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Abstract
Introduction: Insufficient pulmonary function is a complication of type 2 diabetes coordinating
with poor blood sugar management and promoting an inflammatory condition. Our objective
was to assess the effects of consistent aerobic exercises on pulmonary function and levels of
some inflammatory cytokines in males with type 2 diabetes.
Methods: In the present semi-experimental study, 20 men with type 2 diabetes were selected
using purposive sampling method. The recruited patients were randomly assigned into one of
the aerobic exercise or control groups. The exercises continued for 8 weeks, 3 sessions per
week, and each session consisted 45-60 minutes of aerobic exercise with intensity of 50%-70%
heart rate reserve (HRR). Spirometry and hematologic parameters were both measured at 48
hours prior and 72 hours subsequent to the intervention. Statistical analysis was performed using
SPSS v. 22.0 statistical software. Independent and paired sample t test were used for inferential
analysis with P ≤ 0.05 regarded as statistically significant.
Results: A significant reduction was observed in serum levels of fasting blood sugar (FBS),
glycosylated hemoglobin (HbA1c), C-reactive protein (CRP), and interleukin 6 (IL-6) in aerobic
exercise group (P < 0.05). On the other hand, forced vital capacity (FVC), and forced expiratory
volume (FEV1) levels showed a significant elevation in the experimental group relative to the
control.
Conclusion: Considering our findings, it seems that aerobic exercise can improve pulmonary
function in type 2 diabetes patients. This may be in some levels mediated by stabilizing blood
glucose levels and subsiding systemic inflammatory condition in these patients.
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Introduction
Obesity has paved the ground for
development of different diseases in
industrial and developing nations.1,2
Obesity and type 2 diabetes are 2 complex
disorders, in their development, genetic
predisposition may play a role. Both
of these conditions have been strongly
associated with mortality and susceptibility
to other diseases.3 Diabetes represents a
world epidemic condition. According to
the world population statistics, there are

415 million people affected with diabetes
across the globe from which 90% are type
2 diabetes patients. Development of type 2
diabetes has been correlated with obesity,
unhealthy lifestyle, and increasing age.4
Poor management of blood glucose results
in endothelial complications and reduced
pulmonary functional indices. In this
regard, limited air flow has been noted as a
risk factor, predicting death.5 Studies have
shown that general disorders in pulmonary
distal regions including alveolar membrane

Copyright © 2017 The Author(s); Published by Zabol University of Medical Sciences. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Saki et al

