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Background: Over the last decades aggressive interventions have been successful to improve nutritional 

outcomes in people with cystic fibrosis (CF). As a result, with improvement of life expectancy and new 

CFTR modulators, overweight and obesity are progressively becoming a source of concern for adult pop- 

ulation and in developed countries. 

Methods: This was a multicenter, observational, cross-sectional study of 321 adults with CF at three 

large CF centers in Italy. Patients were divided into three groups according to BMI classes, overweight 

and obesity (OW) group including patients with BMI ≥25 kg/m 

2 , normal weight (NW) group with BMI 

18.6–24.9 kg/m 

2 and underweight (UW) group with BMI ≤18.5 kg/m 

2 . 

Results: We demonstrated that prevalence of OW in adults with CF in Italy is 22%. OW status is indepen- 

dently associated with male sex (OR 3.520, P = 0.001), pancreatic sufficiency (OR 2.873, P = 0.014) and 

older age at diagnosis (1.015, P = 0.042). BMI correlated with ppFEV1 ( r = 0.337; P < 0.0 0 01) with median 

ppFEV1 significantly higher in patients with OW than comparisons. We also reported preliminary data 

on unfavorable cardiovascular risk factors in a subgroup of patients, where median blood levels [IQR] of 

cholesterol and systemic hypertension [%] were significantly higher in the OW group than in the NW and 

UW. 

Conclusions: People with CF and OW is a relevant patient group that might deserve better definition and 

proper clinical management. 

© 2021 European Cystic Fibrosis Society. Published by Elsevier B.V. All rights reserved. 
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. Background 

Cystic fibrosis (CF) is a life-limiting genetic disease caused by 

he dysfunction of the CFTR protein, a chloride channel involved 

n fluid transportation across epithelia [1] . While CF is commonly 

ssociated with malnutrition due to both intestinal malabsorption 

nd increased energy expenditure, over the last two decades the 

revalence of CF-related malnutrition has significantly decreased 

s a result of targeted interventions [2] . On the other hand, in 

onsideration of the increase in life expectancy, overweight and 

besity are progressively becoming a source of concern for peo- 
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le with CF, especially in adults and high-income countries [ 3 , 4 ].

urthermore, dietary interventions in CF are based on high-calorie 

upplementation with no restriction on fat intake in the view that 

oor nutritional status is associated with worse respiratory out- 

omes [ 5 , 6 ]. 

In the general population overweight and obesity are consid- 

red relevant risk factors for cardiovascular complications includ- 

ng systemic hypertension and ischemic heart disease. Over the 

ast years overweight and obesity have been recognized as a po- 

ential clinical issue for patients with CF [7] . However, the preva- 

ence of overweight and obesity is heterogeneous: several studies 

ave been carried out in North America and United Kingdom, but 

o data are currently available in Southern Europe. To address this 
eserved. 
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Fig. 1. Linear correlation between BMI and FEV1% predicted in all study cohort. 
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pidemiological gap, a multi-center, observational study was per- 

ormed in three reference adult CF centers in Italy. 

. Methods 

Study design and data collection. This was an observational, 

ross-sectional study enrolling consecutive adults ( ≥18 years) with 

F at three reference CF centers in Italy (IRCCS Ca’ Granda Os- 

edale Maggiore Policlinico, Milan; Ospedale Pediatrico Bambin 

esù, Rome; Policlinico Umberto I, Rome). All clinical data includ- 

ng CF genotype, lung function, respiratory microbiology, comor- 

idities and CF medications refer to year 2017 and were retrospec- 

ively collected by three trained investigators by chart or medical 

ecord review between September 2018 and March 2019. All site 

nvestigators were provided with a protocol including the follow- 

ng clinical definitions. 

The coordinating center (Milan) received the study approval by 

he local Institutional Ethical Committee, followed by the approval 

f the other local ethical committees. This project was not funded 

nd relied upon voluntary site and investigator participation. 

Study groups. Three groups were selected according to the BMI 

lasses as defined by WHO [8] : overweight and obesity group (OW) 

ncluding patients with BMI ≥25.0 kg/m 

2 , normal weight group 

NW) including patients with BMI 18.6–24.9 kg/m 

2 , and under- 

eight group (UW) including patients with BMI ≤18.5 kg/m 

2 . 

Study definitions. CF was defined according to the last diagnos- 

ic criteria [9] . Chronic infection was defined by the isolation of P. 

eruginosa and other common CF bacteria (including S. maltophilia, 

. xylosoxidans, B. cepacia complex) in sputum culture on two or 

ore occasions at least 3 months apart over a 1-year period [10] . 

 pulmonary exacerbation was defined according to Fuchs crite- 

ia [11] . Frequent exacerbators were defined as patients with ≥3 

ulmonary exacerbations per year. CFTR residual function muta- 

ions (RFM) were defined according to the mutation list included 

n clinical trials [12] . Referring to comorbidities, pancreatic insuf- 

ciency (PI) was defined in patients treated with pancreatic en- 

ymes, while CF-related diabetes (CFRD) was diagnosed accord- 

ng to standard criteria. The definition of CF related liver dis- 

ase (CFLD) included both liver steatosis and fibrosis. Total serum 

holesterol levels were expressed as mg/dL and systemic hyperten- 

ion was defined according to the presence of an antihypertensive 

herapy. 

Statistical analysis. Qualitative and non-parametric quantitative 

ariables were summarized with frequencies and medians (in- 

erquartile ranges, IQR), respectively. Differences between groups 

ere assessed with chi-squared or Fisher exact test for qualita- 

ive variables and with Mann-Whitney for non-parametric quan- 

itative variables, respectively. BMI was correlated with continuous 

ariables with the Spearman correlation. A two-tailed p-value was 

onsidered statistically significant when less than 0.05. All statis- 

ical computations were performed with IBM SPSS, Statistics for 

ac, version 22.0. 

. Results 

Patient cohort and prevalence of overweight status. A total of 321 

atients (median [IQR] age: 38 [32–45] years; 41% female] were 

nrolled. Among them, 21% patients had at least one RFM and 

9.5% had PI. A total of 146 (45.5%) patients had chronic P. aerug- 

nosa infection and the median (IQR) exacerbation frequency was 

 (0–3) per year. Median (IQR) BMI was 22.39 (20.9–24.4) kg/m 

2 . 

W, NW, and UW groups included 71 (22.1%), 238 (74.1%), and 12 

3.8%) patients, respectively. In the OW group, 8 patients had BMI 

30 and met the WHO definition for obesity. 

Clinical characteristics among groups. When compared with NW 

nd UW groups, patients with OW were more likely to be male 
112 
76% VS. 55.8% VS. 16.7%; P < 0.0 0 01) and diagnosed at an older

ge (median [IQR] age: 26 [7–34] VS. 9 [1–28] VS. 9 [0.5–22] years; 

: 0.003), as reported in Table 1 . The prevalence of patients ho- 

ozygous for p.Phe508del mutation in the OW group was lower 

n comparison with NW and UW groups (1.4% VS. 9.7% VS. 8.3%; 

: 0.043). BMI correlated with ppFEV1 (r: 0.337; P < 0.0 0 01, Fig. 1 ).

edian ppFEV1 was significantly higher in the OW group (median 

IQR]: 91 [75–99] VS. 70 [51–91] VS. 49 [44–76]; P < 0.001). The 

W group showed a lower prevalence of chronic respiratory infec- 

ion with P. aeruginosa (33.8% VS. 47.9% VS. 66.7%; P: 0.036) and 

 lower number of pulmonary exacerbations (median [IQR]: 1 [0–

] VS. 1 [0–3] VS. 3 [1.25–5.5]; P: 0.004) and of hospitalizations 

n the previous 12 months (median [IQR]: 0 [0–0] VS. 0 [0–1] VS. 

 [0.25–2]; P < 0.0 0 01). Frequent exacerbators were less prevalent 

n the OW group (16.9% VS. 27.7% VS. 50.0%; P: 0.010). Patients 

ith CF and OW were less likely to have PI (33.8% VS. 64.2% VS 

0 0%; P: 0.0 03). CFRD and osteopenia were less prevalent in the 

W group (15.5% VS. 28.1% VS. 50%; P: 0.017; and 25.7% VS. 47.2% 

S. 70%; P: 0.001, respectively); CFLD had higher prevalence in the 

W group (59.1% VS. 45.4% VS. 25%; P: 0.035). A subgroup analy- 

is in Milan investigated total cholesterol levels in blood and sys- 

emic hypertension: median (IQR) cholesterolemia was 158 (132–

98) mg/dl, with the OW group showing higher levels (median 

IQR]: 187 [136–218] VS. 154 [128–188] VS. 157 [143–183] mg/dl; 

: 0.007); while systemic hypertension was more prevalent in the 

W group than in the other groups (12.7% VS. 4.6% and 8.3%; P: 

.025). 

Factors associated with OW. Multivariate regression analyses 

howed a set of factors associated with OW in CF adults as inde- 

endent predictors of overweight status, including male sex (OR 

.52; P: 0.001), pancreatic sufficiency (OR 2.87; P = 0.014), and 

lder age at diagnosis (1.02; P = 0.042) ( Table 2 ). 

. Discussion 

This study demonstrated that 1) prevalence of OW in CF adults 

n Italy is up to 22%; 2) OW status is independently associated 

ith male sex, older age at diagnosis, and pancreatic sufficiency; 

) the OW group showed higher prevalence of cardiovascular and 

etabolic risk factors. 

To our knowledge, this is the first epidemiological study on OW 

n a cohort of CF adults in Southern Europe. With the present ex- 

erience, we confirmed the significant prevalence of OW in a large 

opulation of adults with CF from Italy. 
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Table 1 

Clinical characteristics of patients with OW and comparison between groups. 

Variables Body Mass Index (BMI) p-value 

Demographics Underweight 

(BMI < 18.5) ( n = 12) 

Normal weight (BMI 

18.6–24–9) ( n = 238) 

Overweight (BMI ≥25) 

( n = 71) 

Male, n (%) 2 (16.7) 133 (55.8) 54 (76) < 0.0001 

Median (IQR) age, years 40 (33–48) 37 (31–44) 38 (33.5–45) 0.127 

Median (IQR) age at CF diagnosis, years 9 (0.5–22) 9 (1–28) 26 (7–34) 0.003 

p.Phe508del homozigosity, n (%) 1 (8.3) 23 (9.7) 1 (1.4) 0.043 

At least one RFM, n (%) 0 (0) 52 (21.84) 15 (21.1) 0.234 

Reason for CF suspicion (only for diagnoses different 

than NBS) 

Bilateral bronchiectasis, n (%) 8 (66.7) 118 (49.6) 30 (42.2) 0.055 

Pancreatitis, n (%) 0 (0) 5 (2.1) 3 (4.2) 0.449 

CBAVD, n (%) 0 (0) 24 (10) 18 (25.3) < 0.0001 

Respiratory involvement and standard microbiology 

Mean (IQR) FEV1,% 49 (44–76) 70 (51–91) 91 (75–99) < 0.001 

FEV1 < 80% predicted, n (%) 5 (41.7) 119 (50) 19 (26.7) 0.003 (1) 

FEV1 < 50% predicted, n (%) 3 (25) 45 (18.9) 6 (8.4) 0.057 (2) 

Chronic infection, n (%) 11 (91.7) 200 (84) 53 (74.6) 0.132 

Chronic infection P. aeruginosa , n (%) 8 (66.7) 114 (47.9) 24 (33.8) 0.036 (3) 

Median (IQR) exacerbation previous year 3 (1.25–5.5) 1 (0–3) 1 (0–2) 0.004 

Patients with 2 + exacerbations/previous year, n (%) 6 (50) 86 (36.1) 17 (23.9) 0.046 (4) 

Patients with 3 + exacerbations/previous year, n (%) 6 (50) 66 (27.7) 12 (16.9) 0.010 (5) 

> 1 hospitalization previous year 1 (0.25–2) 0 (0–1) 0 (0–0) < 0.0001 (6) 

N. IV antibiotic cycles/previous year 1 (0–2.75) 0 (0–1) 0 (0–0) 0.002 

Extra-Respiratory involvement 

Pancreatic insufficiency, n (%) 12 (100) 153 (64.2) 24 (33.8) 0.003 

CF related diabetes, n (%) 6 (50) 67 (28.1) 11 (15.5) 0.017 

CF related liver disease, n (%) 3 (25) 108 (45.4) 42 (59.1) 0.035 

Osteopenia/osteoporosis, n (%) 7 (70) 109 (47.2) 18 (25.7) 0.001 

Cholesterolemia, mg/dL 157 (143–183) 154 (128–188) 187 (136–218) 0.007 

Systemic hypertension 1 (8.3) 11 (4.6) 9 (12.7) 0.025 

Outcomes 

Waiting list for lung transplantation, n (%) 2 (16.7) 7 (2.9) 1 (1.4) 0.018 

(1) OW VS. NW p-value = 0.002 

(2) OW VS. NW p-value = 0.055 

(3) OW VS. NW p-value = 0.030 

(4) OW VS. NW p-value = 0.073 

(5) OW VS. NW p-value = 0.061 

(6) OW VS. NW p-value = 0.003 

Definitions. CBAVD: Congenital Bilateral Absence of Vasa Deferentes; MSSA: Methicillin Sensitive Staphilococcus aureus; BCC: Burkholderia Cepacia Complex. 

Table 2 

Multivariate logistic regression analysis of predictive factors 

of OW status in the study cohort. 

Variable OR (95% CI) P 

Male sex 3.520 (1.699 - 7.291) 0.001 

Age at diagnosis 1.015 (0.992 - 1.039) 0.042 

Pancreatic sufficiency 2.873 (1.237 - 6.676) 0.014 
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This study succeeded to validate previous findings about the as- 

ociation between OW status and clinical characteristics as male 

ex and pancreatic sufficiency. However, the comparison with other 

ohorts is limited by the fact that most of studies included children 

nd patients with severe malnutrition, where the prevalence of 

W status might have been underestimated. In 2013 Panagopoulou 

eported on a OW prevalence of 13.2% in 68 CF patients attending a 

ingle center in Greece; however, median age was low (19.8 years) 

nd 54.4% of the cohort included children [13] . Then, Kastner- 

ole found an OW prevalence of 9.1% in a cohort of 30 0 0 pa-

ients (mean [range] age 16.1 [0.8–55.7] years) of the UK patient 

egistry: OW prevalence in the adult subgroup was lower than 

urs, with 12.8% and 5.3% in men and in women, respectively 

14] . This discrepancy can be attributed to the inclusion of only 

atients with p.Phe508del homozygosity, which is associated with 

I and severe nutritional outcomes. On the other side, the Ital- 

an prevalence appears underestimated if compared with that of 

he USA. Harindhanavudhi found OW in 25.6% and obesity in 6.6% 

f CF adults [4] , that might be partly explained as a reflection of
113 
 higher prevalence of overweight/obesity in the general popula- 

ion in the USA versus Italy (OW prevalence: 36.2% VS. 19.9%) 

15] . 

Better lung function is associated with OW [4-6] . Harind- 

anavudhi reported that pulmonary exacerbations decrease with 

n increasing BMI [4] . We showed that OW is associated with a 

ower rate of hospitalizations, as well as with a lower prevalence 

f frequent exacerbators. The pathogenesis of this relationship is 

nclear but similar effects were described in other chronic respira- 

ory diseases, such as COPD. The underlying mechanisms are likely 

o be multifactorial and might include difference in body composi- 

ion with greater muscular mass and adiponectin-mediated mod- 

lation in the expression of pro-inflammatory mediators, as TNF- 

lpha and metalloproteinases [ 16 , 17 ]. As previously noted, we re- 

orted a higher prevalence of OW in men [ 4 , 6 ], in contrast with

hat is in the overall population where the prevalence is higher 

n females [18] , indirectly supporting the findings of worse clin- 

cal outcomes in female CF patients [19] . PI and CFRD are less 

revalent in OW. The low prevalence of CFRD in the OW group 

ight reflect the strong correlation between CFRD and PI, which 

re frequently found in p.Phe508del patients [20] . A lower preva- 

ence of p.Phe508del homozygosity was described in our OW group. 

he OW group show a higher frequency of cardiovascular risk fac- 

ors (e.g., high total cholesterol levels and systemic hypertension); 

owever, the prevalence of cardiovascular complications is low if 

ompared with the general population, probably explained by the 

ower median age ( < 40 years). Liver disease is more prevalent in 

he OW group [21] : CFLD might depend on CFTR-mediated patho- 
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[

[

[

[

ogical mechanism and metabolic complications of long-term hy- 

ercaloric and hyperproteic diet. 

The main strength of the study is the full characterization of 

n Italian, large-sized, multi-center cohort of CF adults with OW. 

owever, the retrospective nature of the study design is a limita- 

ion affecting the assessment of the risk factors for OW. Regional 

ifferences in the burden of OW and the retrospective definition of 

ancreatic insufficiency might affect the pooled results. The higher 

revalence of RFM makes our result less generalizable. 

. Conclusions 

This study focuses on a new CF population group. In view of 

he longer survival of CF patients, we cannot exclude that an aging 

opulation after years of exposure to abnormal inflammation and 

everal cardiovascular risk factors could face the onset of cardio- 

ascular complications. However, CF mortality is still secondary to 

rogressive lung disease and the protective effect of increased BMI 

n FEV1 has to date been an advantage in clinical management. 

he advent of new CFTR modulators has the potential to change 

his scenario in terms of significant improvement in both respi- 

atory and nutritional outcomes. As a consequence, an innovative 

linical perspective may be needed right now based on two points: 

 new management of dietary interventions, which takes into ac- 

ount that patients are expected to live longer and be less sick; 

nd the proactive screening and early correction of risk factors for 

ardiovascular diseases. 
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