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A B S T R A C T   

The prevalence of obesity in patients with cystic fibrosis (CF) is increasing and around one-third of adults with CF 
are now overweight or obese. The causes of excess weight gain in CF are likely multifactorial, including: 
adherence to the high-fat legacy diet, reduced exercise tolerance, therapeutic advances, and general population 
trends. Increased weight has generally been considered favorable in CF, correlating with improved pulmonary 
function and survival. While the optimal BMI for overall health in CF is unknown, most studies demonstrate 
minimal improvement in pulmonary function when BMI exceeds 30 kg/m2. Dyslipidemia and cardiovascular 
disease are important co-morbidities of obesity in the general population, but are uncommon in CF. In people 
with CF, obesity is associated with hypertension and higher cholesterol levels. With longer life expectancy and 
rising obesity rates, there may be an increase in cardiovascular disease among people with CF in coming years. 
Overweight CF patients are more likely to be insulin resistant, taking on features of type 2 diabetes. Treating 
obesity in people with CF requires carefully weighing the metabolic risks of overnutrition with the impact of low 
or falling BMI on lung function. This article describes current knowledge on the epidemiology, causes, conse-
quence, and treatment of obesity in people with CF.   

Introduction 

Cystic fibrosis (CF) is an autosomal recessive, multi-system disorder 
characterized by progressive pulmonary disease and premature mor-
tality. CF has classically been associated with a negative energy balance, 
malnutrition and increased energy expenditure related to chronic 
inflammation and frequent pulmonary infections [1]. A high calorie, 
high fat diet has been the standard of care for several decades, because 
nutritional status is an important predictor of pulmonary function and 
survival in people with CF [2,3]. With an epidemic of obesity overtaking 
the general population, there has also been a surprising increase in 
overweight and obesity in the CF population [4,5]. The impact of 
overweight and obesity on CF outcomes such as pulmonary function, 
diabetes and cardiometabolic risk warrants further investigation, espe-
cially as this population continues to have improvements in life 
expectancy. 

Epidemiology 

Studies of overweight and obesity in people with CF demonstrate a 
rising prevalence of over time. Overweight is defined as body mass index 
(BMI) 25–29.9 kg/m2 for adults or 85–94.9th percentile for youth; while 
obesity is defined as BMI ≥ 30 kg/m2 for adults and ≥ 95th percentile for 
youth. These standard definitions for overweight and obesity are used to 
describe people with CF, unless otherwise noted [6]. In 2005, Kastner- 
Cole reported the prevalence of overweight and obesity in United 
Kingdom patients with CF due to homozygous mutation of ΔF508 
(CFΔF508) to be 9.1% and 1.1%, respectively [7]. Stephenson evaluated 
longitudinal changes in nutrition at the Toronto CF Center, comparing 
the adult nutritional status from before 1990 to after 2000. Underweight 
decreased from 20.6% to 11.1% while overweight/obese increased from 
7% to 18.4% over this time period [8]. More recently, Harindhanuvadi 
evaluated 484 adults at the University of Minnesota CF Center and found 
25.6% of patients were overweight and 6.6% were obese [9]. 

Rates of overweight and obesity may also vary by country. Single 
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center studies performed between 2007 and 2012 in the US, Greece, and 
Spain report combined rates of overweight and obesity of 23%, 13.2%, 
and 7%, respectively [10–12]. With growing recognition of over-
nutrition in CF, national registries have begun reporting overnutrition 
statistics. According to the 2019 US CF Foundation registry report 23.1% 
of adults with are overweight and 8.3% are obese and the prevalence of 
adult overweight/obesity has more than doubled since 1999, when it 
was 12.8% [5]. The Australian CF Registry report defines overnutrition 
differently, deeming BMI > 27 kg/m2 “high BMI.” In 2017, 17% of 
Australian adults with CF had high BMI and 11.2% of youth ages 2–18 
were overweight (BMI 85–94.9%) or obese (BMI ≥ 95%) [4]. The Eu-
ropean Cystic Fibrosis Society 2018 annual report provides the 
maximum BMI among adults with CF for each European country. While 
most larger countries include obese individuals with CF, it is noteworthy 
that eight of 31 countries report at least one patient with BMI > 40 kg/ 
m2, highlighting that extreme obesity can occur in individuals with CF 
[13]. 

