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Abstract. Background and aim: Cystic fibrosis-related diabetes is a complication of cystic fibrosis (CF). Our 
study aimed to evaluate the effects of insulin therapy in overt diabetics or pre-diabetics CF patients on BMI 
and respiratory function. Methods: We selected a sample of 17 insulin-treated patients (Group T) and a sam-
ple of 17 CF control patients with normal glucose metabolism (Group C). Group T was also subdivided into 
overt-diabetic patients and pre-diabetic patients (IGT, INDET). For treated patients, an observation period 
was established from the first insulin administration to 12 months. For control patients, a comparable year of 
observation was chosen. Data regarding BMI, FVC, FEV1, and PEF were collected at time 0, and at time 12. 
The number of hospital admissions for infectious episodes during the year of observation and the preceding 
year was recorded for Group T patients. Results: The results showed a significant increase in BMI in treated 
patients compared to control, especially for overt diabetics. The study of spirometric parameters showed a 
significant improvement in PEF, the main effort-dependent respiratory index, especially for over-diabetics, 
suggesting a hypothetical positive impact of the insulin anabolic action on the magnitude of expiratory ef-
fort. In contrast, the study of infectious episodes revealed a significant reduction in hospital admissions in 
pre-diabetic treated patients. Conclusions: Overall, our study focuses on the importance of glycemic monitor-
ing during the early stages of CF disease and the advantage of insulin treatment in the early stages of glucose 
alteration. (www.actabiomedica.it)
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Introduction

Cystic Fibrosis (CF) is one of the most com-
mon life-threatening autosomal recessive disorders in 
the Caucasian population (1). Although the advances 
made in the management of CF have allowed a signifi-
cant increase in the survival of these patients, an in-
creased incidence of long-term complications has been 
observed (2), representing, to date, a critical point in 
the management of CF patients.

CFRD is occurring in 40-50% of CF patients (5), 
and its prevalence increases by 5% for patients over 10 

years old and 9% for patients over 20 years old (4). The 
secretion of altered pancreatic juice, more acid and rich 
in protein, leads to the obstruction of the pancreatic 
ducts, and determines an increase in intraductal pres-
sure, inflammation, amyloid deposition, fatty infiltra-
tion, pancreatic damage, and parenchymal atrophy (5). 
The role of insulin resistance in the  pathogenesis of 
CFRD is controversial. Some authors suggest that 
patients with impaired glucose tolerance have in-
creased peripheral insulin resistance, which is related 
to worse clinical status, malnutrition, and impaired 
lung function (27). All these alterations, disrupting the 
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pancreatic islets’ alpha and beta cells, cause damages 
ranging from pancreatic insufficiency to insulin and 
glucagon deficiency (6).

CFRD causes neuropathy, gastropathy, retinopathy, 
and diabetic nephropathy, similar to other forms of diabe-
tes (7). The onset of diabetes in CF patients worsens the 
patient’s overall clinical condition, affecting  nutritional/
weight status, pulmonary function, and short- and long-
term microvascular complications (8-10), but there isn’t 
clear evidence of the impact of insulin deficiency on hos-
pital admissions for respiratory infections. Indeed, in the 
scientific community, there isn’t a common consensus 
about the treatment of pre-diabetic stages.

In this study, we aimed to evaluate the impact of 
insulin treatment on weight status, respiratory function, 
and respiratory infectious status in CFRD patients and 
CF patients in whit early stages of glucose alteration.

Materials and methods

Patients

All CF patients followed at our Regional Reference 
Center for Cystic Fibrosis are periodically evaluated in 
collaboration with our Pediatric Endocrinology Unit 
to monitor glucose metabolism and other endocrine 
complications of CF. Follow-up of glucose metabolism 
includes: fasting blood glucose, glycated hemoglobin, 
and five points OGTT (see “methods”). For the study, 
we retrospectively recruited a group of seventeen pa-
tients on insulin therapy (Group T). We then selected a 
sample of 17 CF patients without evidence of glycemic 
abnormalities, comparable for age and sex at Group T, 
which was used in the study as a control group (Group 
C). Informed consent was obtained from each patient 
to use the collected data for this study.

