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Abstract

Objectives: Current guidelines suggest that patients with cystic fibrosis (CF), who are over the age of 10, should be annually evalu-
ated with oral glucose tolerance test (OGTT). In this study, it was aimed to evaluate the OGTT results in patients above the age of
10, who were followed up in our center with the diagnosis of CF.

Methods: In the study, 46 patients with CF at the age of 10 and above, who underwent OGTT were included. Data such as gender,
age at diagnosis, anthropometric measurements, lung function (FEV1 %) and the OGTT results were obtained. In the analysis, the
patient groups with normal glucose tolerance (NGT) and abnormal glucose tolerance(AGT) were compared.

Results: NGT was found in 37(80.4%) of the patients, and AGT was found in 9(19.5%) of the patients. The median fasting glucose
levels of the patients in the NGT group and the mean glucose levels measured at 120 minutes in the OGTT were found to be lower
compared to the patients in the AGT group(p<0.005). Although the mean body weight, height, VKI-SDS, FEV1in the AGT group
were found to be lower than the patients in the NGT group, the difference was not statistically significant (p>0.05).

Conclusion: We detected AGT in approximately 1 out of 5 patients with CF who were at the age of 10 and above. Almost half
(44.4%) of the patients with AGT were found to have normal fasting blood glucose levels. Therefore, cystic fibrosis-related diabetes
screening should be performed with OGTT instead of fasting blood glucose in patients with CF.
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ystic fibrosis (CF) is a multisystem autosomal recessive

disease. It was first described by Andersen in 1938." The
disease is caused by mutations in the cystic fibrosis trans-
membrane conductance regulator (CFTR) gene, which is
located on the long arm of chromosome 7.2 The frequency
of cystic fibrosis differs between races. It has been reported
that cystic fibrosis is more common in white people than in
others. Its frequency in the white race has been reported as
1in 2000-3500 live births.®! Advances in the treatment of CF

and increased care opportunities have led to prolongation
of the life expectancy of patients. Along with the increased
life expectancy of patients with CF, the frequency of com-
plications related to the disease has also increased. Cystic
fibrosis-related diabetes (CFRD) has a very important place
among these complications.** It is the most common com-
plication that occurs in patients with CF, after sinus disorders,
asthma and reflux. Its frequency in adolescents has been re-
ported to range between 12% and 20%.® Cystic fibrosis-re-
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lated diabetes usually has an insidious onset and a clinically
silent course in the early stages. In most of the patients, the
classic symptoms of diabetes such as polyuria and polydip-
sia are absent.”? Cystic fibrosis-related diabetes should be di-
agnosed and treated at an early stage, as it causes reduction
in lung functions, deterioration of nutritional parameters,
microvascular complications and decreased life expectancy
in patients with CE Current guidelines (ADA and ISPAD)
recommend the oral glucose tolerance test (OGTT) as the
gold standard in the screening of cystic fibrosis-related dia-
betes. These guidelines state that the patients with CF, who
are above the age of 10, should be annually evaluated with
the OGTT."'® The patients diagnosed with CF, who are fol-
lowed up in our center, are annually screened with the OGTT
as recommended by the current guidelines. In this study, it
was aimed to evaluate our OGTT screening results.

Methods

In the study, 46 patients with cystic fibrosis at the age of 10
and above, who underwent OGTT between 2012 and 2020 in
the Department of Pediatric Endocrinology in Dicle University
Faculty of Medicine, were included. Among the patients who
were diagnosed with CF, those who had acute pulmonary ex-
acerbation, those who were receiving systemic steroid treat-
ment due to allergic bronchopulmonary aspergillosis and
those with known diabetes, were excluded from the study.

Data such as gender, age at diagnosis, age at the time of
participation in the study, anthropometric measurements
(body weight, height, body mass index), pubertal assess-
ment results, lung function (FEV1 %), fasting blood glucose
levels, insulin levels and the OGTT results were obtained
from the medical records of the patients.

