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Abstract

Background: The relation between malnutrition and pulmonary death in patients with cystic 

fibrosis (CF) has resulted in intensive nutritional intervention over the last few decades, leading to 

a significant decline in underweight and the emergence of overweight/obesity as a potential new 

problem.

Methods: We performed a cross-sectional database analysis of 484 adults with CF seen at the 

University of Minnesota CF Center between January 2015-January 2017, to determine the 

prevalence and pulmonary/cardiovascular risk factors associated with overweight and obesity in 

this population.

Results: Mean age was 35.2 ± 11.6 years. 5.2% were underweight (BMI<18.5 kg/m2), 62.6% 

normal weight (BMI ≥ 18.5–24.9 kg/m2), 25.6% overweight (BMI ≥ 25–29.9 kg/m2) and 6.6% 

obese (BMI ≥ 30 kg/m2). In the subgroup with severe genotypes, 25% had BMI ≥ 25 kg/m2. In the 

entire cohort, overweight/obese were likely to be older (OR = 1.04, p < 0.0001) and to have a mild 

CFTR genotype (OR = 3.33, p = 0.0003) and modestly elevated triglyceride levels (OR = 1.008, p 
< 0.0001). The prevalence of hypertension was higher in overweight (25%) and obese (31%) than 

normal (17%) or underweight (16%), p = 0.01. Total cholesterol levels were higher in overweight/

obese versus normal/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. Percent predicted FEV1 
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was higher in overweight/obese (78–81%) versus underweight (59%) and normal (70%), p < 
0.0001, and overweight/obese experienced significantly fewer acute pulmonary exacerbations.

Conclusions: Overweight/obesity is common in adults with CF including those with severe 

genotypes. Lung function is better in the overweight/obese and lipid levels are within the normal 

range, albeit higher than in normal/underweight.
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1. Introduction

Cystic fibrosis (CF), the most common autosomal recessive disease in Caucasians, is caused 

by mutations of the CF transmembrane regulator protein (CFTR) gene. Loss of function 

mutations of CFTR-mediated chloride and bicarbonate transport in the apical membrane of 

epithelial cells lead to impaired mucociliary clearance and accumulation of mucus in various 

organs, resulting in chronic airway disease, pancreatic insufficiency, malabsorption, biliary 

cirrhosis, and infertility [1–2]. Individuals with CF are classically at risk for malnutrition, 

which is related to inadequate intake, increased energy expenditure, and malabsorption [3]. 

Malnutrition is well-known to be associated with declining pulmonary function and high 

morbidity and mortality in this population [4–7], and multiple studies have demonstrated 

that achieving an adequate weight is associated with improved pulmonary function and 

survival [8–9]. This has long been a focus of CF management, and European and North 

American CF guidelines recommend maintaining a BMI above 22 kg/m2 in females and 23 

kg/m2 in males [10–11].

Intensive efforts to promote adequate nutrition in CF with a high caloric diet, pancreatic 

enzyme replacement therapy, fat-soluble vitamin supplementation and, more recently, CFTR 

modulator therapy have significantly reduced the prevalence of malnutrition. At the same 

time, an increase in the number of CF patients who are overweight/obese, previously almost 

unheard of in this population, has been recognized. In Toronto, the proportion of 

underweight adults with CF decreased from 20% before 1990 to 11% in the 2000s, whereas 

the proportion of overweight/obese patients increased from 7% in the 1980s to 18% in the 

2000s [12]. In Pittsburgh, 23% of children with CF seen in 2012 were reported to be 

overweight or obese [13].

Overweight/obesity is a major global health concern. It is associated with high morbidity 

and mortality in the general population, primarily because of the risk of hyperlipidemia, 

hypertension, and atherosclerotic cardiovascular disease [14–15]. Atherosclerotic 

cardiovascular disease is rare in CF and their cholesterol levels tend to be low. Overall the 

CF population is relatively young, so it is not clear if overweight/obesity poses the same risk 

in CF as in the general population. The following study was performed to assess the 

prevalence of obesity/overweight in adults at the large Minnesota CF center, and to 

determine its association with cardiovascular risk factors and pulmonary health.
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2. Methods

2.1. Patients

This cross-sectional study included adults age ≥18 years followed at the University of 

