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Abstract:                                                                                                                                                 

Background & Objectives: Like other organs, lung is also affected in diabetes mellitus due to the presence of 

extensive microvasculature and abundant connective tissue. (6,7) Early detection of pulmonary changes in 

diabetic patients through routine Pulmonary function testing(PFT) check-up may help in planning strategies to 

delay the progression of cardio-respiratory complications. The objective of this study was to compare the PFT 

parameters FVC, FEV1& PEFR recorded in the study participants with the duration of diabetes mellitus, as 

early as the time of its diagnosis and observe the pattern of its change with increase in its duration. 

Methods: 60 male patients with Type-2 diabetes mellitus with duration of illness ranging from less than 5 years 

to more than 10 years, visiting the outpatient department in a tertiary care hospital were recruited for the study. 

PFT parameters FVC, FEV1& PEFR and blood glucose parameters FBG & PPBG were recorded in these 

subjects. One way ANOVA and Pearson’s correlation was used to compare the means & standard deviations of 

FBG, PPBG, PFT with the duration of illness. 

Results: FVC and FEV1 showed a significant decrease (P<0.05) with increasing duration of diabetes mellitus. 

FEV1/FVC showed no significant difference between the three groups. FBG & PPBG showed no significant 

relation with FEV1& FVC. 

Conclusion: The decreasing trend in FEV1& FVC and unaltered FEV1/FVC & PEFR with increase in duration 

of illness, indicates a predominantly restrictive pattern of pulmonary function among patients with diabetes 

mellitus. The study concludes that pulmonary complications of type 2 diabetes mellitus sets in as early as the 

time of its diagnosis and is of the restrictive type. 
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I. Introduction 
The term diabetes mellitus describes a metabolic disorder of multiple etiology, characterized by 

chronic hyperglycemia with disturbances of carbohydrate, fat and protein metabolism resulting from defects in 

insulin secretion, insulin action or both.
 (1)

Diabetes mellitus (DM), a chronic non-communicable disease has 

reached epidemic proportions worldwide. In the year 2000, India topped the world (31.7 million) with highest 

number of people with diabetes mellitus. Currently it is gaining a potential epidemic status with more than 62 

million individuals diagnosed with the disease.
 (2,3).

 The prevalence of Type 2 diabetes in Asian Indians is the 

highest prevalence in the world and Type 2 diabetes comprises 90% of people with diabetes in the world.
(4) 

Damage, dysfunction and failure of various organs have been implicated as the long-term effects and 

complications of Type 2 diabetes mellitus. Microangiopathic and macroangiopathic changesare implicated in 

causing the major morbidities in Type 2 diabetes mellitus which include retinopathy, nephropathy, 

cardiomyopathy and peripheral neuropathy.
 (5)

Like other organs, lung is also affected in diabetes mellitus due to 

the presence of extensive microvasculature and abundant connective tissue. Chronic hyperglycemia results in 

thickening of basal lamina in pulmonary capillaries and also non-enzymatic glycosylation of skeletal muscle and 

connective tissue leading to decrease in the diffusion capacity and lung compliance.
 (6,7)

Though diabetes is 

strongly associated with systemic cardiovascular disease, the relationship with pulmonary vascular disease has 

often been disregarded owing to the subclinical nature of its effects. However, such changes may become 

clinically important as the patients subsequently develop chronic restrictive and obstructive pulmonary 

functional pathologies.
 (8 - 11)
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Little is known about the implications of diabetes on pulmonary function. The prevalence of defective 

pulmonary function in asymptomatic diabetic patients is more than generally thought, involving 60% of adult 

cases.
 (12 - 14)

In spite of sufficient evidence supporting the concept of lung as a target organ for diabetic 

microangiopathy, results of studies on lung mechanical abnormalities in diabetes (FVC, FEV1, PEFR) have 

been less convincing.Further diabetes mellitus has been inconsistently associated with spirometric abnormalities 

in a number of earlier retrospective cross-sectional studies and involving a very small sample size of less than 

50 subjects. 
(15)

The results of earlier studies on pulmonary functions in diabetes mellitus are varied, showing 

both restrictive and obstructive patterns
(16)

and most of the earlier studies done to observe the effect of duration 

of diabetes on pulmonary functions have considered the duration of the disease above 5 years.Despite the 

unclear nature, the relationship between diabetes mellitus and pulmonary function test remains important 

because of potential epidemiological and clinical implications.  

