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Abstract

Background: Diabetes is a growing public health problem especially in India. The lung may be a target
organ in diabetic subjects because of the presence of microvascular circulation and connective tissue. Non
enzymatic glycosylation of connective tissue in chronic hyperglycemia leads to end organ damage and lung
functions were reduced in diabetic subjects as compared to the normal subjects.

Aim: To assess the pulmonary function tests in diabetic subjects.

Materials and methods: An observational study was done over a period of one year in diabetic subjects.
Pulmonary function tests were done and the glycemic status of all these subjects was assessed.

Results: Study population included 137subjects with female to male ratio of 1.17:1.0. Among men, 33 were
smokers and remaining 30 were non smokers. The predominant pattern in all subjects was restrictive type.
Siginificant p value was seen when the duration of diabetes was compared with FEV1/FVC.

Conclusion: Thus our study emphasizes the alteration of the lung functions with the duration of diabetes.
Keywords: Diabetes, Lung function tests.

Introduction

Diabetes is a systemic disease * and its prevalence
in adults worldwide was estimated to be 4% in
1995 and is estimated to rise to 5.4% in 2025 °.
The presence of an extensive pulmonary
microvascular  circulation ~ and  abundant
connective tissue raises the possibility that

lung may be a target organ of the pathologic
process induced by chronic hyperglycemia®.
The interest in the relationship between
diabetes and obstructive lung diseases has
been pursued only recently *’.  Chronic
obstructive pulmonary disease (COPD) may be
a risk factor for developing type 2 diabetes °.
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Hyperglycemia is associated with adverse clinical
outcomes in patients with acute exacerbations of
COPD®. A better understanding of  the
relationship of COPD to novel risk factors,
such as hyperglycemia and diabetes is necessary
for the exploitation of the potential for
interventions that improve mortality and even
reverse the course of the disease in COPD’
and also bring out newer and novel therapeutic
approaches in this subgroup of patients.®

With  this background, this study was
undertaken to determine the pulmonary
function parameters in patients of diabetes
mellitus (NIDDM).

Materials & Methods
A descriptive observational study was done over a
period of one year at mediciti hospitals hyderabad
and narayana general hospitals. patients with type
2 diabetes mellitus who attended \medical,
pulmonology ,endocrinology op were included in
the study after obtaininig their consent and after
obtaining the permission of ethical committe The
lung function of these patients were evaluated
using Spirometry and assessed it with duration of
diabetes, glycemic control in smokers versus
nonsmokers.
Inclusion criteria
1. Patients of type2 diabetes mellitus of at
least 6 months duration
2. Patients without past history of any lower
respiratory illness
3. Smokers of > 10 pack years

Exclusion criteria

1. Patients with current or recent upper
respiratory tract infections or lower
respiratory tract infection

2. Patients with history of occupational
exposure to any substance that would
affect lung function

3. Individuals with unacceptable spirometric
technique due to cough, obstruction of
teeth or tongue.

4. Recent surgery

Spirometry was performed in sitting position.
FVC (forced vital capacity) and FEV1 (forced
expiratory volume in 1 second) was measured
using standard guidelines. The best of three
acceptable curves were selected. The ratio of
FEV1 to FVC was also calculated. FEV1 is
decreased in obstructive lung disease; FVC is
normal or slightly decreased. FVVC is significantly
decreased in restrictive lung disorders along with
FEV1.

HbAlc is a minor component of hemoglobin to
which glucose is bound. HbAlc is referred to as
Glycosylated hemoglobin or glycol
hemoglobin.HbAlc levels are not influenced by
daily fluctuations in the blood glucose
concentration but reflect the average glucose
levels over the prior 6-8 weeks. It is a useful
indicator of how well the blood glucose level has
been controlled in the recent past and may be used
to monitor the effects of diet, exercise and drug
therapy on blood glucose in people with diabetes.

The study population was divided into 3 groups as
male smoker, male non smoker, female groups.
Stastical analysis was done. Mean, Standard
deviations are calculated for age, height, weight,
BMI, FEV1, FVC, FEV1/FVC, FEV 1%. For intra
group variable analysis, SD was calculated &
mean differences were compared by T-tests /
ANOVA

Values with probability<0.05 was considered to
be statistically significant.

Results

Over a period of one year Spirometry was
performed on 137 diabetic patients

Sex distribution

74 were female patients and 63 were male patients
with the female to male ratio of 1.17:1.0. Graph 1.
Among the male patients 30 were smokers and 33
were non smokers

Age distribution

The mean age of male smokers in the study was
56.46 years, the mean age of male non smokers
was 57.78 years and that of female subjects was
51.89 years. Table I, Graph 2.
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Body Mass Index

The BMI of male smokers was 24.58 , male non
smokers was 23.96 and that of females was 27.53.
Table 11, Graph 3.

Duration of diabetes mellitus

The mean duration of DM in subjects participated
in this study was for males it was 61.03 months
and for female subjects it was 73.04 months.
Table 111, Graph4

HbAlc

It was done in 53 out 63 male subjects and 59 out
of 74 female subjects. In males, mean HbAlc was
8.29 and females it was 8.36. The overall
glycemic control was poor in all subjects.

