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ABSTRACT 
Background: The lung has not been considered routinely as a seat of target organ damage in patients with diabetes mellitus 

(DM) even though DM has proven detrimental effects on the microvasculature and connective tissue. We intended to 

compare the lung functions of patients with DM and healthy individuals. Methods: This was a single-center, observational, 

prospective, cross-sectional, case-control study done from July 2021 to June 2023. Spirometery parameters (including forced 

expiratory volume in first second (FEV1), Forced vital capacity (FVC), and FEV1/FVC ration) of non-smoker patients with 

Type 2 DM without lung diseases in the age-group of 20-60 years were compared with healthy, never-smoker, non-diabetic 

individuals.were enrolled as controls. Results: A total of 123 DM patients and 129 healthy controls were enrolled.Mean 

duration of DM andHBA1C in cases were 7.2850±2.43 years and 7.78±0.63% respectively.  The mean FVC, FEV1 were 

lower in DM as compared to healthy controls [p<0.001]. Patients with DM had a significantly less proportion [p<0.001] with 

normal spirometery [77 (62.6%) vs 113 (87.6%)] and higher proportion [p<0.001]with restrictive patterns of spirometery 

[34(27.6%) vs 9 (7.0%)]. FVC and FEV1 values differed significantly in patients with DM duration less than 5 years, 5-10 

years and greater than 10 years. FVC, FEV1 and FEV1/FVC values did not differ significantly between cases with HBA1C < 

7% and > 7%. FEV1 [correlation coefficient = -0.88], FVC [correlation coefficient = -0.89] negatively correlated 

significantly with duration of diabetes but not with age, BMI and HBA1C levels. Conclusions: Patients with DM have more 

incidence of restrictive pattern on pulmonary function testing than normal healthy controls. The duration of DM negatively 

impacts the pulmonary function in these patients. 

This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution‑Non 

Commercial‑Share Alike 4.0 License, which allows others to remix, tweak, and build upon the work non‑commercially, as 

long as appropriate credit is given and the new creations are licensed under the identical terms. 

  

INTRODUCTION 

Diabetes mellitus (DM) is a global public health 

problem in the developing as well as the developed 

world [1]. DM is a chronic disease affecting 463 

million people worldwide over the age of 20 years and 

is expected to affect 570 million people by 2030 [1]. 

The metabolic deregulation associated with DM 

causes secondary patho-physiologic changes in 

multiple organ systems that impose a tremendous 

burden on the individual with DM and on the 

healthcare system [1, 2]. The metabolic deregulation 

in DM leads to the long-term damage, dysfunction, 

and failure of organsystems including eyes, kidneys, 

nerves, heart, and blood vessels [2].  In contrast to 

organs like eyes and kidneys, the lung has not been 

considered routinely as a seat of target organ damage 

[3].  

As DM has been proven to have detrimental effects on 

the microvasculature, it is quite probable that 

pulmonary functions may be affected in diabetes 

mellitus [2-10]. Since the pulmonary reserves are 

larger, the symptoms and disability from DMrelated 

damage in the lungsmay be delayed [2-10].  

Pulmonary functions are generally determined by the 

strength of respiratory muscles, compliance of the 

thoracic cavity, airway resistance, and elastic recoil of 

the lungs. Spirometry is important in the screening, 

diagnosis, and monitoring of respiratory diseases [11]. 

The literature on lung functions especially 

spirometery in patients with DM is scarce and 



International Journal of Life Sciences, Biotechnology and Pharma Research Vol. 13, No. 10, October 2024          Online ISSN: 2250-3137 

                                                                                                                                                                                        Print ISSN: 2977-0122 
DOI: 10.69605/ijlbpr_13.10.2024.133 

779 
©2024 Int. J. Life Sci. Biotechnol. Pharma. Res. 

heterogenous [12-23]. We therefore intended to 

conduct a cross sectional observational study to assess 

the lung functions using spirometery parametres in 

DM patients attending our centre. 

