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Glucose tolerance & insulin secretion & sensitivity characteristics in 
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Background & objectives: Cystic fibrosis (CF) is a life-limiting genetic condition resulting in chronic 
respiratory infections, pancreatic enzyme insufficiency and associated complications. This pilot study 
was undertaken to assess the glucose tolerance and insulin secretion and sensitivity among Indian 
children with CF.
Methods: Children with CF under regular follow up at the Paediatric Pulmonology Clinic of a tertiary 
care hospital in New Delhi, India, were enrolled. Children who had a history of acute exacerbation 
or intake of systemic steroids within the last two weeks were excluded. Anthropometry, pulmonary 
function and disease severity (Shwachman) score were assessed. Fasting venous sample was drawn to 
assess glucose, insulin, haemoglobin and calcium. Oral glucose tolerance test was performed, and blood 
glucose and insulin were assessed at 30, 60, 90 and 120 min. Insulin secretion and sensitivity indices were 
calculated.
Results: Twenty nine patients with a mean age of 11.2±4.1 yr were enrolled. Stunting, thinness, anaemia 
and hypocalcaemia were present in 31.0, 13.8, 37.0 and 48.3 per cent of the patients, respectively. 
Abnormal glucose tolerance (AGT) was present in 21.4 per cent. Insulin secretion was similar in 
individuals with AGT and normal glucose tolerance (NGT), but insulin sensitivity index was lower 
(0.12±0.02 vs 0.15±0.01, P<0.001) and homeostatic model assessment of insulin resistance higher 
[1.63 (0.53-1.76) vs 0.83 (0.28-4.43), P<0.05] in individuals with AGT compared to NGT.
Interpretation & conclusions: AGT was observed in 21.4 per cent of children with CF. The CF patients 
with AGT had significantly lower insulin sensitivity compared to patients with NGT. Future multicentric 
studies with a large sample should be conducted to assess insulin secretion and sensitivity indices in CF 
patients compared to healthy controls.
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Cystic fibrosis (CF), a disease of exocrine gland 
function that involves multiple organ systems, is a 
common inherited disease. Although estimated to 
affect one in approximately ten to forty thousand 

children in India, the diagnosis is made in a much 
smaller fraction due to the paucity of awareness and 
diagnostic facilities1. The major clinical manifestations 
of CF are chronic respiratory infections and pancreatic 
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enzyme insufficiency. With the improvement in 
life expectancy, abnormal glucose homeostasis has 
emerged as an important co-morbidity, that is associated 
with worsening of nutritional and pulmonary function 
status, and increased mortality2,3.

The published literature regarding impaired 
glucose tolerance (IGT), CF-related diabetes 
(CFRD) and the underlying abnormalities in insulin 
secretion and sensitivity is predominantly from 
Caucasian population3-8, with no data from the Indian 
subcontinent. However, the profile of CF in India 
differs from that in the Western countries. The diagnosis 
is delayed, undernutrition is common at diagnosis, 
colonization with pseudomonas is high, and therapy 
is often suboptimal, due to the constraints of cost and 
availability1. F508del mutation, which is associated 
with higher risk of CFRD7 occurs at a low frequency 
in Indian CF patients9. On the other hand, Asian Indian 
ethnicity lends an increased predisposition to insulin 
resistance10. All these factors could potentially affect 
the insulin secretion and sensitivity, and hence glucose 
tolerance, in Indian CF patients.

This pilot study was conducted to assess the 
prevalence of abnormal glucose tolerance (AGT), i.e., 
IGT or CFRD among Indian children with CF; and to 
compare the insulin secretion and sensitivity profile on 
oral glucose tolerance test (OGTT) among the patients 
with normal glucose tolerance (NGT) and AGT. The 
study also aimed to determine the growth, puberty, 
nutritional status and pulmonary function among these 
children, and to assess whether these parameters were 
different among those with NGT and AGT.

Material & Methods

This cross-sectional pilot study was conducted at 
Pediatric Pulmonology Clinic, department of Pediatrics, 
All India Institute of Medical Sciences, New Delhi, 
India, between January 2011 and December 2013 after 
approval from Institutional Ethics Committee.

All eligible and consenting individuals were 
enrolled during the study period in this pilot study. The 
CF outpatients (diagnosed on the basis of sweat chloride 
>60 mmol/l on 2 tests) aged 6-18 yr were enrolled. 
Patients who were on long-term systemic steroids 
and those with an acute exacerbation, hospitalization 
or systemic steroid intake within the last two weeks 
were excluded. Voluntary informed written consent 
was taken from parents, and assent from the children. 
Detailed clinical history (including age at diagnosis, 
respiratory and gastrointestinal symptoms, frequency 

of exacerbations, current medication and symptoms of 
diabetes) was recorded.