Early detection of pulmonary changes in diabetic patients through routine PFT checkup may help in 

planning strategies to delay the progression of cardio-respiratory complications.Also, this could help in deciding 

on the need for a PFT as part of pre-anesthetic checkup in Type 2 DM patients to know the baseline pulmonary 

function for better cardio-respiratory monitoring during surgery. Hence this study is done with the hypothesis 

that significant changes in pulmonary function test parameters exists as early as the time of diagnosis of diabetes 

mellitus and would further worsen with increase in its duration. 

 

II. Aim And Objectives 
Aim: To observe for the change in pattern of pulmonary function tests with increasing duration of Type 2 

diabetes mellitus. 

 

Objectives: 

1. To record the pulmonary function test parameters in patients with Type 2 diabetes mellitus.  

2. To compare thepulmonary function test parameters with the duration of diabetes mellitus. 

 

III. Material And Methods 
Study setting:  This study was undertaken in the teaching hospital of a rural medical college in South India. 

Type of study: Clinical / Epidemiological investigation  

Study design: Cross sectional study.  

Study population:The study subjects were selected from among the patients visiting the General 

Medicineoutpatient and also those admitted in the General Medicine wards of the teaching hospital.  

Sample size: Study group consisted of 60 male subjects with Type 2 diabetes mellitus who were further sub-

divided into 3 sub-groups based on the duration of diabetes. Group A – patients with diabetes duration ≤5 years, 

Group B – patients with diabetes duration between >5 – ≤10 years & Group C – patients with diabetes duration 

for ˃ 10 years.  

 

Inclusion criteria: 
1. Male patients above 30 years of age with Type 2 diabetes mellitus. 

2. Patients providing voluntary written consent for participation in the study.   

 

Exclusion criteria: 
1. Patients with existing pulmonary diseases like COPD, Asthma etc. & past history of tuberculosis.  

2. Patients with musculoskeletal disorders such as scoliosis, kyphosis, myopathies etc.   

3. Patients with cardiovascular diseases like hypertension, ischemic heart disease, peripheral vascular disease, 

endocrine disorders of the thyroid, adrenal gland etc.   

4. Patients with systemic illness (acute / chronic) at the time of study.   

5. Smokers & alcoholics.  

 

Data collection: This study was conducted for a period of 2 months (August to September 2019)after obtaining 

approval from Institutional Ethics Committee.  Following the selection of subjects, their general information, 

duration of diabetes mellitus and its treatment and other related information were recorded. A general physical 

examination was performed and the anthropometric measurements of – Height (in cms) using a stadiometer, 

Weight (in Kgs) using a digital weighing scale (precision of 100 grams) were obtained and Body mass index 

(BMI) calculated and documented on a bi-lingual questionnaire. 

Following this, the selected subjects were tested for fasting(FBG) &2 hours post-prandial blood glucose (PPBG) 

and a pulmonary function test was done after the blood sample for PPBG was obtained, to record the 

followingparameters - FVC, FEV1, FEV1/FVC, FEF 25-75, PEFR.   
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Blood glucose measurement: Fasting and post-prandial blood glucose measurements were done by Glucose-

oxidase method. FBG  110 mg/dL and PPBG  180 mg/dL were used as cut-off values for diagnosis of DM. 

However, values greater than the above in spite of treatment for DM in the subjects was considered to be poorly 

controlled. 

Pulmonary function testing (PFT):  PFT was done by using „BPL ARPEMIS‟ PC based hand--eld Spirometer 

from BPL Healthcare. Following explaining and demonstrating the Spirometry procedure to the subject, a trial 

run of the procedure was done for each subject. Once the procedure was satisfactorily performed, the final 

recording of PFT parameters was done on each subject. Three recordings were obtained at a time gap of 2 

minutes between the recordings and the best of the three was selected for analysis. Forced Vital Capacity (FVC) 

in liters, Forced Expiratory Volume in 1
st
 second (FEV1) in liters, FEV1/FVC ratio expressed as % of FVC, 