 

MATERIALS AND METHODS 

Center 

The study was conducted at the Department of 

General Medicine and the Department of Chest 

Medicine, SKIMS Medical College Hospital, Bemina, 

Srinagar. The centre is a 250 bedded tertiary care, 

multi-specialty centre, located in the central district of 

Srinagar of the Kashmir Valley. The centre attends to 

approximgtely 1000 patients daily in the out-patients 

sections of all the clinical departments. The centre 

also has 24-hour emergency services including 

operation theatres, intensive care units, blood bank, 

laboratories and radiological services. Due to its 

central location and availability of multi-specialty 

care in the hospital the centre receives referrals from 

all the 10 districts of Kashmir valley, adjoining 

districts of Chenab valley and the Pir Panjal region of 

the Jammu division as well as the Union territory of 

Ladakh. This region has a population of 

approximately 10 million.  

 

Design 

It was a single-center, observational, prospective, 

cross-sectional, case-control study done over a period 

of two years (July 2021 to June 2023). The study was 

approved by the Institutional Ethics Committee under 

protocol number IEC/113/2022.  

 

Cases 

The patients were enrolled after a written informed 

consent was obtained. All patients with Type 2 DM in 

the age-group of 20-60 years who attended the 

outpatient department (OPD) or were admitted as 

inpatients at our center and were fit to perform 

spirometery manure were enrolled in the study. 

Current or former smokers, patients with previous 

lung diseases including bronchial asthma and chest 

deformities, obstructive sleep apnea, those with 

history of thoracic surgery and those taking 

medications likely to interfere with spirometery 

results were excluded from the study. 

 

Controls 

Healthy, never-smoker, non-diabetic individuals who 

attended as outpatients for routine health check-ups or 

accompanied members of the case group were 

enrolled in the control group of the study. Current or 

former smokers and people with history of current or 

previous chest diseases were excluded from the study. 

 

 

Assessment  

All cases and controls were assessed by a detailed 

medical history and a comprehensive physical 

examination, including an assessment of the 

respiratory, cardiovascular and central nervous 

systems as well as anthropometric measurements 

(weight, height, BMI). Cases underwent 

investigations including blood sugar, HbA1c and 

chestradiographs. All cases as well as controls 

underwent a spirometry in which forced expiratory 

volume in first second (FEV1), Forced vital capacity 

(FVC), and FEV1/FVC ration were measured. The 

spirometery was conducted and interpreted following 

American Thoracic Society – European Respiratory 

Society (ATS-ERS) guidelines [11].  

 

Analysis 

The demography, anthropometry, laboratory and 

spirometery parameters of cases and controls were 

compared. All the statistical analysis was carried out 

using the statistical software SPSS. Mean and 

standard deviation were computed for all continuous 

variables and comparison was done using t-test. 

Frequencies were generated for categorical variables 

and compared using the Chi–squared test and a p – 

value of < 0.05 was considered as statistically 

significant. Correlations were assessed using the 

Spearman Correlation Coefficient. 

 

RESULTS 

A total of 123 cases and 129 controls were enrolled 

over the study period. Males comprised of 46 (37.4%) 

cases and55 (42.6%) of controls. Mean age of cases 

was 50.85 ± 4.48 years while those of controls were 

51.07 ± 4.35 years. Mean BMI of the cases was 24.77 

± 0.78 kg/m2 while as mean BMI of controls was 

25.71 ± 0.80 kg/m2.Average duration of diabetes in 

cases was 7.2850 ± 2.43 years. MeanHBA1C was 

7.78% ± 0.63% [Table 1]. 

The mean values of FVC, FEV1 were lower in cases 

as compared to controls. Cases had a significantly less 

proportion with normal spirometery [77 (62.6%) vs 

113 (87.6%)]. Similarly patients with diabetes had 

more frequency of restrictive patterns of spirometery 

[34(27.6%) vs 9 (7.0%)]. There was no significant 

difference between the values of FVC, FEV1 and 

FEV1/FVC between cases with HBA1C less than 7% 

and more than 7%. However there was statistically 

significant difference between FVC and FEV1 values 

in patients with diabetes duration less than 5 years, 5-

10 years and greater than 10 years [Table 2]. 