Clinical status: The disease severity was assessed by 
Shwachman and Kulczycki11 score for all individuals. 
Based on the score, the condition of the patient was 
categorized as excellent (86-100), good (71-85), 
average (56-70), poor (41-55) or severe (≤40)11. 
Exocrine pancreatic insufficiency was considered 
to be present if the patient was either taking enzyme 
supplements or had large bulky stools. Lung function 
[forced expiratory volume in the first second (FEV1) 
and forced vital capacity (FVC)] was assessed by 
spirometry (Micromedical, SU 6000, Rochester, UK). 
Results were expressed as the percentage of predicted 
values for age, sex, height and ethnic background.

Nutritional status: Weight was measured with an 
electronic weighing scale with sensitivity of 100 g, and 
height was measured by a stadiometer with a sensitivity 
of 0.1 cm. Body mass index (BMI) was calculated as 
weight (kg)/ height (m)2. For all patients z-scores for age 
and gender (standard deviation scores) were computed for 
height and BMI, using Indian growth charts12,13. Height 
for age z-score <-2 was defined as stunting, and BMI 
for age z-score (BMIZ) <-2 was defined as thinness14. 
Pubertal status was assessed by Tanner staging.

Oral glucose tolerance test (OGTT) and other 
biochemical tests: Basal blood sample was drawn at 
0800 h after a 12 h fast. This was followed by oral 
administration of 1.75 g/kg body weight of glucose 
(maximum 75 g, consumed over less than three minutes) 
and repeat blood sampling at 30, 60, 90 and 120 min. 
In the basal sample, haemoglobin, calcium, glucose 
and insulin were measured, and in all four samples 
taken after oral glucose administration, glucose and 
insulin were measured. Plasma glucose was measured 
by oxidase method and insulin by immunoradiometric 
assay (IRMA) (Immunotech, Beckman Coulter, 
France, intra-assay variation 2.3%). The measurements 
were done in duplicate. Insulin concentration in μU/ml 
was converted to pmol/l by multiplying by six15. The 
American Diabetes Association cut-offs for fasting and 
two hours plasma glucose values were used16.

Indices of insulin secretion: (i) First phase insulin 
secretion (F1OGTT)=1283+(1.829×Ins30)−(138.7 × 
Glu30)+(3.772×Ins0) pmol; (ii) Percentage beta 
cell function (% β)=(Ins0×3.33)/(Glu0-3.5); and 
(iii) Integrated insulin secretion (IIS)=Area under the 
curve for insulin after OGTT pmol/l/h.
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Indices of insulin sensitivity: (i) Insulin sensitivity 
index on OGTT (ISI)=0.226-0.0032×BMI-
0.0000645×Ins120−0.00375×Glu90 C umol/kg/
min/pmol; and (ii) Homeostatic model assessment 
of insulin resistance (HOMA-IR)=Ins0×Glu0/135. 
Ins=insulin concentration in pmol/l, Glu=glucose 
concentration (mmol/l), and the number suffixed 
indicates the time of measurement during the OGTT.

F1OGTT is derived from the values of glucose 
and insulin at 0 and 30 min. It represents the release 
of preformed insulin in response to a glucose load. 
The decline in F1OGTT is an early marker of reduced 
beta cell function. The other two indices of insulin 
secretion are percentage beta and IIS. Percentage 
beta cell function is based on fasting insulin and 
glucose levels, while IIS is based on all five values 
of insulin during the OGTT. For insulin sensitivity, 
the standard indices, HOMA-IR and ISI were 
used. These indices have been previously validated 
against the gold standard methods for estimating 
insulin secretion and sensitivity i.e. hyperglycaemic 
euglycaemic clamp17,18, as well as the intravenous 
glucose tolerance test in patients with CF19 and used 
by other investigators3-7,20.

Statistical analysis: Descriptive statistics were 
calculated pertinent to the nature of the studied variables 
using SPSS statistical package, version 4.1 (SPSS, 
Chicago, IL, USA). Comparison of the quantitative 
variables between the NGT and AGT groups was done 
by t test or Wilcoxon rank sum test. Area under the curve 
for insulin was calculated. Spearman rank correlation 
was calculated to study the strength of association of 
the various parameters. 

Results

The study was conducted in 29 children with CF 
(21 boys and 8 girls) with a mean age 11.2±4.1 yr. None 
of the patients had previously been investigated for 
CFRD or IGT. The clinical profile of these individuals 
is provided in Table I. The age at diagnosis of CF was 
5.3±3.7 yr. Exocrine pancreatic insufficiency was 
present in all. Stunting and thinness were seen in 31 and 
13.8 per cent patients, respectively (Table I). Puberty 
was delayed in five of the ten individuals older than 
13 yr. Anaemia was present in 10 (37.0%) patients, 
using age-appropriate WHO cut-offs for haemoglobin. 
Hypocalcaemia (total serum calcium <8.5 mg/dl) was 
present in 14 (48.3%) patients. BMIZ showed a positive 
correlation with percentage of predicted FEV1 and FVC 

(r=0.39, P<0.05; and r=0.41, P<0.05, respectively) 
and height z-score was positively correlated with 
Shwachman score (r=0.42, P<0.05).