The Harpenden Stadiometer (Holtain Ltd., Crymych, UK) was
used to measure height, and an electronic scale with an ac-
curacy of 0.1 kg was used to measure body weight. Body
mass index (BMI) was calculated using the formula weight
(kg)/[height (m)]2 The height, weight and BMI standard de-
viation scores (SDS) were calculated using the web-based
Child Metrics software" according to national data.'? Sys-
temic examinations were performed in all patients; puberty
findings were evaluated according to the Tanner Scale.!'™

In the follow-up of 46 patients who were diagnosed with
cystic fibrosis, the OGTT was performed. For the OGTT, 1.75
g/kg (maximum 75 grams) of glucose solution was given
to the patients after eight hours of fasting, and the plas-
ma glucose and insulin levels were measured at 0 and 120
minutes. The plasma glucose level was evaluated using an
automated analyzer, and the insulin level was determined
using the immunochemical method. The patients were
classified according to the OGTT results, in compliance
with the current guidelines.['1%

1. Normal glucose tolerance (NGT): Fasting plasma glu-
cose <100 mg/dl and plasma glucose level measured at
hour 2 of OGTT <140 mg/dI,

2. Impaired glucose tolerance (IGT): Fasting plasma glu-
cose <126 mg/dl and plasma glucose measured at hour
2 of OGTT between 140-199 mg/d],

3. Cystic fibrosis-related diabetes (CFRD): Fasting plasma
glucose =126 mg/dl and plasma glucose measured at
hour 2 of OGTT =200 mg/dI.

Patients with IGT and CFRD were classified as patients with ab-
normal glucose tolerance (AGT). Patient groups of normal and
abnormal glucose tolerance were compared in the analysis.

Ethics Approval: The study was performed in accordance
with the rules of Declaration of Helsinki and this study was ini-
tiated after the approval of the Dicle University Faculty of Med-
icine Ethics Committee (Number: 2021/111, Date: 04.02.2021).

Statistical Analysis

In the statistical evaluation of the data, the SPSS 20.0
Statistics (Armonk, New York: IBM Corp.) software pack-
age was used. Quantitative variables were expressed as
meanztstandard deviation (SD) or median (Interquartile
Range); categorical variables were expressed as counts and
percentages (%). The Shapiro-Wilk test was used to deter-
mine the normality of the data. Normally distributed data
were compared using the Independent T-test; data that
were not normally distributed were compared using a non-
parametric test (the Mann-Whitney U test). The Chi-square
test was used to examine categorical variables. In all tests,
a p-value of <0.05 was considered statistically significant.

Results

Among the 46 patients with CF included in the study, 19
were female (41%) and 27 were male (59%). The median
age at diagnosis of CF of the patients was 5.92 (1.4-9) years,
while the median age at the time of participation in the
study was 13.97 (11-16.4) years. 33 of the patients included
in the study were in the pubertal period and 13 were in the
prepubertal period. Anthropometric measurements, labo-
ratory data and FEV1 levels of the patients are summarized
inTable 1.

In the evaluation of the OGTT results of the patients, NGT
was detected in 37 (80.4%), IGT was detected in 4 (8.6%)
and CFRD was detected in 5 (10.8%) patients. When the
patients were classified as NGT and AGT according to the
OGTT results, it was observed that 37 (80.4%) had NGT and
9 (19.5%) had AGT. Anthropometric measurements, labora-
tory data and FEV1 values of the patient group with normal
glucose tolerance and the patient group with AGT are sum-
marized in Table 2.
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Table 1. Clinical features of the patients with cystic fibrosis
included in the study

n=46

5.92(1.4-9)
13.97 (11-16.4)

Age at Diagnosis, (years)

Age at the time of Participation in
the Study, (years)

Gender

Female, n (%) 19 (41)

Male, n (%) 27 (59)
BW-SDS -1.60+1.25
Height-SDS -1.2141.05
BMI-SDS -1.25+£1.15
Hemoglobin Alc 5.6 (5.3-5.9)
Fasting insulin (mU/L) 7.37 (4.2-8.3)
Fasting glucose(mg/dL) 91.78+16.48

Glucose level at hour 2 of OGTT (mg/dL)
Insulin level at hour 2 of OGTT(mU/L)
FEV1 (%)

125.04 (89-138)
14.8 (9.5-18.5)
82.28+26.48

BW: Body Weight; BMI: Body Mass Index; SDS: Standard Deviation Score;
OGTT: Oral Glucose Tolerance Test; data are given as mean+SD or median
(Interquartile Range 25%-75% percentile).

Discussion

Cystic fibrosis is a common multisystem disease. In 85% of
the cases, exocrine pancreatic insufficiency develops. Dam-
age to the exocrine pancreatic tissue over the years leads
to the loss of islet cells, which results in the development of
CFRD.'""I Although the frequency of CFRD has been found
to be 12-34% in general, these values vary depending on
the age and ethnicity. It is estimated that CFRD develops in

5-6% of the patients with CF in the USA and Europe.[6,16]
In our country, the frequency of CFRD has been reported
as 3.4%."" In some centers, the OGTT is still not routinely
performed in patients with CF and the diagnosis of CFRD
is made according to fasting blood glucose levels. There-
fore, the frequency of CFRD is estimated to be higher than
it has been reported in the literature.®'®'” In the single-
center prospective study conducted by Laang et al.'®, it
was shown that the frequency of CFRD increased from 11%
to 24% with routinely performed annual oral glucose toler-
ance tests. In another study with a high rate of annual OGTT
screening, in which 527 patients with CF were evaluated, it
was reported that the frequency of CFRD in the adolescent
age group was 19%."? In a recent study conducted in Can-
ada, 256 patients between the ages of 10 and 18 years were
screened and the frequency of CFRD was found as 8.6%.2"
In the study of Haliloglu et al.?", which was conducted in
our country, 45 patients with CF between the ages of 5 and
18 years were evaluated with the OGTT and the frequency
of CFRD was found as 11.1%.

In our study, 46 patients with CF between the ages of 10
and 18 were evaluated with the OGTT and the frequency
of CFRD was found as 10.8% (5 patients). The frequency of
CFRD found in our study was consistent with the literature.
120211 |n addition, IGT was present in 4 (8.6%) patients in our
study. In 4 (44.4%) of the 9 patients with abnormal glucose
tolerance, fasting blood glucose level was within the nor-
mal range. If the OGTT had not been routinely performed
in the patients in our study, the diagnosis of one patient,
who had normal fasting blood glucose but impaired glu-
cose tolerance, and three patients, who had CFRD, would

Table 2. Comparison of the patients included in the study according to glucose tolerance classification

Normal Glucose Tolerance (n=37) Abnormal Glucose Tolerance (n=9) P

Age at Diagnosis (years) 4.81(1.16-8.76) 5.00 (3.84-11.5) 0.2232
Age at the time of Participation in the Study (years) 14.12(10.25-16) 14.72 (13.31-17.21) 0.339°
Gender

Female, n (%) 17 (45.9) 2(22.2) 0.19¢

Male, n (%) 20 (54.1) 7(77.8)
BW-SDS -1.49£1.291 -2.04+0.985 0.241°
Height-SDS -1.20+ 1.068 -1.22+1.005 0.959°
BMI-SDS -1.15+ 1.186 -1.66+0.897 0.233°
Hemoglobin Alc 5.6 (5.25-5.80) 5.8 (5.45-6.65) 0.08°
Fasting insulin (mU/L) 6.07 (4.76-8.95) 412 (3.30-7.59) 0.197°
Fasting glucose (mg/dL) 88 (79-99) 116 (91.5-117) 0.004?
Glucose level at hour 2 of OGTT (mg/dL) 103.22+21.30 214.78+51.92 0<001°
Insulin level at hour 2 of OGTT(mU/L) 15.60 (10.2-20.9) 11.50 (10.2-20.9) 0.170°
FEV1 (%) 83.90+27.34 76.67+23.84 0.478°

2Mann-Whitney U test, !Independen t Samples t-test, <Chi-square test, data are given as mean+SD or median (Interquartile Range 25"-75% percentile); BW:
Body Weight; BMI: Body Mass Index; SDS: Standard Deviation Score; OGTT: Oral Glucose Tolerance Test.
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have been missed. Similar to our study, it was stated in
previous studies that fasting blood glucose level alone
did not have adequate sensitivity in detecting abnormal
glucose tolerance in patients with cystic fibrosis.?? In ad-
dition, it was reported that even in children under the age
of 10, CFRD was detected with routine OGTT screening.*
As in the above-mentioned studies, we recommend annual
OGTT screening in order to detect abnormal glucose tol-
erance in patients with CF.Otherwise, only evaluating the
fasting blood glucose levels will cause the diagnosis to be
missed in almost half of the patients with abnormal glu-
cose tolerance.

