:43



58

Chapter 4

Figure 1. Bland and Altman plots showing diff erences between fasting and non-fasting 
bioelectrical impedance analysis outcomes in adult cystic fi brosis patients (n=84). Red line 
indicates mean diff erence, thick dashed lines limits of agreement, thin dashed lines 95% 
confi dence intervals, and green lines the clinically acceptable range. FFM = fat free mass. 
FFMI = fat free mass index. FM = fat mass. FMI= fat mass index. A is FFM, B is FFMI, C is FM 
(kg), D is FMI, E is FM (%), F is phase angle.
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Figure 2. Bland and Altman plots showing diff erences between fasting and non-fasting Bio-
electrical Impedance Analysis outcomes in adult cystic fi brosis patients (n=78), stratifi ed for 
low (< 664, n=45, blue squares) and high (≥ 664 kcal, n=33, orange triangle) energy intake (A, 
C, E), and low (<423 mL, n=44, blue squares), and high (≥ 423 mL, n=34, orange triangle) fl uid 
intake (B, D, F). Solid lines indicate mean diff erences (blue for low intake and orange for high 
intake), and dashed lines limits of agreement. FFMI = fat free mass index. FMI= fat mass index. 
A = FFMI (energy), B = FFMI (fl uid), C = FMI (energy), D = FMI (fl uid), E = phase angle (energy), 
F = phase angle (fl uid).

4
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DISCUSSION

Differences between fasting and non-fasting body composition parameters in adult CF 

patients were not clinically relevant in > 95% of the patients, except for phase angle, and 

the differences were close to zero. The associations between BIA outcomes and pulmonary 

function were comparable when using fasting and non-fasting BIA data.

Limited studies have investigated meal effects on BIA measurements,13,14,24-26 but none of these 

studies were performed in CF patients. Three of these studies reported increases in FM% after 

nutritional intake,14,24,25 which was different from our results. In contrast to our study, those 

previous studies used other BIA methods (segmental, multi frequency14 and leg to leg14,24), 

had subjects remain in supine position for 12 hours,25 included different time points for non-

fasting measurements (20, 40, and 60 minutes after eating),14 or provided a higher energy 

intake (919 kcal14, and 869 kcal24). Only two studies used whole-body SF BIA outcomes; one 

among healthy subjects13 and one among elderly,26 and their results studies were similar to 

our study. The study among healthy participants observed decreases in impedance (-18 Ω) 

and FM% (-2%) 2-4 hours after a mean intake of 652 kcal.13 The study among elderly observed 

non-significant increases in FFM (+0.2 kg) and decreases in FM (-0.05 kg) one hour after 

standardized meal consumption (299 kcal) in the morning.26 As in our study, differences were 

small and negligible on both the individual and group level.

Not just the mean differences between fasting and non-fasting outcomes were clinically 

acceptable, but also the individual differences were within the clinically acceptable range, 

as shown by the LOA of the Bland-Altman plots. Consequently, BIA measurements can be 

performed in a non-fasting state to assess anthropometric outcomes in clinical practice with 

CF, preferably with similar testing conditions in order to increase reproducibility.9 Except 

for phase angle, for which more than 5% of the observations were observed to be clinically 

unacceptable. An explanation is that phase angle is directly related to shifts in body water, 

which slightly occurs after nutritional intake.13

In clinical practice, body composition measures are usually compared to reference values 

to determine malnutrition. In this study, meal consumption did not affect classification of 

malnutrition. Percentile estimates remained similar in 85% of the patients, indicating that the 

risk of malnutrition would remain the same for most patients when using non-fasting values. 

Fifteen patients (18%) showed a FFMI < 5th percentile, and 3 of these 15 patients showed 

normal FFMI after energy and fluid intake. However, these 3 patients showed values close to 
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the critical value for risk of malnutrition in both a fasting and non-fasting state (difference 

from critical value (0.2 kg/m2)). This indicates that close monitoring of patients showing values 

close to the critical value of malnutrition is warranted. These results substantiate that non-

fasting BIA measurements can be implemented in CF patient care.

Furthermore, this study assessed effects of using fasting and non-fasting BIA measurements 

on associations between body composition outcomes with pulmonary function. No differences 

in estimates or directions were observed between fasting and non-fasting associations with 

pulmonary function. This means that other observational studies that used either fasting or 

non-fasting values can be combined for use in meta-analyses.

Strengths of this study were the limited missing values in our dataset of the included patients. 

Secondly, our study population was representative of other CF study populations in terms of 

demographic and disease characteristics.4,5,7 Also, high prevalence of normal values for FFMI, 

FMI, and phase angle were observed,10,19 which can be related to inclusion of clinically stable 

patients. Another explanation is that 50% of the patients used CFTR modulators, which is 

associated with improved nutritional status.22 Moreover, CF centered care is recommended 

to provide an adequate treatment of CF patients and improve quality of life.27 Despite that 

not all patients who visit the outpatient clinic were included for analyses (n=84 in the study 

sample versus n=128 in the study population), most patient and disease characteristics were 

similar between the study population and study sample. There was a difference between the 

prevalence of CFRD, our study population mainly included patients without CFRD. Patients 

who had been diagnosed with CFRD before were not invited for the OGTT and therefore not 

eligible for our study. Although this is a form of selection bias, we do not think that having 

CFRD or not will affect the difference in body composition before and after a meal. Patients 

for whom we did not have both measurements (fasting and non-fasting) were not clinically 

different from the ones we used in our analysis. For that reason, we think that the results can 

be extrapolated to the general CF population.

This study had some limitations. First, the Kyle equation to estimate body composition18 has 

not been validated in CF patients, but showed good precision (coefficient of variation 3.6%, 

standard error of the estimate of FFM 1.72 kg) when validated against Dual-energy X-ray 

absorptiometry among healthy individuals, as compared to other BIA equations.9 Secondly, 

SF BIA measurements may be less accurate than Multi Frequency BIA measurements,8 but 

meal effects on impedance changes have shown to be similar between SF and Multi frequency 

BIA in healthy participants.13,14 Nonetheless, the results of this study should cautiously be 
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interpreted when applied to MF BIA or BIS due to differences in the techniques.9 Also, it is 

important to acknowledge that performing BIA measurements in a non-fasting state can 

increase potential errors of the estimate,9 and should therefore still be cautiously interpreted. 

Moreover, we cannot draw conclusions regarding measuring changes over time as data were 

collected cross-sectionally. Though using similar testing conditions increases reproducibility.9 

Another limitation of this study is that patients could ingest caffeine and were not asked 

to void their bladder before non-fasting measurements, which may influence the results.9 

Only 6 (7%) patients performed physical exercise between measurements, which is due 

to the patients schedule at the outpatient clinic. Still, none of the patients with a clinically 

unacceptable difference performed exercise between measurements or showed similarities 

in factors known to influence BIA results.

In conclusion, differences between fasting and non-fasting FFMI and FMI were not clinically 

relevant. Also, associations between anthropometric outcomes with pulmonary function 

remained similar between using fasting and non-fasting data. Therefore, assessment and 

monitoring of the nutritional status by using BIA measurements can be performed in a non-

fasting state in adult CF patients visiting the outpatient clinic.
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ABSTRACT

Background
Resting energy expenditure (REE) is used to tailor dietary counselling in cystic fibrosis (CF) 
patients before and after lung transplantation (LTx). Cross-sectional studies suggest REE 
decreases after LTx. Follow-up data in patients are lacking. Therefore, we assessed REE in 
patients with CF before and after LTx, and compared measured REE to predicted REE using 
Harris-Benedict (1919, 1984), Schofield and FAO/WHO/UNU prediction equations.

Methods
REE was measured in 14 patients with CF (mean age 32, range 15 - 49 years) in fasted state 
using indirect calorimetry; once before and 4 times after LTx, with a 2-year follow-up. REE 
was expressed as kcal/day and kcal/kg fat-free mass (FFM)/day. Linear mixed models were 
used to analyze time differences.

Results
Before LTx, mean measured REE was 1787 kcal/day or 40 kcal/kg FFM, which was 122 – 124% 
of predicted REE, depending on the prediction equation. Twelve months after LTx, this had 
significantly decreased to 1620 kcal/day (P<.001) or 33 kcal/kg FFM (P<.001), which was 107 – 
108% predicted (all P≤.001). A year after LTx, values stabilized and prediction was accurate (i.e. 
within 10% of measured REE) in about two thirds of patients. Body mass index (BMI), fat-free 
mass index (FFMI) and pulmonary function improved significantly after LTx (all below P=.012).

Conclusions
This longitudinal study indicates that REE in patients with CF decreases by almost 10% 
after LTx. Prediction equations underestimate REE in CF patients before LTx by about 20%. 
If measuring REE is no option, we recommend using these additional percentages when 
calculating energy requirements.
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INTRODUCTION

Bilateral lung transplantation (LTx) is a complex but important therapeutic option for end-stage 

cystic fibrosis (CF) patients, with a significant risk of perioperative morbidity and mortality.1,2 

Patients should be referred for LTx when pulmonary function has declined to 30% of predicted 

Forced Expiratory Volume in 1 second (FEV1% predicted) or when worsening rapidly.1 After LTx, 

pulmonary function, quality of life, and life expectancy can improve drastically.2,3

Progressive or severe malnutrition is a relative contra-indication for bilateral LTx.1 For patients 

with CF, achieving or maintaining a good nutritional status may pose a challenge due to 

increased energy needs and nutrient losses from respiratory infection and malabsorption. 

Thus, specialized dietary counselling is warranted for patients with CF, especially before LTx.4-7 

Current nutrition guidelines for CF advise energy intakes at 110 – 200% of the recommendation 

for healthy individuals with the same sex and size.8 However, energy requirements before 

and after LTx are insufficiently specified for CF lung transplant patients and currently based 

on recommendations for general surgical and other types of transplant patients.9,10

After LTx, the frequency of respiratory infections is reduced as a result of the removal of 

the infected lungs. As the physical condition of the patient after transplantation may 

improve, increase in exercise may also alter total energy demands. In addition, use of 

immunosuppressive drugs like corticosteroids may change habits with respect to food 

intake. These factors may contribute to the commonly observed increase in weight after LTx 

in patients with CF, and should be taken into account when providing dietary advice after LTx.

Energy needs are often estimated from resting energy expenditure (REE),11 multiplied with 

disease factors and a factor for physical activity. Also, residual malabsorption and energy 

losses from the gut, that can occur even in pancreatic enzyme replacement therapy (PERT) 

treated patients, contribute to energy needs. Indirect calorimetry (IC), which measures oxygen 

consumption and carbon dioxide production, is considered the golden standard to measure 

REE.12

When IC is not available, the REE can be predicted using various prediction equations. In 

current practice and clinical studies, the prediction equations of Harris-Benedict (HB)-1919,13 

HB-1984,14 Schofield15 and Food and Agriculture Organization/World Health Organization/

United Nations University (FAO/WHO/UNU)16 are commonly used. Most prediction equations 

include sex, height, and weight. In a group of out clinic and clinic patients, Weijs et al. found 

5
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the prediction equations of FAO/WHO/UNU and HB-1984 were most accurate (i.e. smallest 

prediction error).17 On an individual level, no prediction equation was considered accurate, 

as only half of the patients had a predicted REE within 10% of measured REE. Besides not 

being accurate on an individual level, most prediction equations were validated in healthy 

persons, not in patients who may have higher energy demands due to severe disease. Indeed, 

an increased REE has been observed in end-stage CF patients,11,18-21 likely because of chronic 

infection, inflammation and increased work of breathing.19,20 These increased demands are 

measured when assessing the REE with indirect calorimetry, but may be underestimated when 

using prediction equations. Indeed, REE was shown to be underestimated by prediction in 

patients with CF,11,18,19,21 ranging from 113% to 132% of predicted REE. Nutritional advice based 

on underestimated energy demands may hamper achieving a good nutritional status 22,23 and 

thus may limit eligibility for lung transplantation.

We previously found in a cross-sectional study that patients with CF before LTx failed to 

increase their low body weight, despite following dietetic advice and using nutritional support. 

After LTx, patients with CF gained weight more easily23, suggesting decreased energy demands 

and an improvement in appetite. Another previous cross-sectional study18 showed that 

measured REE per kg fat-free mass (FFM) was about 15% lower in patients with CF who had 

a lung transplant compared to patients on the waiting list. However, it should be noted that 

these studies were all cross-sectional and the patients before LTx were not always comparable 

with those after LTx, limiting the strength of the conclusions. Therefore in this paper we 

investigate the change in REE in a longitudinal study in adult patients with CF before and after 

LTx. We also compare the results of the prediction equations with those of IC to determine 

the clinical applicability of prediction equations in adult CF lung transplant patients.

METHODS

Study design and population
All patients with CF who were selected for LTx between September 2014 and May 2017 and 

whose REE could be measured were included in this prospective study. Patients visited the 

outpatient clinic of University Medical Center Utrecht (UMCU) every 6 months for calculation 

of their Lung Allocation Score (LAS). The LAS takes into account various measures of a patient’s 

health in order to direct donated organs towards the patients who would best benefit from 

a lung transplant. Scores range from 0 to 100 with a higher score reflecting individuals with 

most urgent need and greatest chance of success after transplantation. Patients with LAS > 
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50 are classified as high risk in 1-year post-transplant mortality.24 Follow-up of the patients 

before and after lung transplantation was performed according to the lung transplantation 

protocol of UMC Utrecht and consisted of pulmonary function testing, blood analyses, sputum 

cultures, polymerase chain reaction for cytomegalovirus and the Eppstein-Barr Virus, X-rays 

of the chest and levels of tacrolimus. All measurements were performed at the UMC Utrecht. 

REE was measured during this visit before and after LTx at the following time points: 6 months 

(range: 0-14) before LTx and 6 months (range: 4-7), 12 months (range: 10-13), 18 months (range: 

18-19) and 24 months (range: 24-26) after LTx. Patient characteristics such as age, gender, class 

of genotype mutation, exocrine pancreatic insufficiency (PI), presence of cystic fibrosis-related 

diabetes (CFRD), users of enteral tube feeding (ETF) and results of sputum cultures were 

extracted from electronic medical patient records. Exclusion criteria included: pneumothorax, 

pneumonectomy, claustrophobia and clinically unstable using continues oxygen. After lung 

transplantation, the patients were treated with tacrolimus, mycophenolate mofetil and 

prednisolone. The Medical Ethics Committee of University Medical Center Utrecht approved 

the study protocol (research protocol 15-418/C).

Measurement of REE
REE was measured in fasted patients by indirect calorimetry using a ventilated hood system 

(COSMED Quark RMR; COSMED, Rome, Italy), which was calibrated daily before measuring. 

Patients were measured awake in a supine position. Measurements of REE were performed 

according to institutional standard operating procedures (SOP). For further details we refer 

to the method section of our previous study.18 REE data was expressed as kcal/day and kcal/

kg FFM/day.

Prediction of REE
The predicted REE was calculated by equations of Harris-Benedict (1919 and 1984),13,14 

Schofield15 and FAO/WHO/UNU.16 A predicted REE between 90% and 110% of REE measured 

was considered as an acceptable prediction; below 90% was considered an underestimation 

and above 110% an overestimation.25

Anthropometrics and pulmonary function
Measurements of body weight and height were performed in the Nutritional Assessment 

laboratory of the Department of Dietetics, using a calibrated electronic scale (SECA 

model 701; SECA, Hamburg, Germany) and stadiometer (SECA model 225). Patients were 

measured dressed in indoor clothing and without shoes. BMI was classified according to the 

WHO recommendations: underweight, <18.5 kg/m2; normal weight, 18.5-24.9 kg/m2; and 

5
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overweight, 25.0-29.9 kg/m2.26 Fat-free mass (FFM) was measured routinely at the Department 

of Lung Function by whole-body single frequency (50 kHz) bio-electrical impedance analysis 

(BIA)(Bodystat 1500; Bodystat Ltd, Douglas, UK). Patients were measured in a fasted state 

(no enteral intake for a minimum of 8 hours) lying in a supine position. The following values 

were used as cut-off points for low FFMI: 13.8 kg/m2 for women aged 18-34 years, 14.4 kg/

m2 for women aged 35-54 years, 16.8 kg/m2 for men aged 18-34 years, and 17.2 kg/m2 for 

men aged 35-54 years.27 Pulmonary function was measured routinely at the Department of 

Lung Function by spirometry, and expressed as FEV1% predicted, using Global Lung Function 

Initiative reference equations.28 Before September 2015, pulmonary function was measured 

with the ZAN spirometer (Oberthulba, Germany), which occurred in 5 patients, only before 

LTx. After September 2015, the Blue Cherry spirometer (Bad Kissingen, Germany) was used.

Dietary intake
During a dietetic consultation, patients’ dietary intake expressed in kcal/day was assessed 

using a dietary history. Dietary intake was calculated by eMagister (version VWB.2.2.14R1.5, 

Pink Roccade Healthcare, Den Bosch, NL) by using food composition data of NEVO2010 

(version June 2010, National Institute for Public Health and Environment, Bilthoven, NL). 

The use of additional oral nutritional support (ONS) or enteral tube feeding (ETF) was also 

documented.

Statistical analysis
Statistical analysis was performed using SPSS version 25.0 (SPSS, Inc, an IBM Company, 

Chicago, IL). Normality was assessed using Q-Q plots. As descriptive statistics we used means 

and 95% confidence intervals (CI).

A linear mixed model for repeated measures over time was used to test whether the REE 

significantly differed between different time points. The linear mixed model procedure 

prevents listwise deletion due to missing data. Time was included as a cofactor. The first-

order autoregressive heterogeneous covariance matrix was used to correct for heterogeneous 

variances at different time points. Estimated means, standard deviations (SD) and 95% 

confidence intervals (CI) were used in tables and graphs. A P-value below .05 was considered 

to indicate statistical significance.
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RESULTS

Study population
Forty patients were selected for LTx between September 2014 and May 2017. Of these, 10 

could not have REE measurements for diff erent reasons: 5 had a clinically unstable condition 

(mean LAS of 82.4, range: 70.9 - 91), 3 had a pneumothorax (mean LAS of 41.6, range: 39.8 

- 42.8), 1 was claustrophobic and 1 had a pneumonectomy. Figure 1 shows the fl owchart 

of patients included and excluded for REE measurements. For the remaining patients, only 

2 patients had missing data for no more than 2 time points. Finally, our study included 14 

patients (Table 1); 8 women and 6 men, with a mean age of 32 (range: 15 to 49 years) and a 

mean LAS of 37.1 before LTx (range: 33.4 to 44.5). Seven patients (50%) had CFRD and 13 (93%) 

had PI. At the start of the study, all patients had a bacterial colonization of Staphylococcus 

aureus, Stenotrophomonas maltophilia, or other species. Eight (57%) patients were colonized 

with P. aeruginosa and 2 (14%) with M. abscessus. Twelve (86%) patients had a class II mutation, 

1 (7%) patient had a class I mutation, and 1 (7%) patient had a class V mutation.

