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Abstract

Asthma is an inflammatory disease, which causes airflow limitation
and increase insulin resistance. The present study was carried out in
order to investigate insulin resistance and the effect of inhaled corti-
costeroid (ICS) on insulin sensitivity in asthmatic patients. A registered
(IRCT201605247411N2) interventional, quasi-experimental trial was
performed from 2014 to 2015 in Imam Khomeini hospital Ahvaz, Iran.
Patients with mild to moderate asthma participated in this study.
Spirometry, fasting blood sugar (FBS), blood sugar 2 hour post prandial
(BS2HPP), HbA1C, low density lipoprotein (LDL), high density lipopro-
tein (HDL), Insulin Level, and C reactive protein (CRP) were measured.
Then Homeostatic Model Assessment-Insulin Resistance [HOMA-IR]
Index, and calculated. Data were analyzed using paired t-test, wilcoxon
and McNemar’s test using SPSS 20.0 Software. The study consisted of

35 non-diabetic patients suffering from asthma (20 men and 15 women)
with a mean age of 36.6 ± 12.3 years. Inhaled corticosteroid had a sig-
nificant effect on spirometric parameters, but it had no significant ef-
fect on other variables. At baseline, mean HbA1C, insulin level and
HOMA-IR were 5.5%, 10.9 mIU/l and 2.7 respectively. None of these
values changed significantly after treatment with inhaled corticosteroid
for two months. The results indicated that there is no relationship be-
tween ICS and increased insulin resistance in asthmatic patients.

Introduction

Asthma is an inflammatory disease, which causes airflow limitation
[1]. Similar to other inflammatory diseases, asthma can lead to insulin
resistance. Diseases like asthma, chronic obstructive pulmonary diseases
(COPD), pulmonary fibrosis and pneumonia are more prevalent among
diabetic patients [2,3]. Acute intermittent hypoxia can affect glucose me-
tabolism and reduces insulin sensitivity. For these patients, if asthma is
not well-controlled, low insulin sensitivity and other disorder are likely to
occur [4]. In a study about the effects of treatment on insulin sensitivity
level of asthmatic patients before and after treatment the results did not
statistically change; but for people who had COPD the level of glucose had
a statistically remarkable increase after treatment. In addition, there was
a positive relationship between forced expiratory volume 1 (FEV1) per-
cent-change and HOMA-IR change in asthmatic patients as a result of the
treatment [5]. Also in another study the effects of inhaled corticosteroid
on glucose control in diabetic adults along with asthma and COPD were
investigated. Measuring HbA1C 6 weeks after the treatment indicated
that there was a marginal but significant difference between the two
groups; however, they did not observe a remarkable difference compared
to the baseline values [6]. On the other hand, insulin resistance such as
obesity can be associated with an increased risk of developing asthma-
like symptoms. Furthermore obesity and asthma may be stimulated in-
flammatory pathways and involved in insulin resistance [7].

Inhaled corticosteroids are the mainstay of treatment in asthmatic
patients and commonly used. Since oral corticosteroids cause impaired
glucose tolerance. The question of the relation between inhaled corti-
costeroid use and the increase risk of diabetes has been rekindled re-
cently. There are different studies with contradictory results on the ef-
fects of inhaled corticosteroid on glucose control in diabetic and non-
diabetic individuals [2,5,8]. The present study was carried out in order
to investigate the status of glucose tolerance in asthmatic patients and
the effects of inhaled corticosteroid in this regard.

Materials and Methods

We performed a quasi-experimental trial in Imam Khomeini hos-
pital, Ahvaz that was conducted from 2014 to 2015. The trial protocol
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SPSS 20.0 Software. We used logistic regression for analysis relation of
HOMA-IR and other variables. P-value more than 0.05 was considered
significant.

Results

Thirty-five asthmatic non-diabetic patients (20 men and 15 women)
with mean age of 36.6±12.3 years were selected. Baseline characteris-
tics of patients are listed in (Table 1). The mean of HOMA-IR was 2.70.
HOMA-IR was less than 3 in 23 patients (65.7%), between 3 and 5 in 9
patients (25.7%), and over 5 in 3 patients (8.6%). CRP was negative in
71.4%of patients in the base line.