Preventing obesity in people with CF requires understanding risk 
factors for excess weight gain. Pancreatic insufficiency impacts 
approximately 85% of people with CF and has long been associated with 
malnutrition, so may also result in lower risk for obesity [5]. In fact, 
multiple studies find higher rates of exocrine pancreatic sufficiency and 
mild genotypes among overweight and obese cohorts [8,9,11,14,15]. 
Nevertheless, pancreatic insufficient individuals with CF are not im-
mune to overnutrition. The Australian registry report found that 18% of 
adults with pancreatic insufficiency experienced “high BMI” compared 
to 30% of those with pancreatic sufficiency [4]. A number of studies 
have found higher rates of overweight and obesity among males 
[7–9,16], while other studies found no sex differences [12,14]. 
Increasing age is associated with rising BMI among the general popu-
lation and has been found to predict obesity in some CF studies as well 
[8,9,14]. Interestingly this was not found in the Italian cohort, sug-
gesting cultural factors may influence obesity risk factors across the 
globe [15]. 

Causes of overweight and obesity in people with CF 

Dietary recommendations 

People with CF are generally advised to consume a high fat, high 
calorie diet to overcome the increased metabolic rate and malabsorption 

associated with CF (Table 1). This recommendation stems from the 
observed clinical improvement in the US CF population after imple-
menting the high-fat, high-calorie diet previously recommended at the 
Toronto CF center [17]. Unfortunately, this intense focus on a high-fat, 
high calorie diet has resulted in poor diet quality for many people living 
with CF. Nutritional surveys from Australia and Europe describe 
excessive intake of energy dense, nutrient poor foods, simple sugar and 
saturated fats [18,19]. Childhood eating habits strongly influence adult 
eating behaviors in general population studies, and it is likely that 
people with CF will have difficulty transitioning to a lower-calorie diet 
after a lifetime of consuming high-calorie, high-fat foods [20]. 

Physical activity restriction: 

Physical activity is an important component of a healthy lifestyle and 
may help with maintenance of a healthy weight [21]. Among the general 
population, engaging in regular exercise is associated with having a 
healthy BMI, as well as increased lean muscle mass and lower risk for 
cardiometabolic complications [22]. Engaging in regular exercise is also 
an important component of CF therapy that may slow the decline in 
pulmonary function [23]. Physical activity levels vary greatly among 
people with CF, and pulmonary symptoms during exercise may serve as 
a deterrent to engaging in regular physical activity [24,25]. Further-
more, patients with severe pulmonary disease are less likely to engage in 
physical activity and may require supplemental oxygen during exercise 
[26,27]. Although, physical activity has not been directly linked to 
overweight or obesity in people with CF, perceived exercise intolerance 
may contribute to physical inactivity and excess weight gain in people 
with CF. 

Modulators 

CFTR modulators are a revolutionary treatment advance, partially 
restoring function to the dysfunctional, disease-causing CFTR channel, 
and are, therefore, likely to ameliorate undernutrition in CF. In fact, 
many studies have demonstrated weight gain in modulator-treated pa-
tients [28,29]. A recent systematic review examining 13 CFTR modu-
lator trials performed between 2012 and 2017 found strong evidence for 
weight gain in ivacaftor-treated patients with a G511D mutation, but 
weaker evidence for weight gain with liumacaftor/tvacaftor or teza-
caftor/ivacaftor treatment [29]. Elexacaftor/tezacaftor/ivacaftor (ETI), 
approved in late 2019, was not included in the systematic review. ETI is 
a “highly effective” CFTR modulator for individuals with eligible CFTR 
variants, providing similar level of CFTR function as ivacaftor. A 5-year 
study of the US and UK registries demonstrated BMI increase of 2.4 kg/ 
m2 and 1.9 kg/m2 respectively in ivacaftor-treated cohorts [28]. While 
longitudinal data for ETI is not available, a single-center study of 94 
adults found an average of 2.4% increase in weight after 3 or more 
months of ETI therapy. Importantly, patients previously treated with a 
CFTR modulator experienced less weight gain [30]. 