Group T consists of 17 subjects, 10 males 
and 7 females, with a mean age of 23.8 ± 9.2 years, 

7  homozygotes DF508 / DF508, 9 heterozygous 
DF508 / other, 1 other/other; twelve patients out of 17 
(70.6%) have pancreatic insufficiency. The average age 
at which insulin therapy was started for these patients 
is 19.6 ± 8 years. Fourteen patients started treatment 
with insulin glargine at different dosages; for 3 of them 
(T8, T15, and T16) insulin aspart alone or in combi-
nation with long-acting insulin was prescribed. Group 
T was then divided into two subgroups based on the 
value of HbA1c at time 0. According to the guidelines, 
glycated hemoglobin over 6.5% allows the diagnosis 
of CFRD (18), this value was used to form the two 
subgroups: pre-diabetic (HB1AC at time 0 <6.5%) 
and diabetic (HB1AC at time 0 ≥ 6.5%). Pre-diabetics 
were classified as IGT, INDET, or IGT / INDET 
based on the values of the OGTT at time 0. The pre-
diabetics were 9 out of 17; 7 males and 2 females, with 
a mean age of 21.67 ± 9.4 years; 6 of them were clas-
sified as IGT, 3 as IGT / INDET. Diabetics were 8 
out of 17; 3 males and 5 females, with a mean age of 
26.13 ± 8.9 years.

Group C consists of 17 patients, 9 males and 
8  females, with a mean age of 25.9 ± 15.3 years at the 
time of the study, 13 heterozygous DF508 / other, 4 
other/other; 8 patients out of 17 (47%) have pancreatic 
insufficiency. Demographic, clinical, and genetic data 
are summarized in Table 1.

Methods

Fasting blood glucose is measured at each pa-
tient’s access to the Cystic Fibrosis Center; HbA1c is 
performed 2-4 times a year. According to guidelines 
(18) OGTT is performed in all CF patients from 
10 years old, once a year, in absence of pathological 
signs, following standard procedure. OGTT identi-
fies several diagnostic sub-categories, on the basis of 
one hour plasma glucose (PG1) and two hours plasma 
glucose (PG2) : Impaired glucose tolerance(IGT) 

Table 1. Group T and Group C clinical and genetic features.

Male Female Age mean Age range
DF504 

homozygosity
DF504 

heterozygosity
Pancreatic 

insufficiency

Group T (17) 10 7 23,76 ± 9,2 14,5-33 7 9 12

Group C (17) 9 8 25,88 ± 15,3 10,5-41 0 13 8
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( 140 < PG2 < 200 mg/dl) ; indeterminate  glycemia 
(INDET)(PG1 > 200 mg/dl , PG2 < 140 mg/dl); 
CFRD (PG2 > 200 mg/dl) (11). Spirometry ex-
aminations were performed with a standard spirom-
eter  (CosmedSrL). For each spirometry, the forced 
vital capacity (FVC), forced expiratory volume in 
1 second(FEV1), and forced expiratory flow (PEF) 
have been studied. The FVC corresponds to the forced 
vital capacity, and is the total volume of air expelled 
after a forced exhalation starting from a maximal inspi-
ration; FEV1 is the volume of air expelled in the first 
second of a forced exhalation starting from a maximal 
inspiration; it is the most significant and reproduc-
ible parameter of spirometry; PEF is peak expiratory 
flow, and corresponds to the maximum flow emitted in 
forced expiration. Infectious respiratory episodes were 
recorded for Group T patients. They were calculated as 
the number of hospital admissions due to respiratory 
infectious exacerbations.

Hb1Ac was measured using the high-performance 
liquid chromatographic (HPLC) method.

Study protocol

For each patient in Group T, an observation period 
was established starting with the first insulin adminis-
tration (time 0) and ending after 12 months (time 12). 
BMI, FVC, FEV1, and PEF were collected at time 
0 and at time 12. Hospital admissions for respiratory 
infections occurred in the year preceding time 0, and in 
the following year (study period), were recorded.

For Group C patients, a comparable year of ob-
servation was chosen. BMI, FVC, FEV1, and PEF 
were collected at time 0 (beginning of the observation 
year), and at time 12 (after 12 months).

Statistical analysis

BMI and spirometry parameters were compared:

 - At Time 0 to evaluate the differences between 
the two groups;

 - At Time 0 and Time 12 to evaluate the varia-
tion over time for each Group;

 - At Time 12 to evaluate the differences between 
the groups at the end of the study period;

The Delta (Time 12 - time 0) was calculated to 
compare the extension of the variations between the 
two Groups.