Thirty-three patients were followed until the study was finished.
Changes in clinical outcomes before and after treatment in these pa-
tients are listed in (Tables 2-5). At 2 months, inhaled corticosteroid treat-

was approved by the institutional ethical review board at Ahvaz
Jundishapur University of Medical Sciences (AJUMS). The trial was
registered at Iranian Registry of Clinical Trials with registration
number (IRCT201605247411N2). Thirty-five non-diabetics recently di-
agnosed asthmatic patients who were referred to pulmonary clinic, par-
ticipated in this study. A pulmonologist diagnosed each patient based
on the symptoms and spirometry test according to GINA 2014 guide-
lines.

Inclusion criteria included: age over 15 years, stage 1 or 2 asthma,
FEV1 above 60%, no previous use of oral and /or inhaled corticosteroid.
Exclusion criteria: history of diabetes or malignity, pregnancy, acute in-
fection, endocrine disorders, taking any medication that affects glucose
metabolism, obesity (defined by BMI≥30 kg/m2) and sleep apnea.

Primary outcome was HOMA-IR, 24-variable homeostasis model as-
sessment (iHOMA2) that extends the HOMA2 model, before and after
medication consumption and secondary outcomes included FEV1, FVC,
FEV1/FVC, FBS, BS2HPP, HbA1C, LDL, HDL, Insulin Level and CRP. Pa-
tients’ HOMA-IR was calculated and was classified as HOMA-IR <3
normal, 3-5 moderate and >5 sever. Then patients received treatment
with inhaled Budesonide with a dosage of 320 µg every 12 hours, for
two months. Patients were asked not to change their regiment, phys-
ical activity, lifestyle and habits. There was no restriction for utilizing
leukotriene antagonists, inhaled anticholinergic, and short- and long-
acting inhaled beta-2 agonists during the study. At the end of interven-
tion, all the examinations were repeated.

Statistical analysis

Kolmogorov-Smirnov test was employed to determine whether
sample data are normally distributed (p-value >0.05). Data analysis
was performed using descriptive statistics such as frequency, fre-
quency percentage, quantitative and qualitative data were analyzed
with paired t-test, Wilcoxon test, and McNemar’s respectively using
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Table 1. Baseline characters of patients.

Variables Mean (± SD)

Age (years) 36.6 ± 12.3
FEV1 (%) 62.6 ± 9.3
FVC (%) 69.5 ± 10.2
FEV1/FVC 70.5 ± 9.8
FBS (mg/dl) 101.3 ± 10.8
BS2hpp (mg/dl) 115.6 ± 25.7
LDL (mg/dl) 106.1 ± 27.9
HDL (mg/dl) 46.3 ± 9.8
HbA1C (%) 5.5 ± 0.4
Insulin level (mIU/l) 11.4 ± 5.3
FEV1: forced expiratory volume in 1 second; FVC: forced vital capacity; FBS: fasting blood sugar;
BS2hpp: blood sugar 2 hours post prandial; LDL: low-density lipoprotein; HDL: high-density
lipoproteins; HbA1C:  hemoglobin A1C.

Table 2. Clinical characters before and after treatment.

Variables Before treatment After treatment p value
mean (± SD) mean (± SD)

FEV1 (%) 62.6 (± 9.1) 80.1 (± 11.1) <0.001*
FVC (%) 69.5 (± 10.2) 84.2 (± 9.1) <0.001*
FEV1/FVC 70.5 (± 9.8) 82.8 (±10.2) <0.001*
FBS (mg/dl) 101.3 (± 10.8) 100.8 (± 11.8) 0.451*
BS2hpp (mg/dl) 115.5 (± 25.7) 113.9 (± 29.0) 0.535*
LDL (mg/dl) 106.1 (± 27.9) 108.3 (± 28.5) 0.803*
HDL (mg/dl) 46.3 (± 9.8) 46.5 (± 10.1) 0.635*
HbA1C (%) 5.5 (± 0.44) 5.6 (± 0.59) 0.678*
Insulin level (mIU/l) 11.4 (± 5.3) 11.7 (± 5.4) 0.322*
HOMA-IR 2.7 (± 1.2) 2.9 (± 1.5) 0.539*
FEV1: forced expiratory volume in 1 second; FVC: forced vital capacity; FBS: fasting blood sugar; BS2hpp: blood sugar 2 hours post prandial; LDL: low-density lipoprotein; HDL: high-density lipoproteins; HbA1C:
hemoglobin A1; *t-test.