Similarly there was statistically significant negative 

correlation between FEV1 and FVC values and 

duration of diabetes. While there was no statistically 

significant correlation between FEV1, FVC values 

with age, BMI and HBA1C levels [Table 3].  
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Table 1: Comparison of demographic characteristics and BMI of cases and controls. 

Parameter  
Case 

N=123 

Control 

N=129 
P value 

Age in years 

Mean (SD) 50.85 (4.48) 51.07 (4.35) 0.189 

31-40 Years    Number (percent) 1 (0.8%) 6 (4.7%) 0.569 

41-50 Years    Number (percent) 59 (48.0%) 66 (51.2%) 0.821 

51-60 Years    Number (percent) 63 (51.2%) 57 (44.2%) 0.917 

BMI (kg/m2) 

Mean (SD) 24.77(0.78) 25.71(0.80) 0.473 

18.5-22.9     Number (percent) 1 (0.8%) 3 (2.3%) 0.796 

23.0-24.9     Number (percent) 73(59.3%) 76 (58.9%) 0.867 

>25.0-30     Number (percent) 47 (39.8%) 41 (31.8%) 0.639 

>30             Number (percent) 2(1.6%) 9 (7.0%) 0.581 

Gender 
Male 46 (37.4%) 55 (42.6%) 

0.601 
Female 77 (62.6%) 74 (57.4%) 

Duration of diabetes in 

years 

 

Mean (SD) 7.28 (2.43)   

<5 years 23 18.7%)   

5-10 years 83 (67.5%)   

>10 years 17 (13.8%)   

HbA1C Mean ± SD 7.78±0.63   

 

Table 2: Comparison of spirometery results in cases and controls 

 Cases Controls P value 

FEV1/FVC    Mean (SD) 78.42 (6.38) 79.06 (5.08) 0.422 

FVC         Mean (SD) 2.32 (0.67) 2.69 (0.58) <0.001 

FEV1        Mean (SD) 1.81 (0.52) 2.10(0.49) <0.001 

Normal Number (percent) 77 (62.6%) 113 (87.6%) <0.001 

Obstructive Number (percent) 6 (4.9%) 3 (2.3%) 0.078 

Restrictive Number (percent) 34 (27.6%) 9 (7.0%) <0.001 

Mixed Number (percent) 6 (4.9%) 4 (3.1%) 0.079 

FEV1/FVC Mean (SD) 
HbA1C  </=7% 78.84 (6.50) NA 

0.606 
HbA1C >7% 78.30 (6.38) NA 

FVC Mean (SD) 
HbA1C </=7% 2.47(0.60) NA 

0.147 
HbA1C >7% 2.27(0.68) NA 

FEV1 Mean (SD) 
HbA1C </=7% 1.94 (0.44) NA 

0.113 
HbA1 >7% 1.77(0.54) NA 

FEV1/FVC Mean (SD) 

<5 years 76.31 (7.34)  

0.072 5-10 years 79.62 (5.48)  

>10 years 75.40 (7.68)  

FVC Mean (SD) 

<5 years 3.17(0.50)  

<0.001 5-10 years 2.24(0.49)  

>10 years 1.53(0.29)  

FEV1 Mean (SD) 

<5 years 2.41(0.28)  

<0.001 5-10 years 1.78(0.43)  

>10 years 1.15(0.26)  

 

Table 3: Correlation of FVC with age, BMI, HbA1C and duration of diabetes mellitus (in years) 

 Spearman Correlation Coefficient P value 

Age (Years)  vs  FEV1 (percent of  predicted) -0.09 0.334 

BMI (kg/m2 )  vsFEV1 (percent of  predicted ) -0.14 0.129 

HbA1C (%)  vsFEV1 (percent of  predicted) -0.15 0.126 

Duration of DM  vsFEV1 (percent of  predicted) -0.88 <0.001 

Age (Years)  vs  FVC  (percent of  predicted) -0.07 0.334 

BMI (kg/m2 )  vs  FVC (percent of  predicted) -0.12 0.188 

HbA1C (%)  vs  FVC (percent of  predicted) -0.13 0.181 

Duration of DM  vs  FVC (percent of  predicted) -0.89 <0.001 
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DISCUSSION 