The same analysis was performed for the diabetic 
vs pre-diabetic subgroups.

Hospital admissions were compared for Group T 
between episodes collected in the year preceding time 
0 and in the following year, to evaluate the variation 
after starting therapy.

For statistical analysis Student’s t-test was used 
for paired data in the comparison between values of the 
same group of patients; Student’s t for unpaired data in 
the comparison between different groups of patients.

Statistical significance was assumed for p-value 
<0.05, with a 95% confidence interval.

Data and graphics were processed using Graph-
Pad Prism software (© 1922-2022 Graphpad Soft-
ware, Inc. All rights reserved).

Results

All subjects completed the study and were con-
sidered in the final analysis. Patients in Group T and 
Group C did not differ significantly in age and sex. All 
patients with homozygous DF508 mutation were in 
group T (7 of 17).

BMI

Means, medians, and standard deviations of Group 
C and T BMI are collected in Table 2. BMI, at time 0,  

Table 2. Means, medians, and standard deviations of Group C and T BMI.

Group C BMI time 0 BMI time 12 Group T BMI time 0 BMI time 12

Mean 20,2 20,3 Mean 17,1 18,1

Median 19,6 18,7 Median 16,5 17,5

S.T. ± 4,4 4,1 S.T. ± 2,3 ± 2,2
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shows that at time 0 the differences between the two 
groups were statistically significant for each of the three 
values; FVC, FEV1, and PEF were lower in Group T 
(Figure 2a); at time 12 these differences remain signifi-
cant, but the gap was shortened  (Figure 2b). P-values 
are shown in the figure.

Indeed, at the time 12, group T showed an 
 improvement/ increase in all three spirometry param-
eters, although only PEF had a statistically signifi-
cant increase (Figure 3, p-value 0,0221). Conversely, 
spirometry parameters in Group C did not show any 
statistically significant variation. The observed trend 
was confirmed by comparing the delta (time 12-time 0) 
of the two groups for each parameter. This comparison 
shows a statistically significant difference only for PEF.

Pre diabetics vs diabetics comparison show a sim-
ilar increase in both subgroups, although PEF showed 

showed a statistically significant difference between 
Group T and Group C (p-value 0,014); at time 12 months 
BMI showed an increase and a decrease in Group T and 
Group C, respectively (Figure 1). BMI of Group T was 
significantly increased at time 12 (p-value 0,0006). The 
delta BMI (BMI time 12-BMI time 0) in the two groups 
was significantly different (p-value 0,0084).

Pre diabetics vs diabetics comparison for BMI did 
not show significant differences, both at times 0 and 
12. However, the delta BMI showed a greater increase 
in BMI in the subgroup of diabetic patients (P = 0.05).

Respiratory function

Means, medians, and standard deviations of 
Group C and T spirometry parameters are collected in 
Table 3. A comparison of the 3 spirometry parameters 
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Figure 1. BMI Group T and Group C at times 0 and 12. The figure shows a statistical 
significance difference between group T and C at time 0, and a statistically increase in 
BMI in group T between time 0 and time 12.
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Table 3. Means, medians, and standard deviations of Group C and T spirometry parameters.

Group C FVC % time 0 FVC% time 12 FEV1 % time 0 FEV1% time 12 PEF % time 0 PEF% time 12

Mean 99,4 96,8 96,8 92,9 95,6 92,6

Median 100,1 98,2 92,2 91,4 97,9 88

S.T. ± 20,6 ± 23,6 ± 27,8 ± 28,6 ± 25,3 ± 30,7

Group T

Mean 70,8 74,9 56,2 58,2 55,5 64,8

Median 68,3 77,5 46,5 56 46,5 61,2

S.T. ± 23,3 ± 20,8 ± 26,7 ± 22,6 ± 28,2 ± 22,3
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Figure 2. A) to the left, Group T vs Group C spirometry parameters at time 0. The figure shows a statistically significant difference 
for each parameter in time 0 between Group T and C; A) to the right, Group T vs Group C spirometry parameters at time 12. Dif-
ferences remain significant, but the gap was shortened.
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Instead, the pre-diabetics vs diabetics comparison 
shows that pre-diabetics responded to treatment with 
a statistically significant reduction in hospital admis-
sions in the year of treatment compared to the previ-
ous year, unlike the diabetic group ( Figure 5, p-value 
0,0207). Also, the delta was significantly different 
(p-value 0,0458).

Discussion

Cystic fibrosis patient is a complex patient and 
the alteration of glucose metabolism is a frequent 

the best improvement in the diabetic patients, with a 
statistically significant time 0-time 12 difference com-
pared to the pre-diabetic group; however, the compari-
son between the delta in the two subgroups was not 
significant (P-value 0,0195).

Hospital admissions

The difference between the number of hospital 
admissions pre-and post-therapy in Group T is not 
statistically significant, but a decreasing trend was ob-
served, with a median ranging from 2 episodes per year 
to 1 episode per year (Figure 4).

FVC gro
up T tim

e 0
0

50

100

150

200

n.s

Group T Group C

n.s p=0,0221

FVC gro
up T tim

e 12

FEV1 gro
up T tim

e 0

FEV1 gro
up T tim

e 12

PEF gro
up T tim

e 0

PEF gro
up T tim

e 12

FVC gro
up C tim

e 0

FVC gro
up C tim

e 12

FEV1 gro
up C tim

e 0

FEV1 gro
up C tim

e 12

PEF gro
up C tim

e 0

PEF gro
up C tim

e 12

Figure 3. To the left, Group T spirometry parameters comparison between time 0 and 12; to the right, Group C spirometry param-
eters comparison between time 0 and 12. The figure shows a significant increase only for PEF of Group T between times 0 and 12.
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was the difficulty of collecting a control group homo-
geneous to group T.

Cystic fibrosis severely affects nutritional status 
with different mechanisms. CF patients often expe-
rience a condition of malnutrition, complicated by 
exocrine pancreatic insufficiency. This pathological 
state occurs when less than 5-10% of digestive en-
zymes are produced, and its prevalence is very high 
 (85-90% of subjects) increasing with age and severity 
of the  mutations; it contributes to malnutrition causing 
 maldigestion/malabsorption. (14)

In addition, CF patients need a caloric intake of 
120-150% of the average energy needs about age and 
sex, due to the persistent inflammatory state, recurrent 
infections, and respiratory muscle strain associated 
with dyspnea and polypnea. (15)

Insulin has a very central role in anabolic phe-
nomena, in particular muscle and adipose tissue de-
velopment. Insulin deficiency determines a metabolic 
switch, aggravating the already compromised nu-
tritional status and the clinical status of the patient. 
Indeed, CF patients referred for lung transplantation 
with a BMI less than 18 kg/m2 are at high risk of 

complication linked to a worsening of the disease. An 
Italian study of 24 patients between 2 and 5.9 years 
of age showed that 33% of subjects had different 
degrees of glucose intolerance, oscillating between 
“indeterminate glucose tolerance”  (INDET) and 
CFRD. (12). Its onset is associated with pancreas im-
pairment and often follows pancreatic insufficiency, 
which is associated with the most serious genotypes 
of the underlying disease (4,13) as our data show: in 
fact, all subjects with homozygous DF508 / DF508 
mutation belong to group T, none was in group C. 
Diabetes developing in already compromised pa-
tients negatively influences their pathophysiology 
and management (8)

Therefore, adequate management of CF patients 
with alterations in glucose metabolism could have a 
positive impact on their overall clinical condition. Our 
study aimed to focus on the effects of insulin treatment 
in patients with diabetes or prediabetes on nutritional 
status, evaluated by BMI, and respiratory perfor-
mance. A major limitation of the study is the smallness 
of the sample examined, especially in the subdivision 
between diabetics and prediabetes. Another limitation 
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Figure 4. Group T hospital admissions for respiratory infections pre and post-therapy 
(N: number of annual episodes).
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underlying disease, in the year of observation of the 
control group. At the end of the study period, the ini-
tial significant difference between the two groups was 
not present, confirming the importance of insulin re-
placement to avoid further worsening of weight deficit.

Lung disease affects the quality of life, progno-
sis, and survival of CF patients more than any other 
clinical manifestation; therefore, we also wanted to 
evaluate if diabetes and pre-diabetic stages could have 
a deleterious impact on pulmonary pathology. We 
studied pulmonary disease through two modalities: 

death over the next 12 months. (16-18) Randomized 
studies have shown an increase in BMI in adult pa-
tients with CFRD following insulin therapy. (19). In 
our study, patients candidates for therapy started from 
a significantly worse weight stage than controls sug-
gesting that insulin deficiency might have contributed 
already to the deficit of their weight state. We con-
firmed the beneficial effect of insulin therapy on weight 
since the BMI of these patients significantly increased 
after one year of treatment. Instead, we observed a 
slight decrease, probably due to the progression of the 
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Figure 5. To the left, pre-diabetics hospital admissions pre and post-therapy; to the right, diabetics hospital admissions pre and 
post-therapy (N: number of annual episodes). The figure shows a statistically significant reduction in hospital admissions in pre-
diabetics after therapy.
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lung function and the quality of life of CF patients. 
The data were analyzed for treated patients using two 
observation periods: the previous year and the one 
following the start of insulin therapy. The median of 
the episodes decreases from 2 episodes per year to 1; 
moreover, patients without hospitalization doubled 
in the treatment year. The reason for the lack of sta-
tistical significance of these data can be explained by 
the small sample size and the heterogeneity between 
pre-diabetics and diabetics in the response to therapy, 
as will be seen forward.

An open question in the scientific community is 
when to start treating these patients. Some studies are 
favorable to the early beginning of therapy, but there is 
still a debate. (12,25)

Clinical practice guidelines suggest starting 
follow-up for diabetes from 10 years old in CF pa-
tients, performing an annual OGTT, to identify early 
stages of glucose alteration(26). In particular, the 
 INDET stage gets great interest because it is an early 
indicator of the alteration of glucose homeostasis, and 
it is not entirely clear how to manage this category. 
We divide group T into two subgroups of pre-diabetic 
and diabetic based on a lower, equal to, or greater than 
6.5% glycated hemoglobin before starting therapy, 
considered cut-off to diagnose diabetes according to 
guidelines. So we obtained two groups of a few pa-
tients, which represents a critical aspect of the study. 
The results were discordant for the different param-
eters studied. BMI study presented two populations 
both responsive to treatment, with significant weight 
increase; however, BMI increase was greater in the di-
abetic patients. The study of spirometry indices dem-
onstrated a similar improvement of FVC and FEV1 in 
the two sub-groups, but the response on PEF showed a 
significantly greater improvement in diabetic patients 
compared to pre-diabetics. The number of hospital 
admissions instead showed an opposite trend, with a 
significantly higher response in the pre-diabetic sub-
group, with a median decreasing from 2 to 0 hospital 
admission for a year. In reverse, diabetics did not show 
any change in the number of infectious episodes before 
and after treatment.

These results show that diabetic patients re-
sponded to insulin therapy better for weight gain 
and PEF; pre-diabetics responded better in terms of 

respiratory function expressed through spirom-
etry indices, and respiratory infectious episodes. The 
spirometry parameters obtained from the analysis at 
high volumes (within the first 25% of the FVC) are 
defined as “effort dependent” because they depend on 
the expiratory effort. They include FEV1, and above 
all PEF. Indeed, PEF is measured in the early phase of 
exhalation ( about 150ms of time) at high volumes, so 
it reflects the diameter of the major airways, and the 
extent of the intrathoracic pressure developed. Insulin 
deficiency can contribute to aggravating the restrictive 
component of the disease, by a different mechanism 
demonstrated in the literature, such as diabetic pul-
monary microangiopathy, an increased concentration 
of glucose in bronchial secretions, a deficit of the lung 
structural protein component, and development of re-
active oxygen species(20-24). Moreover, insulin defi-
ciency could contribute to the reduced development of 
the thoracic muscles necessary to perform a maximal 
forced expiration.