Minnesota Cystic Fibrosis Center from January 1st, 2015 to January 31st, 2017. All data 

including demographics (age, ethnicity, gender, age at CF diagnosis), body mass index 

(BMI), CF genotype classification, lung function, cystic fibrosis related diabetes (CFRD) 

status, CFRD duration, presence of hypertension, supplemental feeding (oral supplements, 

gastrostomy or nasogastric tube overnight drip feeding), and specific medications 

(pancreatic enzymes, insulin, corticosteroids, CFTR modulators) were obtained through the 

CF Foundation patient registry database. The lipid profile was obtained from the University 

of Minnesota CF Center Access database. BMI was calculated as weight (kg)/height (m2) 

and categorized using the WHO adult criteria, where underweight is defined as BMI <18.5 

kg/m2; normal weight BMI ≥ 18.5 to 24.9 kg/m2; overweight BMI ≥ 25 to 29.9 kg/m2 and 

obesity BMI ≥ 30 kg/m2. CFRD was diagnosed according to standard criteria [16]. CF 

patients who had undergone lung transplantation were included in this analysis. Lung 

function was assessed as the forced expiratory volume in 1 s (FEV1), expressed as a 

percentage of the normal predicted values for height and sex using the Hankinson reference 

norms [17]. Cholesterol, HDL, and triglyceride level were measured by an enzymatic, 

colorimetric method with the Dimension Vista® system (Siemens Healthcare Diagnostics 

Inc, Newark, DE). LDL was calculated according to the Friedewald equation. Clinical and 

laboratory parameters from the most recent outpatient clinic visit during the study period 

were used in the analyses. However, for pancreatic enzymes and CFTR modulators, patients 

were considered to be on these medications if they took them at any time during the study 

period.

CFTR genotype was classified as severe or mild based on the predicted effect on gene 

expression (e.g., nonsense mutation, splice junction) or protein function, and using the rate 

of pancreatic insufficiency among individuals with that genotype in the CFTR2 study [18]. 

Patients with both CFTR alleles having severe mutations (severe/severe) were considered to 

have a severe genotype, whereas those with at least one mild mutation (severe/mild, mild/

unclassified, mild/unknown or mild/mild) were considered to have a mild genotype. Patients 

with severe/unclassified, severe/unknown, unclassified/unclassified, and unknown mutations 

were “unclassified.” For example, F508del/F508del and F508del/W1282X were classified as 

severe mutations, whereas F508del/R117C and G542X/4005+2T->C were classified as mild 

genotypes. The specific alleles defined by this classification are listed in the online 

supplement Table 1 in Lewis et al. [19]. This study was approved by the University of 

Minnesota’s Institutional Review Board.

2.2. Statistical analysis

Baseline characteristics were summarized and presented as mean ± SD or median (minimum 

and maximum) as appropriate for continuous variables, and frequency and percentage for 

categorical variables. In bi-variate analysis, groups were compared using the analysis of 

variance (ANOVA) with Tukey’s multiple comparisons adjustment for continuous variables 

and Chi-square test (or Fisher’s exact test if indicated) for categorical variables. Multi-
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variate analyses were conducted using logistic regression models. Variables that were 

significant at the 0.10 level in bi-variate analysis were included in multi-variate analysis. The 

backward model selection method was used to select the best set of factors associated with 

overweight and obesity. The Loess method and weighted least squares were used to examine 

the relationship between BMI and FEV1% predicted and to determine the BMI cut-off at 

which BMI is no longer associated with increased FEV1% predicted. Statistical analyses 

were performed in SAS 9.3 (SAS Institute, Cary, NC). P values < 0.05 were considered 

statistically significant.

3. Results

3.1. Prevalence of overweight/obesity

A total of 484 adults with CF were included. Mean age was 35.2 ± 11.6 years, 95% were 

white, and 55% were male. Eighty-five percent of patients were pancreatic insufficient, 46% 

had CFRD, 15% had history of lung transplantation and 29% were on supplemental feeding 

(Table 1). The majority of patients in this cohort (70%) had severe CFTR genotypes.