Table 3. HOMA-IR frequency before and after the treatment.

HOMA-IR Before treatment After treatment 
Frequency
<3 23 (65.7%) 21 (63.6%)
3-5 9 (25.7%) 10 (30.3%)
>5 3 (8.6%) 2 (6.1%)
Total 35 (100%) 33 (100%)
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ment in asthmatic patients, had no statistically significant influence on
the FBS, BS2hpp, LDL, HDL, HBA1c, insulin level (Figure 1), HOMA-IR,
iHOMA, Beta cell function and insulin sensitivity. No significant differ-
ence in the CRP was found at baseline or 2 months after treatment. Also
the results of iHOMA, Beta cell function, and insulin sensitivity were
without any change according to BMI (Table 6). Patient’s compliance

with treatment was confirmed by the significant effects on spirometry
parameters and clinical improvement. The results of logistic regression
analysis showed that there was not a significant relation between age,
sex, FEV1, FVC and CRP with HOMA-IR after treatment except FEV1/FVC
that this relation was statistical significant, but after adjusting for con-
founding variables the relation was not statistical significant (Table 7).
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Table 5. The mean of beta cell function before and after interven-
tion. 

Mean ± SD p-value

Beta cell function B% 94.70 ± 29.48
Beta cell function A% 104.02 ± 40.53

0.127*
*t-test.

Table 4. The mean of iHOMA and insulin sensitivity before and
after intervention.

Mean ± SD p-value

iHOMA2B 1.46 ± 0.60 0.673*
iHOMA2A 1.54 ± 0.70
Sensitivity B% 83.20 ± 46.25 0.539*
Sensitivity A% 75.78 ± 31.51
*Wilcoxon test.

Figure 1. The mean of LDL, HDL, HbA1C, and insulin level before and after treatment.
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level were not changed due to treatment with ICS in patients with
asthma. Other studies reported similar results; low dose ICS (0.4 mg
beclomethasone per day, equal to 400 µg budesonide) was prescribed
for 9 asthmatic patients who did not receive steroid for a period of 4
weeks, the results indicated that insulin and glucose levels did not
change in OGTT and hypothalamic-pituitary-adrenal (HPA) axis was
not controlled [13]. The results of another study that was carried out
on 9 asthmatic children indicated that the area under the curve of glu-
cose (AUC glu) and the area under the curve of insulin (AUC ins) did
not change with a 800 µg/m

2
/d dose of inhaled budesonide for one

month and 400 µg/m
2

/d for 5 months [14]. On the other hand, the re-
sults of a study conducted on 15 patients with severe asthma treated
with 2 mg followed by 1 mg beclomethasone or 800 µg budesonide for
3 months indicated that in spite of their asthma was well controlled, the
results of examining the areas under the curve of glucose and insulin
indicated that insulin sensitivity increased while HPA axis did not
change [15]. The difference between the results of this study with
other studies can be attributable to the limited number of the samples
and a severe grade of asthma, longer periods and higher doses of ICS
treatment.

Most previous studies have utilized AUC glu and AUC ins measure-
ment in order to investigate insulin sensitivity. In the present study,
HOMA-IR and iHOMA2 was utilized, which is a reliable scientific
method for examining insulin sensitivity. In 2007, Canis et al. em-
ployed HOMA-IR to investigate insulin sensitivity in 12 patients with
asthma and COPD; and there was no significant difference between the
amount of HOMA-IR, glucose, insulin in OGTT before and after the
treatment [5] The results of the present study also indicated that
HOMA-IR index was not influenced by asthma treatment with ICS.

In a prospective study of 103,614 nurses over a period of 8 years, it
was reported that BMI and diabetes were 1.9 times more among pa-
tients with COPD compared with those without it and the risk of dia-
betes development in asthmatic and non-asthmatic patients was not
different [16].