and distal respiratory tract may be related to pulmonary
hyperemia and insufficiency of high respiratory output.
These in turn have been associated with obesity.6 Inactivity
and obesity are 2 contributors to the insufficiency of
respiratory system. There have been notions that high
body fat content and overweight negatively influence
pulmonary function. These detrimental effects may be
mediated by alternations in respiratory mechanisms,
reduction in muscular strength and stamina, lowering
the rate of pulmonary gas exchange and limiting exercise
tolerance.7,8 Mechanisms leading to the pulmonary
damage in diabetes patients are not yet well-understood.
However, evidence from pathological studies suggests that
the magnificent histological changes especially altered
wall thicknesses of alveoli, capillaries, and also pulmonary
arterioles are responsible for pulmonary dysfunction
in diabetes patients.9 Hypercalcemia and oxidative
stress can promote abnormal function of pulmonary
muscles in diabetes which is a risk factor of pulmonary
distress conditions.10 Diabetes has been associated with
the dysfunction of diaphragm muscle and significantly
reduced function of respiratory muscles.
The possible mechanism for the reduced strength of
diaphragm (the main respiratory muscle) has been
proposed to be the destruction of axon of phrenic nerve
in diabetes patients.11-13 Hyperglycemia and glycosylation
of chest wall have been suggested as the main causes of
pulmonary dysfunctions in diabetes patients. Nevertheless,
some studies have reported that higher rate of respiratory
infections, inflammation, and diabetes-induced oxidative
stress are involved in the reduced function of respiratory
muscles and pulmonary insufficiency.14
Another parameter leading to the pulmonary dysfunction
is systemic inflammation.15 Kritikou et al showed in
their research that inflammatory mediators including
C-reactive protein (CRP), interleukin 6 (IL-6), and insulin
resistance may be involved in respiratory abnormalities
in middle-aged men and women.16 Patients with type 2
diabetes have been reported to suffer from a low-grade
systemic inflammation represented by increased levels of
acute phase proteins, and inflammatory cytokines such as
CRP and IL-6.17,18 There are arguments regarding the role
of IL-6 in insulin resistance. In humans, IL-6 level may
be correlated with insulin resistance.19 One of the major
functions of IL-6 is the induction of CRP production.20
CRP is a biomarker of systemic inflammation released
in response to the accumulation of inflammatory
cytokines.21 Higher levels of CRP have been associated
with higher blood pressure, increased body mass index
(BMI), metabolic syndrome, diabetes, dyslipidemia, as
well as chronic infectious and inflammatory conditions.22
Regular exercise represents anti-inflammatory effects and
suppresses low-grade systemic inflammation.23 Studies
have shown that alternation in lifestyle such as lowering
calorie intake and increasing physical activity can alleviate
inflammatory markers.24 Kasapis and Thompson in their
review study regarding the effects of exercise and physical
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activity on inflammation concluded that regular physical
activity could significantly lower inflammatory state
and CRP level.25 Subsequently, systemic and pulmonary
inflammation could be placated.24
In comparison to the large body of studies addressing
cardiovascular conditions, nephropathy, retinopathy, and
neuropathy in diabetes, there are few numbers of studies
on pulmonary complications.26 This necessitates studies
to address this issue in diabetes patients. Regarding the
reduced pulmonary capacity in type 2 diabetes patients,27
and positive effects of physical activity on improving
physical fitness and especially aerobic function of lungs,
it seems that physical exercise, especially persistent
medium-intensity aerobic exercise, could be one of the
therapeutic and precautionary modalities for reducing
inflammation and improving pulmonary function in
diabetic patients. In line with this view, previous studies
have indicated an influential role for aerobic exercise in
improving the pulmonary function in type 2 diabetes
patients.26-28 Bearing in the mind the role of inflammatory
process in pulmonary dysfunction, and inconsistencies of
the results about the role of aerobic exercise in respiratory
function in a chronic disease like diabetes, we aimed
to evaluate the effects of persistent aerobic exercise on
inflammatory markers of IL-6 and CRP, and pulmonary
function in patients affected by type 2 diabetes.
Methods
In the present one-sided blind semi-experimental study,
40 men with type 2 diabetes, aged 35-50 were recruited.
The patients had fasting blood sugar (FBS) levels of 125200 mg/dL and BMI of 25-30 kg/m2. They were selected
based on a targeted sampling method and randomly
assigned into 2 groups of aerobic exercise and control.
Exercise Protocol
The aerobic exercise was performed within 8 weeks,
3 sessions per week, and each session lasted 45-60
minutes. The exercises comprised running with intensity
of 50%-70% heart rate reserve (HRR) in a gym. HRR
was calculated according to the Karvonen formula, and
carotid pulse rate was used for screening the heart rate
during the exercise.29 The exercise protocols used in the
current study were author-based, and prepared based
on the effectiveness of aerobic exercises on pulmonary
functional volumes in patients with type 2 diabetes.
This protocol was a modified protocol previously used
by Oluwaseyi et al in type 2 diabetes patients.5 In this
program, warm-up initiated at first as gentle aerobic
exercise including walking and jogging, as well as stasisdynamic warm-up exercises. Afterwards, the main
exercise protocol was performed including walking and
continuous running for 30-45 minutes. Intensity of the
exercise was 50%-60% HRR in first weeks, and 60%-70%
HRR in the weeks of 5-8. Recovery exercises including
gentle warms-up and aerobic exercises were performed
for 10 minutes following the main program (Table 1).
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Table 1. Detailed Aerobic Exercise Protocol for Type 2 Diabetes Patients
Time Course of the Study

First 4 weeks

Second 4 weeks

Time (min)
Warm-up exercise (walking and jogging)

10

Aerobic exercise (continuous running)

30-45

Recovery exercise (gentle warms-up)

5

Warm-up exercise (walking and jogging)

10

Aerobic exercise (continuous running)

30-45

Recovery exercise (gentle warms-up)

5

Extent and Type of Exercises

50%-60% HRR

60-70% HRR

Abbreviation: HRR, heart rate reserve.