In the entire cohort, mean BMI was 23.9 ± 4.4 kg/m2. Only 5.2% of patients were 

underweight, and 62.6% had normal weight. Thus, the University of Minnesota CF Center 

has been highly effective in minimizing malnutrition in the CF population. However, 25.6% 

of patients were overweight and 6.6% were obese. As might be expected, patients in the 

overweight and obese categories were more likely to be older, male, diagnosed with CF at a 

later age, pancreatic sufficient, and to have a mild CFTR genotype compared to patients who 

were normal or underweight (Table 1). The prevalence of a severe CFTR genotype in 

patients with a BMI ≥ 25 kg/m2 was 56%, while 80% of patients who were underweight had 

a severe CFTR genotype. Sixty percent of overweight/obese and 100% of underweight CF 

patients were on pancreatic enzyme therapy. Underweight/normal weight patients were more 

likely to be on supplemental feeding compared to overweight/obese patients (36.4% vs 

13.0%; P < 0.0001) (Table 1). Of the overweight/obese patients on supplemental feeding, the 

majority used oral supplements (80%), with 4 patients in this group using gastrostomy tube. 

The indication for gastrostomy tube was to support nutritional status during exacerbation of 

chronic pulmonary disease secondary to infection. History of lung transplant, use of 

corticosteroids, prevalence and duration of diabetes, duration of insulin treatment, and 

treatment with CFTR modulators were not different amongst BMI categories.

In a subgroup analysis of patients with a severe CFTR genotype, 25% had a BMI ≥ 25 

kg/m2. The mean BMI for the severe CFTR genotype group was similar to the total cohort at 

23.2 ± 3.7 kg/m2. Patients in this group who were overweight or obese were more likely to 

be older and male. Almost all of them were diagnosed with CF at a very early age and were 

pancreatic insufficient (Table 2). Thus, overweight/obesity was highly prevalent even in this 

group of CF patients with “classic” severe disease.

3.2. Cardiovascular risk factors

The prevalence of hypertension in our CF cohort was 31% in overweight and 25% in obese 

patients compared to 17% in normal weight CF adults (P = 0.01). Overweight and obese 
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patients had statistically higher total cholesterol, LDL-C and triglyceride levels compared to 

underweight and normal weight patients after adjusting for sex and age (Table 1). HDL-C 

levels were significantly lower in overweight/obese compared to normal weight patients. 

However, it should be noted that all cholesterol values remained within the normal range 

across all BMI categories, and the triglyceride elevation seen in the overweight/obese group 

was modest.

In the severe CFTR genotype subgroup, only triglyceride levels were statistically higher in 

overweight/obese compared to normal weight patients. Other lipid values including total 

cholesterol, LDL-C, VLDL and HDL-C were similar between BMI groups (Table 2).

Lung transplantation adversely impacted the cardiovascular risk profile in CF. Transplanted 

patients had a markedly increased prevalence of hypertension (86.7% vs 11.3%; P < 0.0001) 

and higher total cholesterol (155.5 ± 39.9 mg/dL vs 131.6 ± 35.3 mg/dl; P < 0.0001) and 

triglyceride (157.9 ± 69.5 mg/dL vs 101.3 ± 58.4 mg/dl; P < 0.0001) levels compared to 

non-transplanted patients. Interestingly, HDL-C was also elevated in transplanted recipients 

(58.6 ± 19.7 mg/dL vs 49.0 ± 15.3 mg/dl; P = 0.0006).

3.3. Lung function

In the natural history of CF, the majority of patients eventually die from respiratory failure. 

The mean percent predicted FEV1 in this cohort was 72.1 ± 23.9%. FEV1 was significantly 

higher (better) in patients who were obese and overweight compared to normal and 

underweight patients after adjusting for sex and age. There was no significant difference in 

lung function between the overweight and obese groups. FEV1% predicted positively 

correlated with BMI, but there was no further improvement in FEV1% predicted beyond a 

BMI of 28–29 kg/m2 (Fig. 1). Patients with normal weight had significantly more 

pulmonary exacerbations than patients who were overweight, and those who were 

underweight experienced the greatest frequency of pulmonary exacerbations compared to all 

groups. There was a weak inverse relationship between BMI and frequency of pulmonary 

exacerbations (Spearman R = −0.24;P ≤ 0.0001).

Multivariate regression analyses showed the best set of factors associated with overweight 

and obesity (BMI ≥ 25 kg/m2) for the entire cohort of patients with CF included age (OR = 

1.04;P < 0.0001), mild CFTR genotype (OR = 3.33;P = 0.0003), and triglyceride levels (OR 

= 1.0 08; P < 0.0 0 01). (Table 3), while the best set of factors associated with overweight 

and obesity in patients with severe CFTR genotypes were male gender (OR = 2.00; P = 

0.014), age (OR = 1.04; P = 0.002), homozygous F508del (OR = 3.149; P = 0.0 0 06), and 

triglyceride level (OR = 1.005;P = 0.016) (Table 3).