Forced Expiratory Flow 25-75 (FEF 25-75) in liters per second & Peak Expiratory Flow Rate (PEFR) in liters 

per second were recorded. The necessary ethnic correction for the population is selected, the predicted value for 

each parameter is calculated by the software automatically using the in-built normative database for the 

population under consideration. The pattern of pulmonary function was evaluated by the software by comparing 

with predicted value for each parameter and expressed as % of the predicted value. The same was also 

confirmed by manually working out using the data. FEV1, FVC and FEV1/FVC values 80 % of predicted 

value was considered normal for this population.
(31) 

 

Characteristics of spirometric parameters in different patterns of pulmonary function:
(32)

 
 FVC (L) FEV1 (L) FEV1/FVC % 

Normal   80 %  80%  80% 

Restrictive < 80 % < 80 %  80% 

Obstructive  80 % < 80 % < 80 % 

Mixed < 80 % < 80 % < 80 % 

 

Statistical analysis: Data entry was made in Excel spread sheet and statistical analysis was performed using 

SPSS software. Comparison of the means and standard deviations of anthropometric parameters, fasting, post-

prandial blood glucose and PFT parameters between the three groups was done by one way ANOVA and 

expressed as f – value. The association between duration of Type 2 DM and PFT was done by Pearson‟s 

correlation test and expressed as its co-efficient r – value. Statistical significance was considered at 5% error i.e., 

P < 0.05.  

 

IV. Results 
This study included 60 male patients with Type-2 diabetes mellitus,segregated into three groups of 20 

each based on the duration of illness. Group - A (0 -5 years), Group - B (> 5 - ≤ 10 years) and Group - C (> 10 

years). Pulmonary function testing (PFT) was done in all the three groups to observe the effect of duration of 

diabetes mellitus on lung functions.  

 

A. Physical parameters: 

Table – 1: Anthropometric characteristics of all the groups 
 Group N Mean SD F-value P-value 

Age (Years) 

A 20 49.9 9.60 

3.99 0.02 B 20 52.25 8.92 

C 20 57.1* 5.53 

Height (cms) 

A 20 165.85 6.35 

0.80 0.45 B 20 164.3 5.48 

C 20 163.55 5.62 

Weight (Kg) 

A 20 65.8 6.42 

1.032 0.36 B 20 62.9 10.21 

C 20 62.15 8.38 

BMI (Kg/m2) 

A 20 23.92 2.34 

0.32 0.72 B 20 23.32 3.42 

C 20 23.25 2.82 

*Significant from Group A at P < 0.05 

 

Table 1 shows anthropometric characteristics ofthe three groups with respect to their age, height, weight and 

body mass index, expressed as Mean ± SD of the values. There was no significant difference between the three 

groups in any of the parameters except age which was significantly more in Group C in comparison with Group 

A at P<0.05. 
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B. Biochemical parameters: 

Table – 2: Fasting (FBG) and Post-prandial blood glucose (PPBG) levels in all the groups 

 Group N Mean SD F-value P-value 

FBG 

(mg/dL) 

A 20 124.2 23.09 

4.27 0.01 B 20 139.4* 28.64 

C 20 120.05 10.10 

PPBG 
(mg/dL) 

A 20 166.6 40.52 

2.16 0.12 B 20 188.75 47.64 

C 20 167.85 19.49 

*Significant from Group C at P < 0.05 

 

Table 2 shows the fasting and post-prandial blood glucose levels in mg/dL, compared between the three groups 

and expressed as Mean ± SD of the values. FBG showed no significant difference between the three groups 

except for Group B which had a significantly higher FBG compared to Group C (P<0.05). However, PPBG 

showed no significant difference between any of the three groups. 

 

C. Pulmonary function test parameters: 

 
Figure – 1: Pattern of pulmonary function in all the three groups 

 

Figure 1 shows the pattern of pulmonary function in all the three groups based on FVC, FEV1 & 

FEV1/FVC % as normal, restrictive, mixed and obstructive patterns. Restrictive pattern was predominantly seen 

in all three groups. However this restrictive pattern showed a linear increase with increase in the duration of 

T2DM. The next common pattern seen was the mixed pattern, which showed a paradoxical decrease in the 

number with increased duration of illness. Normal pattern was seen only in Group A with short duration (≤ 5 

years) of T2DM. However pure obstructive pattern was almost not seen any of the groups.  