Biochemical Measurements
Laboratory measurements of biochemical indices
were performed in 2 occasions; 48 hours before the
intervention and 72 hours after the last session of the
intervention. The measurements were made in early
morning fasting state (8-9 am). Blood samples (8 mL)
were obtained from the radial veins of the right hand. FBS
level was measured using Pars Azmoun Eliza kit (Iran)
which rendered 1 mg/dL sensitivity. CRP was measured
by immunoturbidity method using auto analyzer BS-380
with detection limit of 1 pg/dL. IL-6 level was determined
using Eliza kit manufactured by Biovendor Company
(Germany) with the sensitivity of 0.92 pg/mL. Pulmonary
functional parameters were assessed using spirometry
instrument (IF-9 mode, Germany) in a sitting position
and in triplicate. The best functions were documented
as the output. Measurement of the maximum consumed
oxygen following spirometry test was made by Storer
Maximal Bicycle test.30
Statistical Analyses
Statistical analysis was performed by student t test in SPSS
v. 22.0 statistical software. We used independent sample t
test and paired sample t test for the evaluation of means
differences for within and between analyses. Statistical
significance level was P = 0.05.
Results
Table 2 shows the demographic variables (age, weight,
BMI, VO2max, and history of the disease) in the studied
groups. Independent sample student t test showed no
significant difference between the groups at the baseline
(P > 0.05).
Results of paired sample t test (Table 3) revealed a
meaningful reduction in FBS level (20.75 mg/dL, 13.9%,
P < 0.001), HbA1c (0.69%, 9.7%, P < 0.001), IL-6 (0.48

mg/dL, 9.8%, P = 0.001), and CRP (0.6 pg/dL, 10.3%,
P = 0.003), a significant elevation in forced vital capacity
(FVC) (0.16 L, 4.6%, P = 0.006), and forced expiratory
volume (FEV1) (0.13 L, 4.2%, P = 0.011) in the aerobic
exercise group. A significant increase was also observed
for IL-6 (0.12 mg/dL, 2.2%, P < 0.028), and CRP (0.13
pg/dL, 2.2%, P = 0.001) in the control group. In between
group analysis, significant difference was observed for
differences of FBS (P = 0.001), HbA1c (P = 0.003), IL-6
(P < 0.001), CRP (P = 0.004), FVC (P = 0.001), and FEV1
(P < 0.01).
Discussion
In the present study, a significant reduction in the levels
of CRP, IL-6, and HbA1c was observed following the 8
weeks of aerobic exercise compared to the control group.
This reduction in the inflammatory markers following
the exercise intervention was in line with some previous
reports.18,25,31,32 Exercise represents a natural method
for regulating metabolism, blood sugar, and systemic
inflammation.23 Increased serum levels of IL-6 has been
correlated with the progression of type 2 diabetes and
insulin resistance.33 Previous studies have reported that
exercise can lead to the release of multiple cytokines
including IL-6 into blood stream from active muscles.
This in turn can mediate metabolic alternations in the
body.34 In contrast to the IL-6 produced by T-lymphocytes
and macrophages, the cytokine produced by muscle
renders anti-inflammatory properties.35 On the other
hand, it has been noted that increased epinephrine as a
result of exercise can downregulate tumor-necrosis factor
(TNF-α) response leading to subsided inflammatory
state.36 Regarding the relationship between insulin
resistance and inflammation,16,19 it is comprehensible that
the exercise has resulted in the reduction of inflammatory
markers of IL-6 and CRP mediated by exercises through

Table 2. Demographic Characteristics and Pre-test Evaluated Variables
Variables
Age (y)
Weight (kg)
BMI (kg/m2)
VO2max (mL/kg/ Min)
Time from diagnosis (y)

Aerobic exercise
Mean ± SD
4.06 ± 44.25
6.05 ± 72.74
1.40 ± 26.73
3.12 ± 31.08
1.49 ± 6.25

Control
Mean ± SD
4.86 ± 43.50
10.62 ± 76.50
1.57 ± 27.50
1.30 ± 32.54
1.51 ± 6.50

t

P

1.557
-0.528
-2.027
-1.224
-0.333

0.142
0.606
0.066
0.241
0.744

Abbreviations: BMI, body mass index.
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Table 3. Values of Measured Variables Between and Within Groups
Variables
FBS (mg/dL)
HbA1c(%)
FVC (L)
FEV1 (L)
IL-6 (mg/dL)
CRP (pg/dL)

Training
Control
Training
Control
Training
Control
Training
Control
Training
Control
Training
Control

Pre-test
(Mean ± SD)
149.13 ± 17.92
153.13 ± 17.92
7.08 ± 0.62
7.31 ± 0.41
3.46 ± 0.53
3.56 ± 0.37
3.08 ± 0.45
3.06 ± 0.42
4.86 ± 0.27
5.33 ± 0.42
5.81 ± 0.61
5.78 ± 0.52