4. Discussion

Overweight and obesity have become quite prevalent in CF, occurring in one-third of all 

adult CF patients at the University of Minnesota. It is particularly striking that 25% of those 

with severe CF mutations fall into this weight category. Only 5% of patients in the total CF 

population were underweight, and, as expected, this was associated with worse clinical 

status.
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In the general population, overweight/obesity is associated with significant risk of death 

from atherosclerotic cardiovascular disease [14–15]. Our data do not support a similar 

association in CF. While cholesterol levels were statistically higher in this group, they were 

still within normal limits. Triglyceride levels were modestly elevated and there was a higher 

prevalence of hypertension, but importantly, no patient (including the 30 [19%] patients age 

≥50 years) had known cardiovascular disease. It is particularly relevant that overweight/

obesity appeared to be associated with an improved prognosis in CF as lung function and 

episodes of acute pulmonary exacerbation were better in this group. However, there was no 

further benefit of higher BMI on lung function, beyond a BMI threshold of 28–29 kg/m². 

This finding is in line with results from previous studies [12,20].

With the emphasis on nutritional augmentation [10–11], BMI in CF has increased over the 

past 30 years. Stephenson et al. observed an average BMI of 20.7 ± 2.7 kg/m2 in the 1980s 

compared to 22.3 ± 3.4 kg/m2 in the 2000s in a Toronto cohort of adults with CF followed 

from 1985 to 2011 [12]. Ten percent and 13% of adult patients were reported to have a BMI 

exceeding 25 kg/m2 in a 2002 UK registry [20] and a 2004 Canadian database [21], 

respectively, and in 23% of Pittsburgh pediatric patients in 2012 [13]. Our observed 

prevalence of combined overweight and obesity (32.2%) was remarkably greater than that 

previously reported from the United States and other European countries. Differences in the 

observed prevalence of overweight and obesity between the various studies (which included 

patients with similar gene mutations) might be explained by improvement in pulmonary and 

nutritional interventions over the years, and recently, by new CFTR modifier drugs that are 

changing the disease phenotype [22].

CFTR modifier drugs have been reported to increase weight in CF, sometimes dramatically 

[23]. In this cohort, we did not observe an association between body weight and treatment 

with CFTR modulators. However, since lumacaftor/ivacaftor was approved in July 2015, CF 

patients in the current study had been on this medication for a relatively short period (on 

average approximately 1.6 years), which could have limited our ability to examine the 

chronic impact of this CFTR modulator on body weight. The prevalence of overweight and 

obesity in our cohort is only 5–6% behind that found in the general population of US adults 

based on the 2015–2016 National Health and Nutrition Examination Survey (NHANES) 

[24], suggesting that soon the rate of overweight and obesity in CF may mirror that of the 

general US population.

This study cannot answer the “chicken and egg” relation between overweight/obesity and 

clinical status. Overweight/obesity was associated with improved pulmonary function and 

reduced risk of acute pulmonary exacerbation. Is it just that a milder genotype (known to be 

associated with less severe pulmonary disease) allows patients to achieve a more “normal” 

(general population) rate of overweight/obesity, or could overweight obesity be uniquely 

protective in CF? These data suggest that both may be true. Patients with less severe disease 

(mild CFTR mutation, later age of CF diagnosis and preserved pancreatic exocrine function 

and pulmonary function) were more likely to be overweight/obese, as might be expected 

[12,21,25]. More interesting is the fact that 54% of overweight/obese patients had severe 

CFTR genotypes, and the severe genotype subgroup, overweight/obesity was also associated 
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with better pulmonary function. Thus, if there is no other important morbidity associated 

with excess weight in CF, it may actually be beneficial.

In the general population, excess morbidity and mortality in the overweight/obese 

population is related to atherosclerotic cardiovascular disease. Overweight (31%) and obese 

(25%) patients in our CF cohort were more likely to have hypertension as compared to 

normal weight CF adults (17%). We also confirmed previous studies suggesting that 

overweight/obese patients with CF have significantly higher levels of total cholesterol, LDL-

cholesterol [12,20–21 and triglyceride compared to those of normal/underweight [12,26]. 