Figure 1 Flowchart of inclusion and exclusion of patients with cystic fi brosis for data analysis 
of REE measurements before and after lung transplantation (n = 14).

5
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Table 1. Two-year follow-up data of resting energy expenditure (kcal/d, kcal/d per kg FFMI), 
body mass index, fat free mass index, pulmonary function and caloric intake in 14 adult 
patients with cystic fibrosis after bilateral lung transplantation.

Pre-LTx
6 months 
post-LTx

12 months 
post-LTx

18 months 
post-LTx

24 months 
post-LTx

REE, kcal/day 1787
(1679 – 1895)

1656
(1511 – 1801)

1620
(1538 – 1702)

1608
(1495 – 1722)

1648
(1511 – 1786)

REE/kg FFM, kcal/day 40
(36 – 44)

36
(32 – 39)

33
(30 – 35)

32
(30 – 35)

33
(30 – 35)

BMI, kg/m2 20.3
(19.2 – 21.4)

21.2
(20.1 – 22.3)

22.1
(21.0 – 23.2)

22.1
(21.0 – 23.2)

22.3
(21.2 – 23.4)

FFMI, kg/m2 15.4
(14.4 – 16.3)

16.1
(15.1 – 17.0)

17.0
(16.1 – 17.9)

17.0
(16.0 – 17.9)

17.2
(16.2 – 18.1)

FEV1
 % predicted 20.2

(12.7 – 27.8)
69.2

(61.5– 76.8)
73.0

(65.4 – 80.6)
72.9

(65.2 – 80.6)
74.1

(66.3 – 81.9)

Energy intake, kcal/day 2525
(2065 – 2984)

2639
(2177 – 3102)

2514
(2054 – 2974)

2464
(2004 – 2924)

2342
(1882 – 2802)

Data are expressed as estimated means from a linear mixed model analysis with 95% confidence inter-
vals. BMI, body mass index; FAO, Food and Agriculture Organization; FEV1, Forced Expiratory Volume in 
1 second; FFMI, fat-free mass index; HB, Harris-Benedict; LTx, lung transplantation; REE, resting energy 
expenditure; UNU, United Nations University; WHO, World Health Organization.

Measured REE
Before LTx mean REE was 1787 kcal/day (95% CI: 1679 – 1895) or 40 kcal/kg FFM (95% CI: 36 – 

44). Twelve months after LTx, this had decreased to 1620 kcal/day (95% CI: 1538 – 1702, P<.001) 

or 33 kcal/kg FFM (95% CI: 30 – 35, P<.001). REE and REE/kg FFM stabilized from 12 months 

post-LTx onwards (Table 1 and Figure 2a and 2b). A non-significant increase in REE and REE/

kg FFM was observed from 18 to 24 months post-LTx. Mean post-LTx REE was significantly 

different from mean pre-LTx for all time points (all below P=.043)(Figure 2a). A significant 

decrease in REE/kg FFM was observed for all time points compared to before LTx (all below 

P=.009)(Figure 2b).
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Figure 2a and 2b. Mean resting energy expenditure expressed as kcal/day (a) and kcal/day/
kg fat-free mass (b) in cystic fi brosis patients at fi ve time points: one before and four after 
lung transplantation. Vertical bars indicate 95% CI.

Predicted REE
Before LTx, the prediction equations underestimated measured REE in 11-12 of 14 patients, 

depending on the prediction equation used. One year after LTx this decreased to 5-6 patients, 

which remained stable until the last measurement (data not shown).

5
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When predicted REE was set as a reference value, mean measured REE was 122-124% of 

predicted REE before LTx, depending on which prediction equation was used (Table 1, 

Figure 3). Six months after LTx, this had decreased to 111-112% (all below P=.009). Prediction 

was accurate from 12 months after LTx onwards, with a mean measured REE of 107-108% 

predicted. A non-significant increase was observed from 18 to 24 months after LTx. Before 

LTx, measured REE was on average more than 120% of the predicted values, irrespective of 

which prediction equation was used (Figure 3). In other words, the prediction equations all 

underestimated measured REE and to a similar extent (mean difference between lowest 

and highest mean predicted value 50 kcal/day). The largest difference that was observed 

in an individual patient was 114 kcal/day. After LTx, the measured REE was close to 100% of 

predicted (Figure 3).

Figure 3. A comparison of mean measured resting energy expenditure as percent of predicted 
by 4 different prediction equations: HB-1919, HB-1984, Schofield and FAO/WHO/UNU.

Anthropometrics
Mean BMI significantly increased from 20.3 kg/m2 before LTx to 22.3 kg/m2 24 months after LTx 

(P=.001)(Table 1 and Figure 4a). Underweight (BMI < 18.5 kg/m2) was observed in 1 man both 

before and 6 months after LTx, in 1 female 6 months post-LTx and in 1 female from 18 months 

post-LTx onwards. Mean FFMI significantly increased from 15.4 kg/m2 before LTx to 17.2 kg/m2 

24 months after LTx (P<.001)(Table 1 and Figure 4b). Before LTx, 4 men and 1 female had a 

low FFMI according to age- and gender-specific thresholds of Schutz et al. (2002).27 Six months 
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after LTx this number had decreased to 2 men and 1 female, and decreased further to 1 male 

and 1 female from 12 months post-LTx on.

Figure 4a and 4b. Body mass index and mean fat-free mass index expressed as kg per square 
meter in cystic fi brosis patients at fi ve time points: one before and four after lung transplan-
tation. Vertical bars indicate 95% CI.
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Pulmonary function
Mean FEV1 before LTx was 20% predicted. Six months after LTx mean FEV1 had increased to 

69% predicted, and from 12 months after LTx on this remained stable and was approximately 

73% predicted (Table 1, Figure 5).

Figure 5. Forced expiratory volume in 1 second expressed as % of predicted in cystic fibrosis 
patients at five time points: one before and four after lung transplantation. Vertical bars 
indicate 95% CI.

Dietary intake
Mean energy intake estimated from the dietary history decreased from 2525 kcal (95% CI: 

2065 – 2984) before LTx to 2342 kcal (95% CI: 1882 – 2802) 2 years after LTx (Table 1)(P=.437). 

Five patients (36%) used ONS before LTx and 2 of these patients continued the use of ONS 

until 2 years after LTx. Seven patients (50%) used ETF before LTx of which 3 patients by 

percutaneous endoscopic gastrostomy (PEG). Two patients (14%) used a polymeric 1.5 kcal/

ml formula of ETF by PEG until 6 months after LTx, after which the PEG was removed.

Proefschrift Francis Hollander v5 - productie.indd   78 4-6-2020   14:32:58



79

Decreased REE after LTx improves energy prediction

DISCUSSION

This longitudinal study showed that REE significantly decreased in patients with CF after LTx, 

compared to before LTx. Before LTx, measured REE was around 40 kcal/kg FFM, or 122-124% 

predicted, depending on the equation used. From 1 year post-LTx onwards, REE and REE/kg 

FFM normalized, to remain stable at 33 kcal/kg FFM, which is 107-108% predicted. No clinically 

relevant difference was observed between REEs estimated by prediction equations of HB-

1919, HB-1984, Schofield and FAO/WHO/UNU. More patients had a normal BMI and FFMI after 

LTx than before. Mean FEV1 increased from 20% predicted before LTx to 73% predicted from 

6 months post-LTx onwards. Dietary intake did not differ significantly over time.

Only few studies investigated changes in REE. However, in none of these studies adjustments 

for FFM or patient characteristics were made. Therefore results are difficult to compare with 

our data. The change in REE per kg FFM we found in the current longitudinal study is similar to 

the decrease of the 6 kcal/kg FFM we found in our previous cross-sectional study comparing 

12 pre-LTx patients with 12 post-LTx patients. In that study, the mean decrease in REE after 

LTx was 85 kcal/day or 14% predicted REE.18 In another longitudinal study, not in adults but 

in 10 pediatric CF lung transplant patients, an even larger decrease of 20% predicted after 

LTx was observed, compared to before.19 However, no patient characteristics were provided, 

not all patients were measured in fasted state and REE was only measured at 2 time points; 

8 months before and 4 months after LTx. We especially included patients with at least 2-year 

follow-up and 5 REE measurements, which were all performed in fasted patients.

In concordance with standard operating procedures, patients in our study were measured 

after an 8-hour fast. In one case, a measurement was performed after a 3-hour fast (at 

24 months post-LTx) which may have slightly increased the REE due to diet-induced 

thermogenesis. Seven patients using CFTR modulator therapy were excluded because this 

medication can lower REE.29 A single patient using opioids was also excluded. Before the study 

we hypothesized that REE was likely to reduce due to less inflammation after LTx, but that 

this reduction could be compensated by an increase in muscle mass if physical activity would 

increase with better lung function.29 Indeed, pulmonary function was markedly improved and 

we did see an increase in FFM, but still REE was lower after LTx than before. This suggests 

that one year after LTx, the increase in REE due to a larger FFM, which is more metabolically 

active, is much smaller than the reduction in REE due to the declining disease factor. For future 

research we advise to include physical activity tracking, to better understand the impact of 

5
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activity on the association with REE and on total energy expenditure of post lung transplant 

patients with CF.

The current study contained 5 patients whose REE remained higher than 110% predicted 2 

years after LTx. All these patients had a homozygous ΔF508 mutation, PI, and CFRD. All but 

one patient had P. aeruginosa colonization. We speculate that the increased REE in these 5 

patients 2 years after LTx may be due to a combination of the abovementioned factors. This is 

in accordance with literature on factors that elevate REE in patients with CF. Both pancreatic 

function and genotype are described as predictors of elevated REE, independent of pulmonary 

function.30 We found only one cross-sectional study that showed higher energy expenditure 

in adult patients with CF and CFRD, compared to healthy controls, but only during recovery of 

exercise.31 Therefore, there is insufficient evidence yet to judge whether CFRD increases REE. 

Intravenous treatment of P. aeruginosa colonization has been described previously to lower 

REE.32 This suggests REE is higher in patients with a P. aeruginosa colonization, which seems 

plausible. Almost two thirds of our patients had a bacterial colonization with P. aeruginosa. 

Two patients in our study received antibiotic treatment for M. abscessus during the follow-up 

period. This may have decreased REE, as antibiotic treatment for P. aeruginosa eradication has 

been reported to decrease REE.32,33 It may be difficult to distinguish between the effects of 

diabetes and bacterial colonization: in a previous cross-sectional study of ours,18 all 7 pre-LTx 

CF patients with CFRD had a higher REE than predicted, but 6 of them were also colonized with 

P. aeruginosa. REE was estimated within 10% of measured in all 7 post-LTx patients with CFRD, 

of which 2 patients were colonized with P. aeruginosa. In the current study no association 

was observed between C-reactive protein and REE (data not shown).

The largest limitation of our study is the small sample size, making it impossible to analyze 

subgroups such as patients with CFRD or patients with P. aeruginosa or M. abscessus. Future 

studies are encouraged to validate our observations and perform subgroup analyses with a 

larger sample size. Despite the fact that more hospitals are equipped with indirect calorimetry 

to measure REE, in current medical care, it is not always available in daily practice due to time 

and resource issues.

Measuring REE is expected to improve dietary advice and consequently nutritional status 

for patients with CF on the waiting list for LTx. In a previous small retrospective study, we 

found that a low FFMI at waiting list entry impaired survival in LTx candidates.23 Also, lean 

body mass depletion specifically has been associated with higher mortality before LTx.23,34 

Although nutritional advice is not the only causal factor in low body weight and BMI, we expect 
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that measuring REE will increase the chance of obtaining a good nutritional status, which 

will increase survival on the waiting list. For clinical practice, current results indicate that 

dietary recommendations for patients with CF need to be altered after LTx given the significant 

reduction in REE and improved BMI and FFMI without significant change of energy intake. In 

post-LTx CF nutritional management, REE estimation by prediction equations is considered 

accurate from one year after LTx. Hereafter, caution should be warranted advising high caloric 

diets to avoid redundant weight gain.

In conclusion, this 2-year follow-up study in adult patients with CF demonstrated that REE 

and REE/kg FFM significantly decrease after lung transplantation. From then on, REE and 

REE/kg FFM remain stable and prediction using commonly used equations is accurate as in 

healthy individuals (i.e. within 10% of the measured value) in about two thirds of the patients. 

To prevent underestimation of energy needs, especially in underweight patients with CF, we 

stress the importance of measuring REE and advise against the use of prediction equations 

in patients with CF with end-stage lung disease until a year after LTx.
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ABSTRACT

Background
Enteral tube feeding (ETF) is widely used in patients with cystic fibrosis (CF) and end-stage 
lung disease, but previous studies have been limited to investigating whether ETF improves 
outcomes in patients with moderately or mildly impaired pulmonary function.

Objective
This study investigated body weight, body mass index (BMI; calculated as kg/m2), pulmonary 
function, and the presence of CF-related diabetes before and after the start of ETF.

Design
This was a retrospective observational study.

Participants/setting
Data from 26 adult patients in an outpatient setting who had end-stage CF (19 women) and 
had been using ETF for at least 6 months between 2000 and 2014 were analyzed.

Main outcome measures
Body weight, BMI, pulmonary function (forced expiratory volume in 1 second as percent of 
predicted) and incidence of CF-related diabetes from 6 months before to 6 months after 
starting ETF.

Statistical analyses performed
Time effects were tested with one-way analysis of variance for data that were normally 
distributed and the Friedman test for non-parametric data. Correlations were tested with 
Pearson’s r or Spearman’s ƿ, depending on the distribution of the data.

Results
Mean body weight increased by 3.5 kg (95% CI 2.2 to 4.8 kg) after patients started ETF. In 
women, mean BMI decreased by 0.7 kg/m2 in the 6 months before the start of ETF (P<0.05) 
and increased by 1.4 kg/m2 in the 6 months thereafter (P<0.05). In men, BMI changes were 
similar (-0.8 and +1.1), but not statistically significant. Forced expiratory volume in 1 second 
as percent of predicted significantly decreased in time from a median of 28% to 26% at the 
start of ETF to 25% after 6 months (P=0.0013), with similar trends in women and men. There 
was no correlation between changes in weight and lung function. CFRD was already present 
in twelve patients and developed in one more patient after the start of ETF.

Conclusions
ETF improved body weight and BMI but not pulmonary function in 26 patients with end-stage 
CF. Clinical outcomes were similar in women and men, but the sample size of men was too 
small to determine statistical significance.
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INTRODUCTION

Cystic fibrosis (CF) is the most common life-shortening autosomal recessive disorder in 

white populations.1 The primary symptoms of CF are exocrine pancreatic insufficiency and 

progressive pulmonary destruction.1 The survival of CF patients is closely related to their 

nutritional status.2,3 According to a report from the European CF Foundation patient registry, 

9.5% of CF patients still experience severe malnutrition, despite the available guidelines for 

the prevention and correction of nutritional deficiencies in CF.4 Malnutrition places CF patients 

at higher risk of morbidity and mortality.5,6

Cystic fibrosis-related diabetes (CFRD) is the most common comorbidity in CF patients, 

affecting one-third to one-half of adult patients.7 The pathophysiology of CFRD is linked to 

a combination of insulin deficiency and insulin resistance.8 Insulin therapy is recommended 

for the treatment of CFRD.9 In addition, CFRD is a major risk factor for early mortality in CF 

patients because of its adverse effects on nutritional status, lung function, and pulmonary 

infection.7

Weight loss in CF patients is caused by increased energy needs and intestinal losses; patients’ 

resting energy expenditure is increased due to lung damage from recurrent respiratory 

infections and chronic inflammation,10 and intestinal losses are increased due to pancreatic 

insufficiency.11 To compensate for these increased energy needs and losses, a higher caloric 

intake is required.12,13 Consensus guidelines recommend that adults with CF aged older than 

18 years consume 110% to 200% of the energy requirements of same-age healthy adults to 

maintain or achieve BMI targets.14,15 However, as CF patients experience reduced appetite, 

gastroesophageal reflux, abdominal pain, and infection-related anorexia, achieving these 

high caloric requirements is often difficult.16

Enteral nutritional support is widely used to improve nutritional status in CF patients.13 This 

type of support includes oral nutritional supplementation and enteral tube feeding (ETF). 

ETF is considered when oral nutritional support fails to improve BMI or to prevent weight 

loss.5 The cutoffs proposed by the European Society for Clinical Nutrition and Metabolism; 

the European Society for Paediatric Gastroenterology, Hepatology, and Nutrition; and the 

European Cystic Fibrosis Society guidelines on nutrition care for CF recommend that clinicians 

use ETF in adults with CF and persistently low BMI <18.5 (underweight) or continuing weight 

loss (>5%). In addition, BMI targets for optimal nutritional status in CF adults are ≥22 for 

women with CF and ≥23 for men.15 In addition, the European Society for Clinical Nutrition 

6
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and Metabolism Consensus Statement includes a clear and simple format for diagnosing 

malnutrition: BMI <18.5 or weight loss (unintentional) >10% regardless of time or >5% during 

the past 3 months combined with BMI <20 if younger than 70 years of age.17 ETF can be 

administered by nasogastric, nasoduodenum, percutaneous endoscopic gastrostomy 

(PEG), or percutaneous endoscopic jejunostomy tube,12 depending on the expected duration 

of nutritional support, the physical and gastrointestinal tract condition, and/or patient 

preference and choice. Percutaneous radiological gastrostomy is an alternative method for 

patients18 with end-stage lung disease.

Previous studies have been limited to CF patients with moderately or mildly impaired 

pulmonary function. Two systematic reviews that examined studies of CF patients with 

moderately or mildly impaired pulmonary function reported positive effects of ETF on 

nutritional status,13,14 and improvements in nutritional status were associated with a higher 

percentage of CF patients surviving for 2 years or more.14,19 One recent study compared 

changes in lung function, weight gain, and achievement of normal BMI in 17 adult CF patients 

who started ETF with the corresponding values of 6 patients who required but declined ETF. 

Two patients in the ETF group died within 1 year because of a decrease in lung function, 

with a forced expiratory volume in 1 second as percent of predicted (FEV1%pred) <28%, 

but all others showed improved body weight, BMI, and pulmonary function. These effects 

were not observed in the control group.20 However, that study was restricted to CF patients 

with moderately or mildly impaired pulmonary function, and it is unclear whether the same 

beneficial effects would be seen in patients with severe lung function impairment. The 

effectiveness of ETF in improving nutritional status and survival in CF patients with end-stage 

lung disease has not been investigated.21

Previous studies suggest that there may be a difference in survival between sexes.22,23 In 

general, women with CF have a shorter life expectancy than men.23 In addition, female sex has 

been reported to increase the negative effects of CFRD, including pulmonary infections and 

mortality.24,25 These negative outcomes might be due to an effect of both female hormones26 

and diabetes on a proinflammatory state. One study found a difference in clinical outcomes 

between sexes after patients started ETF: girls had poorer clinical outcomes than boys.27 To 

our knowledge, no studies have investigated the differences between adult men and women 

with CF. Therefore, this retrospective study aimed to determine the effects of ETF in men and 

women with CF and end-stage lung disease on body weight, BMI and pulmonary function. 