 

Table – 3: Characteristics of PFT parametersin all the three groups 

 Group N Mean SD F-value P-value 

FVC  (L) 

A 20 1.93 0.65 

6.05 0.00 B 20 1.65 0.36 

C 20 1.41* 0.33 

FEV1 (L/sec) 

A 20 1.84 0.50 

14.23 0.00 B 20 1.50# 0.33 

C 20 1.30* 0.25 

FEV1/FVC (%) 

A 20 91.9 14.68 

0.38 0.68 B 20 93.36 13.28 

C 20 95.12 12.20 

FEF 25-75 (L/sec) 

A 20 2.97 1.30 

1.64 0.20 B 20 2.32 1.25 

C 20 2.45 1.00 

PEFR (L/sec) 

A 20 4.17 1.30 

3.57 0.03 B 20 3.13# 1.36 

C 0 3.44 1.10 

# Significant from Group A at P<0.05 * Significant from Group A at P<0.01 

 

Table 3 shows the comparison of Means and SD of PFT parameters (FVC, FEV1, FEV1/FVC, FEF 25-75 and 

PEFR) between the three groups.  

FVC showed a significant decrease only in Group C as compared to Group A (P<0.05). However the FVC 

showed a decreasing trend with increase in duration of diabetes mellitus, indicating increase in lung restriction 

with increased duration of the illness.  
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FEV1 showed a significant decrease in Group B & C against Group A (P<0.05). However a decreasing trend of 

FEV1 was also seen with increased duration of diabetes mellitus, matching with decreased FVC. 

FEV1/FVC (%) showed no significant difference between the three groups in spite of a decrease in FVC & 

FEV1 in the three groups, indicating a maintained ratio between FEV1 and FVC in all the three groups, which is 

characteristic of restrictive lung pathology. 

FEF 25-75 which provides information on patency of medium and small airways showed no significant 

difference between the three groups, which is also characteristic of restrictive lung pathology. 

PEFR also showed no significant difference between the three groups except for Group B which had a 

significantly lower PEFR (P<0.05) as against Group A, which could indicate either increased degree of 

restrictive lung pathology or co-existence of obstructive pathology. However there is a decreasing trend in 

PEFR seen with increase in duration of diabetes mellitus which is in match with decrease in FVC. 

 

 
Figure 2: Correlation between FVC and duration of T2DM in the study population (N = 60) (Pearson’s 

correlation test) 

 

Figure 2 shows a correlation between duration of diabetes mellitus and FVC in the study group as a whole (N = 

60). The Pearson‟s testshows a negative correlation (r = - 0.32) between duration of diabetes mellitus and FVC 

which is significant (P<0.05).  

 

 
Figure 3: Correlation between FEV1 and duration of T2DM in the study population (N = 60) 

 

Figure 3 shows a correlation between duration of diabetes mellitus and FEV1 in the study group as a whole (N = 

60). The Pearson‟s test shows a negative correlation (r = - 0.39) between duration of diabetes mellitus and FEV1 

which is significant (P<0.01).                                             
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Figure 4: Correlation between FBG and FVC in the study population (N = 60) 

 

Figure 4 shows a correlation between fasting blood glucose (FBG) and FVC for the study group as a whole (N = 

60). The Pearson‟s test shows a negative correlation (r = - 0.09) between FBG and FVC which is not significant 

(P > 0.05). 

 

 
Figure 5: Correlation between FBG and FEV1 in the study population (N = 60) 

 

Figure 5 shows a correlation between fasting blood glucose (FBG) and FEV1 for the study group as a whole (N 

= 60). The Pearson‟s test shows a negative correlation (r = - 0.10) between FBG and FEV1 which is not 

significant (P > 0.05). 

 

V. Discussion 
The present study was done in a rural medical college of South India to observe the changes in lung 

functions in patients with Type 2 diabetes mellitus in relation to the duration of the illness. 60 male Type 2 

diabetes mellitus patients > 30 years of age were included in the study. Participants were grouped based on their 

duration of diabetes mellitus into Group A ( ≤5 years), Group B (>5 – ≤10 years) & Group C ( ˃ 10 years), with 

20 patients in each group. 

The anthropometric parameters, biochemical and pulmonary function test parameters were recorded in 

the participants. Aim of this study was to observe for changes in pulmonary function tests parameters with 

increasing duration of Type 2 diabetes mellitus. 