This was largely a statistical consideration since cholesterol levels are generally abnormally 

low in the CF population. Thus, average total cholesterol levels (mg/dL) were in the 140′s 

(compared to 120′s) and LDL levels (mg/dL) in the 70′s (compared to 50′s) in the 

overweight/obese group, levels that are not typically associated with cardiovascular risk. 

Triglyceride levels were also significantly higher in overweight/obese CF patients but only 

in the 130–140 mg/dL range. One limitation of this analysis is that only about half of the 

triglyceride levels could be verified as fasting, as triglyceride levels can be elevated in the 

post prandial state. Thus, triglyceride levels may actually be lower than we have reported. 

Cardiovascular diseases are extremely rare in this population and no CF patient in the 

literature has yet been reported to have died from atherosclerotic cardiovascular disease, 

despite the fact that about 5% of CF population is now over 50 years of age [27]. While 

there are no data to date to suggest that overweight and obesity currently predispose CF 

patients to increased mortality, it is yet to be determined whether persistent metabolic risk 

over time could translate into development of cardiovascular disease similar to the general 

population.

The primary strength of this study is the size and richness of a large, prospectively collected 

adult CF population database at an accredited CF Center. This study has several limitations 

in addition to that mentioned for triglyceride measurement. Because the data were analyzed 

cross-sectionally, causal relationships cannot be inferred. The results from this single center 

study may not be generalizable to other CF populations, in particular because of the 

decades-long emphasis at the University of Minnesota on a high-calorie diet for people with 

CF. BMI, a tool used to classify patients’ nutritional status, has its limitations since it does 

not reflect body composition— fat mass, muscle mass and fat distribution may influence 

metabolic and overall health and could be more important than BMI per se in CF patients. 

The diagnosis of hypertension was obtained from the CF Foundation patient registry 

database; therefore, it was not possible to verify what blood pressure threshold was used by 

individual providers to diagnose hypertension.

Nutritional counselling for the CF patients has historically focused on improving energy 

intake to achieve recommended calorie targets of 120–150% above the daily recommended 

intake for the general population [10–11]. Given the increasing prevalence of overweight/

obesity in patients with CF, modern nutritional advice should take into consideration the 

patient’s body weight category and potential cardiovascular risk factors. The 2017 Nutrition 

Guidelines for CF in Australia and New Zealand provide a framework for identification, 

assessment and management of dietary interventions in CF according to BMI in adults or 

BMI percentiles in children [28]. While acknowledging the lack of evidence for the 
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management of overweight and obesity in the CF population, these guidelines suggest that 

nutritional consideration may shift from a high fat, high energy diet to a more nutrient dense, 

moderate energy diet in CF patients with a BMI > 27 kg/m² or a BMI percentile in the 

overweight/obese range [28]. These guidelines also recommend that nutritional counseling 

should take into account body composition, as CF patients are known to have sarcopenia and 

are at risk of losing lean body mass if they do not consume adequate calories [28]. It is 

unclear at this time whether weight management recommendations for the general 

population can be generalized to overweight and obese patients with CF, and thus this needs 

to be approached with caution.

In summary, the low prevalence of undernutrition, previously a source of major morbidity in 

adults with CF, reflects successful comprehensive multidisciplinary care over the last few 

decades. However, this success has been accompanied by a significant rise in obesity and 

overweight, which is beginning to resemble the global trend of obesity in the general 

population. Whether or not this is harmful in CF remains to be determined since at present 

overweight/obese patients appear to have better pulmonary function than their normal and 

underweight peers. As there does not appear to be any further pulmonary advantage to being 

obese compared to simply being overweight, it seems reasonable to recommend a BMI < 30 

kg/m2 for adults with CF. Further longitudinal studies should address the consequences 

associated with overweight/obesity in adults and children with CF, to inform appropriate 

nutritional approaches and treatment plans. In the mean-time, nutritional counselling for CF 

patients who are overweight or obese should be implemented carefully.
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Fig. 1. 
Loess fit curve between body mass index (BMI) and FEV1% predicted in all study cohort. 

BMI; Body mass index, FEV1% predicted; forced expiratory volume in 1 s expressed as a 

percentage of the normal predicted values for height and sex.
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