CFRD will be described as a descriptive variable only.
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METHODS

Study Sample
This study was a retrospective study that used data on body weight and BMI before and after 

the start of ETF. Although a randomized controlled study with an ETF and a placebo group 

would be optimal to test whether ETF is beneficial, this design was not deemed ethical, and 

retrospective data were thus used.

Patient files for 366 CF patients, documented between 2000 and 2014 at the University Medical 

Center Utrecht, were available for examination. The following inclusion criteria were used 

to select the study population: CF patient aged 18 years or older at the start of ETF, start of 

ETF between January 2000 and June 2014, administration of ETF for at least 6 months, and 

characteristics of end-stage CF. Patients were used as their own control by comparing their 

data from before using ETF with data from after starting ETF. CF patients using ETF after 

lung transplantation were excluded. A waiver of consent was obtained by the Medical Ethics 

Committee of University Medical Center Utrecht, registered by METC13-605/C.

Study Procedures
The start of ETF was defined as baseline. Age, sex, genetic mutation, respiratory colonization, 

route of ETF administration, daily energy requirement as estimated by Schofield’s equation,11,28 

exocrine pancreatic insufficiency, and CFRD were recorded at baseline.

During a dietetic consultation, patients’ nutritional status, dietary requirements, and dietary 

intake (from a dietary history) were assessed. Percentage energy intake by ETF was expressed 

as the percentage of total energy needs (percent energy requirement). Resting metabolic rate 

was estimated using Schofield’s prediction equation.28 Energy requirement was estimated by 

multiplying resting metabolic rate by activity, disease, and growth factors, and dividing the 

resulting value by the fat absorption coefficient as follows: (resting metabolic rate × (activity 

factor + disease factor − 1) × growth factor) / (absorption coefficient). This method was applied 

consistently across the study sample and has been described in a previous study.21 Data on 

nutritional and clinical outcomes, including weight, height, BMI, and pulmonary function 

(FEV1% predicted), were collected during usual outpatient clinic visits at different time points 

from 6 months before to 6 months after starting ETF. Each subject had to have one to two 

measurements available for the 6-month time period before and after the start of ETF. When 

two measurements were available, the mean was used.

6
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Clinical Assessment Methods
Body weight was measured on a digital weighing scale (SECA 910; Seca) to the nearest 0.5 kg 

with participants barefoot and dressed in indoor clothing. Height was measured in centimeters 

on a stadiometer (SECA 225; Seca) to the nearest millimeter, and BMI was calculated as weight 

in kilograms divided by height in meters squared. The adequate BMI targets for patients with 

CF were as follows: BMI≥22 for women and ≥23 for men.15 In addition, the main treatment goal 

of the nutritional team at the University Medical Center Utrecht was to maintain or achieve 

a normal BMI (18.5 to 24.9) in adult CF patients, especially those with end-stage CF before 

lung transplantation.

Pulmonary function was assessed by spirometry (Zan). Forced expiratory volume in one 

second (FEV1)29 as a percentage of the FEV1 of a healthy reference population30 resulted in 

the FEV1% predicted. End-stage CF was defined as having a low pulmonary function, which 

was determined by a FEV1%predicted <30% and/or a life expectancy <2 years.31 Presence of 

CFRD, diagnosed with an oral glucose tolerance test, was extracted from medical records.9

Reasons for discontinuation of ETF and mortality within 6 months after the start of ETF and 

during a follow-up of 4 years after starting ETF were reviewed. Causes of death were defined 

as end-stage lung disease or respiratory failure, sepsis, multiple organ failure, euthanasia or 

not recorded.32

Statistical Analyses
All analyses were performed using SPSS33 and GraphPad Prism 5 software for Windows34; the 

latter was also used to make graphs. P values <0.05 were considered statistically significant. 

Analyses were performed for the whole group and for men and women separately. Values 

were reported as the mean±standard deviations or medians and interquartile range, 

depending on the distribution of the data (Shapiro-Wilk’s normality test). Time effects were 

tested with one-way analysis of variance for data that followed a normal distribution, followed 

by Tukey’s multiple comparisons test for differences between time periods; non-parametric 

data were tested with the Friedman test and Dunn’s multiple comparison test. Correlations 

were tested with Pearson’s r or Spearman’s ƿ, depending on the distribution of the data. Our 

study was not powered to test for differences in mortality between men and women or for 

the influence of CFRD on mortality.
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RESULTS

Of the 366 CF patients treated at the University Medical Center Utrecht between 2000 and 

2014, 85 (23%) received ETF. Twenty-six patients (19 women; 73%) met the inclusion criteria 

and had follow-up data available for analysis (Table 1). FEV1% predicted was measured before 

starting ETF in all but one patient, who had pneumothorax, and was available for all three 

time points for 23 patients. Approximately half of the patients (46%) had a homozygote ΔF508 

genotype mutation, and 85% exhibited respiratory colonization with Pseudomonas aeruginosa.

At baseline, half of the men and women received ETF by nasogastric tubes (Table 1), which 

was more common (57.7%) than starting with PEG tubes (30.8%).

However, 53% of the patients who received ETF by nasogastric tubes at baseline switched 

to gastrostomy feeding tubes (n=8) due to problems with the nasogastric tube, specifically 

coughing (n=2), deterioration in physical condition (n=3), or expectations to use ETF for more 

than 6 months (n=3). More women (6 of 19) than men (1 of 7) received total ETF (100% of 

energy requirement) at any time point. ETF was used as a nocturnal supplement to oral food 

intake by 12 of 19 women and 5 of 7 men; as a bolus during the day by 1 of 19 women; for 

total feeding during a 24-hour period in 6 of 19 women and 1 of 7 men; and continuously 

throughout the day by 1 of 7 men.

ETF provided two-thirds of energy needs, on average, with a minimum of 33% and a maximum 

of 100%. The ETF provided mainly differed in energy and fiber content: 1 patient used a 

concentrated formula (2 kcal/mL), 20 patients used a high-calorie formula (1.5 kcal/mL), and 

5 used a standard caloric formula (1.0 kcal/mL). Of the 26 patients, 16 used ETF supplemented 

with multifiber.

At baseline, 14 of 19 women and 6 of 7 men were underweight, based on BMI<18.5. In addition, 

18 of 19 women and all 7 men had BMI values below the optimal BMI of ≥22 kg/m2 for women 

with CF and ≥23 kg/m2 for men (Table 1). Overall, the mean changes in body weight (+3.5 kg, 

95% CI 2.2 to 4.8 kg) and BMI (+1.3, 95% CI 0.9 to 1.8) during the 6 months after starting ETF 

were significant for the entire group of patients. Before starting ETF, patients’ body weight 

had decreased by 1.9 kg (95% CI -3.0 to 0.66 kg) and BMI by 0.7 (95% CI -1.1 to 0.3).

Eleven women reached BMI values >18.5, of which two women reached an optimal BMI value 

>22: 1 woman had a BMI slightly above 22 at the first two time points, while another woman 

progressed from a BMI just below 22 to a BMI of 23.6 in the 6 months after starting ETF. On 

6
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Table 1. Baseline characteristics of adult patients with cystic fibrosis and end-stage lung 
disease (n=26) starting enteral tube feeding between 2000 and 2014 in the Netherlands

Characteristics Patients (n=26) Men (n=7) Women (n=19) P value
mean±SDa

Age (years) 28.6±9.4 32.0±9.0 27.3±10.0

Anthropometrics
Weight (kg) 48.1±7.2 55.3±4.7 46.8±6.6* <0.05

BMIb (kg/m2) 17.7±1.8 17.6±1.4 17.8±2.0

n

BMI < 18.5 20 6 14

BMI ≤ 22 in women, ≤ 23 in men 25 7 18

BMI ≥ 22 in women 1 - 1

Genotype n (%)

∆F508/∆F508 12 (46.2)  1 (14.3)  11 (57.9)

∆F508/Unknown 7 (26.9)  3 (42.9)  4 (21.1)

∆F508/N1303K 1 (3.8)  0 (0.0)  1 (5.3)

∆F508/G542X 1 (3.8)  0 (0.0)  1 (5.3)

∆F508/W1282X 2 (7.7)  2 (28.6)  0 (0.0)

∆F508/Other 3 (11.5)  1 (14.3)  2 (10.5)

Respiratory colonization
Pseudomonas aeruginosa 22 (84.6)  6 (85.7) 16 (84.2)

Burkholderia cepacia complex 3 (11.5)  2 (28.6) 1 (5.3)

Medical median [IQR]

FEV1%predc 24.0 [20.8-32.5] 22.5 [20.0-24.5] 31.0 [22.4-41.0]

n (%)

PId 24 (92.3) 7 (100.0) 17 (89.5)

CFRDe 13 (50.0) 3 (42.9) 10 (52.6)

Nutritional mean±SD

Energy requirement (kcal/day) 2670±539.8 3079±578.7 2520±486.9* <0.05

Energy intake by ETFf (%energy 
requirement) 65±22.1 57±20.9 69±23.8

Route of administration n (%)

Nasogastric tube 15 (57.7)  4 (57.1) 11 (57.9)

PEGh 8 (30.8) 2 (28.6) 6 (31.6)

PRGi 2 (7.7) - 2 (10.5)

PEJj - - -

Nasoduodenum tube 1 (3.8) 1 (14.3) -

aSD=Standard Deviation.
bBMI=Body Mass Index.
cFEV1%pred=Forced expiratory volume in 1 second as % of predicted.
dPI=Exocrine Pancreas Insufficiency.
eCFRD=Cystic Fibrosis-related Diabetes. 
fETF=Enteral Tube Feeding. 
hPEG=Percutaneous Endoscopic Gastrostomy.
iPRG=Percutaneous Radiologic Gastrostomy.
jPEJ=Percutaneous Endoscopic Jejunostomy.
*Significantly different from men (p<0.05).
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average, women’s BMI significantly decreased by 0.7 in the 6 months before starting ETF 

(P<0.05), but significantly increased by 1.1 after starting ETF (P<0.05) to a value that was higher 

than their pre-ETF value (Figure 1). Mean body weight increased by 3.3 kg (95% CI 1.7 to 4.9 kg) 

after the start of ETF. Three men reached BMI values >18.5, but none of the men reached the 

optimal BMI of ≥23 at any time point. Changes in mean BMI over time were not significant due 

to the small sample size but showed the same clinical patterns as in women: a decrease of 0.7 

before the start of ETF followed by an increase of 1.1 (Figure 1). Body weight increased by a 

mean of 4 kg after the start of ETF, but this increase was not significant (95% CI -1.2 to 9.1 kg).

Figure 1. Body Mass Index (BMI) six months before, at the start, and six months after the start 
of enteral tube feeding in women (n=19) and men (n=7). *,***Significant differences between six 
months before and six months after the start of enteral tube feeding (* p<0.05, *** p<0.001).

Pulmonary function was low and remained low, with a significant downward trend: FEV1% 

predicted was 28% at 6 months before the start of ETF, 26% at baseline, and 25% in the 6 

months after the start of ETF (P=0.0013). The same trend was seen in women and in men, 

although the changes in men were not significant (Table 2). As expected, in patients with 

end-stage lung disease, no correlation was found between changes in body weight or BMI 

and lung function in the 6 months after starting ETF (data not shown).

Before starting ETF, CFRD was present in approximately half of the patients (9 women and 

3 men). Only one woman was newly diagnosed with CFRD at the start of ETF. After starting 

ETF, no new cases of CFRD occurred.

6
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Table 2. Body weight and Body Mass Index (means±SD) and FEV1%pred (medians and IQR) 
for women (n=19) and men (n=7) with cystic fibrosis before and after treatment with enteral 
tube feeding 

Women (n=19) Men (n=7)

6 mo before Start ETFa 6 mo after 6 mo before Start ETF 6 mo after

mean±SD

Body weight (kg) 48.5 ± 6.7 47.1 ± 6.8 50.4 ± 5.4de 58.3 ± 6.1 55.2 ± 4.7 59.2 ± 6.2

BMIb (kg/m2) 18.5 ± 2.0 17.8 ± 2.0f 19.2 ± 1.6de 18.3 ± 0.9 17.6 ± 1.4 18.6 ± 1.8

median [IQR]

FEV1%predc 34 
[25.5-39.8]

31 
[22.5-41.0]

29.5 
[21.8-41.5]e

22.5 
[21.8-28.1]

22.5 
[20.0-24.5]

21.5 
[18.5-25.4]

aETF=enteral tube feeding.
bBMI=body mass index.
cFEV1%pred=forced expiratory volume in 1 second as % of predicted.
dSignificantly (p<0.05) different from 6 months before start of ETF.
eSignificantly (p<0.05) different from start of ETF.
fSignificantly (p<0.05) different from 6 months before start of ETF.

Within 6 months after the start of ETF, a 26-year-old female patient died of hypercapnia due 

to end-stage lung disease and a 29-year-old male patient died while on the waiting list for 

lung transplantation. Both deceased patients were pancreas-insufficient, and the woman 

also had CFRD. Their data were included in post-lung transplant data. During a follow-up of 4 

years after starting ETF, 16 patients (62%) survived. Of the 10 patients who did not survive, 8 

(63% women) had CFRD. Patients who started ETF remained on ETF for the remainder of their 

waiting-list time to prevent unwanted weight loss. Cause of death was recorded as respiratory 

failure in end-stage CF (n=4), lung transplantation-related complication (n=2), sepsis (n=1), 

multiple organ failure (n=1), euthanasia (n=1), and not recorded (n=1).

DISCUSSION

In the first 6 months after patients with end-stage CF starting tube feeding, their body weight 

increased by approximately 3.5 kg, which corresponded to a 1.3 increase in BMI. Lung function, 

measured as FEV1% predicted, did not improve. No new cases of CFRD were recorded after 

the start of ETF. Changes over time were similar in men and women.

In our study sample, P aeruginosa colonization was observed in the majority of patients 

(85%). P aeruginosa can lead to increased energy demands35 and is associated with lung 

impairment.36,37 The low lung function in our patients may also be influenced by the high 
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prevalence of P aeruginosa infection. Pancreas insufficiency did not change before or after 

ETF use and has been linked to genotype mutation.36 As expected, CFRD was highly prevalent 

in our study population (50%) and was more pronounced in women than in men, which is 

in accordance with earlier findings.7 With adequate diagnostics and treatment of CFRD,38 

normalization of blood glucose levels can be maintained during ETF. In our population, 10 

of 26 patients (38%) died in the 4 years after starting ETF; 8 had CFRD, and of those, 5 were 

women. This finding is in line with previous results.25

According to previous and new guidelines for CF care, ETF should be started for unintended 

weight loss or patients who are underweight.12,13,15 This deterioration in nutritional status was 

reflected in our data; both men and women had a median BMI <18.5 and a high percentage 

of weight loss before starting ETF. Although we cannot fully attribute the improvement in 

BMI and body weight to the use of ETF because of the lack of a control group, it seems 

reasonable that ETF use was effective within 6 months. After the start of ETF, body weight 

and BMI improved in both men and women, although the improvement was only statistically 

significant in women. Due to the small sample size, no statistically significant difference was 

obtained in men. For now, any improvement in body weight that results in a BMI >18.5 seems 

to be a clinically meaningful outcome of ETF. To make more specific recommendations, long-

term follow-up studies are needed that provide estimates for the relation between changes 

in body weight (BMI) and survival. Until then, ETF should be continued at least until a BMI of 

18.5 is reached. The observed increase in weight of 3.5 kg, or the corresponding increase of 

1.3 points in BMI, is clinically relevant for CF patients with end-stage lung disease. In the study 

lung transplant center, a patient with a BMI >18.5 kg/m2 would be included in the transplant 

program. If patients can achieve this goal using ETF, lung transplantation is possible, with 

survival as the outcome. If ETF is declined, weight would likely not stabilize but would in fact 

decline, and patients would thus be excluded from lung transplantation. In addition, if their 

nutritional status deteriorates, CF patients would be at a higher risk of frequent pulmonary 

infections and exacerbations with a decrease in quality of life. Improvements in weight and 

BMI have been reported within 1 year after starting ETF in adult CF patients20 and within 6 

months in CF children.39,40 In addition, in accordance with previous studies, a small downward 

trend was observed in pulmonary function.13,14

In patients with end-stage pulmonary disease, improving nutritional status may not be 

sufficient to stop the decrease in pulmonary function, but the data suggest that it could slow 

this decrease. If this trend is true, improving nutritional status may also increase survival. The 

median time spent on the waiting list before receiving a donor lung is 15 months (interquartile 
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range 6 to 28) in the current study hospital (data not published) and is in concordance with the 

waiting-list time in the United States.40,41 Improved nutritional status contributes to survival 

while waiting for lung transplantation, which is an important outcome for waiting-list patients.

Outpatient nutritional counseling for ETF patients to monitor nutritional and clinical changes is 

highly recommended.14,38 The current study hospital specializes in both CF and lung transplant 

care. The prevalence of patients with end-stage lung disease is higher than that in non-

transplant CF centers, and this increased prevalence may explain the outcome differences in 

BMI and FEV1% predicted in patients with severely impaired lung function compared to those 

reported in a study by White and colleagues.20 They also reported an improvement in BMI 

after starting ETF with a duration of at least 3 years. Moreover, in their study, the decrease 

in lung function, measured as FEV1% predicted, was reversed.20

The route of ETF provision has changed within the past 10 years in the current study hospital. 

PEG was the more prevalent route between 2005 and 2010, whereas percutaneous radiologic 

gastrostomy has been more prevalent since 2010. Using PEG19 and percutaneous radiologic 

gastrostomy instead of nasogastric tubes is a treatment option that is less burdensome and 

is now the preferred route of administration for this vulnerable population in the study CF 

and lung transplant center.

In this observational study, ETF was categorized as a yes/no variable, regardless of the volume 

or type of ETF provided. However, it is not uncommon for CF patients with end-stage lung 

disease to need changes in ETF due to gastroesophageal reflux disease or distal intestinal 

obstructive syndrome. These complications did occur in the current study population but 

could not be accounted for in the analysis due to the limited sample size. Furthermore, in 

other patient groups, the use of ETF in clinical practice can vary regarding the routes of 

administration, type and quantity. Therefore, larger prospective studies are needed to test 

whether it is more effective to use total or supplementary ETF to increase body weight in 

underweight patients and whether differences between caloric and protein content are 

reflected in differences in effect or tolerability. More research should be conducted to 

investigate the effects of ETF and mode of ETF on patient’s quality of life and nutritional, 

clinical, and health status. In addition to ETF, other factors influence disease progression 

such as changes in physical activity, pulmonary infections, frequency of antibiotic treatment, 

and CFRD treatment. Cystic Fibrosis Foundation registries in the United States, Canada, 

Europe and Australia can be valuable resources for future studies because they contain 

data on a large population of CF patients. In addition, a follow-up prospective study design, 
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including data on body composition and quality of life changes, may be needed to identifying 

significant outcomes in both women and men with CF after ETF use. If larger studies confirm 

the increases in body fat mass, it may be prudent to combine ETF with an exercise program 

to ensure that more fat-free mass is formed.