FBS and PPBS

FBS in male subjects ranged from 65-470 and in
females ranged from70 -408.PPBS in male
subjects ranged from 145-525 and female subjects
from 140- 496.Table 1V,Graph5

Spirometry

Spirometry was performed in all subjects.
Duration of DM was compared with spirometric
abnormality. Restrictive abnormality was seen in
diabetics of 5 years duration where as obstructive
type was seen when duration was less than 4
years.

In male smokers (30), the patterns were as follows
i.e. restrictive in 3 subjects (10%), obstructive in
12 subjects (40%), mixed inll subjects (36.67%)
and normal in the remainder (13.33%). Table V

In male non smokers (33) the restrictive pattern
was predominant (57.57%) followed by normal
pattern and 1 each with obstructive and mixed
pattern respectively. Table VI.

In female subjects (74) who were completely non
smokers, restrictive pattern is the predominant
pattern seen in 41(56.16%) subjects, obstructive in
7(9.45%), mixed in 2 (2.7%), and normal in 24
subjects (32.87%). Table VII

The overall spirometry pattern in all subjects is
illustated in Graph 6

When correlation was done between duration of
DM with FEV1, FVC and FEV1/FVC of smoker
male subjects, we found a negative correlation of
0.17, 0.22 with FEV1l and FVC (Graph?7)

respectively whereas a positive correlation of 0.13
is found between duration and FEV1/FVC, Graph
8.

When correlation was done between duration of
DM with FVC,(Graph9) FEV1,(Graph 10) and
FEV1/FVC  of non smoker male subjects we
found a negative correlation of 0.23,0.18,and 0.04
respectively.

When correlation was done between duration of
DM with FEV1, FVC and FEV1/FVC of
nonsmoker female subjects, we found a negative
correlation of 0.19and 0.21with FEV1 (Graphll)
and FVC (Graphl2) respectively whereas a
positive correlation of 0.05 is found between
duration of DM and FEV1/FVC (Graphl13)
Spirometric results in males and females (mean
values).

In both males and females, p value was significant
for FVC, FEV1.Table 8, Table 9.

Body Mass Index Vs Spirometric abnormality.
In male smokers, the predominant pattern in over
weight subjects was obstructive whereas it was
mixed in moderately obese patients. Table X

In male non smokers, the predominant pattern in
over weight subjects was restrictive. Table XI.

In females, the predominant pattern in over weight
and obese subjects was restrictive. Table XII

FBS Vs Spirometric abnormality

FBS was recorded in all subjects. In male smokers
, majority of them (29.97%) had an obstructive
pattern whose FBS >126.whereas in male non
smokers, the predominant pattern was restrictive
with(51.5%) FBS > 126. TableXIIl, Table XIV.
In female subjects ,restrictive pattern was seen in
patients whose FBS>126 i.e.47.25%.Table XV
PPBS Vs Spirometric abnormality.

PPBS in most of the subjects was >200 mg/dI
.Male smokers had mixed pattern (29.97%),
whereas male non smokers (51.5%) and females
(45.9%) had  restrictive  pattern.  Table
XVIEXVILXVIIL.
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Table I Age distribution

Gender | Smoking history No | Min | Max Mean SD*
Smoker 30 (42 |73 56.46 8.86
Male Non smoker 33 |27 |79 57.78 10.61
Female | --- 74 |32 |85 51.89 10.44
e Standard deviation
Table 111 Duration of diabetes mellitus
Gender No. Min. Max. Mean SD*
Male 63 6 144 61.03 33.66
Female 74 6 240 73.04 53.76
*Standard deviation
Table 1V. FBS and PPBS values in males and females
No Min. Max. Mean SD*
FBS+ 63 65 470 173.52 77.78
Male PPBSI 63 145 525 257.17 83.93
FBS 74 70 408 178.72 64.63
Female PPBS 74 140 496 268.32 77.49
tFasting blood sugar
{Post prandial blood sugar
Table V. Spirometry pattern in male smokers.
Duration of diabetes Restrictive Obstructive Mixed Normal
6-12 months
13-24 months 1(3.33%) 3(9.99%) 1(3.33%)
25-36 months
37-48 months 5(16.65%) 3(9.99%) 3(9.99%)
49-60 months 1(3.33%) 3(9.99%) 3(9.99%)
61-72 months 1(3.33%) 4(13.33%)
73-85 months
85-96 months
97-108 months 1(3.33%)
109-120 months 1(3.33%)
>120 months
Table VI. Spirometry pattern in male non smokers
Duration of diabetes Restrictive Obstructive Mixed Normal
6-12 months 1(3.03%)
13-24 months 3(9.09%)
25-36 m months 1(3.03%) 1(3.03%) 7(21.21%)
37-48 months 1(3.03%)
49-60 months 2(6.06%) 1(3.03%)
61-72 months 2(6.06%)
73-84 months 1(3.03%)
85-96 months 4(12.12%)
97-108 months 1(3.03%)
109-120 months 5(15.15%) 1(3.03%)
>120 months 2(6.06%)
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Table VII. