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a b s t r a c t 

Cystic fibrosis (CF) is incurable and chronic, causing severe multisystemic damage and long-term compli- 

cations. The most prominent extrapulmonary long-term complication is CF-related diabetes, which is the 

most reported form of diabetes in individuals with cystic fibrosis. Here we present the first case of an 

individual with cystic fibrosis who developed type 2 diabetes due to obesity rather than CF-related dia- 

betes. The type 2 diabetes went into remission due to extreme weight loss after gastric bypass surgery. 

To our knowledge, this case is also the first report describing the effect of bariatric surgery in a patient 

with CF. This case demonstrates that patients with CF may present with type 2 diabetes instead of CF- 

related diabetes. Differential diagnosis of these two types of diabetes is essential for optimal treatment 

and quality of life. 

© 2023 The Authors. Published by Elsevier B.V. on behalf of European Cystic Fibrosis Society. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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. Case report 

We describe a patient with a mild form of CF who had type 2 

iabetes (T2D). As a child, she never had pulmonary complaints. 

t 17, she had tracheobronchitis caused by S. aureus , after which 

he needed regular antibiotics to treat bacterial pneumonias. CF 

as suspected and she was referred to a pulmonologist at our 

utpatient clinic, Erasmus MC, where several diagnostic tests re- 

ealed a mild form of CF at 23. Genetic analysis identified a het- 

rozygous �F508 mutation and a heterozygous pathogenic muta- 

ion in the CF gene 3272–26A- > G . Chloride sweat test results were

s follows: left and right arm respectively 108 and 105 mmol/L 

a + , 86 and 84 mmol/L Cl −, sweat weight of 183 and 152 mg.

he accepted reference ranges for sweat chloride concentrations 

re: > 60 mmol/L is considered diagnostic for CF; 30–60 mmol/L 

orderline; and < 30 mmol/L normal. Rectal biopsies identified a 

attern of electrophysiological chloride characteristic for CF, but a 

esidual chloride secretion was present. 

Since diagnosis, the patient had CF exacerbations once a year, 

hich were treated with antibiotics. She never used corticos- 

eroids. At 42, she developed obesity due to unhealthy lifestyle. 
∗ Corresponding author at: Erasmus University Medical Center Rotterdam, PO Box 

040, 30 0 0 CA Rotterdam, the Netherlands. 

E-mail address: n.bruijn@erasmusmc.nl (N.R.A. Bruijn) . 
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er energy intake exceeded the expenditure due to no exercise and 

nhealthy diet. Thereby, she suffered from stress due to personal 

roblems. She was referred to a multidisciplinary obesity center, 

here she was connected to an exercise coach, a dietician and a 

sychologist. Over the next 4 years, her body mass index (BMI) in- 

reased to 35.2 kg/m 

2 , accompanied by diabetes. This was diag- 

osed by the following oral glucose tolerance test (OGTT) results: 

er fasting plasma blood glucose level was 6 mmol/L (108 mg/dL) 

nd increased to 14 mmol/L (252 mg/dL) after an oral glucose load. 

er HbA1c level was 44 mmol/mol (6.2%). Despite the lifestyle ad- 

ices to treat her diabetes and to promote weight loss, she did not 

ose weight. Her family history was negative for obesity, hyperten- 

ion and diabetes mellitus. 

At 48, her BMI was 34.0 kg/m 

2 , HbA1c was 49 mmol/mol 

6.6%), with OGTT results of 6.2 to 10.8 mmol/L (111.6 to 

94.4 mg/dL), indicating development of overt diabetes. Her pul- 

onary function was stable: forced vital capacity (FVC) was 84% 

nd forced expiratory volume in one second (FEV 1 ) was 69%. There 

ere no indications of exocrine pancreatic insufficiency, except for 

 reduced 25-OH-vitamin D concentration (45 μmol/L). Vitamins 

 and E were respectively 1.77 and 22.4 μmol/L. DEXA scan re- 

ults showed normal bone density. Furthermore, her liver function 

as normal (ASAT = 18 U/L and ALAT = 30 U/L), as was her kidney

unction (creatinine = 80 μmol/L) and thyroid function (TSH = 2.26 

IU/L). Her medical history included a severe form of preeclamp- 
ibrosis Society. This is an open access article under the CC BY license 
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Table 1 

Overview of longitudinal data regarding clinical, vital and laboratory parameters. 