The summary statistics for glucose and insulin 
during OGTT are presented in Table II. None of the 
patients had fasting hyperglycaemia or impaired fasting 
glucose. At 120 min after glucose load, plasma glucose 
level was >11.1 mmol/l (CFRD) in one patient, and 
between 7.8 and 11.1 mmol/l (IGT) in five. Thus, AGT 
(CFRD or IGT) was present in 21.4 per cent (95% CI 
8.0-40.0%) patients. On comparison of age, gender, 
age at diagnosis, pubertal status, pulmonary function, 
nutritional parameters and Shwachman-Kulczycki 
score between the individuals with NGT (n=23) and 
AGT (n=6), no significant differences were found 
(Table III). The patient diagnosed with CFRD was an 

Table I. Clinical profile and nutritional status of subjects 
(n=29)
Parameter Summary statistic
Age at enrolment (yr)* 11.2±4.1
Males# 21 (72)
Age at diagnosis (yr)* 5.3±3.7
Pre‑pubertal# 21 (72)
Height (z score)* −1.1±1.7
HAZ <−2SD 9 (31.0)
BMI (z score)* −1.0±0.9
BMIZ <−2SD# 4 (13.8)
Shwachman score* 78.4±19.2
Predicted FEV1%

* 69.2±13.8
Predicted FVC%* 70.8±14.2
Haemoglobin (g/dl)* 11.9±1.6
Serum total calcium (mg/dl)* 8.5±0.9
*Mean±SD; #n (%). HAZ, height for age z‑score; BMIZ, BMI 
for age z‑score; FEV1, forced expiratory volume in first 
second; FVC, forced vital capacity; BMI, body mass index; 
SD, standard deviation

Table II. Plasma glucose and serum insulin levels during oral 
glucose tolerance test in children with cystic fibrosis (n=29)
Time  
(min)

Glucose (mmol/l) 
Mean±SD

Insulin (pmol/l) 
Median (range)

0 4.7±0.6 23.4 (4.2‑141.6)
30 7.7±1.3 189.0 (1.8‑617.4)
60 6.9±2.0 121.8 (1.2‑1017.6)
90 6.4±2.1 89.4 (7.8‑978.0)
120 6.0±1.8 90.6 (2.4‑858.0)
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18 yr old boy, with height z-score of -2.7, BMI z-score 
of -1.3 and delayed puberty. 

The comparison of indices of insulin secretion 
and sensitivity between the individuals with NGT and 
AGT is presented in Table III. No significant difference 
was observed in the indices of insulin secretion. 
However, insulin sensitivity index was lower and 
HOMA-IR higher in the group with AGT. A positive 
correlation of first phase insulin secretion with BMI 
(r=0. 41, P<0.05) was observed. A direct correlation 
was also observed between fasting insulin levels and 
FVC (r=0.36, P=0.07), although not significant.

Discussion

In the present study conducted in relatively young 
patients (mean age 11.2±4.1 yr, 72% pre-pubertal), CF 
was found in one and IGT in five patients. None of the 
patients had fasting hyperglycaemia or impaired fasting 
glucose, indicating that fasting blood glucose alone has 
poor sensitivity as a screening tool for AGT in CF patients. 

On comparison of insulin secretion and sensitivity 
parameters on OGTT between the CF patients with 

NGT and AGT, insulin secretion was similar among 
the two groups, but insulin sensitivity was significantly 
lower among the AGT group. This suggests that insulin 
resistance may be the predominant mechanism for 
AGT in our patients. However, this finding will need to 
be confirmed in an adequately powered study.

Previous studies, mostly from Caucasian CF 
patients, have reported that insulin secretion is 
decreased and delayed in CF patients with AGT 
compared to those with NGT6,7,21. Insulin resistance 
has not been observed to play a significant role in the 
pathogenesis of AGT among CF patients by several 
investigators3,6,7, while others5,21  have noted that 
insulin secretion is diminished in all CF patients in 
comparison to controls, and additional development of 
insulin resistance tilts the balance towards AGT.