The mechanisms of weight gain with CFTR modulator therapies have 
been best studied for ivacaftor. Stallings et al. evaluated 23 youth and 
adults with CFTR gating mutations before and 3 months after initiation 
of ivacaftor. Ivacaftor-treated subject demonstrated improved fat ab-
sorption, reduced gut inflammation, and reduced resting energy 
expenditure. Fecal elastase, a measure of exocrine pancreatic function, 
improved only in the pancreatic sufficient subjects [31]. Similar physi-
ologic changes are likely to occur with ETI therapy, as both are highly 
effective in restoring CFTR function. Improvement in gastrointestinal 
discomfort may also contribute to weight gain after modulator therapy. 
A study of 102 adults with CF found improvement in patient’s self- 
perception of eating, body image, and weight after ivacaftor treatment 
[32]. Lastly, CFTR modulators must be taken with a high-fat meal, 
which may increase fat intake and promote weight gain. 

Table 1 
Summary of Nutrition Guidance by Country. RDA = recommended daily 
allowance. BMI = body mass index.  

Country Year Nutrition Advice BMI target Overnutrition 

Australia  
[50] 

2017 110–200% RDA 
calories 
Adequate fat to meet 
calorie needs. 

Youth: 
50–<85%le 
Adult 
female: 
22–27 kg/ 
m2 

Adult male: 
23–27 kg/ 
m2 

Children >
85%le 
Adults > 27 
kg/m2 

US [3,36] 2002, 
2008 

110–200% RDA 
calories 
30–40% calories from 
fat 

Youth: 
>50%le, 
Adult 
female: >22 
kg/m2 

Adult Male: 
>23 kg/m2 

Not defined 

Europe  
[55] 

2016 110–200% RDA 
calories adequate fat to 
prevent weight loss and 
promote muscle; focus 
on adequate protein 

Youth 2–18: 
BMI 50%le 
Adult 
female: >22 
kg/m2 

Adult Male: 
>23 kg/m2 

Not defined  
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General population trends 

Rates of overweight and obesity among the general population have 
risen dramatically over the past 40 years. In the United States, just 5.5% 
of children and 15% of adults were obese in 1980; while, in 2018 19.3% 
of children and 42.8% of adults were obese [33,34]. Similar rates of 
increase have been seen among people with CF (Fig. 1). While the causes 
of the obesity epidemic are incompletely understood, factors related to 
the modern lifestyle including consumption of calorie-dense foods and 
low levels of physical activity are widely implicated [35]. Rising BMI 
among individuals with CF over the past four decades primarily reflect 
therapeutic advances and intense nutritional counseling, but may be 
partially driven by societal trends [36]. As people with CF become more 
physiologically similar to the general population with the advent of 
CFTR modulator therapies, the factors driving obesity in the general 
population may become increasingly relevant to people with CF. 

Clinical consequences of obesity in CF 

Pulmonary function 

Traditionally, it has been well established that weight loss and 
malnutrition in patients with CF are associated with worse prognosis; 
the lower the BMI (body mass index) the lower the lung function [5]. As 
overweight and obesity increase among people with CF, it is important 
to understand if this relationship has a limit. Specifically, it is imperative 
to determine whether there an upper BMI cut-off after which pulmonary 
function no longer improves or even begins to decline. Kasner-Cole 
studied youth and adults with homozygous F508del variants and 
found a positive association between FEV1 and BMI up to 23 kg/m2 in 
adults and across all BMI z-scores in youth [7]. Stephenson, reported a 
threshold of BMI of 25 kg/m2, above which lung function improvement 
with weight gain becomes minimal in adults with CF [8]. In this study 
they also reported that the greatest lung benefit was seen with increase 
in BMI in the undernourished CF patients as opposed to overweight CF 
patients [8]. Harindhanuvadhi found higher FEV1 and fewer pulmonary 
exacerbations in overweight or obese adults with CF, though improve-
ment in pulmonary function was minimal above a BMI of 28–29 kg/m2 

[9]. Obesity is associated with reduced lung volume, forced vital ca-
pacity, and FEV1 in the general population, so may be expected to 
negatively impact pulmonary function among individuals with CF [37]. 
Interestingly, a study of adults with CF found that higher adiposity was 
associated with lower lung function, even in individuals with normal 
weight obesity [38]. For more information about body composition 
measures in people with CF, please see the article by Soltman and 

colleagues in this issue. 