The symptoms of cystic fibrosis-related diabetes are usu-
ally indistinct and the disease progresses insidiously. It has
been reported that increase in body weight and decrease
in growth rate despite adequate nutritional support should
be an indicator of CFRD development.” In a study, in which
25 patients with CF between the ages of 2 and 18 were in-
cluded, patients with normal and abnormal glucose toler-
ance were compared; it was reported that the height, body
weight and BMI SDS values were found to be significantly
lower in the patients with AGT compared to the patients
with NGT.2¥ In a recent study conducted by Nguyen et
al.?, in which 281 patients with CF were evaluated with
the OGTT, it was shown that the height and body weight
SDS values were lower in patients diagnosed with CFRD
than in patients with NGT. In the same study, it was stat-
ed that the weight SDS was less affected than the height
SDS in patients with CFRD, and the height SDS value had
begun to decrease in the first ten years of life, long before
the first OGTT screening was performed. The authors of the
study reported that growth retardation in patients with CF
mayreflect early-stage glucose metabolism disorders.” In
another study conducted by Jain et al.??, it was reported
that there was no significant difference between the pa-
tients with NGT and AGT in terms of anthropometric pa-
rameters. In our study, the anthropometric parameters of
patients with NGT and AGT were compared. It was found
that the body weight and height SDS values were lower in
patients with NGT than the patients with AGT. However,
the difference was not statistically significant. These find-
ings were similar to the findings of the study of Jain et al.??

In patients with cystic fibrosis, the primary cause of death
is pulmonary insufficiency. The known potential risk factors
for pulmonary insufficiency are malnutrition, chronic Pseu-
domonas aeruginosa infection, pancreatic insufficiency
and CFRD. In many previous studies, it has been reported
that patients with AGT have worse pulmonary functions
than patients with NGT.25? |n these studies, it has been
shown that in patients with CF, increased glucose in airway
epithelial cells helps the growth of pathogenic bacteria

in the respiratory tract, blunts the immune response and
makes the patients more susceptible to pulmonary infec-
tion.B% In addition, studies have shown that the increase in
blood glucose levels in patients with CF starts in the early
stages of life.?"34 |n a study, high glucose levels were de-
tected in patients with CF under the age of 10, which was
found to be associated with a decrease in pulmonary func-
tions.223 |n the study of Lanng et al.B", in which 38 chil-
dren and adults who developed CFRD were evaluated, a
gradual decrease in pulmonary functions of the patients,
starting about 4 years before the diagnosis of CFRD, was
shown. In contrast to the above-mentioned studies, Jain et
al.?2 reported in their study that there was no significant
difference between the NGT and AGT groups in terms of
pulmonary functions. In our study, pulmonary functions of
patients with NGT and AGT were compared. It was shown
that the FEV1 percentage was lower in patients with AGT
than in patients with NGT. The difference between the
groups was not significant. Our findings were consistent
with the study of Jain et al.?? Studies have shown that gen-
derisarisk factorin the development of cystic fibrosis-relat-
ed diabetes. Some studies have shown that the frequency
of CFRD is higher in female patients'#*3%, and some stud-
ies have suggested that life expectancy is shorter in female
patients compared to male patients.***”! In patients with
cystic fibrosis, the main cause of diabetes development is
insulin deficiency due to the loss of pancreatic islet cells.
0413 However, these studies reported that female patients
with CF had higher insulin levels than male patients.'43
Although the reason for this is not exactly known, studies
show that bacterial infections occur earlier and more fre-
quently in women, and this may cause systemic inflamma-
tory response, resulting in insulin resistance.® In addition,
Battezzati et al.®® have reported that increased insulin
clearance contributes to the deterioration of glucose toler-
ance in adult female patients with CF. In our study, contrary
to the literature, it has been shown that both the frequency
of CFRD and the insulin levels are higher in male patients
with CF than in female patients. This may be due to the
small number of patients included in our study.

The limitation of this study is that it was designed retro-
spectively. OGTT results of all cases tested in the study cov-
ering the years 2012-2020 could not be obtained. The small
number of patients and the lack of a power analysis when
planning the study can be considered another limitation.

Conclusion

In conclusion, we detected abnormal glucose tolerance ap-
proximately in 1 out of 5 patients with cystic fibrosis who
were at the age of 10 and above. AlImost half (44.4%) of the
patients with abnormal glucose tolerance were found to
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have normal fasting blood glucose level. Therefore, CFRD
screening should be performed with OGTT instead of fast-
ing blood glucose in patients with cystic fibrosis. Although
the differences were not statistically significant, anthro-
pometric measurements and pulmonary functions were
found to be lower in patients with AGT than in patients
with NGT. Therefore, detecting CFRD on time may provide
better anthropometric measurements and pulmonary
functions.
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