There are some limitations regarding the design and outcomes of this retrospective 

observational study. First, the use of body weight and BMI data only was a limitation; complete 

data on body composition were lacking. Although clinical measurements of body composition 

were performed in more than half of the patients selected for lung transplantation in the 

current study, longitudinal data analyses could not be performed due to missing data. Altered 

body composition, particularly loss of fat-free mass, in CF patients and its associations with 

the severity of lung disease, systemic inflammation, resting energy expenditure, catabolic 

intermediary metabolism, and the rate of exacerbations of respiratory symptoms have been 

described by Bolton and colleagues42 and others.27 It would have been helpful to examine 

whether the increases in body weight in the current study were fat mass or fat-free mass. A 

small study with six CF patients aged 13 to 25 years old found an increase in body fat mass and 

no changes in fat-free mass after the start of ETF.43 Second, the sample size was small; of the 

85 patients who used ETF at any point in time, only 26 patients used it for at least 6 months 

and had available body weight measurements from 6 months before ETF, at the start of ETF, 

and 6 months after the start of ETF. Larger studies are needed to test whether the effects 

of ETF differ for men and women and for other subgroups, for example, groups based on 

lung function. Third, observational studies such as these cannot be used to determine cause 

and effect. Although the effects of ETF over time are plausible, other factors, such as use of 

supplements, medication, changes in treatment guidelines, and physical activity, could also 

have contributed to the improvements in body weight.

Although this study was performed in only one center in the Netherlands, the results may 

be generalizable to other centers and other countries: tube feeding formulas are similar in 

different countries, and the treatment of CF patients is comparable across countries due to 

international guidelines. However, in low socio-economic countries, CF treatment options 

may be limited and CF patients remain a vulnerable population with a risk of worse health 

outcomes.44

Newborn screening (NBS) for CF leads to better lung function, nutritional status and improved 

survival in screened patients in early adulthood.45,46 However, NBS was not implemented in 

the Netherlands until 2011, and thus most adult CF patients were diagnosed at a later stage 
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in life. Therefore, patients in the current study may have worse clinical outcomes than those 

in countries with a longer history of NBS. It is too early to observe the effects of NBS in the 

current study population.

According to the new European Society for Clinical Nutrition and Metabolism/European 

Society for Paediatric Gastroenterology, Hepatology, and Nutrition/European Cystic Fibrosis 

Society guidelines on nutrition care for CF, medical centers are advised to monitor CF patients 

systematically every 3 to 6 months.15 The cutoff points that European Society for Clinical 

Nutrition and Metabolism recommends for dietitians regarding the use of ETF in patients are 

low BMI values or unwanted weight loss. In our study population, patients were advised to 

start ETF but had the autonomy to refuse. However, when CF patients want to be included in 

the lung transplantation program, a minimum BMI of 18.5 is warranted in the study hospital, 

and ETF is thus started to meet this criterion. New guidelines with higher normal BMI targets 

for CF have been published since the start of this study. If patients had started ETF earlier, 

the deterioration in BMI and lung function may have been reduced.

In addition to information on body weight, additional data on gene mutations, pancreatic 

insufficiency, CFRD, type and frequency of pulmonary infections, physical activity, energy 

needs, amount, type and mode of ETF, and oral energy intake are needed to obtain a clear 

picture of energy needs and the effect of treatment. These factors can all be easily stored 

and extracted from electronic patient databases, but the data need to be accurately and 

completely entered to ensure their suitability for research. In time, this approach could enable 

personalized nutritional regimens for adult CF patients specified by age; sex; genetic mutation; 

and medical, clinical, and nutritional status.

CONCLUSIONS

ETF improved body weight and BMI but not pulmonary function in 26 patients with end-stage 

CF. The clinical outcomes were similar in women and men, but the sample size for men alone 

was too small to determine statistical significance. As randomized trials of ETF are unethical, 

larger prospective observational studies are needed to further describe the effects of tube 

feeding.
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ABSTRACT

Background
This study retrospectively investigated nutritional status, dietetic intervention and intake in 
Cystic Fibrosis (CF) patients before and after lung transplantation (LTx).

Methods
Body mass index (BMI), Fat Free Mass Index (FFMI) and nutritional intake were retrieved from 
75 out-patients aged 15-53 years. Patients were seen every 3-4 months during the waiting 
list time (range 0-81 months) up to 116 months after LTx. Survival was measured in months.

Results
The median BMI at baseline was 19.2 kg/m2 (range: 15.3 to 28.4 kg/m2) with 29 patients (39%) 
below ≤18.5 kg/m2. FFMI (measured in 65 patients) had a median of 15.2 kg/m2 (range: 11.1 to 
22.4 kg/m2) with 39 patients (60%) ≤16.7 kg/m2 (men) or ≤14.6 kg/m2 (women). Median energy 
intake was 2800 kcal, 239 kcal higher than the estimated energy requirement. However, 
8 patients consumed ≥500 kcal less than recommended. Protein intake was 104 (range 60-187) 
g or 1.9 g/kg per day. Despite dietetic intervention with oral nutritional supplements (ONS) 
(36 patients), tube feeding (12 patients), or both (13 patients), BMI and FFMI hardly improved 
pre-LTx. LTx was performed in 51 patients (68%); 10 patients died during follow-up, median 
survival time was 41 months. A BMI ≤18.5 m2 was more prevalent in patients who died before 
LTx (6/9) or who died after LTx (4/10) than in patients who were still alive on the waiting list 
(5/15) or who survived LTx (14/41). Results for FFMI were comparable. From 6-12 months post-
LTx, BMI and FFMI markedly improved, especially in underweight patients.

Conclusion
A BMI ≤18.5 kg/m2 and an FFMI ≤16.7 kg/m2 (men) or ≤14.6 kg/m2 (women) appears to impair 
survival in LTx candidates with CF. Patients maintained a low body weight before LTx. After 
LTx weight gain is achieved.
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INTRODUCTION

Lung transplantation (LTx) is an established treatment option for end-stage lung disease in 

Cystic Fibrosis (CF) patients.1 An optimal nutritional status pre-and post-lung transplant is an 

important predictor of survival in CF patients.2,3 However, malnutrition is a common problem 

in patients with CF due to fat malabsorption and a higher energy expenditure as a result of 

inflammation, frequent periods of severe respiratory tract infections, and increased work of 

breathing when lung function declines.4,5A good indicator of nutritional status in CF patients 

is Body Mass Index (BMI).2,6 Underweight adult CF patients (BMI <18.5 kg/m2) have a 25% 

higher risk of mortality than adult CF patients with a normal weight.7On the other hand, the 

prevalence of overweight and obesity in CF patients is increasing, with estimates ranging from 

10% in the UK8,9 to 18.4% in Canada. This may not be desirable, because mortality after LTx was 

shown to be higher in underweight, overweight, and obese patients (including CF patients) 

than in normal-weight patients.10 A BMI below 18 kg/m2 is often used as a preclusion for LTx.1 

Thus, keeping the BMI between 18 and 30 kg/m2 before LTx is an important treatment goal.

Lean body mass or fat free mass (FFM) is another indicator for nutritional status. It is a 

measure of muscle mass and correlates with (inspiratory) muscle function, quality of life,11 

and lung function.12 Depletion of FFM is strongly associated with increased mortality while 

awaiting LTx and with prolonged post-transplant intensive care unit stays.3 This means that not 

just body weight but also FFM should be monitored in CF patients to avoid fat accumulation 

and loss of muscle mass.

Pre- and post-transplant nutrition management is aimed to maintain or improve nutritional 

status, in order to meet the criteria for LTx and optimize survival before and after LTx. Few 

studies have investigated nutritional intervention strategies in patients on the waiting 

list for lung transplantation.2,13,14 One study demonstrated that Percutaneous Endoscopic 

Gastrostomy (PEG) feeding may improve body weight before LTx in patients with a low 

BMI.2Another study showed that three appointments with a dietician were not sufficient 

to improve nutritional status in underweight lung transplant candidates.13 An intensive 

nutritional programme with extra meals and nutritional supplements during hospitalization 

in underweight patients with end-stage lung disease was effective in increasing energy 

intake and body weight compared to regular nutritional support.14 Until now, insight into 

the nutritional status and the effect of dietetic intervention in pre- and post-transplant CF 

patients is limited. Therefore, the aim of this study was to describe nutritional status and 
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intake at waiting list entry, subsequent changes in body weight and FFM before and after LTx, 

and survival after LTx using data from out-patient visits.

METHODS

Study design
Data at waiting list entry (n=75 patients)
In the period August 1998 - June 2011, 110 CF patients from different CF centres in the 

Netherlands had been screened for LTx. Of these, 98 patients were accepted on the waiting 

list but we could retrieve data from 75 CF patients (aged ≥15 years) from our own patient files. 

All LTx transplants were performed in the Lung Transplantation Center, University Medical 

Center Utrecht.

Follow-up data (31 of 75 patients)
Of the 75 patients, 51 had an LTx. Unfortunately complete follow-up data on anthropometry 

and diet were only available for 31 of these patients: 10 died after LTx and 10 patients were 

followed for less than 1 year. For the remaining 31 patients we retrieved anthropometric data 

at four time points: (1) waiting list entry (baseline); (2) last outpatient visit pre-LTx; (3) 6-12 

months outpatient visit post-LTx and (4) 18-24 months outpatient visit post-LTx. Time between 

waiting list entry and LTx ranged between 0 and 81 months. Because no nutritional data were 

available for the moment of LTx, we chose the ‘last outpatient visit pre-LTx’ for time point 2.

Nutritional management
Dietetic care was provided by two registered dieticians to maintain or improve nutritional 

status before and after LTx. During a dietetic consultation patients’ nutritional status, dietary 

requirements, and dietary intake (from a dietary history) were assessed. If necessary, use of 

additional ONS and/or tube feeding was advised or maintained. Patients were seen as out-

patients every 3-4 months. When patients were unable to maintain body weight, the daily use 

of ONS was increased, tube feeding was started, or the type of tube feeding was changed from 

normal (1.5 kcal/ml) to energy enriched (2 kcal/ml). These adjustments were individual and 

therefore, they are not reported in this paper. None of the patients used appetite stimulants.

Clinical measurements
Medical, anthropometric, and nutritional characteristics were determined at baseline and 

subsequently every 3-4 months when the patient had been admitted to the waiting list. After 

Proefschrift Francis Hollander v5 - productie.indd   110 4-6-2020   14:33:22



111

Nutritional status, dietetic interventions and survival

LTx the patients were seen in the outpatient clinic every three months the first year, every six 

months the second year and once a year after three years.

Medical characteristics
Patient data and surgery-related characteristics were extracted from electronic medical 

records.

Pulmonary function was assessed by spirometry (ZAN; Oberthulba, Germany) and expressed as 

FEV1% of the predicted normal Forced Expiratory Volume in 1s (FEV1). All FEV1 measurements 

were performed by the Laboratory for lung function of the UMCU. Cystic Fibrosis-Related 

Diabetes (CFRD) was recorded because of its negative effect on lung function, particularly in 

women.15 Diagnosis of CFRD was based on the criteria proposed by the American Diabetes 

Association 2011.16

Pancreatic insufficiency was defined as having insufficient pancreatic function to achieve 

normal intestinal absorption of fat, therefore requiring pancreatic enzyme replacement 

therapy (PERT) from an early age.

A high urgency (HU) status was assigned to patients whose life expectancy was estimated to 

be less than three months according to Eurotransplant guidelines.17

Anthropometric characteristics
BMI was classified according to the WHO recommendations18 and the European Consensus 

Report for CF19: underweight ≤18.5 kg/m2; normal weight 18.5-24.9 kg/m2 and overweight 

25-29.9 kg/m2. For the 8 adolescents (<18 years) age- and gender-adjusted cut off points for 

BMI were used as proposed by the Netherlands Organisation for Applied Scientific Research 

TNO.20 Measurements of body weight and height were performed in the Laboratory for lung 

function of the UMCU while patients were barefoot and dressed in indoor clothing.

Body composition was routinely measured by Bio Impedance Analysis (BIA, Bodystat 1500; 

Bodystat Ltd, Douglas, UK), while patients were in a fasted state, lying in supine position 

with arms apart from trunk and legs not touching each other. Measuring body composition 

by BIA is a part of our lung transplantation protocol and is performed by trained personnel 

according to standardized methods. BIA is an accepted method for the assessment of FFM21 

that can be used without modification in Cystic Fibrosis patients.22 A low Fat Free Mass Index 

(FFMI) was defined as ≤14.6 kg/m2 for women and ≤16.7 kg/m2 for men.23

7
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Weight change (%) was calculated as the changes in body weight at the follow-up time points 

relative to the initial body weight at baseline.

Nutritional measurements and nutritional requirements
Resting Metabolic Rate (RMR) was estimated at baseline by the formula of Schofield24 that has 

been in use in our center since 1998. Energy requirement was estimated by multiplying RMR 

by activity, disease and growth factors and dividing it by the fat absorption coefficient as 

follows: RMR x (Activity Factor + disease factor – 1) x growth factor / (absorption coefficient).25 

The Activity Factor was 1.1 for limited active lifestyle, 1.5 for normal active lifestyle and 1.7 

for an active lifestyle. The disease factor was set at 1.3 in the pre-LTx period, because all 

patients had a FEV1 <40%.19 The growth factor varied from 1.0 (no growth) to 1.04 (puberty 

growth spurt). For 9 patients, the fat absorption coefficient was based on measurements of 

fat absorption during a 72-hour faecal fat test. For the 66 patients for whom no data was 

available, we used an absorption coefficient of 0.93 for pancreatic insufficient patients (n=64) 

and 0.97 for pancreatic sufficient patients (n=2). These estimates are based on fat digestibility 

in healthy persons who excrete less than 7% of the ingested fat with a total daily faecal fat 

output of less than 7 g per day.19

Protein requirements were estimated as 1.5 g protein per kg actual body weight, which is the 

recommendation for undernourished patients.26

Energy- and protein intakes were calculated from a dietary history, a face-to-face interview to 

determine the usual meal pattern, taken at baseline. No intake data were available for the 

other time points.

Data analyses
Analyses were performed for the whole group (n=75) and for men and women separately. 

Because most data were not normally distributed, descriptive statistics were expressed as 

medians with ranges.

We made the following subgroups: 1. pre-LTx non survivors; 2. pre-LTx survivors; 3. post-LTx 

non survivors; and 4. post-LTx survivors. To test for differences between subgroups the non-

parametric Mann-Whitney U test was used for continuous variables and the Chi-square test 

for dichotomous variables.
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To test for differences between time points in the follow-up data (n=31), the non-parametric 

test for dependent variables, the Friedman test, was used. Statistical significance was defined 

as two-tailed p values less than 0.05. The data were analysed using the SPSS program for 

Windows (version 17.0; SPSS Inc, Chicago).

RESULTS

Waiting list entry (n=75)
Study population at baseline
A total of 75 patients (41 men) were included (Table 1), with a median age of 28 years (range: 15 

to 53 years). The median FEV1 was 25% of predicted (range: 12 to 37% of predicted). CFRD was 

diagnosed in 63% of the patients and was more pronounced in women (p = 0.005). Pancreatic 

insufficiency was diagnosed in all but 2 patients. Of the 75 patients who were admitted to the 

waiting list for LTx, 51 patients survived long enough to undergo LTx. Seventy-five percent of 

these patients had a HU status before surgery.

Anthropometrics
The median BMI at baseline was 19.2 kg/m2 (range: 15.3 to 28.4 kg/m2) with 29 patients below 

≤18.5 kg/m2, 45 patients between 18.5 and 24.9 kg/m2 and 1 patient with a BMI ≥ 25 kg/m2. 

FFMI measurements were available for 65 patients. Their median FFMI was 15.2 kg/m2 (range: 

11.1 to 22.4 kg/m2) with 24 men ≤16.7 kg/m2 and 15 women ≤14.6 kg/m2. Undernourishment 

based on BMI was 39% (29/75) against 60% (39/65) based on FFMI. All patients with a low BMI 

also had a low FFMI but a ‘normal’ BMI was almost equally associated with a low or normal 

FFMI (Figure 1).
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Table 1. Baseline characteristics of CF transplant candidates at UMCU (n=75).

Variables Data

Descriptives

Gender, n 41 men, 34 women

Cystic Fibrosis-Related Diabetes, n (%) 47 (63%)

Pancreatic insuffi  ciency, n (%) 73 (97%)

Measurements Median (range)

Age, years 28 (15-53)

Weight, kg 54.4 (40-93)

Height, m 1.69 (1.41-1.89)

BMI, kg/m2 19.2 (15.3-28.4)

FFMI, kg/m2 measured in 65 patients 15.2 (11.1-22.4)

FEV1, % predicted 24.5 (12-37)

FEV1 = Forced Expiratory Volume in 1 Second; BMI = Body Mass Index; FFMI = Fat Free Mass Index.

Figure 1. Number of patients with low or normal Fat Free Mass Index (FFMI) according to Body Mass Index 
(BMI) groups (underweight, normal and overweight). The table includes 65 patients because FFMI data 
were missing in 10 patients.

Nutritional requirements, intake and interventions
The median energy intake estimated from the dietary history at baseline was 2800 kcal 

(range 1570-4700). This was close to the estimated median energy requirement of 2600 kcal. 

However, 8/75 patients had an intake of 500 kcal or more below recommendation.
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Protein requirements were easier to meet; only 19% of the men and 20% of the women did 

not meet the protein requirements of 1.5 g/kg/day. Men and women were not different in 

achieving energy and protein requirements (Table 2).

For 74 patients we had information on the use of nutritional supplements at screening 

(missing data for 1 patient who was screened in another hospital). Of these, 63 patients (85%) 

used ONS and/or tube feeding in addition to their diet. For 6 men and 6 women the nutritional 

intervention was aimed at increasing rather than preserving intake. In these patients, mean 

weight increase during waiting list time was 2.2 kg. Weight increase in patients who were 

advised to maintain body weight was 2.8 kg (difference not significant).Tube feeding (17 out of 

25 patients) was mainly through Percutaneous Endoscopic Gastrostomy (PEG) feeding tubes. 

Energy intake as a percentage of energy requirement was 116% for patients with a screening 

BMI ≤18.5 and 102% for patients with a BMI >18.5 (p = 0.051).