Sleep disordered breathing 

Another known complication of obesity in the general population is 
sleep disordered breathing such as obstructive sleep apnea. Studies have 
reported a prevalence of sleep apnea as high as 57% in children with CF 
and an association with low BMI [39]. Interestingly, another study 
found that rates of sleep disordered breathing were similar between 
adult patients with and without CF [40]. A more recent study, showed a 
three times higher odds of moderate to severe sleep disordered breath-
ing in children and adult patients with CF compared to their non CF 
counterparts. Interestingly, the frequency was not higher in those with 
higher BMI (>25 in adults or > 85th percentile in children) [41]. Given 
the strong association between obesity and sleep apnea in the general 
population, future studies in obese individuals with CF should be 
performed. 

Transplant candidacy 

Obesity not only affects lung function itself but can also impact 
management of CF. BMI has become part of the recently proposed BODE 
index (BMI, airflow obstruction, degree of dyspnea and exercise capac-
ity) for the measurement of health-related quality of life and candidacy 
for transplant. The index increases as BMI decreases; thus, a higher BMI 
may impact transplant candidacy. In fact, according to the international 
guidelines for the selection of lung transplant candidates, a BMI above 
30 kg/m2 is now a relative contraindication to transplant [42]. Trans-
plant candidacy should be considered when weighing the potential risks 
and benefits of therapeutic weight loss in obese people with CF. 

Insulin resistance and diabetes 

Cystic fibrosis related diabetes (CFRD) affects approximately 20% of 
youth and 50% of adults with CF, and it is estimated that > 80% of 
pancreatic insufficient individuals develop CFRD with increasing age 
[43]. The pathophysiology of CFRD involves both insulin insufficiency 
and insulin resistance, combining features of type 1 and type 2 diabetes. 
Furthermore, CFRD progresses along a spectrum with patients gradually 
progressing from normal glucose tolerance, to impaired glucose toler-
ance, then to CFRD over time [43]. Earlier studies suggested that pro-
gressive insulin deficiency was the primary driver of CFRD progression 
[44]. As people with CF become overweight and obese, insulin resis-
tance may play a larger role in CFRD pathogenesis. A study of 290 adults 
with CF in Montreal demonstrated an association between high BMI, 
defined as > 27 kg/m2 and insulin resistance on a frequently sampled 
OGTT [14]. Insulin resistance is also associated with increasing age, a 
fact that may become more important as the CF population ages. A 
longitudinal study of 49 adults with CF over age 35 years found that 
increasing insulin resistance, not progressive insulin deficiency, was the 
primary driver of CFRD progression in that cohort [45]. Whether people 
with CFRD and insulin resistance should be labeled as having type 2 
diabetes is an area of ongoing debate, with important implications for 
diabetes treatment. At this time, guidelines only recommend insulin 
treatment for CFRD [46]. 

Cardiovascular disease/dyslipidemia 

Obesity is associated with worsened cardiovascular outcomes as well 
as metabolic profile in the general population, but the data on this re-
mains limited in the CF population. A single center study looking at the 
prevalence and pulmonary/cardiovascular risk factors associated with 
overweight and obesity in CF patients showed that the prevalence of 
hypertension was higher in overweight (25%) and obese (31%) than 
normal (17%) or underweight (16%) individuals, p = 0.01. Total 
cholesterol levels were higher in overweight/obese versus normal/ 

Fig. 1. Overweight and obesity trends for people with CF and the general 
population. The percent of the general population meeting criteria for obesity, 
separated by youth (red square) and adult (blue circle) between 1999 and 2018. 
(Source: NHANES) The percent of the CF population (youth and adult) meeting 
criteria for overweight (green upright triangle) and obesity (purple downfacing 
triangle) between 1997 and 2018. (Source: Flume, NACFC, 2019). Adult 
overweight is BMI 25–29.9 kg/m2, adult obesity is BMI ≥ 30 kg/m2, youth 
overweight is BMI 85–94.9%, youth obesity is BMI ≥ 95%. Gen Pop = gen-
eral population. 

K.A. Kutney et al.                                                                                                                                                                                                                               



Journal of Clinical & Translational Endocrinology 26 (2021) 100276

4

underweight (144–147 vs 123–131 mg/dL, p = 0.04) as were LDL levels 
(70–71 vs 53–60 mg/dL, p = 0.02), but all were within the normal range 
[9]. The single-center study by Bonhore also demonstrated an associa-
tion between over-nutrition and higher blood pressure and LDL- 
cholesterol, as well as insulin resistance [14]. The risk of hepatic stea-
tosis may also be higher in overweight patients with CF (BMI > 25 kg/ 
m2). A retrospective study of 114 adults found that hepatic steatosis was 
associated with higher BMI and lung function, but there was no signif-
icant association with pancreatic insufficiency or CFRD [47]. With 
rapidly expanding access to CFTR modulators, longer life-spans, and 
increasing obesity, people with CF may be at risk of serious cardiovas-
cular complications in the near future. More research is needed to un-
derstand the impact of CFTR modulators on nutritional status, body 
composition and its consequences for cardio-metabolic health. 