Since DM has proven detrimental effects on the 

microvasculature and connective tissue, lungs which 

have an extensive microvascular circulation and 

abundant connective tissueare susceptible to structural 

changes induced by chronic hyperglycemia [1-5]. The 

underlying mechanism for structural lung changesdue 

to DM includes microangiopathy of alveolar 

capillaries and pulmonary arterioles, glycosylation of 

tissue proteins, oxidative stress, neuropathy and 

myopathy involving respiratory neuro-muscular 

function [2,3].Due to these structural abnormalities 

caused by DM, alterations in pulmonary function such 

as a reduction in the vital capacity, total lung capacity, 

lung compliance, reduction in airflows and reduced 

diffusion capacity can be expected [1-10].  

Numerous previous studies have shown that DM is 

associated with impaired lung function [3-10, 11-23]. 

Our study has shown that patients with DM have 

restrictive pattern on pulmonary function testing. This 

is in commensurate with other studies including a 

meta-analysis by Borst et alwhich showed that DM 

was associated with a restrictive pattern of pulmonary 

function [18]. There are studies which favor a 

causative role of DM in idiopathic pulmonary fibrosis 

although the evidence is preliminary. Another study 

from Korea showed that metabolic syndrome 

increased the odds ratio for restrictive lung disease 

[5]. Another study showed that breathlessness in 

combination with restrictive lung disease was found in 

9% of the patients with prediabetes, 20% of patients 

with newly diagnosed diabetes, and 27% of patients 

with long-term DM [6]. Similarly another study has 

shown that patients with DM had significant reduction 

in the carbon monoxide diffusion capacity as 

compared to non-diabetic population without any 

significant difference in FVC, FEV1 and FEV1/FVC 

[8]. All these studies including ours have shown a 

consistent impact of DM on pulmonary function 

parameters. It may be possible that early DM may 

impact diffusion capacity of lungs due to structural 

derangements at the alveolo-capillary level before 

leading to frank lung restriction after a certain time 

period. We have not measured diffusion capacity in 

our patients due to cost issues.  

Our study did not show any significant difference in 

the proportion of obstructive defects on pulmonary 

function in patients with DM as compared to normal 

controls. There is striking heterogeneity in the 

existing literature on the presence of obstruction in 

diabetic patients without other obvious cause for the 

presence of obstruction like smoking and other 

noxious aerosol exposure or bronchial asthma [12-23]. 

The heterogeneity in these studies may be due to 

differences in demography, inclusion and exclusion 

criteria used in these studies [12-23]. The differences 

in confounding factors like smoking exposures, 

residence in high pollution areas with profound 

aerosol exposures may also lead to conflicting 

observations [12-23]. DM and bronchial asthma have 

been shown to be closely related. DM increases the 

risk of development of bronchial asthma. Poor DM 

control increases the risk of exacerbations, worsens 

asthma control and leads to poor quality of life in 

asthmatics [24]. 

In our study spirometery values did not differ 

significantly between case subgroups of HBA1C and 

age and also did not correlate with BMI. However 

there was significant difference between the FEV1 

and FVC values of patients with DM duration of more 

than 10 years and the correlation between the duration 

of DM and spirometery values was also significantly 

negatively correlated. This is an expected finding as 

DM adverse effects are dependent on the duration of 

DM. However HBA1C levels did not correlated 

significantly with spirometery levels. This may be 

most likely due to the reason that HBA1c reflects DM 

control over the past 3 months a period not sufficient 

to alter the structural effects of DM on lung 

architecture and microvasculature. These findings 

confirm that long standing diabetesmay lead to 

alterations in lung function necessitating regular 

monitoring and intervention.  

Our study has certain limitations. Our cohort did not 

comprise of many patients with morbid obesity. The 

less proportion of such patients in our study 

population may explain the lack of correlation 

between BMI values and spiometery parameters. Our 

study population was also not segregated as per the 

presence or absence of confounding factors like 

hypertension, indoor air pollution including exposure 

to biomass fule smoke which is very prevalent in our 

settings.  
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