Year, month 2016, May 2018, Nov ∗∗ 2019, June 2019, Nov 2020, Jan ∗∗∗ 2020, June 2020, July 2021, March 2021, Aug 2022, June 

BMI (kg/m 

2 ) 35.2 34.0 36.0 35.1 35.34 27.2 27.0 23.15 24.0 24.1 

HbA1c (mmol/mol) 44 49 61 52 48 44 42 

HbA1c (%) 6.2 6.6 7.7 6.9 6.5 6.2 6.0 

Glucose (mmol/L) ∗ 9.3 4.4 6.2 4.9 4.8 5.2 

Glucose (mg/dL) 167.4 79.2 111.6 88.2 86.4 93.6 

OGTT (mmol/L) 6.0 → 14.0 6.2 → 10.8 6.9 → 8.0 

OGTT (mg/dL) 108 → 252 111.6 → 194.4 124.2 → 144 

FEV 1 (%) 75 69 69 66 61 59 72 75 

FVC (%) 84 84 82 82 91 

Vitamin A (μmol/L) 2.15 1.77 1.96 1.45 1.34 1.71 

Vitamin D (μmol/L) 53 45 65 55 91 83 71 84 

Vitamin E (μmol/L) 26.0 22.4 26.7 25.4 29.1 31.5 

Triglyceride (mmol/L) 2.03 1.76 0.82 0.60 

Total cholesterol (mmol/L) 4.7 3.9 3.7 4.2 

HDL-cholesterol (mmol/L) 1.13 1.13 1.07 1.69 

LDL-cholesterol (mmol/L) 2.66 2.97 2.26 2.54 

∗Empty boxes indicate that measurement values are unknown; ∗∗Diagnosis diabetes mellitus; ∗∗∗Laparoscopic sleeve gastrectomy. 
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ia. She had no further medical comorbidities like hypertension or 

yslipidemia. All results are summarized in Table 1 . 

Based on these results, her treating physicians strongly sus- 

ected that her diabetes was not CF-related diabetes (CFRD) 

nd more likely to be T2D. Therefore, metformin (1dd, 500 mg) 

as prescribed as a first-line treatment. She never used in- 

ulin. However, one year later, her HbA1c levels had increased to 

1 mmol/mol (7.7%) and her BMI to 36.0 kg/m 

2 . Given her continu- 

ng weight increase and poor glycemic control, her doctors decided 

o follow the clinical practice guidelines and proposed bariatric 

urgery [1] , despite her CF. Prior to surgery, her vitamin levels 

nd lipid profile were both within normal ranges. She only used 

aily supplementation of calciumcarb/colecalciferol (1.25 g/400IE) 

nd azitromycine (3 times a week, 500 mg). 

At 49, in January 2020, she underwent a laparoscopic sleeve 

astrectomy with no complications. Post-surgery, she directly 

tarted multivitamin supplementation as advised by guidelines [1] . 

fter six months, her total weight loss was 22.7%, BMI was down 

o 27.2 kg/m 

2 , HbA1c to 48 mmol/mol (6.5%), with a blood plasma 

lucose level of 6.2 mmol/L (111.6 mg/dL). Metformin was stopped. 

GTT results were 6.9 to 8.0 mmol/L (124.4 to 144 mg/dL) after 

n oral glucose load. Moreover, she felt well and her condition im- 

roved. A fasting blood test showed plasma insulin at 38 pmol/L 

nd C-peptide at 0.56 nmol/L. In March 2021, her HbA1c levels 

ere reduced to 44 mmol/mol (6.2%) and BMI was 23.15 kg/m 

2 . 

pirometry showed a FVC of 3.55 L (82%) and a FEV 1 of 2.02 L

59%). In June 2021, she started with her first CFTR modulator 

ymkevi and switched to Trikafta, in May 2022. 2.5 years after 

ariatric surgery, in June 2022, her BMI and HbA1c levels remained 

table at respectively 24.1 kg/m 

2 and 42 mmol/mol (6.0%). Her 

EV 1 increased to 2.44 L (72%). Moreover, soluble vitamins lev- 

ls remained stable under supplementation and lipid levels re- 

uced. Noteworthy, under supplementation of Trikafta, her weight 

emained stable at a BMI of 24.2 kg/m 

2 , which was measured in 

ecember 2022. These collective findings indicated that her T2D 

nd obesity went into remission after bariatric surgery and that 

er pulmonary function remained stable. 

. Discussion 

To the best of our knowledge, this is the first report of an in-

ividual with CF to be diagnosed with T2D due to obesity instead 

f CFRD. This is also the first published description of the effect of 

ariatric surgery in CF. 