Treatment of obesity in CF 

Data regarding the treatment of obesity in CF is extremely limited, 
but extrapolation from general population guidelines provides some 
insight. Dietary change is generally the first treatment recommend for 
obesity, and caloric reduction of 500–1000 kcal/day is often sufficient to 
produce 1-2lbs per week of weight loss. No specific diet has been proven 
to be superior to any other, though low carbohydrate diets have 
garnered attention recently [48]. The Endocrine Society recommends 
pharmacologic therapy for adults with BMI > 27 kg/m2 with a comor-
bidity or > 30 kg/m2 without comorbidity [49]. The threshold for 
implementing bariatric surgery is somewhat higher with BMI > 35 kg/ 
m2 with a comorbidity or > 40 kg/m2 without comorbidity [48]. 

Weight-loss therapy in people with CF is complicated by the need to 
balance the risk of declining BMI on lung function with the possible 
metabolic advantages of lower BMI. The Australia and New Zealand CF 
Nutrition guidelines are the first to address the issue of overnutrition in 
CF, recommending a “high BMI” threshold of > 27 kg/m2 for CF 
(Table 1) [50]. The authors recommend reducing energy intake and 
increasing physical activity as the primary weight-loss interventions, 
extrapolating from general population evidence. While there is no evi-
dence to support a specific weight-loss approach for people with CF, 
experts generally support consumption of nutrient-rich foods and 
avoidance of highly processed food [51]. Given the potential risks of 
reduced pulmonary function or loss of lean body-mass, overly restrictive 
diets, like a low-carb diet, carry additional risks in people with CF. 

Medical therapy for obesity could be considered in select individuals 
with cystic fibrosis. Among the general population, multiple medical 
therapies are FDA approved to treat weight loss, but adverse effect 
profiles limit widespread use [49] (Table 2). Specific considerations 
exist for the use of weight loss medications in CF. Orlistat works by 
inhibiting pancreatic lipase and preventing fat absorption, key features 
of GI pathology in cystic fibrosis. Due to increased risk for fat soluble 
vitamin deficiencies, Orlistat use in people with CF is inadvisable [49]. 
GLP-1 receptor agonists should be avoided in pancreatic sufficient in-
dividuals with CF due to increased risk for pancreatitis [52]. 

Gastric bypass surgery is more effective in producing long-term 
weight loss than medical therapies [53]. Roux-en-y gastric bypass in-
volves reducing the stomach size and removing small bowl from conti-
nuity, inducing malabsorption. Sleeve gastrectomy and gastric band 
procedures restrict the size of the stomach without altering intestinal 
continuity [54]. Gastric bypass surgery carries risk for vitamin and 
mineral deficiencies, including vitamin D deficiency. Malabsorption and 
vitamin deficiencies are a key feature of CF and may be exacerbated by 
metabolic surgery. Therefore, gastric bypass surgery should be used with 
extreme caution in individuals with CF after careful risk-benefit 
analysis. 

Conclusions 

Life expectancy and overall health for people living with CF have 
improved dramatically over the last several decades. Much of this 
progress is built upon intense nutritional therapy, with early prescrip-
tion of a high-fat, high-calorie diet and pancreatic enzyme supplemen-
tation. CFTR modulator therapies have accelerated the health of people 
living with CF, providing the opportunity to lead longer, healthier and 
more typical lives. Overnutrition is a rapidly growing problem among 
people with CF, mirroring the obesity epidemic in the general popula-
tion. The degree to which obesity complications like insulin resistance, 
dyslipidemia and cardiovascular disease will impact people with CF 
remains uncertain. Furthermore, a new obese phenotype of CF related 
diabetes is emerging and little data exists to support optimal manage-
ment. In face of this uncertainty, careful risk benefit analysis is needed to 
determine the most appropriate therapeutic prescriptions for people 
living with CF to ensure a healthy future. 
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