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Introduction: Type 2 diabetes is one of the major causes of progressive microvascular and 
macro vascular complications leading to retinopathy, nephropathy, and neuropathy as well 
pulmonary complications due to changes in collagen, elastin, and micro angiopathy. The 
current study aimed at assessing some respiratory indices in patients with type 2 diabetes and 
the possible relationships between these parameters and the level of blood glucose control and 
duration of diabetes.

Materials and Methods: In the current descriptive-analytical study, 20 patients with type 2 
diabetes were compared with 20 matched healthy subjects. The information of the respiratory 
system was collected using a chronograph. Parameters for assessment were respiration rate, 
heartbeats, and oxygen saturation percentage.

Results: The results of the study showed a significant reduction in end-expiratory carbon 
dioxide pressure and increased respiratory rate in the patients compared to the control group. 
The results also showed a strong and inverse relationship between hemoglobin A1c (HbA1c) 
and respiratory indices. The duration of having diabetes had a negative significant relationship 
with respiratory indices. 

Conclusion: In general, the results of the study indicated that lung function is impaired in 
people with type 2 diabetes. According to the results of the current study, a proposal for a 
program to facilitate or prevent lung function impairment for these patients is suggested.
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1. Introduction

iabetes is one of the most common dis-
eases of endocrine glands and the fourth 
cause of mortality in THE developed 
countries, with prevalence in the current 
century. It has increased by around 50% 

as compared to 10 previous years, and this number is 
projected to double by 2030 [1, 2]. Diabetes is one of the 
diseases of metabolism, which develops due to different 
genetic or acquired causes [3]. In this disease, due to im-
paired secretion or activity of insulin, blood sugar rises, 
a condition known as hyperglycemia, causing impaired 
metabolism of carbohydrate, fat, and protein in these in-
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dividuals [4]. Type II diabetes (insulin resistant), which 
accounts for 90-95% of cases of diabetes is a result of 
progressive impairment in insulin secretion [5].

The quality of life of people with diabetes is often af-
fected by the chronic complications of diabetes, which 
include micro- and macro angiography, retinopathy, 
neuropathy, nephropathy, phrenic nerve damage, in-
creased probability of respiratory infections, diminished 
basic tone of bronchi, increased incidence of obstructive 
sleep apnea, and diminished cough reflex sensitivity [4]. 
These complications are contingent upon the duration of 
having diabetes. 

Respiration plays a significant role in the body health 
and in maintaining the general homeostasis of the body 
through altering oxygen arterial pressure, carbon diox-
ide, blood PH, and Cerebrospinal Fluid (CSF). Carbon 
dioxide plays a vital role in keeping the basic acid bal-
ance of the body, and also affects different systems of 
the body considerably through fine and minor changes 
in the acid-base balance. In response to changes of pH, 
the body is forced to alter the respiration rate and in turn 
the respiration depth and other respiratory parameters [6, 
7]. Any disorder in the respiration can lead to altered re-
spiratory pattern and incidence of impaired respiratory 
pattern [8].

A wide capillary network in the lungs might be affected 
by diabetes related to micro angiopathy and impaired 
pulmonary function, which is often neglected [9]. Some 
studies show diminished pulmonary function in adults 
with diabetes, as compared with non-diabetic individu-
als. Meanwhile, these studies assess volumetric param-
eters of lung such as Forced Vital Capacity (FVC) and 
Forced Expiratory Volume in one second (FEV1) using a 
spirometer [10, 11]. Also, this diminished function in the 
lungs shows an inverse relationship with the blood sugar 
level and duration of having diabetes [12, 13].

Chronography is a non-invasive method that measures 
the pressure of the end tidal carbon dioxide by infrared 
light [14]. Although arterial blood gas test measures the 
amount of arterial carbon dioxide, it is painful and affect-
ed by momentary changes of respiratory parameters. 
Chronography is a good criterion to express the level of 
alveolar carbon dioxide under normal cardiac and pul-
monary function [15]. In this regard, a good agreement is 
reported between chronography and Arterial Blood Gas 
(ABG) analysis [16]. 

Previous studies on respiratory assessment of patients 
with diabetes focused on volumetric findings of lungs 

using a spirometer. Nevertheless, to the best of authors` 
knowledge, no investigations examined the pressure 
of the carbon dioxide in patients with type 2 diabetes. 
Therefore, the current study aimed at investigating the 
end tidal carbon dioxide pressure, blood oxygenation 
percentage, and respiratory rate in patients with type 2 
diabetes. 