Table 2. Nutritional requirements and intake (means and ranges) of 74 CF patients at waiting 
list entry (1 patient was screened in another hospital, data unavailable).

Men (n=40) Women (n=34)

Nutritional requirements

Estimated Resting Metabolic Rate (kcal/day) 1600 (1320-1960) 1280 (1110-1460)

Energy requirement, kcal/day 3100 (2160-4050) 2410 (1740-3240)

Protein requirement, g/day 92 (62-140) 78 (60-110)

Nutritional intakea

Energy intake (%energy requirement) 101 (55-160) (n=38) 101 (63-164) (n=33)

Protein intake (%protein requirement) 130 (73-253) (n=33) 130 (80-220) (n=31)

a Intake data not complete for all 74 patients.

Baseline nutritional status and survival
We investigated whether a low BMI or FFMI at waiting list entry was predictive of survival. 

From those who died before transplantation (n=9), 67% (n=6) had a BMI ≤18.5 kg/m2 and 78% 

(n=7) had a low baseline FFMI (men ≤16.7 and women ≤14.6 kg/m2). From those who died 

after transplantation (n=10), 40% (n=4) had a low BMI and 60% (n=6) had a low baseline FFMI. 

Patients who survived transplantation (n=41) had a somewhat better nutritional status: 34% 

(n=14) had a BMI ≤18.5 kg/m2 and 40% (n=16) had a low FFMI (Figure 2). However, medians 
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of BMI and FFMI were not signifi cantly diff erent between the 41 LTx survivors and the 10 LTx 

non-survivors (data not shown).

Figure 2. Percentage of patients with a low Body Mass Index (BMI) or low Fat Free Mass Index 
(FFMI) according to LTx status: †pre-LTx = death before LTx, †post-LTx= death after LTx (within 
24 months), √ post-LTx = survived after LTx. Asterisk (*) indicates signifi cant diff erence from 
†pre-LTx group. Not in the fi gure: 15 patients who were still waiting for LTx (making a total of 
75 patients).

Follow up data on nutritional status after LTx (n=31)
Study population
Of the 51/75 patients who underwent LTx, follow-up data about nutritional status was 

available for 31 patients (Figure 3). We were unable to retrieve follow up data for 20 other 

patients: 10 had died within a year after LTx and 10 had a follow up of less than one year after 

LTx. These patients were excluded from the data analysis on nutritional status.
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Figure 3. Pre- and post-LTX mean weight expressed as percentage from baseline in men and 
women with low or normal BMI at four time points (total n=31).

Anthropometrics
There was no signifi cant improvement in BMI or FFMI between waiting list entry and the last 

visit before transplantation, although the number of patients with a BMI ≤18.5 kg/m2 reduced 

from 13 (42%) to 8 (26%) (p = 0.025)(Table 3). After LTx, BMI and FFMI increased signifi cantly 

both for men and women compared to the data at baseline (Table 3). Body weight after LTx 

increased signifi cantly compared to body weight pre-LTx. The mean weight gain at 18-24 

months post-LTx, as a proportion of initial body weight, was 11% for men and 8% for women 

(respectively p = 0.001 and p = 0.034). Strongest increases in body weight were seen in men 

who started with underweight (Figure 3): at 6-12 and 18-24 months post-LTx this diff erence 

between men was statistically signifi cant (p = 0.001 and p = 0.015). For women weight gain 

during follow-up was less aff ected by initial BMI.

Nutritional interventions
The type of feeding was known for 20 of the 22 men and 8 of the 9 women. In men, the use 

of ONS and/or tube feeding decreased signifi cantly during follow up from 17 to 9 (p = 0.001). 

In women this number declined from 8 to 3 (p = 0.025). Although overall nutritional status 

improved, PEG feeding was still necessary in 5 patients at 18-24 months after LTx.
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DISCUSSION

This study was performed to describe changes in nutritional status in pre-and post-LTx CF 

patients, and how this relates to dietetic interventions and survival. At the entrance of the LTx 

programme, most patients had a long history of dietetic care and were familiar with nutritional 

support. However, almost 50% of the patients did not meet the recommended intake level of 

energy at baseline and 36% of the patients were underweight based on their BMI. Nutritional 

support during the pre-LTx period was unable to improve body weight or FFM, although 

further deterioration was prevented. After LTx, bodyweight, BMI and FFMI improved gradually.

Our study was limited by its retrospective approach; not all data could be retrieved. For 12 LTx 

patients who died within one year after transplantation no medical records were available. It 

would have been interesting to know their baseline BMI and FFMI. We assume that the use of 

electronic patient files will facilitate follow-up studies in the future. Secondly, we only used 

data from the outpatient clinic. Sometimes patients are hospitalized for more than 6 months 

and this may have an impact on bodyweight and composition before LTx.

Compared to other studies in pre- and post-LTx patients, our study population had lower 

values for body weight, BMI and FFMI.17,23,27,28 This may be explained not only by treatment 

differences, but also by differences in study population (other LTx-studies included populations 

with chronic obstructive pulmonary disease, emphysema and bronchiectasis) or differences 

in cut off points used to classify underweight (e.g. BMI varying from <17 to <21 kg/m2). In 

our data a weak association was suggested between low baseline FFMI and survival, as was 

seen in earlier studies.2,3 Although this appears to be plausible, follow up data of larger study 

populations are needed to confirm this.

European and Dutch nutritional guidelines recommend an intake of 120-150% of the estimated 

average requirement for energy for CF individuals compared to healthy peers.19 In our pre-

LTx population 48% failed to achieve recommended energy intake and 20% failed to achieve 

recommended protein intake. This percentage is lower than described by White et al. where 

72% of the general CF population failed to achieve recommended energy- and protein intake.31 

However, this may be due to differences in absorption factor, Activity Factor and/or disease 

factor that are used to calculate total energy expenditure. We used an absorption factor of 

0.93 for pancreatic insufficient patients but factors between 0.85 and 0.9 and thus higher 

energy requirements have been proposed.32 Moreover, the disease factor was now set at 

1.3 for all patients but this may be too low during periods of respiratory tract infection. It 
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is therefore possible that we underestimated energy requirements, which might explain 

why improvement of BMI and FFMI was not seen pre-LTx. To our knowledge, only one study 

described the dietary intake of pre- and post-LTx patients with CF, suggesting that despite a 

high caloric intake these patients remain malnourished before LTx while post-LTx they became 

well-nourished despite a drop in caloric intake.29 Future research should explore actual energy 

demands in pre-and post-LTx patients with CF using measured instead of calculated energy 

expenditure data.

During the waiting list period we advised ONS and/or tube feeding in patients who were 

unable to maintain or improve body weight. Kalnins et al. compared the effects of oral dietary 

supplements with dietary counselling on energy intake and nutritional status in malnourished 

CF patients, and reported that over a 3-month period neither sip feeding alone nor dietary 

counselling improved nutritional status.33 In our study half of the patients used ONS at 

baseline. ONS is meant to be an addition but may replace dietary intake when appetite is 

worsened due to a disease. In that case advising ONS may have the opposite of the desired 

effect. PEG tube feeding may not have this effect. In fact, it was shown to improve nutritional 

status in patients with CF and with end-stage lung disease in two studies.34,35 Possibly, 

more aggressive nutritional therapy with PEG tube feeding may be necessary to stimulate 

nutritional rehabilitation before LTx. Whether this improves survival needs to be evaluated.

After transplantation significant improvements in weight, BMI and FFMI were found for 

both men and women. A limited number of studies consistently found that body weight 

improved after LTx.28,30 Singer et al. found that weight gain was greatest in patients with CF and 

bronchiectasis compared to other LTx groups.28 The weight gain in our study could have been 

overestimated because some of the patients had their LTx before the age of 18. At waiting 

list entry eight patients were between 15 and 18 years old. Age related increases in weight 

and BMI could appear as successful nutritional interventions and therefore overestimate the 

effect of dietetic intervention. However, we expect that this effect only marginally influenced 

our analyses, because only 4 of these young patients were included in the nutritional follow-

up analyses. In accordance with our findings, Habedank found that weight gain was highest 

in underweight patients.30 In our study, this was more pronounced in men than in women. 

Possibly women feel more comfortable with their lower body weight. This phenomenon is also 

described by Abbott et al. who found that women with CF reported more dieting behaviour, 

greater preoccupation with food and more pressure from others to eat than CF males.36
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Although on average body weight increased after LTx, we observed a wide variation in 

weight change between patients. Postoperative weight loss may be explained by specific 

complications during the clinical course after LTx. One patient required re-transplantation, 

another one had a severe infection, and in one patient the PEG tube was not accessible. In 

other words, several causes may lead to unwanted weight loss. Weight gain post-LTx may 

have been affected by corticosteroid therapy, which was administered to all patients after 

LTx. However, we expect this effect to be minimal, because after 7-12 months daily prednisone 

dose was minimized to 10 mg in the majority of patients. Various studies have shown that 

the relation between corticosteroid dose and weight gain in transplant populations is not 

significant.27,37,38

In conclusion, a low BMI and especially a low FFMI at waiting list entry appears to impair 

survival in CF patients who are LTx candidates. Patients maintained a low body weight before 

LTx despite the use of additional ONS and/or tube feeding. After LTx weight gain is achieved, 

and more pronounced in patients who start with underweight. More research is needed 

on the impact of nutritional status on prognosis, on the specific nutritional requirements 

at several stages of the treatment process and on the effectiveness of several nutritional 

support measures.

7
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CLINICAL EVIDENCE AND FUTURE PROSPECTS IN  
NUTRITIONAL THERAPY IN CYSTIC FIBROSIS

‘Let food be thy medicine and medicine be thy food’ is a well-known quote by Hippocrates.

Although this Greek scientist died 370 years BC, his statement is still adopted by dietitians and 

physicians worldwide. In contemporary life, the benefits of healthy nutrition are important 

for all individuals, with or without a chronic disease. For patients with CF, nutrition is also an 

important issue since it affects pulmonary function and survival.1-3 This importance is reflected 

in European and Australian guidelines that include nutritional therapy and the monitoring of 

nutritional status as part of disease management in CF.4,5

Nowadays, dietetics is largely practice-based. To further improve the quality of patient care, it 

is of great importance to enhance the scientific credibility of dietetics based on evidence-based 

nutritional recommendations, methods and techniques. However, randomized controlled 

trials (RCT’s) are not easy or even unethical to perform in clinically vulnerable individuals, and 

therefore most of the nutritional interventions are described in observational studies. The 

main problem in observational studies is the presence of confounders and selection bias,6 

which means that conclusions on cause and effect cannot be inferred from these studies. 

In recent years, data from observational studies have become an increasingly important 

source of evidence because of improvements in observational-study methods and advances 

in statistical analysis.7 Well-designed observational studies can play a key role in supporting 

the evidence base for nutritional therapies and may be the best way to answer the many 

nutritional questions in situations in which the classical RCT approach does not apply. 

In this thesis we investigate the nutritional challenges in adults with CF before and after lung 

transplantation (LTx). Anthropometric measurements provide important information for the 

evaluation of the nutritional status in our CF study population. Furthermore, we explore the 

effectiveness of nutritional interventions in adults with end-stage CF both before and after 

LTx. The studies in this thesis address the lack of knowledge about nutritional assessment 

and dietary interventions in this group of individuals. Our studies are based on longitudinal 

cohorts, especially in adults with CF with end-stage lung disease. The presence of this specific 

group of individuals in our centre makes it possible to conduct unique research. However, 

the outcomes of studies of specific groups can limit the extent to which the results can be 

generalized to other individuals with CF. The results may be biased as these individuals already 

have a worse nutritional status compared to the general population with CF. Besides, cross-
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sectional research can be used to compare methods and find associations, but not to study 

cause-effect relationships. A recent Cochrane database of systematic reviews on enteral tube 

feeding (ETF) states that performing an RCT would be difficult due to the ethics of withholding 

an intervention with ETF in a group of people whose nutritional status necessitates it.8 

ETF is advised in CF individuals who are unable to consume adequate amounts of calories 

and protein to meet growth and weight maintenance goals.9 Furthermore, ETF is effective 

especially in malnourished CF individuals.10 However, the existing data is inadequate to 

provide recommendations concerning the use of ETF as a method to improve or to stabilize 

pulmonary function.9 Even though there are no RCT’s to decisions regarding the use of ETF in 

CF patients, multiple retrospective studies suggest that its use can improve age-dependent 

anthropometrics.9 These age-dependent anthropometrics include weight/age percentile, 

height/age percentile and weight-for-height percentile for 0-2 years; stature/age percentile 

and body mass index (BMI) percentile for 2-20 years; and BMI value for adults.4 

The outcomes of nutritional interventions in clinical practice are of great value for both the 

individual patient, and the medical staff. In fact, patients’ adherence improves if they receive 

clear information about effective treatment options and dieticians identify the wide variety of 

nutritional concerns in CF patients adequately.11 Moreover, the results of dietetic interventions 

contribute to practice-based evidence and result in modifications to current nutritional 

therapy. Our studies are performed in end-stage CF individuals and are generalizable to 

other CF lung transplant centres. However, in low-socioeconomic countries, CF treatment 

options are limited with the risk of poorer health outcomes.12 LTx will not be possible in every 

CF centre and the use of measurement tools may also be limited by financial constraints. 

The collaboration with CF expertise centres should be intensified to share knowledge and 

equipment to reduce the discrepancies in health outcomes of CF individuals. 

In addition, the availability of cystic fibrosis transmembrane conductance regulator (CFTR) 

modulator therapy is not common worldwide.13 As a result of this dissimilarity, the clinical 

outcomes and nutritional status of patients can diverge in the CF population worldwide. 

The benefits of CFTR modulators are associated with the improvement of appetite and 

protein anabolism, combined with reduction of work of breathing, inflammation and energy 

expenditure.14 Furthermore, improvements in fecal elastase-1 levels are observed in children 

with CF,15 resulting in an increased absorption of fat. Consequently, the effects of CFTR 

modulators will change dietary recommendations for energy14 as improvements in weight 

and BMI are observed.16 The change in CF energy requirements needs to be explained to CF 

individuals, their families and caregivers. Moreover, additional focus on the nutritional values 

8
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of protein is warranted as currently, evidence-based recommendations for daily protein intake 

are lacking and further studies are needed to develop guidelines for protein thresholds.4,17 

Specific nutritional treatment goals for each individual with CF are warranted.18 The importance 

of personalized nutritional treatment is increasing as some CF individuals develop normal 

weight obesity19 related to this CFTR modulator therapy, whereas others still have difficulties 

achieving and improving their nutritional status. Monitoring body composition and nutrient 

intake at the annual outpatient visit provides information of the nutritional problems the 

current CF individual can experience. Diagnostic tools as measurement of body composition 

by bioelectrical impedance, and energy needs by indirect calorimetry, will be most valuable 

in fine-tuning and monitoring dietetic interventions in the near future.

In the following paragraphs, we describe the results from our studies. At the end of each 

chapter, we discuss future prospects consecutively. And finally, we indicate directions for 

new research as CFTR modulator therapy is becoming more widely available in CF treatment, 

the life expectancy of CF patients is increasing, and survival in CF LTx patients is improving.

Chapter 2 describes the Latest evidence and recommendations for an optimal approach 

to nutrition in CF patients. In this review, we explored the most recent findings regarding 

nutritional management associated with pulmonary function and outcome. Evidence-

informed and practice-based guidelines on nutritional care of infants, children and adults with 

CF have been developed by the ESPEN-ESPGHAN-ECFS.4 Since 2016, excellent guidelines and 

systematic reviews have been published to endorse the importance of adequate nutritional 

treatment at different age and disease stages in CF.5,9,20 The standard nutritional care for CF 

is a high calorie, high-fat diet with pancreatic enzyme replacement therapy (PERT) and fat-

soluble vitamin supplementation to achieve an adequate nutritional status.4 CFTR modulators, 

including correctors and potentiators, are now available in clinical practice with positive 

effects on nutritional status.14,21,22 In combination with a knowledge of the genetic modifiers 

of the disease, the individual prognosis will be improved using individualized therapy. The 

optimal treatment for each CF patient can be achieved by combining personalized medical 

treatment, adequate nutritional intervention and improved life style behavior. Nowadays, 

dietary intervention in CF care needs adaptation as CFTR modulation affects the nutritional 

status and pulmonary function of individuals. The increased appetite of CF patients is one of 

the beneficial side effects of CFTR modulators. This beneficial side effect may contribute to 

unwanted weight gain and the unfavorable increase of fat mass. An unusually high percentage 

of fat mass with a normal weight, defined as normal weight obesity,17 and obesity in CF 

patients occurs more frequently.9 Therefore, the implementation of changes in nutritional 
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recommendations is needed. In patients using CFTR modulators, the measurement of REE 

needs to be expanded to investigate changes in energy metabolism. There is some evidence 

that a decrease in REE occurs.14,23 To prevent weight gain by an increase of fat mass in CF 

individuals, current recommendations for energy needs to be reconsidered. A new focus on 

a balanced diet and a healthy active lifestyle is necessary to achieve a good body composition 

with normal fat and fat free mass proportions. In fact, nutritional care should be closely 

adapted to the various stages and complications facing CF individuals across the lifespan 

to extend survival and to improve their quality of life. For this individualized nutritional 

treatment of CF patients, the knowledge, and the clinical experience, of a specialized CF 

dietitian is warranted.

In a contemporary lifestyle, e-health can be used in dietetic CF care to inform patients 

adequately. A specialized CF dietitian could use e-health consultations to answer specific 

questions related to malnutrition, sports, cystic fibrosis related diabetes, and weight or 

obesity problems.11,24 Blended care, where digital health and usual care are integrated, could 

contribute to supporting and motivating patients to adopt healthier eating habits which 

could prevent the development of unwanted comorbidities. This e-mental health service is a 

new era of medicine. Patients are empowered by increased access to information and their 

providers.25,26 In the near future, health care apps should demonstrate their effectiveness in 

meeting clinical and engagement end points in the long term. Current available CF apps are 

mainly used to record symptoms and act as reminders for medications and meals.27 In further 

research, apps could be used to collect data from larger groups of CF individuals, minimising 

the necessity of them having to come to the hospital.

Chapter 3 shows that Resting energy expenditure (REE) is underestimated by prediction 

equations in patients with end-stage CF. In general, to determine total energy requirements 

in patients, prediction equations are used in which resting energy expenditure (REE) is 

multiplied by activity and disease factors.28,29 REE is an important determinant of total energy 

expenditure (TEE). In healthy persons, REE can be calculated based on age, sex, and body 

weight using different prediction equations such as those of Harris-Benedict (HB; 1919 and 

1984), Schofield, and the World Health Organization (WHO;1985).28-30 For CF patients, there is 

no consensus on which prediction equation is most reliable. When using prediction equations, 

overestimation or underestimation of REE occurs.31 This may lead to inadequate individual 

recommendations for TEE, and impairment of the nutritional status. Measured REE values 

will improve the estimation of TEE, and provide adequate energy recommendations. Indirect 

calorimetry (IC) is the most commonly used and is a non-invasive method for measuring 

8
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REE in clinical populations including CF.32,33 Our study is the first study that assessed the 

agreement between measured REE with IC and predicted REE according to Harris-Benedict 

1919 and 1984, Schofield, and WHO 1985 prediction equations. Moreover, this study is the first 

that assessed differences in REE adjusted for fat free mass in pre- and post-LTx CF patients. 