 

Physical parameters: (Table 1 – Mean & SD of anthropometric parameters) 

The mean age of the three groups of patients was comparable except for the age of Group C individuals 

which was significantly more in comparison with Group A (P < 0.05). The mean height of the three groups of 

patients showed no statistically significant difference (P = 0.45). The mean weight of the three groups of 

patients showed no statistically significant difference (P = 0.36). The mean BMI of the three groups of patients 

showed no statistically significant difference (P = 0.72).  This indicates that the study population was perfectly 

matched with respect to their anthropometric parameters, which would thereby eliminate the bias of 

anthropometric parameters influencing the pulmonary function test parameters measured. 
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Biochemical parameters: Table 2 (Mean & SD of FBG & PPBG) 

The means of fasting blood glucose (FBG) showed no difference between the three groups except for Group B 

which had higher FBG compared to Group C which was statistically significant (P < 0.05). The means of post-

prandial blood glucose (PPBG) also showed no statistically significant difference between the three groups (P> 

0.05). This indicates that the study population was grossly comparable with respect to the blood glucose levels, 

which could have independently affected the pulmonary function parameters if a significant difference would 

have existed between the three groups as observed by the Framingham heart study, which found a linear 

association of increased fasting blood glucose with decrements in FEV1, FVC & FEV1/FVC. 
(27)

 

Pulmonary function test parameters: Figure 1 (Pattern of pulmonary function in the three groups) 

The pattern of pulmonary functions in the three groups determined based on the normative data for FVC, FEV1, 

FEV1/FVC
(31,32)

 showed predominantly restrictive type of pulmonary function. This restrictive pattern showed a 

gradual increase with increase in the duration of T2DM. Similar observations were made by Dr. Garima Charak 

et.al. in their study on “Effect of duration of T2DM on lung function test” also observed a similar pattern of 

change in pulmonary function with increased duration of T2DM 
(33) 

 and the Framingham heart study which 

found a predominantly restrictive lung pathology in patients with T2DM on treatment.
(27)

and Lange et.al. in their 

study, which found the existence of mild forms of ventilatory dysfunctions before the diagnosis of diabetes 

mellitus, which further aggravates with prolonged hyperglycemia. The predominance of restrictive lung 

pathology is explained on the basis of non-enzymatic glycosylation of tissue proteins, collagen fibers 

particularly in the lung parenchyma, which reduces its elasticity and hence the distensibility of the lung above a 

certain volume. 
(24)

 

The comparison of means of the pulmonary function test parameters between the groups – FVC, FEV1, 

FEV1/FVC, FEF 25-75 & PEFR showed a significant decrease of FVC in Group C (> 10 years of DM) against 

Group A (≤ 5 years) at P < 0.01. FEV1 also showed a significant decrease in Group B and Group C against 

Group A at P < 0.05 & P < 0.01 respectively. However FEV1/FVC %, FEF 25-75 & PEFR did not show 

significant changes between the groups. These changes are similar to the observations made by Lange et.al.
(22)

 in 

their study on “Diabetes mellitus and ventilator capacity: a five year follow up study” and Meo SA et.al.
(23)

in 

their study on “Lung function in type 2 Saudi diabetic patients”. The changes in FVC are attributed to the 

decrease in elasticity of the lung parenchyma which results due to the glycosylation of collagen and other 

proteins in the lung, limiting its expansion. Since FEV1 depends on the FVC and degree of elastic recoil of the 

lung along with the patency of the airways, there is a simultaneous decrease in FEV1 in diabetes. However the 

ratio of FEV1/FVC is maintained or is increased as both the parameters are decreased or a predominance of 

FVC decrease is seen in diabetes mellitus. Similarly FEF 25 – 75 and PEFR remain unaltered as there is no 

significant obstructive lung pathology.  

The duration of T2DM when correlated with FVC for the entire group (Figure 2) showed a linear 

decline of FVC with increase in the duration of diabetes mellitus which was statistically significant (P < 0.05). 

Similar decline in FEV1 was observed with increase in duration of T2DM which was also statistically 

significant (P < 0.01). These observations are in line with the observations made by Lange et.al
(22) 

indicating the 

decrease in ventilatory function parameters with prolonged hyperglycemia. However there was no significant 

association between FBG and FVC or FEV1, indicating the importance of long term control of blood glucose in 

determining the effects on pulmonary functions. 
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