2. Materials and Methods

The current case-control study was conducted on 20 
patients with type 2 diabetes and 20 healthy individuals 
within the age range of 35-55 years matched in terms of 
factors such as age, gender, and body mass index with 
the patient group. Subjects with diabetes were selected 
based on diagnosis of a physician, and individuals with 
the results obtained from the HbA1c test over 7.5 per-
formed by the diabetes research center of Jundishapour 
University of Medical Sciences, Ahvaz, Iran. They were 
included in the study as individuals with improper con-
trol of blood sugar regulation [17]. 

First, the subjects were familiarized with the study de-
sign. If the subjects consented, they signed the consent 
form. Then, demographic data including age, height and 
weight were recorded and the subjects were asked to 
complete the Nijmegen ques﻿tionnaire [18]. The informa-
tion of the respiratory system was collected using a chro-
nograph (model 2500, Viamed Co. England), belonging 
to the laboratory of musculoskeletal research center of 
Faculty of Rehabilitation. Before initiating any tests, the 
system was calibrated and the subjects were asked to sit 
on comfortable chairs, with a nasal cannula connected to 
the subjects’ noses. 

The individuals were assured that this test had no risk 
or caused no complication for them. The subjects were 
then asked to breathe through nose and avoid speaking 
or moving during the test. Oximeter pulse placed on 
the finger of the subjects was used to measure the oxy-
gen saturation percentage and heartbeats. Information 
recording was performed three times for each subject. 
Also, 10 minutes was given to the subjects between each 
time of the test to open the cannula, walk for some min-
utes to prevent fatigue or any other confounding factors. 
Furthermore, the temperature of the experimental setting 
was controlled as it could influence the respiration. 

Statistical analysis

For data analysis, SPSS version 23.0 (SPSS Inc.
Chicago, IL, USA) for windows was employed. The 
Kolmogorov-Smirnov test was applied to find normal 
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distribution of data .Independent t-test and the Mann-
Whitney test were employed to investigate the differ-
ences between the two groups. Significance level of less 
than 5% was accepted. Furthermore, Pearson correlation 
analysis was utilized to find the extent of relationship 
between the respiration variables including End Tidal 
Carbon Dioxide pressure (ETCO2), the respiratory rate, 
and the blood oxygen saturation percentage with the 
past three-month blood sugar levels Hemoglobin A1C 
and duration of having diabetes.

3. Results

The patients with diabetes and healthy individuals 
had no significant difference in terms of age, height, 
and weight. The demographic characteristics of the 
two groups are presented in Table 1. The Kolmogorov-
Smirnov test showed normal distribution of the end-tidal 
carbon dioxide pressure, respiration rate, and heartbeats 
both in the diabetic and control groups. However, the 
distribution of oxygen saturation percentage was not 
normal in the two groups. The results of independent 
t-test and the Mann-Whitney test revealed a significant 
difference in the indicators of end-tidal carbon dioxide 
pressure and the rate of respirations per minute as com-
pared to those of the control group (Figure 1).

Nevertheless, no significant difference was observed in 
the variables of oxygen saturation percentage and heart-
beats between the two groups. The mean end-tidal car-
bon dioxide pressure of the patient group was 4 mmHg 
less than that of the control group. Also, the mean respi-
ration rate in the patient group was 2.4 respirations per 
minute more than that of the control group (Table 2). 
Pearson correlation analysis showed a strong inverse 
and significant correlation between HbA1c and end-tid-
al carbon dioxide pressure indicator (r=-0.62, P=0.003). 

Also, a strong positive and significant correlation 
was observed between the respiration rate and HbA1c 
(r=0.97, P=0.02). However, no significant relationship 
was observed between HbA1c and oxygen saturation 
percentage and heartbeats. There was a negative sig-
nificant relationship between end tidal carbon dioxide 
pressure and the duration of having diabetes (r=-0.46, 
P=0.03). Finally, no significant relationship was ob-
served between the duration of having diabetes and the 
respiration rate as well as oxygen saturation percentage 
and heartbeats.

4. Discussion

The current study aimed at investigating the respira-
tion pattern and indicators measuring vital blood gases 
as well as the relationship between these indicators and 
HbA1c plus the duration of having diabetes among the 
patients with type 2 diabetes. In the current study, a sig-
nificant difference was observed in the end-tidal carbon 
dioxide pressure and respiration rate between the dia-
betic and healthy groups. In patients with diabetes, the 
end-tidal carbon dioxide pressure showed a significant 
reduction compared to those of the healthy individuals, 
while the respiration rate indicated a significant growth. 