Paired Sample t test
Post-test
t
(Mean ± SD)
128.38 ± 15.46
6.588
152.25 ± 17.92
0.262
6.39 ± 0.53
6.945
7.18 ± 0.63
1.036
3.62 ± 0.48
-3.870
3.51 ± 0.36
1.080
3.21 ± 0.45
-3.416
3.05 ± 0.39
0.424
4.38 ± 0.43
5.760
5.45 ± 0.39
-2.257
5.21 ± 0.47
4.583
5.91 ± 0.51
-3.274

P
0.0001b
0.801
0.0001b
0.335
0.006a
0.316
0.011a
0.685
0.001a
0.028a
0.003a
0.014a

Independent Sample t test
∆ (Mean
P
Difference ± SD)
-20.75 ± 8.91
0.001b
-0.88 ± 9.45
-0.69 ± 0.28
0.003a
-0.13 ± 0.34
+0.16 ± 0.12
0.004a
-0.05 ± 0.13
+0.13 ± 0.10
0.011a
-0.01 ± 0.08
-0.48 ± 0.24
0.0001b
+0.13 ± 0.12
-0.60 ± 0.37
0.001b
+0.14 ± 0.11

Abbreviations: ∆, Pretest – posttest; FBS, fasting blood sugar; HbA1C, hemoglobin A1C; FVC, forced vital capacity; FEV1, forced expiratory
volume in the first second; IL-6, Interleukin- 6; CRP, C-reactive protein.
a
P < 0.05; b P ≤ 0.001.

the regulation of blood sugar (evidenced by lower FBS
and HbA1c).
In the present study, a significant elevation was recorded
for FEV1 and FVC following the 8 weeks of aerobic
exercises. In line with our results, significant increases
in the FEV1 and FVC serum levels of type 2 diabetic
patients were also reported by Ghalavand et al (following
the 8 weeks of aerobic exercises),26 Afshonpour et al
(following the 8 weeks of combined aerobic-resistance
exercises),28 and Oluwaseyi et al (following the 12 weeks
of combined aerobic-resistance exercises).5 In contrast
to our results, however, Ghalavand et al observed no
significant alternation in FEV1 and FVC levels in type 2
diabetic men after 8 weeks of circuit resistance training.
This disagreement may be explained by different exercise
programs in our study. It seems that incorporating aerobic
exercise in therapeutic protocols can have beneficial
effects on augmenting pulmonary function in type 2
diabetes patients.
FVC is a pulmonary functional volume dependent on
age, physical activity index, body composition, and
health states of individuals.37,38 FVC rate which reflects
the strength of respiratory muscles is determined by the
pulmonary elasticity and resistance of respiratory tracts.
In addition, FVC is dependent on the respiratory muscles’
strength and the acceptance level of chest.5,9,26 FEV1 is
another important indicator of pulmonary function. This
factor is reduced in response to multiple conditions such
as low-physical fitness and diabetes. FEV1 reduction may
indicate diminished total lung capacity, respiratory airway obstruction, loss of pulmonary reversibility capacity,
and less common insufficient respiratory muscular
development.9 With promoted strength and resistance of
respiratory muscles following the exercise, pulmonary
functional volumes such as FVC and FEV1 raise in
diabetic subjects. Such elevation in the present study can
be related to the role of aerobic exercise in preserving
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the blood sugar.26,28 It seems that controlling the blood
sugar in diabetes patients can lead to the improvement
of pulmonary function in these patients. Regarding
the role of inflammation in pulmonary dysfunction,15
increased FVC and FEV1 levels in the present study may
be explainable in part by reduced systemic inflammation
markers (IL-6 and CRP). Other factors influencing FVC
and FEV1 spirometry indices are augmented strength and
endurance of respiratory muscles including diaphragm,
inter-tibia muscles, and abdominal muscles, as well as
reduced resistance of respiratory air-ways, and improved
elasticity and reversibility of lung tissue.28
Despite numerous studies on diabetes complications and
interventional based management of these compilations,
studies on pulmonary complications are limited in this
area. Small sample size and short-intervention period
are among the limitations ofthese studies. In general, our
findings highlighted that 8 weeks of aerobic exercise can
reduce the levels of inflammatory markers of IL-6 and
CRP, increase the spirometry parameters of FVC and
FEV1, and improve pulmonary function. All of these
effects seem to be mediated by maintenance of blood
sugar level.
Conclusion
Considering our findings, it seems that aerobic exercise
can improve pulmonary function in type 2 diabetes
patients. This may be in some level mediated by stabilizing
blood glucose levels and subsiding systemic inflammatory
condition in these patients. It is recommended to
incorporate regular aerobic exercise protocols in
therapeutic regimen in type 2 diabetes to help patients in
management of their disease.
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