Due to ethical considerations, insulin secretion 
and sensitivity could not be measured in age matched 
healthy children as controls. Therefore, it could 
not be assessed whether CF patients as a group had 
insulinopenia in comparison to age-matched healthy 
children. This was a limitation of our study. However, 

Table III. Comparison of clinical, spirometric, insulin secretion and sensitivity parameters in individuals with normal and abnormal 
glucose tolerance (GT)
Index Normal GT (n=23) Abnormal GT (n=6)

Clinical and spirometric parameters
Age (yr) 11.0±4.1 13.0±3.7
Age at diagnosis (yr) 5.5±3.5 5.6±4.7
Sex (male/female) (n) 15/8 6/0
Pubertal status (pre‑pubertal/pubertal) (n) 16/5 3/3
Height z‑score −1.3±1.8 −1.1±1.1
BMI z‑score −1.1±0.9 −1.1±0.7
Predicted FEV1% 69.3±13.9 73.7±16.1
Predicted FVC% 70.8±14.3 76.0±16.7
Shwachman score 78.4±19.6 79.2±17.2

Indices of insulin secretion
First phase insulin secretion (F1OGTT) (pmol)^ 853.5 (428.6‑1856.1) 670.9 (344.9‑1493.0)
Insulin peak (pmol/l)^ 236.4 (67.8‑1017.6) 460.8 (106.8‑858.0)
Integrated insulin secretion (area under curve) (pmol/l‑h)^ 259.1 (79.6‑1341.7) 405.2 (149.1‑737.3)
Beta cell function (%)^ 75.5 (24.4‑652.6) 88.6 (70.6‑188.9)

Indices of insulin sensitivity
ISI (µmol/kg/min/pmol) 0.15±0.01 0.12±0.02***

HOMA‑IR (pmol mmol/l2)^ 0.83 (0.28‑4.43) 1.63 (0.53‑1.76)*

^Median (IQR), others ‑ mean±SD; P*<0.05, ***<0.001 compared to normal GT. 
ISI, insulin sensitivity index; HOMA‑IR, homeostatic model assessment of insulin resistance; IQR, interquartile range; FEV1, forced 
expiratory volume in first second; FVC, forced vital capacity; BMI, body mass index; SD, standard deviation
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area under the insulin curve and beta cell function were 
noted to be higher in the AGT group as compared to 
NGT group. This indicated that CF patients with AGT 
were secreting greater amount of insulin but still had 
hyperglycaemia in response to oral glucose load due to 
their impaired insulin sensitivity.

The median beta cell function in our CF patients 
with NGT and AGT was 75.5 and 88.6 per cent, 
respectively, compared to mean values of 35.1 and 
24.9 per cent among the patients with NGT and IGT in a 
study in Spanish CF patients20 (n=50, age 20.7±7.0 yr). 
Similarly, the median insulin peaks of 236.4 and 460.8 
pmol/l, respectively, in our CF patients with NGT and 
AGT were much higher in comparison to the mean 
insulin peaks of 58.6 and 48.9 pmol/l, respectively, 
reported in the same study20. The median first phase 
insulin secretion in our patients with NGT and IGT 
of 853.5 and 670.9 pmol was also higher than the 
corresponding mean values of 450±291 and 309±254 
reported by Anzeneder et al4 among adult CF patients 
(n=34) and was closer to the value of 950±388 reported 
among the healthy adult controls in the study4. Thus, 
in our patients, impaired insulin sensitivity rather 
than absolute insulinopenia was probably the more 
important factor in the development of AGT.

Previous studies have suggested that CF patients 
with AGT have poorer nutritional, clinical and pulmonary 
function status as compared to those with NGT20,22-24. 
However, we did not find a significant difference in any 
of these parameters between the children with NGT or 
AGT. This could be due to the absence of significant 
insulinopenia in our patients with AGT. Also, fasting 
serum insulin was directly correlated with FVC and 
indices of insulin secretion were correlated with BMI, 
suggesting that insulinopenia might have a causative role 
in the decline in nutritional status and pulmonary function.

The prevalence of thinness, stunting and pubertal 
delay in our patients was similar to that reported in CF 
patients from other countries25-27. Positive correlation 
between BMI z-score and pulmonary function test, 
and between height z-score and Shwachman score, 
as noted in our study has been reported in previous 
studies as well25,26. Anaemia and hypocalcaemia were 
also noted in a sizeable number of our patients. These 
are probably related to deficiency of iron and vitamin 
D, respectively and may reflect suboptimal pancreatic 
enzyme supplementation, and chronic inflammation28,29.

In conclusion, AGT was present in more than a 
fifth of our patients, and insulin resistance rather than 

insulinopenia appeared to play a dominant role in its 
development. A larger, preferably multicentric study 
to evaluate the insulin secretion and sensitivity indices 
in Indian patients with CF, in comparison to healthy 
controls should be conducted. Future studies should 
also assess the aetiology of insulin resistance, including 
levels of markers of inflammation; and the best 
therapeutic modalities for the management of AGT and 
CFRD in Indian CF patients, which may be different 
from those recommended in Western literature. 
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