REE estimated by prediction equations was adequate in a maximum of 25% of pre-LTx CF 

patients and 67% of post-LTx CF patients. Furthermore, in our study population, REE was 

underestimated using prediction equations in all pre-LTx patients with CFRD, colonized with 

P aeruginosa and with a homozygote ∆F508 mutation. Within 2 years post-LTx, in 4 out of 12 

post-LTx CF patients REE was still underestimated using prediction equations, possibly due 

to re-colonisation with P aeruginosa from the patient’s paranasal sinuses. When REE was 

adjusted for body weight or fat free mass (FFM) a significant difference was seen between 

pre- and post-LTx CF patients: REE/kg and REE/kg FFM was significantly higher in pre- than 

in post-LTx CF patients. These differences may be explained by a decrease of inflammation 

and pulmonary infections post-LTx and a decline of respiratory effort. This study was limited 

by its cross-sectional design. However, the two patient groups were similar in characteristics 

(except for pulmonary function) and therefore suitable to draw conclusions from.

IC is also the reference standard for measurement of energy expenditure in critically ill 

patients.34 For further research purposes, IC should be conducted at the intensive care unit 

(ICU). Moreover, technological advancement makes it possible to perform measurements 

of energy expenditure in clinic patients at the bedside using valid and accurate portable 

devices.35,36 In future research, clinically ill CF patients waiting for LTx at the ICU can be 

included. ICU patients often suffer from chronic critical illness causing an increase in energy 

expenditure, leading to proteolysis and related muscle loss. Discrepancies between the 

estimated and measured energy expenditure influence nutritional management and can 

have a negative impact on the outcomes of critically ill CF patients. Optimal supplementation 

and modulation of caloric and protein intake can avoid under- or overfeeding.37 Under- or 

overfeeding are both associated with poorer outcomes.38 IC is the preferred method to 

estimate resting energy expenditure and provides support for the appropriate caloric intake in 

critically ill patients to counter energy and muscle loss.39 This method can be used additionally 

in dietetic practice, especially in patients with unwanted weight loss or weight gain.

The implications for clinical practice and research of non-fasting bioelectrical 

impedance analysis in CF are investigated in Chapter 4. Body composition may affect 

pulmonary function in CF patients and can be monitored by using bioelectrical impedance 

analysis (BIA).19,40 In this study, we assessed whether the differences between fasting and 
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non-fasting BIA measurements are clinically relevant in adult CF patients. In order to make the 

results applicable in clinical research, this study additionally investigated whether associations 

between BIA results with pulmonary function are different when using fasting or non-fasting 

data. All adult CF patients underwent whole body single frequency BIA measurements at 

the outpatient clinic, before and after their nutritional and fluid intake in the morning. BIA 

measures the resistance of the body to a small electrical current, and can indicate body 

composition. Nutritional and fluid intakes significantly increase FFM estimates by 0.23 kg, 

and significantly lower FM estimates by 0.22 kg, which is not clinically relevant. Furthermore, 

in 86% of the patients the difference in FFM and FM estimates after nutritional and fluid 

intake was less than 1 kg. After adjusting FFM and FM for height, the estimates remained 

similar in 83% of the patients. These results show that classification of patients is similar 

before and after nutritional and fluid intake. The associations between BIA results and 

pulmonary function remained similar before and after nutritional and fluid intake. These 

results also indicate that non-fasting BIA measurements can be registered in electronic patient 

records and that researchers may use these data for research purposes. However, the study 

results should be interpreted cautiously when applied to other body composition devices. 

Reproducibility increases when measurements over time are performed using similar testing 

conditions. Moreover, the single frequency BIA provides raw data (impedance, resistance, 

reactance, and phase angle). These raw data were registered in electronic medical records. 

Estimates of FFM (in kg), %, and kg/m2), and FM (in kg, %, and kg/m2) were obtained, using the 

Kyle equation.41 The Kyle equation was used to estimate body composition, and is commonly 

used in dietetic practice as it shows good precision when validated against Dual-energy X-ray 

absorptiometry (DXA) among healthy individuals, as compared to other BIA equations.42 Our 

data were also analysed with the Charatsi formula, which has been validated in CF children,43 

but our conclusions remained similar when comparing the data with the results from the 

Kyle equation.

Therefore, BIA measurements are implemented in our CF centre and performed in adult 

CF patients in non-fasting state visiting the outpatient clinic. Patients experience no 

discomfort and are very interested in their measurement outcomes. The nutritional status 

of CF individuals can be monitored by using follow up data in order to optimize pulmonary 

function. Furthermore, the effect of nutritional and physical interventions can be evaluated 

more adequately. Using follow up data, these interventions can be adjusted if necessary. This 

is of great importance to increase treatment adherence of patients. So, BIA can easily be used 

as a prognostic and body composition assessment tool.44 However, for clinically unstable CF 

patients, additional techniques are needed to evaluate their nutritional status as oedema 

8
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and dehydration can lead to less reliable results using BIA.45 Other techniques, for example 

the Dual-energy X-ray absorptiometry (DXA), can be used to measure body composition. This 

is a more expensive method, which is also of great value in studying sarcopenia46 and bone 

health. As the life expectancy of CF patients is increasing, it is important to monitor bone 

health in both children and adults. Therefore, future research could focus on the validation 

of BIA against DXA for body composition measurements in CF adults.

Resting energy expenditure in CF patients decreases after LTx, which improves 

applicability of prediction equations for energy requirement, is reported in Chapter 5. 

The decision to place a patient on the waiting list for LTx is complex, reflecting considerations 

not only of clinical and psychosocial characteristics of the individual patient but also program-

specific factors and the influence of a lung allocation system (LAS). The selection of appropriate 

LTx candidates is multifaceted and is a result of a process that carefully considers the unique 

aspects of each patient and each transplant program. Because LTx is a complex therapy with 

a significant risk of perioperative morbidity and mortality, it is important to consider the 

overall sum of contraindications and comorbidities. In a consensus document that provides 

a list with absolute and relative contraindications, progressive or severe malnutrition is listed 

as a relative contraindication for bilateral LTx.47 Therefore, specialized dietary counselling is 

warranted for CF patients to optimize their nutritional status before surgery.48 Resting energy 

expenditure (REE) is used to estimate total energy expenditure and to provide an adequate 

personalized dietary advice. In previous clinical studies and current practice, REE is commonly 

estimated by using prediction equations and is underestimated in CF patients especially 

before LTx.33,49-51 However, this has not been studied after LTx. In our unique longitudinal 

study, we investigated the change in REE in CF patients before and after LTx with a follow-up 

of 2 years. We also compared the results of REE with those of prediction equations.28-30,52 

Our study confirmed the findings of our cross-sectional study: REE and REE adjusted for 

kilogram fat free mass (FFM) significantly decrease after LTx. Moreover, prediction equations 

are inaccurate until one year after LTx. From then on, REE and REE/kg FFM remain stable and 

prediction of REE using equations is accurate (i.e. within 10% of measured value) in about two 

thirds of the patients. To prevent underestimations of energy needs, we recommend using 

the measured REE by IC instead of using prediction equations for REE in patients with CF and 

end-stage lung disease until one year after LTx.

Future studies are encouraged to validate our observations and perform subgroup analysis 

with more patients included. It is of great interest to investigate whether the REE will change 

more than 2 years after LTx in a larger sample of patients with CFRD or new onset diabetes 
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after transplant (NODAT). The incidence of these complications is high.53,54 Moreover, as the 

physical condition of the patient after LTx may improve, an increase in exercise may also 

alter the total energy demands. The measurement of REE, in combination with monitoring 

body composition and the physical activities of patients with transplants may contribute to 

optimally individualized treatments leading to better survival outcomes. It would also be 

interesting to use the double-labelled water method to determine total energy costs, which 

has not yet been investigated in adult CF patients but is already a valid method in healthy 

persons.55 In addition, the use of immunosuppressive drugs like corticosteroids is related 

to comorbidities56 and may result in a change of eating habits. Therefore, a specialized CF 

LTx dietitian is warranted to advise patients regarding adequate energy requirements in 

post-transplant CF patients to prevent the development of unwanted comorbidities such as 

metabolic syndrome57 and dyslipidemia.

In Chapter 6, we show that Body weight and body mass index in patients with end-stage 

cystic fibrosis stabilize after the start of enteral tube feeding. Enteral nutrition support 

is widely used to improve nutritional status in CF patients.10 This type of support includes 

oral nutrition supplementation and enteral tube feeding (ETF). ETF is considered when 

oral nutrition supplementation fails to improve BMI or to prevent weight loss.9 Depending 

on the expected duration of nutritional support, the physical and gastrointestinal tract 

condition, and/or patient preference and choice, ETF can be administered by nasogastric, 

nasoduodenum, percutaneous endoscopic gastrostomy (PEG) or percutaneous endoscopic 

jejunostomy tube.58 The latter is an alternative method for patients with end-stage lung 

disease.59 Previous studies have been limited to CF patients with moderately or mildly 

impaired pulmonary function and improvements in nutritional status were associated with 

a higher percentage of CF patients surviving for 2 years or more.60,61 The effectiveness of ETF 

in improving the nutritional status and survival in CF patients with end-stage lung disease 

has not been investigated. A difference in survival between sexes is also described; women 

with CF have a shorter life expectancy than men with CF.62,63 No studies have investigated the 

differences between adult men and women with CF in clinical outcomes after ETF was started. 

Therefore, we performed a retrospective study with the aim to determine the effects of ETF 

in men and women with CF and end-stage lung disease on body weight, BMI, and pulmonary 

function. Data on nutritional and clinical outcomes of 26 patients with end-stage CF, including 

weight, height, BMI, and pulmonary function (FEV1% predicted) were collected during usual 

outpatient clinic visits at different points in time from 6 months before to 6 months after 

starting ETF. Six months after starting ETF, we found a mean increase in body weight of 3.5 

kg and a mean increase of 1.3 kg/m2 in BMI for the entire group of patients. FEV1% predicted 
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was and remained low; 28% 6 months before the start of ETF, 26% at the start of ETF and 

25% 6 months after the start of ETF. The conclusion of our study is that ETF improved body 

weight and BMI but not pulmonary function in our patients with end-stage CF. The clinical 

outcomes were similar in women and men, but the sample size for men alone was too small 

to reach statistical significance.

Reported use of ETF suggests that it results in nutritional and respiratory improvement. 

However, efficacy has not been assessed by randomized controlled trials (RCT’s). To perform 

a RCT is difficult due to the ethics of withholding an intervention in a group of patients whose 

nutritional status necessitates it.64 Larger prospective observational studies, providing more 

opportunity to correct for confounders, are needed to further describe the effects of ETF. 

Furthermore, hyperglycemia65 and gastro-intestinal discomfort66 can occur in CF patients or 

CF-related diabetes using nocturnal ETF. Therefore, further research could focus on adequate 

supplementation of pancreatic enzyme replacement therapy (PERT) in CF patients using ETF. 

A novel in-line digestive cartridge with immobilized lipase (RELiZORB) has been designed to 

address the unmet need for PERT in patients using ETF.67 Unfortunately, this cartridge is not 

available in European countries yet. This, or a similar, product will be an interesting tool to 

use for the improvement of ETF efficacy in pancreatic insufficient CF patients. More research 

is warranted to reduce these complaints in CF patients and to improve clinical outcomes.

The effects of nutritional status and dietetic interventions are important for survival 

in CF patients before and after LTx. The results of this study are described in Chapter 7. 

Pre- and post-transplant nutritional management aims to maintain or improve nutritional 

status, in order to meet the criteria for LTx and optimize survival before and after LTx. LTx 

is an established treatment option for end-stage lung disease, also in CF patients. However, 

malnutrition is a common problem in CF patients.68,69 Only a few studies have investigated 

nutritional intervention strategies in patients on the waiting list for LTx.70-72 The aim of our 

study was to describe nutritional status and intake at waiting list entry, subsequent changes 

in body weight and fat free mass (FFM) before and after LTx, and survival after LTx using data 

from out-patient visits. We could retrieve data from 75 CF patients from our own patient 

files. Fifty one of the 75 patients received a transplant. Two-year complete follow-up data 

on anthropometry and diets were available for 31 of these patients: 10 died after LTx and 10 

patients were followed for less than 1 year. On entering the LTx programme, most patients 

had had a long history of dietetic care and were familiar with nutritional support. However, 

almost 50% of the patients did not meet the recommended intake level of energy and 36% 

of the patients were underweight based on their BMI (≤ 18.5 kg/m2). There was no significant 
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improvement in BMI or fat free mass index (FFMI) between waiting list entry and the last visit 

before LTx, although further deterioration was prevented. The number of patients who were 

underweight was reduced from 13 (42%) to 8 (26%). Of the nine patients who died before 

LTx, 67% were underweight and 78% had a low FFMI. Of the ten patients who died after LTx, 

40% were underweight and 60% had a low FFMI. Forty-one patients, who survived LTx, had a 

somewhat better nutritional status: 34% were underweight and 40% had a low FFMI. After LTx, 

the body weight increased significantly compared to body weight before LTx. The mean weight 

gain at 18-24 months post-LTx, as a proportion of initial body weight, was 11% for men and 8% 

for women. The largest increase in body weight was seen in men who were underweight at the 

start of the study. Our study was limited by its retrospective approach; not all data could be 

retrieved. For 12 CF LTx patients who died within one year after LTx no medical records were 

available. It would have been interesting to know their BMI and FFMI before LTx. Our future 

perspectives for research should focus on the impact of nutritional status on prognosis, on 

the specific nutritional requirements at several stages of the treatment process and on the 

effectiveness of several different nutritional support measures.

The aim for dieticians in transplant care is still to achieve an improvement or normalization 

of BMI and especially FFMI in pre-LTx candidates. The multidisciplinary treatment approach is 

becoming more important for pre-operative rehabilitation in patients. Early intervention and 

monitoring physical activity73 is warranted to achieve muscle mass and to increase the FFMI 

of patients. The prevention of organ rejection is an important goal in post-transplant care to 

achieve better survival outcomes.74 According to the most recent registry of the International 

Society for Heart and Lung Transplantation (ISHLT), CF is the third highest indication for LTx 

in adults and shows the best survival rate compared to patients with other diseases. The 

median survival time of CF recipients is 9.2 years.75 Unfortunately, comorbidities such as 

gastrointestinal malignancies (50) occur after LTx. The effects of the interaction between 

medication and food are already receiving attention76-78 and need to be explored in future 

studies. Moreover, comorbidities may increase as life expectancy of CF LTx survivors improves.

CONCLUDING REMARKS AND FUTURE PERSPECTIVES

The nutritional challenges in adults with CF have been explored, especially in patients before 

and after LTx. New drug therapies will improve the perspectives in life and the survival of CF 

individuals. It would be valuable to monitor the CF population, using this type of medication, 

for a longer period, particularly to find out if they are better able to preserve a good pulmonary 
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function for a longer period of time and to reduce the necessity of having LTx. Additionally, BIA 

and REE measurements are becoming more important for diagnosing and monitoring dietetic 

interventions. In new (nutritional) research using intervention studies, these measurement 

tools can be applied. New challenges for specialized CF dieticians include the nutritional care 

in CF individuals of different ages and showing various disease conditions, such as overweight/ 

obesity11,19,79,80, CFRD81,82, renal failure83,84 and/or colon cancer before85,86 and after LTx.54,87 In 

concordance with medical and digital developments, the role of dieticians will evolve into a 

‘nutrition coach’ for all CF individuals.

Perspectives for new research in CF patients (before and after LTx) are: CFTR modulators 

and the effect on pancreatic function and nutrient absorption; dietary intervention in CFRD 

and evaluation of body composition using BIA; eHealth in CF dietary intervention: impact on 

the nutritional status; and REE measurement in LTx candidates at the ICU unit. New research 

questions can be generated and will offer new opportunities to improve dietetic interventions 

and outcomes in the current CF population.
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Cystic fibrosis (CF) is een van de meest voorkomende erfelijke en ongeneeslijke aandoeningen 

wereldwijd. Het wordt veroorzaakt door een afwijking in het ‘cystic fibrosis transmembrane 

conductance regulator’(CFTR)-gen. Dit gen codeert voor het CFTR-eiwit, dat dient als een 

kanaal voor chloride-ionen en water door het membraan van de cellen die slijm, zweet, 

speeksel, tranen en spijsverteringsenzymen produceren. Een afwijking in dit CFTR-gen 

schaadt de functie van deze kanalen en leidt tot dik en taai slijm. Omdat het CFTR-eiwit 

aanwezig is in alle slijmproducerende organen in het lichaam, is CF een genetische multi-

systeemaandoening die de longen, alvleesklier, lever, darmen en andere organen aantast. 

Symptomen van CF kunnen variëren door de vele verschillende afwijkingen in het CFTR-gen. 

Mensen met CF kunnen problemen hebben met de opname van vet uit de voeding en last 

hebben van chronische longinfecties. Deze problemen kunnen leiden tot verslechtering van 

de voedingsstatus en progressieve longschade.

De behandeling richt zich op het handhaven en het optimaliseren van de longfunctie en de 

voedingsstatus, omdat dit sleutelfactoren zijn voor de overleving. Een grote verbetering in 

overleving van mensen met CF is in de afgelopen decennia aangetoond. In West-Europa, 

de Verenigde Staten en Canada is de mediane overleving voor mensen met CF ongeveer 

40-50 jaar. Vanwege ongelijkheden op het gebied van beschikbare behandelingen is de 

gemiddelde overleving van mensen met CF in heel Europa ongeveer slechts 30 jaar. De 

toegenomen overleving kan worden verklaard door een combinatie van het gebruik van 

screeningsprogramma’s bij pasgeborenen, gecentraliseerde zorg gebruikmakend van 

evidence-based klinische behandelings- en voedingsrichtlijnen, de bredere toegang tot CF-

specifieke medicijnen en de introductie van nieuwe medicijnen die CFTR-eiwit moduleren. 

Het aantal volwassenen met CF groeit, aangezien de meerderheid van de kinderen met CF 

nu volwassen wordt. Dit betekent ook dat meer mensen met CF verschillende stadia van 

longziekte hebben, vaak met complexe comorbiditeit.