The possible mechanisms resulting from these changes 
in the diabetic group can be attributed to the micro an-
giography of alveolar tissue and capillaries leading to 
restriction of alveolar gas transport. Also, in diabetic 
patients, long-term contact of monosaccharides with 
collagen fibers causes formation of spontaneous bonds 
between sugar molecules and amino acids. These chang-
es increase the thickness of collagen molecules as well 
as the pulmonary capillary network, thereby narrowing 
the alveolar- capillary membrane. These results were in 
line with the findings obtained by Zineldin et al., Fuso 
et al., and Singh et al. [13, 19, 20]. They reported dimin-

Table 1. Demographic characteristics of diabetic and control groups (n=20)

Demographic Data
Mean±SD

P
Diabetic Control 

Age (y) 48.60±5.99 48.55±4.66 0.76

Height (cm) 164.40±8.56 165.60±8.22 0.91

Weight (kg) 71.70±9.05 72.20±8.78 0.82

Time since disease (y) 10.20±4.90 N/A N/A

Body Mass Index (kg/m2) 26.47±2.72 26.36±3.09 0.49

N/A: Not applicable
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ished pulmonary volumes and end tidal carbon dioxide 
pressure in patients with type 2 diabetes compared with 
healthy individuals.

In the current study, no significant difference was ob-
served between the healthy and diabetic groups in terms 
of blood oxygen saturation percentage. These results 
were incongruent with the findings obtained by Wheat-
ley et al. [21]. They reported diminished oxygen satura-
tion percentage among 12 patients with type 1 diabetes 
during vigorous exercise. The possible reason of this in-
congruence can be due to the position of individuals in 
the study. Specifically, it was performed in sitting posi-
tion, while Wheatley et al. measured blood oxygenation 
percentage during exercise. 

It seems that more vigorous situations such as perform-
ing an activity or doing exercise are more suitable to 
show the blood oxygen saturation percentage difference 
between diabetic and control groups. In this study dia-
betic patients had higher oxygen saturation percentage 
compared with control group. Elevated blood HbA1c 
levels lead to an overestimation of the oxygen satura-
tion percentage. It is due to high blood sugar levels and 
increase the tendency of oxygen to bonding with hemo-
globin chains. [22].

The study showed an inverse and strong significant re-
lationship between HbA1c and end tidal carbon dioxide 
pressure index (r=-0.62, P=0.003). It also indicated an 
inverse and moderate correlation between carbon diox-
ide pressure and the duration of having diabetes (r=0.46, 
P=0.03). In other words, the longer the duration of dis-
ease and higher the level of HbA1c, the more significant 
the reduction of end-tidal carbon dioxide pressure is. The 
results of the current study were in line with the findings 
of the study by Zindeldin et al. [19]. In their study con-
ducted on 45 patients with diabetes, a strong and inverse 
relationship was observed between diminished pulmo-
nary volumes and the duration of diabetes (r=-0.88). 

In other words, improper control of blood sugar is as-
sociated with diminished volume of the lung, which is 
more common in the patients with a longer duration of 
diabetes. In a similar and prospective study with one-
year follow-up, Ford et al. indicated that the low forced 
vital capacity and the forced expiratory volume of air in 
the first second are associated with the incidence of dia-
betes. In other words, low end-tidal carbon dioxide pres-
sure itself is a factor for elevated blood sugar levels [23]. 

Animal studies suggested that hypoxia reduced in-
sulin sensitivity and predisposed the animals to type 2 
diabetes [24]. The current study had some limitations. 
The lung functions of patients were investigated in the 

Table 2. Respiratory parameters of diabetic and control groups

Variable
Mean±SD

P
Diabetic Control

ETCO2 (mmHg) 30.70±0.47 34.80±0.70 <0.01

RR (breath/min) 17.77±2.04 15.34±2.99 <0.01

SPO2 (%) 98.01±1.16 97.83±1.11 0.60

HB (beat/min) 82.56±11.96 75.74±8.83 0.04

ETCO2: End-Tidal Carbon Dioxide pressure, RR: Respiratory Rate, SPO2: Oxygen Saturation Percentage, HB: Heart Beats
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Figure 1. Comparison of end tidal carbon dioxide pressure and respiratory rate between two groups
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nonfunctional sitting position. The second challenge was 
the extreme sensitivity of the device to the humidity of 
the environment and the need to replace the adapter fre-
quently. Accordingly, it is suggested that in future stud-
ies, the respiratory indicators of diabetic patients be in-
vestigated during a dynamic activity. 

The results of the current study indicated diminished 
end-tidal carbon dioxide pressure and increased respira-
tion rate in patients with type 2 diabetes, compared to 
healthy individuals. Also, an inverse and strong signifi-
cant relationship was observed between HbA1c and end-
tidal carbon dioxide pressure, while an inverse and mod-
erate correlation was found between end-tidal carbon 
dioxide pressure and the duration of having diabetes. 
Based on the results of the current study, a respiration 
therapeutic program should be considered to facilitate 
and prevent impaired pulmonary function for such pa-
tients.
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