In patients with a classical severe CF phenotype, the nature 

f diabetes is CFRD, which occurs in 40% of adults and is associ- 
2 
ted with poorer survival [2] . However, the CFTR class V mutation 

n this patient ( �F508;3272–26A- > G ) indicates a mild clinical CF 

henotype due to residual CFTR function [2–4] . In the current era 

f genomics, an increasing number of patients are being diagnosed 

ith milder CF phenotypes [3] . Such individuals are more likely to 

e pancreatic sufficient (PS), have better pulmonary function and 

ood survival [ 2 , 3 ]. In contrast to pancreatic insufficient CF, PS CF

arely causes CFRD due to maintained β-cell function [4] . Due to 

ncreased survival, these patients are at risk of developing chronic 

iseases such as obesity, which in turn can lead to T2D [1] . The

revalence of obesity in CF adults is thought to be as high as 30% 

5] . In view of this, and based on this case and other patients at

ur outpatient clinic, we are convinced that more CF patients with 

 mild phenothype and diabetes are likely to have T2D rather than 

FRD. 

Among overweight and obese CF cohorts, higher rates of ex- 

crine PS and mild genotypes have been reported [ 6 , 7 ]. In contrast

ith these findings, pancreatic insufficiency has been associated 

ith malnutrition, and may result in a lower risk of developing 

besity. However, pancreatic insufficient CF patients can still have 

igher BMI’s [8] . It must be noted that BMI does not capture all the

uances that contribute to optimal health status. With regards to 

ulmonary function, prognosis is negatively associated with weight 

oss and malnutrition in CF: the lower the BMI, the lower the 

ulmonary function [9] . Two studies showed a limit to this rela- 

ionship [ 8 , 9 ]. Contrary to overweight/obese CF, the greatest pul- 

onary benefit is seen after an increase in BMI in undernour- 

shed CF patients [ 8 , 9 ]. These studies report a threshold of BMI

5–29 kg/m 

2 , above which pulmonary function improvement be- 

omes significantly minimal [ 8 , 9 ]. Regarding cardiovascular disease 

CVD), results of a cohort study indicate that overweight/obese CF 

atients may be at risk of developing CVD [7] . However, data on 

VD in CF remain limited. 

Unlike in CFRD, healthy lifestyle interventions are cornerstone 

reatments for T2D, and may even reverse disease [10] . Multiple 

pproaches are available to promote weight loss, such as regu- 

ar exercise, low-calorie diet and medication options advised and 

uided by professionals in multidisciplinary teams for obesity. 

owever, for those individuals not capable of losing weight with 

on-surgical procedures, bariatric surgery could be considered [1] . 

or non-CF patients, surgery is clinically more effective than med- 

cal treatment for weight reduction and maintenance [1] . Data on 

reatment options for weight loss and bariatric surgery on safety 

nd efficacy in CF is lacking. Reducing energy intake and increas- 

ng physical activity is a first step approach, extrapolating from 

ndocrine Society Guidelines [1] . In this obese CF patient, how- 
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ver, bariatric surgery had a good clinical result in terms of T2D 

anagement and weight loss. With regular follow-up and guid- 

nce, she lost 40 kg, and this weight loss has remained stable until 

resent. Moreover, we observed no significant adverse events. Pul- 

onary function and soluble vitamins remained stable. 

CFRD shares features of type 1 diabetes (T1D) and T2D. Similar 

o T1D, the primary pathologic feature is insulin insufficiency due 

o β-cell function loss [ 2 , 4 ]. More in line with T2D, insulin resis-

ance is mildly present [4] . For differential diagnosis of CFRD and 

2D in CF with a mild phenotype, we consider that clinical pre- 

entation carries the most importance. If inconclusive for PS CF, we 

ecommend fasting plasma insulin and C-peptide measurements to 

istinguish between both diseases, which is also the case with T1D 

nd T2D [11] . As in T1D, CFRD is caused by loss of β-cell function,

nd C-peptide levels are significantly lower in CFRD ( < 0.2 nmol/L) 

han in CF patients without CFRD [12] . In individuals with T2D, C- 

eptide levels are normal/high [11] . Unfortunately in this case re- 

ort, C-peptide and fasting insulin were only measured once after 

urgery in June 2020. 

In conclusion, this case demonstrates that CF patients can de- 

elop T2D instead of CFRD. Given the increasing number of diag- 

oses of mild CF coupled with the increase in overweight/obese 

atients, it is likely that T2D in CF patients will increase. Doc- 

ors should therefore be aware that patients with overweight and 

F may also have T2D. With good diagnostics and treatment, T2D 

an go into remission, thereby improving quality of life. In over- 

eight CF patients, bariatric surgery may be considered as an op- 

ion to achieve and maintain weight loss, and, if necessary, to treat 

iabetes. However, bariatric surgery must be considered carefully 

iven the potential cause of adverse effects, such as malabsorp- 

ion, vitamin and mineral deficiencies. In our view, both T2D and 

ariatric surgery are new phenomena in CF that will both require 

urther research to determine their effects on the quality of life of 

atients with CF. 
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