Een goede voedingsstatus draagt bij aan een betere longfunctie en overleving bij CF. De kans 

op een verminderde voedingsstatus bij CF is echter groot en is het gevolg van een combinatie 

van verhoogde voedingsbehoeften, verhoogde verliezen van voedingsstoffen en verminderde 

voedingsinname. Het is vaak moeilijk voor iemand met CF om een ​​goede voedingsstatus te 

bereiken en te behouden. Oorzaken hiervoor zijn divers en worden mede veroorzaakt door 

CF-gerelateerde klachten zoals benauwdheid, hoesten, het opgeven van slijm, koorts, buikpijn, 

darmverstopping, vermoeidheid en terugkerende luchtweginfecties. Door infecties in de 
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longen ontstaat vaak een verminderde eetlust. Er kan snel een negatieve cirkel ontstaan. 

Door de verminderde eetlust treedt er een tekort aan energie en voedingsstoffen op dat 

tot gevolg heeft dat de weerstand vermindert. Door een verminderde weerstand neemt de 

gevoeligheid voor longinfecties toe en de longinfecties veroorzaken een verminderde eetlust.

Voor mensen met CF bestaan specifieke voedingsrichtlijnen die adviseren 110-200% van de 

benodigde energie te gebruiken ten opzichte van gezonde leeftijdsgenoten van hetzelfde 

geslacht. Hiermee kunnen de streefwaarden voor een goede voedingsstatus, uitgedrukt in 

body mass index (BMI), bij CF worden bereikt en gehandhaafd. Als streefwaarde bij CF geldt 

een BMI op of boven de 50e percentiel bij kinderen en voor volwassenen op of boven 22 kg/m2 

voor vrouwen en 23 kg/m2 voor mannen. Een goede BMI of normaal gewicht voor leeftijd en 

geslacht kan echter voedingsproblemen maskeren, omdat deze maten geen inzicht geven in 

de hoeveelheid vetmassa (VM) en vetvrije massa (VVM). Inzicht in deze lichaamssamenstelling 

is belangrijk, omdat mensen met CF en hogere VVM een betere longfunctie blijken te hebben 

dan mensen met CF en hogere VM. Bovendien is een afname van of lage VVM geassocieerd 

met een verminderde longfunctie. Het verlies van zowel de spiermassa (aanwezig in de VVM) 

als de spierfunctie moet worden voorkomen, omdat dit leidt tot ongewenst gewichtsverlies, 

uitputting en verminderde fysieke activiteit, hetgeen weer bijdraagt aan een hoger risico 

op overlijden. Als onvoldoende voedingsinname plaatsvindt, is beschreven dat voeding 

toegediend via een sonde in de maag of darm een effectieve methode is om de voedingsstatus 

te verbeteren, vooral bij ondervoede mensen.

Bij mensen met CF komt steeds meer overgewicht en obesitas voor. Gewichtsmetingen en BMI 

alleen detecteren hierbij geen veranderingen in de lichaamssamenstelling. De metingen van 

lichaamssamenstelling kunnen de resultaten van voedingsinterventies beter zichtbaar maken.

Ondanks betere behandelingsmethoden op het gebied van medicatie en voeding, hebben 

de meeste mensen met CF nog steeds een longtransplantatie (LTx) nodig om de overleving 

te verbeteren. Deze LTx moet worden overwogen voor mensen bij wie de klinische status 

ondanks maximale medische behandeling geleidelijk is afgenomen. Verwijzing naar een 

longtransplantatiecentrum is noodzakelijk als de longfunctie (uitgedrukt in FEV1) tot beneden 

de 30% van de voorspelde waarde van een gezonde leeftijdsgenoot van hetzelfde geslacht is 

gedaald of als de longfunctie een snel dalende FEV1 laat zien ondanks optimale behandeling. 

Als geen contra-indicaties zijn, worden de mensen vervolgens op de wachtlijst voor LTx 

geplaatst.

9
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Om de optimale overlevingskansen voor en na LTx te bereiken, is in Nederland in 2014 de 

LAS (Long Allocatie Score) geïntroduceerd. De LAS wordt gebruikt als maat voor de ernst van 

de ziekte met scores variërend van 0 tot 100. Een hoge LAS reflecteert mensen die een LTx 

het meest dringend nodig hebben. Voor de huidige LAS-berekening zijn antropometrische 

parameters zoals gewicht en lengte nodig. Aanhoudend gewichtsverlies ondanks optimale 

inzet van voedingstherapie is één van de huidige criteria voor mensen om in aanmerking 

te komen voor LTx. Relatieve contra-indicaties voor LTx zijn echter een voedingsstatus met 

een BMI lager dan 18 of hoger dan 30. Het is een uitdaging voor diëtisten die in LTx-zorg 

werken om de voedingstoestand bij mensen met CF voor LTx te verbeteren. Een belangrijk 

onderdeel hierbij is het vaststellen van de benodigde energiebehoefte. Indirecte calorimetrie 

(IC) is de meest gebruikte en betrouwbare niet-invasieve methode voor het meten van het 

energieverbruik in rust (REE) in klinische populaties, ook bij CF. Een onderzoek uitgevoerd 

bij 10 kinderen met CF toonde een verhoogd (132% van voorspeld via voorspellingsformules) 

gemeten REE door IC voor LTx. Binnen een jaar na LTx daalde dit tot 112% van de voorspelde 

REE. Langdurige studies waarin REE voor en na LTx wordt onderzocht bij volwassenen met 

CF ontbreken echter.

Bij mensen met CF voor en na het LTx-traject is het van belang om te onderzoeken of de 

BMI een goede maat is om de voedingstoestand te beoordelen. In de huidige internationale 

richtlijnen wordt dit tot nu toe aanbevolen. Ook moeten huidige diagnostische hulpmiddelen 

voor de beoordeling van de voedingsstatus en energiebehoefte bij CF worden onderzocht 

alsmede de toepasbaarheid van deze hulpmiddelen bij LTx. Verder is onderzoek naar 

effectieve voedingsinterventiestrategieën bij mensen met CF en een LTx zeldzaam.

Dit proefschrift richt zich op het vergroten van de kennis over en het verbeteren van 

het meten van de lichaamssamenstelling, de voedingsbehoeften en de effectiviteit van 

voedingsinterventies bij mensen met CF. Dit is essentieel voor betere voedingszorg ‘op 

maat’, rekening houdend met de verschillende stadia en complicaties van CF gedurende 

het leven om de overleving te verlengen en de kwaliteit van leven te verbeteren. Voor deze 

geïndividualiseerde voedingsbehandeling van mensen met CF is de kennis en de klinische 

ervaring van een gespecialiseerde CF-diëtist onontbeerlijk. We onderzoeken hoe het beste 

gemeten kan worden en hoe de resultaten gebruikt kunnen worden in de klinische praktijk. 

Gegevens hiervoor zijn verkregen uit de klinische praktijk, variërend van mensen die op de 

polikliniek regelmatig op controles kwamen tot mensen met eindstadium longziekte voor LTx 

en mensen met donorlongen.
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In Hoofdstuk 2 geven wij een overzicht van het nieuwste bewijs en de aanbevelingen voor de 

optimale voedingsbehandeling bij mensen met CF. In deze review werd ook de meest recente 

literatuur onderzocht met betrekking tot de positieve associatie tussen voedingsstatus met 

longfunctie en overleving. Sinds 2016 zijn diverse richtlijnen gepubliceerd om te komen 

tot een goede voedingsbehandeling bij CF. De standaard voedingszorg voor CF is een 

hoogcalorisch dieet met gebruik van enzymvervangende therapie (PERT) en vet oplosbare 

vitamine supplementen om een goede voedingsstatus te bereiken en te behouden. De 

voedingsstatus kan echter ook worden verbeterd door CFTR-modulatoren te gebruiken, 

inclusief correctoren en potentiatoren. Deze verschillende medicamenteuze therapieën 

zijn nu beschikbaar in de klinische praktijk met positieve effecten op de voedingsstatus. De 

optimale behandeling voor iemand met CF kan worden bereikt en toegepast door persoonlijke 

medische behandeling, adequate voedingsinterventie en gezonde leefstijl te combineren. De 

CFTR-modulatie en de effecten ervan op de voedingsstatus en longfunctie zullen uitdagingen 

bieden om voedingsinterventies aan te passen in de huidige CF-zorg en in de nabije toekomst. 

Eén van de uitdagingen is het eetlust-verhogende effect van CFTR-modulatoren. Dit kan 

gemakkelijk leiden tot ongewenste gewichtstoename en een ongunstige toename van VM. 

Omdat een goede BMI met een te hoog percentage VM en ook obesitas bij mensen met CF 

vaker voorkomen, moeten wijzigingen in voedingsaanbevelingen worden doorgevoerd. Bij 

mensen met CF, die CFTR-modulatoren gebruiken, kan de meting van REE frequenter ingezet 

worden om veranderingen in het energiemetabolisme te onderzoeken. Enkele recente studies 

beschrijven een daling van REE bij gebruik van deze CFTR-modulatoren. Een nieuwe focus 

op het gebruik van een uitgebalanceerd dieet gecombineerd met een gezonde leefstijl en 

goede bewegingsadviezen is ook bij mensen met CF hard nodig om te streven naar een goede 

lichaamssamenstelling met normale vetmassa en vetvrije massaverhouding.

De huidige klinisch toepasbare methoden om lichaamssamenstelling en REE te bepalen, 

zijn onderzocht in diverse onderzoeken binnen onze groep mensen met CF. In Hoofdstuk 3 

zijn de resultaten weergegeven van het onderzoek waarin we gemeten REE vergelijken met 

geschatte REE voorspeld door verschillende formules uit de klinische praktijk. We hebben 

dit onderzocht in een groep mensen met CF en eindstadium longziekte en in een groep 

mensen met CF na LTx. Onze studie was de eerste die heeft gekeken naar overeenkomsten 

tussen gemeten REE met behulp van IC en voorspelde REE volgens de voorspellingsformules 

van Harris-Benedict (1919 en 1984), Schofield en WHO (1985). Bovendien was deze studie de 

eerste die verschillen in REE heeft onderzocht voor VVM in een groep mensen met CF voor 

LTx en een groep mensen met CF na LTx. REE geschat door voorspellingsformules kwam 

overeen met gemeten REE bij maximaal 25% van de mensen met CF voor LTx en bij 67% van 

9
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de mensen met CF na LTx. In onze onderzoekspopulatie werd de REE onderschat met behulp 

van voorspellingsformules bij alle mensen met CF en diabetes (CFRD) voor LTx, geïnfecteerd 

met de Pseudomonas aeruginosa (P aeruginosa) bacterie en met een homozygote ∆F508 gen 

mutatie. Binnen 2 jaar na LTx werd bij 4 van de 12 getransplanteerde mensen met CF de REE 

nog steeds onderschat met de voorspellingsformules, mogelijk vanwege vernieuwde infectie 

met P aeruginosa via de neusbijholten. REE berekend per kilogram lichaamsgewicht en REE 

per kilogram VVM waren significant hoger in de groep mensen met CF voor LTx dan in de 

groep mensen met CF na LTx. Deze verschillen kunnen worden verklaard door een afname 

van ontstekingen en longinfecties na LTx en een afname van de ademhalingsinspanning.

In Hoofdstuk 4 beschrijven we de bio-elektrische impedantieanalyse (BIA) als een methode 

om de lichaamssamenstelling bij volwassenen met CF vast te stellen. Ook onderzoeken we of 

de verschillen tussen nuchtere en niet-nuchtere BIA-resultaten klinisch relevant zijn. Uit onze 

studie blijkt dat voedings- en vochtinname de waarden van VVM met 0,23 kg verhogen en de 

waarden van VM met 0,22 kg verlagen. Bovendien was bij 86% van de mensen het verschil 

in waarden van VVM en VM na voedings- en vochtinname minder dan 1 kg. De uitkomsten 

bleven bij 83% van de patiënten gelijk nadat de VVM en VM ook voor lengte werd gecorrigeerd. 

De verschillen tussen nuchtere en niet-nuchtere VVM en VM waren niet klinisch relevant en 

de samenhang met longfunctie bleef gelijk. Voor het beoordelen en het evalueren van de 

voedingsstatus kunnen de BIA-metingen worden uitgevoerd na voedings- en vochtinname 

door volwassenen met CF die de polikliniek bezoeken. Deze resultaten geven ook aan dat 

niet-nuchtere BIA-metingen kunnen worden geregistreerd in elektronische patiëntendossiers 

en dat onderzoekers deze gegevens voor onderzoeksdoeleinden kunnen gebruiken. De 

onderzoeksresultaten moeten echter voorzichtig worden geïnterpreteerd wanneer ze worden 

toegepast op andere apparaten voor lichaamssamenstelling. De reproduceerbaarheid neemt 

toe wanneer de metingen in de loop van de tijd worden uitgevoerd onder vergelijkbare 

testomstandigheden.

Dezelfde technieken van BIA en REE zijn ook gebruikt in een unieke groep mensen met CF 

voor LTx in combinatie met vervolgmetingen tot en met 2 jaar na LTx. De resultaten van 

dit onderzoek zijn beschreven in Hoofdstuk 5. Onze studie toont aan dat REE en REE 

gecorrigeerd voor kilogram VVM aanzienlijk afnemen na LTx. De voorspellingsformules blijven 

onnauwkeurig tot een jaar na LTx. Vanaf een jaar na LTx blijven REE en REE per kilogram VVM 

stabiel en is de voorspelling van REE met behulp van formules nauwkeurig (d.w.z. binnen 10% 

van de gemeten waarde) bij ongeveer tweederde van de mensen met CF. Om onderschatting 

van de energiebehoeften te voorkomen, raden we daarom aan om de gemeten REE met IC 
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te gebruiken bij mensen met CF en eindstadium longziekte alsook bij mensen met CF tot een 

jaar na LTx. Na een jaar LTx kunnen de voorspellingsformules gebruikt worden in de klinische 

praktijk.

De effectiviteit van voedingsinterventies wordt bestudeerd in twee andere studies van ons 

en is beschreven in Hoofdstuk 6 en 7. De resultaten van een observationele studie, waarin 

de veranderingen in het lichaamsgewicht en de BMI voor en na het starten van sondevoeding 

(ETF) zijn onderzocht bij mensen met CF en eindstadium longziekte, worden beschreven 

in Hoofdstuk 6. De conclusie van onze studie is dat ETF het lichaamsgewicht en de BMI 

verbeterde. Gedurende 6 maanden na het starten van ETF is een gemiddelde toename in 

lichaamsgewicht van 3,5 kg en een 1,3 kg/m2 toename in BMI te zien. De longfunctie was en 

bleef laag; voorspelde FEV1% was 28% in 6 maanden voor de start van ETF, 26% bij de start 

van ETF en 25% in 6 maanden na de start van ETF. De klinische resultaten waren vergelijkbaar 

bij vrouwen en mannen, maar de steekproefgrootte voor alleen mannen was te klein om 

statistische significantie te bereiken.

In Hoofdstuk 7 onderzoeken we BMI en vetvrije massa-index (VVMI), voedingsinterventie 

en voedingsinname bij mensen met CF voor en na LTx. Van 75 mensen met CF hebben we 

gegevens kunnen gebruiken uit patiëntendossiers. Hiervan kregen 51 mensen met CF een 

LTx. Twee jaar volledige follow-upgegevens van het gewicht, de lichaamssamenstelling en de 

dieetinterventie waren beschikbaar voor 31 van deze 51 mensen, omdat 10 mensen overleden 

na LTx en 10 mensen minder dan 1 jaar gevolgd zijn. Bij de start van het LTx traject waren 

de meeste mensen met CF bekend met een lange geschiedenis van dieetbehandeling. Bijna 

50% van de groep mensen kreeg echter niet hun behoefte aan energie binnen en 36% van de 

groep mensen was ondervoed op basis van hun BMI (≤ 18,5 kg/m2). Significante verbetering 

in BMI of VVMI tijdens de wachtlijstperiode en het laatste bezoek voor transplantatie was 

niet aantoonbaar. Het aantal mensen met ondergewicht verminderde wel van 13 (42%) tot 8 

(26%). Van de 9 patiënten die stierven voor LTx had 67% ondergewicht en 78% had een lage 

VVMI. Van de 10 patiënten die stierven na LTx had 40% ondergewicht en 60% een lage VVMI. 

Eenenveertig patiënten, die LTx overleefden, hadden een iets betere voedingsstatus: 34% had 

ondergewicht en 40% had een lage VVMI. Na de LTx nam het lichaamsgewicht aanzienlijk toe 

in vergelijking met het lichaamsgewicht voor LTx. De gemiddelde gewichtstoename op 18-24 

maanden na LTx, als percentage van het gewicht voor LTx, was 11% voor mannen en 8% voor 

vrouwen. De sterkste toename van het lichaamsgewicht werd waargenomen bij mannen 

met ondergewicht.

9
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In Hoofdstuk 8 zijn de resultaten van dit proefschrift bediscussieerd en samengevat. 

Voedingsproblemen bij volwassenen met CF zijn onderzocht, vooral bij mensen voor en na 

LTx. Nieuwe medicamenteuze therapieën, zoals de CFTR-modulatoren, zullen het perspectief 

in het leven en de overleving van mensen met CF verbeteren. Het is interessant om te 

onderzoeken of mensen met CF die dit type medicatie gebruiken, beter in staat zijn om 

een ​​goede longfunctie te behouden tijdens hun leven en zich minder vaak zullen hoeven 

aanmelden voor een LTx.

Nieuwe uitdagingen op het gebied van CF-voedingszorg ‘op maat’ en CF-voedingsonderzoek 

kunnen uitgewerkt gaan worden voor en door gespecialiseerde CF-diëtisten. De voedingszorg 

blijft in ontwikkeling bij mensen met CF van verschillende leeftijden en bij diverse 

aandoeningen zoals overgewicht/obesitas, CFRD, nierfalen en/of darmkanker voor en na 

LTx. Hoe de diëtist als ‘voedingscoach’ diverse optimale voedingsbehandelingen motiveert en 

aan mensen met CF overbrengt, zal zich ook verder moeten ontwikkelen. Deze ontwikkeling 

heeft de grootste kans van slagen, indien dit gebeurt in combinatie met maximale participatie 

van de patiënt zelf en in samenhang met medische en digitale vernieuwingen.

Toekomstige onderzoeksvragen op het gebied van CF en voeding kunnen zich richten op 

verschillende aspecten van voedingsbehandelingen bij bovengenoemde aandoeningen bij 

CF. De uitkomsten van CF-gerelateerd voedingsonderzoek dragen bij aan de verbetering van 

dieetinterventies en -resultaten in de huidige CF populatie. Enkele voorbeelden van toekomstig 

noodzakelijk onderzoek zijn: onderzoek naar herstel van pancreasfunctie bij gebruik van CFTR 

modulatoren en effect op opname van voedingsstoffen; de rol van dieetinterventie bij CF 

gerelateerde diabetes en evaluatie van lichaamssamenstelling met behulp van BIA; de functie 

van eHealth in de diëtistische behandeling voor monitoring van de voedingsstatus; en REE 

onderzoek bij mensen met CF op de intensive care.