In our study, we compared FVC, FEV1, and PEF 
at times 0 and 12 in the two groups, T and C. Data at 
time 0 showed statistically significant differences be-
tween the two groups for each of the three parameters. 
The spirometry of group C was substantially normal, 
unlike the spirometry of group T. This confirms that 
diabetic or pre-diabetic CF patients have a more com-
promised respiratory function than CF patients with 
normal glucose metabolism. After 12 months of insu-
lin treatment, all the values   increased; however, FVC 
and FEV1 showed a clear improvement trend, but only 
the PEF, showed a statistically significant increase. The 
data on PEF is interesting new data because leading 
to speculation on a potential role of insulin deficiency 
on the muscular component of respiratory dynamics, 
reflected by a deficit of the more effort-dependent 
spirometry parameter. Further studies could clarify 
this hypothesis, for example by studying respiratory 
muscle performance indices such as MIP (maximal in-
spiratory pressure, or PImax) and MEP (maximal ex-
piratory pressure, Pmax). At the end of the 12 months 
of treatment, spirometry indices were still lower com-
pared to controls, but they improved while Group C 
showed a slight tendency to worsen.

Data on hospital admissions for respiratory in-
fectious episodes are interesting because they worsen 
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reduction of hospital admissions for respiratory in-
fections. The best response of the diabetic group in 
terms of BMI and PEF reinforces the hypothesis of 
their indirect connection because better nutritional 
status could correlate with the increased strength of 
the patients, and therefore with a better performance 
of the expiring muscles, reflected by PEF. So diabetic 
patients, with a lower starting BMI, in worse clini-
cal conditions, and treated with higher insulin doses 
may respond better in terms of BMI and developed 
force (PEF), compared to a pre-diabetic patient. The 
best response of pre-diabetics in terms of hospital ad-
missions (especially if this data could be confirmed 
in larger groups and longer times) would suggest an 
indication for early treatment of CF patients in pre-
diabetic stages, considering how much they affect the 
quality of life, the respiratory function and general 
clinical conditions of CF patient.

In conclusion, we propose that early insulin treat-
ment of CF patients with abnormal glucose metabolism 
improves nutritional state and is probably useful in im-
proving respiratory performance and reducing the fre-
quency of hospitalization due to infectious exacerbation. 
For this purpose, a multicenter trial would be useful to 
define and standardize modalities and clinical indications 
of early insulin treatment in prediabetic CF patients.

Conflict of Interest: Each author declares that he or she has no 
commercial associations (e.g. consultancies, stock ownership, equity 
interest, patient/licensing arrangement, etc.) that might pose a con-
flict of interest in connection with the submitted article.

Informed Consent: Informed consent was obtained from each pa-
tient to use the collected data for this study.

Ethics Approval: The study obtained the approval of the ethics 
committee of the University of Catania according to protocol num-
ber 212/2018.

Research Funding: This research did not receive any specific grant 
from funding agencies in the public, commercial, or not-for-profit 
sectors.

Financial Disclosure: The authors have no financial relationship 
relevant to this article to disclose.



Acta Biomed 2022; Vol. 93, N. 5: e2022295 11

23. Hunt WR, Zughaier SM, Guentert DE,Shenep MA, Koval 
M, McCarty NA et al. Hyperglycemia impedes lung bacte-
rial clearance in a murine model of cystic fibrosis-related 
diabetes. Am J Physiol Lung Cell Mol Physiol. 2014 Jan 
1;306(1):L43-9. DOI: 10.1152/ajplung.00224.2013. Epub 
2013 Oct 4.

24. Lanng S, Thorsteinsson B, Nerup J, Koch C. Diabetes mel-
litus in cystic fibrosis: effect of insulin therapy on lung func-
tion and infections. Acta Paediatr. 1994 Aug;83(8):849-53. 
DOI: 10.1111/j.1651-2227.1994.tb13156.x.

25. Bizzarri C, Lucidi V, Ciampalini P, Bella S, Russo B, Cappa 
M.Clinical effects of early treatment with insulin glargine 
in patients with cystic fibrosis and impaired glucose toler-
ance. J Endocrinol Invest. 2006 Mar;29(3):RC1-4. DOI: 
10.1007/BF03345538.

26. Moran A, Brunzell C, Cohen RC, Katz M, Marshall BC, 
Onady G et al.; CFRD Guidelines Committee. Clinical 
care guidelines for cystic fibrosis-related diabetes: a posi-
tion statement of the American Diabetes Association and 
a clinical practice guideline of the Cystic Fibrosis Foun-
dation, endorsed by the Pediatric Endocrine Society. Dia-
betes Care. 2010 Dec;33(12):2697-708. DOI: 10.2337/
dc10-1768.
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