The limitation of our study is low sample size, low duration of treat-
ment, medium dose of ICS, exclusion of obese patients and of patients
with a family history of diabetes mellitus. So we suggest a future study
with a larger sample size and inclusion of all patients with different
BMI in longer periods to evaluate the effect of ICS on insulin sensi-
tivity.

Discussion

It has been clarified that a slight increase in insulin resistance may
occur after ICS use in non-diabetic patients [9]. However, the effects
of ICS on insulin sensitivity in these patients have hardly been inves-
tigated, and there are contradictory results on this issue [5]. The
present study indicated that an average dose of ICS (320 µg budesonide
every 12 hours) for a period of 8 weeks creates a remarkable improve-
ment in respiratory function and a significant reduction in patient’s
symptoms. Despite the satisfying outcomes of respiratory function in
asthmatic patients, there is any change in insulin resistance outcome.
This improvement in respiratory function is also indicative of patients’
adherence to medication regiment.

Differences in individual insulin sensitivities can be explained by
different factors such as age, gender, BMI, habits, activities, and se-
vere infections. In the present study, we attempted to neutralize the
confounders asking the patients to continue with their routine diet,
habits, and daily activities during the treatment which resulted in a
constant BMI.

In a large population-based cohort study of asthma and COPD pa-
tients, the results showed that the use of inhaled corticosteroids is as-
sociated with a significant 34% increase in the risk of incident diabetes
especially in COPD patients. This risk increased with higher doses of
inhaled corticosteroids such as 1000 µg of fluticasone per day or equiv-
alent [10]. In another cohort study that evaluated 1494 cases and
14,931 controls using density sampling. They did not observe a statisti-
cally significant increase in risk among users of high-dose be-
clomethasone compared to nonusers [11]. Slatore et al. evaluated in a
cohort study the association of inhaled corticosteroid use with serum
glucose concentration, they found there is no association between ICS
and serum glucose after controlling for systemic corticosteroid use and
other potential confounders [12].

Methods of measuring insulin resistance are insufficient and debat-
able. The amount of insulin and glucose in OGTT cannot be used to ex-
amine basic insulin sensitivity in diabetic patients whose fasting glu-
cose level is over 160 mg/dl [5]. Few studies have investigated the ef-
fects of ICS on insulin sensitivity in asthmatic patients, and their re-
sults are controversial. The present study indicated that HOMA-IR,
iHOMA2, beta cell function, insulin sensitivity, glucose and insulin
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Table 7. Relationship between HOMA-IR and demographic variables after treatment.

Variables Crude OR and 95% CI p-value Adjusted OR and 95% CI p-value
Age 0.980 (0.920 - 1.044) 0.524 0.929 (0.834 - 1.034) 0.175
Sex 2.400 (0.524 - 10.992) 0.259 1.233 (0.159- 9.595) 0.841
FEV1 1.048 (0.971 - 1.130) 0.228 1.253 (0.989 - 1.586) 0.062
FVC 0.956 (0.875 - 1.045) 0.326 0.794 (0.620- 1.016) 0.067
FEV1/FVC 1.162 (1.027 - 1.313) 0.017* 1.034 (0.870- 1.230) 0.703
CRP 1.000 (0.186 - 5.379) 1.000 0.694 (0.044 - 11.027) 0.796
*Statistically significant.

Table 6. Comparison mean of iHOMA and beta cell function and insulin sensitivity before and after treatment according to BMI.

iHOMA2 p-value Beta cell function % p-value Insulin sensitivity % p-value
Mean ± SD Mean ± SD Mean ± SD
B A B A B A

BMI <25 1.55 ± .69 1.85 ± .93 0.213 89.35 ± 30.02 108.05 ± 43.68 0.058 75.84 ± 29.94 63.7364 ± 24.20 0.155
BMI = 25-30 1.40 ± .55 1.34 ± .44 0 98.16 ± 29.519 101.4176 ± 39.51 0.682 87.96 ± 54.67 83.5824 ± 33.84 0.653
BMI: Body mass index.
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Conclusions

The results of the present study indicated that ICS usage leads to a
remarkable increase in the amount of FEV1, FVC and FEV1/FVC, How-
ever, none of the parameters relating to insulin sensitivity changed sig-
nificantly. Furthermore, we concluded there is no relationship between
ICS use and insulin sensitivity in asthmatic patients.
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