De voedingsstatus en optimale dieetinterventies blijven belangrijke aspecten gedurende het 

hele leven van mensen met CF. Het is belangrijk om BIA en REE metingen te gebruiken voor 

betere diagnostiek en monitoring van de geïndividualiseerde diëtistische zorg, alsook in te 

zetten bij voedingsinterventiestudies in CF.
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ACKNOWLEDGEMENT – DANKWOORD

Dit proefschrift is tot stand gekomen met de hulp van veel personen. Hierbij wil ik graag 

iedereen bedanken die betrokken is geweest met een aantal personen in het bijzonder.

Allereerst wil ik alle patiënten met cystic fibrosis danken voor hun inspirerende contacten 

tijdens poliklinische of klinische consulten. Mede door hun kritische vragen over voeding 

en voedingsgerelateerde onderwerpen zijn diverse onderzoeksvragen gegenereerd. 

Voedingsinterventie te onderbouwen vanuit wetenschappelijk oogpunt en het vertalen van 

resultaten naar de (poli)klinische patiëntenzorg is voor mij een hele belangrijke drijfveer 

geweest om de afgelopen jaren met veel enthousiasme onderzoek te doen. Dank voor jullie 

meedenken en inzet. Arian en Jarda, jullie in het bijzonder! Laat onze goede contacten een 

inspiratiebron blijven voor nieuw onderzoek in de nabije toekomst.

Geachte promotor, beste Harry, je hebt mij de afgelopen jaren de mogelijkheid geboden 

om onderzoek voort te zetten. Toen je in het UMCU kwam werken had je voor mij al een 

voorbeeldfunctie op het gebied van CF zorg. Op landelijke en internationale congressen was je 

enthousiasme duidelijk te zien en ik vond het heel bijzonder nu met je te mogen samenwerken 

in het UMCU. Dat jezelf een proefschrift geschreven hebt met de titel ‘Studies in the Clinical 

Management of Cystic Fibrosis’ vond ik heel leuk om te lezen. Hierin beschreef je als longarts 

al je aandacht voor voedingsresearch in CF! Je gedrevenheid, duidelijkheid en betrokkenheid 

bij patiënten en in onderzoek is een inspiratiebron voor mij geweest dit proefschrift te mogen 

afronden. In de gesprekken die we samen gevoerd hebben werd duidelijk wat goed geschreven 

was en wat niet. De publicaties zijn daarna snel tot stand gekomen. Jouw vertrouwen in mij 

dat het proefschrift snel af zou komen werkte heel stimulerend.

Geachte copromotor, beste Nicole, vele jaren werken we al samen. Vanaf het moment dat je 

bij onze afdeling Diëtetiek als stafmedewerker Onderwijs & Onderzoek onder bezielend oog 

van Prof. Wija van Staveren werkzaam was, hebben we elkaar geïnspireerd om de klinische 

diëtetiek te combineren met wetenschappelijk onderzoek. Een samenwerking, die nadat je 

terugging naar de WUR in de functie van docent en onderzoeker voeding bij ziekte, altijd is 

gebleven en elkaar nog steeds versterkt. Wat heb ik veel van je geleerd! Je rust, creativiteit, 

positieve kritische feedback, wetenschappelijk blik en kennis hebben mij enorm verrijkt en 

kracht gegeven dit proefschrift te voltooien. Onze coaching van WUR studenten hierbij heeft 

ook onze samenwerking tot de beste uitkomsten gebracht, en laat zien dat 1 + 1 niet 2 hoeft 

te zijn, maar in ons geval 3. Het allerbeste resultaat bij optimale inzet.
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Ook een bijzonder woord van dank aan Ed van de Graaf. Als longtransplantatie/CF arts 

heb je mij gestimuleerd om met een promotietraject te beginnen en uren voor onderzoek 

via Professor Jan-Willem Lammers te genereren. Je empathie en je grote hart voor je 

patiënten en betrokkenheid bij mij als diëtist/onderzoeker (in de zorg en het onderzoek 

bij longtransplantatie) maakten dat we het ‘onderzoeksvuur’ konden ontsteken en gaande 

houden. En dit heeft geleid tot mooie artikelen rondom longtransplantatie en CF.

Geachte leden van de beoordelingscommissie, Prof. dr. C.K. van der Ent, prof. dr. R.H.J. 

Houwen, prof. dr. A.M.W.J. Schols, prof. dr. P.J.M. Weijs, prof. dr. J.C. Grutters, vriendelijk dank 

voor de tijd en aandacht die u allen heeft besteed aan het beoordelen van dit proefschrift. 

Beste Kors, een speciaal woord van dank aan jou, je prikkelende vragen hebben bijgedragen 

aan optimale voorbereiding en uitvoering van onderzoek. Ook jij hebt mij gestimuleerd het 

promotietraject te volgen, na vele jaren samenwerking binnen CF zorg en onderzoek, is het 

nu echt ‘tijd voor een feestje’!

Beste medeauteurs Annemieke, Gerdien, Marcella, Jolein en studenten Yael, Anne, Denise, 

hartelijke bedankt voor jullie betrokkenheid bij de totstandkoming van de artikelen. Ieder 

met jullie eigen kracht en bijdrage maakte het schrijven van artikelen tot een mooie uitdaging 

met goede resultaten.

Beste Marleen de Bruin, als leidinggevende van onze afdeling Diëtetiek in het UMCU wil ik je 

heel erg bedanken voor de mogelijkheid om middelen en tijd te investeren in de uitvoering 

van mijn onderzoeken. Het aandachtsgebied Nutritional Assessment binnen onze afdeling is 

duidelijk geprofileerd in de publicaties van dit proefschrift. Het is ook heel fijn om te weten dat 

je trots bent op dit eindresultaat. Dat het een inspiratiebron mag zijn voor nieuw ambitieuze 

collega’s Diëtetiek!

Beste teamleden CF, dank jullie wel voor de vele jaren van intensieve en prettige 

samenwerking. Met elkaar staan we als multidisciplinair team ‘op de kaart’ in CF Nederland. 

Ook de inspirerende congressen op het gebied van CF brengen behalve veel overdracht van 

kennis en kunde ook persoonlijke aandacht en betrokkenheid met zich mee. Dank voor jullie 

support Bert, Erik, Karin, Regina, Inez, Jeffrey, Hetty, Annelotte, Gitte, Peter, Myriam, Marian, 

Suzan, Cora, Sabine en Marit tijdens deelnames en presentaties op Europese congressen! 

Zo waardevol om als één mooi team te werken voor onze patiënten! Ook speciaal dank aan 

Wytze en Marcella; afstemming tussen fysiotherapie en diëtetiek maakt ons paramedisch 

werken met een academische onderbouwing nog uitdagender. Annet, jouw belangstelling 
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en betrokkenheid voor de mijn onderzoeken voelt altijd heel prettig en waardevol. En ook 

Willeke en Cindy, bedankt voor het soepel verlopen van de uitvoeringen van de BIA metingen 

op de wekelijkse CF check up, hierdoor geen ‘missing’ data!

Beste teamleden longtransplantatie, ook vanuit dit multidisciplinaire team wordt er gewerkt 

aan optimale zorg voor deze groep kwetsbare patiënten. De gedrevenheid, passie en inzet 

van een ieder werkt aanstekelijk. Ben heel blij ook van dit team deel te mogen uitmaken en 

wat was het een prachtige ervaring samen met Marion de LWTV-NTV Innovatie-Kwaliteitsprijs 

te mogen ontvangen op het BOOT congres voor het gezamenlijk onderzoek getiteld 

‘Voedingssupplementen na longtransplantatie: advies of verbod?’. Heel veel succes met jullie 

promotietraject Dieuwertje en Marion! Het doorzetten, volhouden en wachten op acceptatie 

van een artikel, we hebben veel mogen delen! Ook de positieve feedback van Dagmar op 

het verzorgen van (Engelstalige) presentaties vergeet ik niet meer. En ook hierbij dank aan 

degenen die hebben bijgedragen dat logistiek alles goed kon verlopen. Marja, Sylvia en Cees-

Jan, dank voor het samen puzzelen en inplannen van alle REE metingen!

Beste collega’s Diëtetiek, intern en extern, bedankt voor de inzet in afgelopen jaren om 

patiëntenzorg over te nemen als ik bezig was met artikelen schrijven, presentaties te geven 

op (inter)nationale congressen of scholing te volgen om mijn academische kennis te vergroten. 

Het ‘gedeeltelijk’ los laten van patiëntenzorg was moeilijk in het begin maar gaandeweg lukte 

dit beter. Met vertrouwen heb ik de patiënten aan jullie goede zorg kunnen overdragen, vooral 

Jolanda, Nicole, Janine, Emma, Patty en Cora, veel dank voor jullie hulp hierbij! En ook het 

secretariaat Diëtetiek bemand door Moniek en Jeanette, dank voor het ondersteunen bij het 

inplannen van alle poliafspraken van patiënten die voor BIA en/of REE metingen kwamen. 

Ook mijn directe collega’s van het Nutritional Assessment lab, Elles, Annemieke, Anne en 

Sytske, dank voor jullie kritische opmerkingen en inspirerende discussies om onderzoek op 

het gebied van Nutritional Assessment goed uit te voeren! We hanteren met elkaar: opgeven is 

geen optie! En Elles, dank voor de vele kopjes koffie, ze waren nodig en dat het soms behelpen 

is met de smaak uit de automaat, dat nemen we maar op de koop toe!

Daarnaast wil ik ook mijn (oud)collega’s CF van de landelijke Diëtisten werkgroep die 

Volwassenen met Cystic Fibrosis behandelen (NVD - DVCF werkgroep) vermelden. Lidia, Sigrid, 

Liesbeth, Inge, Ageeth, Ingrid, Vronica, Jasmijn, Nicole, veel dank voor jullie enthousiasme 

voor mijn (poster)presentaties en publicaties. Onze halfjaarlijkse meetings in het UMCU 

zijn al vele jaren een inspirerende ‘voedingsbodem’ om kennis en kunde binnen CF zorg te 

delen. Een werkgroep waar we trots op kunnen zijn! Met deze uitwisseling en discussie over 
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voedingsgerelateerde onderwerpen is de CF voedingszorg landelijk ‘evidence based’ op de 

kaart gezet en willen CF kinderdiëtetiek collega’s Leonie en Marianne inmiddels aansluiten!

Also, many thanks to my international colleagues, all working in CF research and CF care! 

Special thanks to Susannah King, with respect to your research work, it was so great to be 

invited to the Australian CF Conference in 2015 as invited speaker. Such an overwhelming 

experience, I have enjoyed the conference and your amazing country! Furthermore, thanks to 

the European Nutrition Group for inviting me to talk about my research results many times. It 

is a great pleasure to contribute to the Masterclass Nutrition at the European Cystic Fibrosis 

Conference the last 2 years: Chris Smith, Dimitri Declerq, Helen White, you are all so inspiring 

to work with! And special thanks to my course trainer Dianna Beaufort and dear Sheralyn 

Orpwood; my ‘Academic Writing in English’ has improved with your instructions!

Lieve paranimfen, Lieve Lucienne, al meer dan 30 jaar zijn we bevriend, na een ontmoeting 

op de ‘werkvloer’ in het UMCU waar we allebei werken. Veel lief en leed hebben we met 

elkaar gedeeld. Zo fijn dat je een van mijn paranimfen wilt zijn en bedankt voor je mooie 

vriendschap al vele jaren. Je bent een geweldige doorzetter, een eigenschap die we ook delen! 

Lieve Jolanda, wat ben ik blij dat ook jij de rol van paranimf op je wilde nemen. Je heldere kijk 

op omstandigheden en mensen hebben mij geleerd te geloven in zaken die er echt toe doen. 

Te geloven in je jezelf en het beste tot uiting te brengen met persoonlijke aandacht voor een 

ieder om je heen. Dank voor je geweldige steun en betrokkenheid!

Lieve vriendinnen, vrienden en buren, Mariette, Corine, Coriene, Ariane, Lucienne, Nella, 

Dick, Jannie, René, Miranda, Erwin, Margo, Ruud, Sieta, Hans, Gonnie, Mario, Jojanneke, Niels, 

Monique, Pitrik, Manon, dank voor jullie interesse en belangstelling de afgelopen jaren voor 

mijn onderzoeksactiviteiten! Regelmatig werd er aan mij gevraagd, naar welk mooi land mag 

je nu weer naar toe om een presentatie te geven? Wat een leuke baan heb jij zeg! En ja, dat 

klopt helemaal! Ook dank aan mijn tennisgroep op de dinsdagmorgen. Jolanda, Irene, Dave en 

Robin, deze ochtend is voor mij al vele jaren een vast moment van ontspanning om naast leuke 

maar tijdrovende werkzaamheden te kunnen genieten van een uitdagende tenniswedstrijd 

en het hoofd even helemaal leeg te maken! Via de burengroepsapp werd zelfs om de link 

naar het lezen van de publicaties gevraagd: dank voor jullie belangstelling en betrokkenheid 

Tjimkje, Coen, Iris, Rolf, Esther, Fred, Dicole, Jane en Arie!

Mijn lieve gezin, Lieve Hans, veel tijd heb je mij achter de PC thuis bezig gezien. Je hebt mij 

altijd door dik en dun gesteund om mijn tijd te kunnen nemen bij het volgen van scholingen, 
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cursussen, het schrijven van artikelen en het maken van presentaties. Ook al weet ik dat je 

vond dat ik er vaak teveel tijd aan besteedde. Maar mijn doel was en is om altijd voor het 

mooiste resultaat te gaan. Jij wist jezelf gelukkig goed bezig te houden met de kinderen, golf, 

tennis en de laatste tijd tuinieren. Nu zullen we meer tijd samen hebben en wie weet is mijn 

nieuwe uitdaging jou te evenaren in je golf handicap! Veel dank lieverd, voor je geduld, rust, 

steun en relativeringsvermogen.

Lieve Laura, Julia en David, jullie zijn mijn trots! Ieder met een eigen karakter maar ook de 

positieve eigenschappen om voor studie en sport volledige inzet te hebben. Daarnaast zijn 

jullie mooie sociaal betrokken jong volwassenen, ieder met een unieke persoonlijkheid. Laat 

inspiratie en passie altijd de drijfveer zijn voor alles wat jullie doen in jullie leven! Ik hoop dat 

ik jullie hierin kan blijven steunen, een goed voorbeeld kan zijn en wil jullie bedanken voor 

jullie geduld en liefde. Een mooie kaart op Moederdag van jullie met trotse woorden maakt 

dat ik bovenal moeder ben en blijf naast mijn werk. Hiervoor ben ik heel dankbaar!

Heel erg bedankt iedereen!

Francis
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CURRICULUM VITAE 

Op 3 april 1965 is Francis geboren in Ridderkerk. Hier heeft zij haar 

jeugd doorgebracht samen met haar broer Kees en haar ouders Gerrit 

en Toni Kraaijeveld. Zij heeft het VWO doorlopen op de Guillaume Farel 

in Ridderkerk met het zogenaamde B pakket (scheikunde, wiskunde, 

biologie en natuurkunde) en dit diploma behaald in 1983. Hierna 

heeft zij de opleiding Voeding en Dietetiek in Den Haag gevolgd aan de 

Academie De Laan. In juni 1987 heeft zij hiervan haar diploma gehaald en direct na haar 

opleiding in oktober 1987 is zij gestart in het UMCU bij de afdeling Dietetiek. Tijdens haar 

stageperiode in het UMCU kwam zij al in contact met diëtisten die ook werkzaam waren 

binnen voedingsonderzoek op de zogenaamde ‘Balans’ afdeling. In het eerste jaar van 

haar werkzaamheden heeft zij meegewerkt aan een onderzoek bij diabetes patiënten en 

parttime gewerkt om ook hiernaast de vervolgopleiding Sport en Voeding in Amsterdam 

te volgen. Hierna binnen het UMCU, na de verhuizing van de binnenstad naar de Uithof, 

bijna fulltime binnen de Divisie Hart en Longen gewerkt. Zij was toen al als teamlid/diëtist 

bij diverse multidisciplinaire behandelteams betrokken waaronder het harttransplantatie 

(HTX) team en heeft zich later meer gespecialiseerd naar in het bijzonder cystic fibrosis 

(CF) en longtransplantatie (LOTX). Al vele jaren met enthousiasme werkzaam en hierbij 

paramedische werkzaamheden gecombineerd met onderzoeksuren. Hierbij ook scholingen 

gevolgd om haar wetenschappelijke kennis te vergroten en zelfstandig onderzoek te mogen 

uitvoeren. Haar enthousiasme om te presenteren en onderzoeksresultaten te publiceren 

heeft geleid tot uitnodigingen niet alleen nationaal bij de NCFS (Nederlandse Cystic Fibrosis 

Stichting) maar ook internationaal. Met hierbij als hoogtepunt te worden uitgenodigd als 

‘invited speaker’ op het Australische CF congres 2015 waarbij als dank een mooi schilderij 

van Bondi Beach Sydney ontvangen is en op haar werkkamer hangt. Ook het leveren van 

diverse bijdragen van (poster)presentaties op Europese CF congressen de afgelopen jaren 

en het verzorgen van bijdragen aan Masterclass Nutrition vindt zij heel inspirerend om te 

mogen doen. Een prachtige ervaring was ook het winnen van de ‘Best Poster Award Section 

Gastro-enterology/Liver/Endocrine’ 2018 in Belgrado, getiteld ‘Bio-electrical impedance 

analysis (BIA) and relationship with pulmonary function in adult cystic fibrosis (CF) patients’. 

Zij vindt het tevens uitdagend om studenten van de WUR te begeleiden in het uitvoeren van 

wetenschappelijk voedingsonderzoek in de (poli)klinische setting. Een uitdaging die zij hoopt 

nog vele jaren te kunnen continueren mogelijk ook binnen nieuwe samenwerkingsverbanden 
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met bijvoorbeeld studenten farmacie of geneeskunde. Zij heeft het promotietraject afgerond 

in het UMCU onder supervisie van Prof Harry Heijerman in samenwerking met Dr. Nicole de 

Roos van de WUR.

Naast haar werkzaamheden in het UMCU is Francis 25 jaar getrouwd met Hans Hollander, 

heeft zij 3 prachtige kinderen Laura, en de tweeling Julia en David. Het combineren van haar 

werk en gezin is mede mogelijk geweest dankzij de hulp van haar trouwe oppas Jetty, haar 

moeder Toni en schoonouders (Gerrit en Maja). Haar ouders zijn helaas niet meer in leven 

maar hebben haar altijd geïnspireerd te studeren en waren meelevend in alle activiteiten die 

zij ondernomen heeft. Inmiddels studeren haar kinderen in uiteenlopende richtingen zoals 

strafrecht, farmacie en ICT.
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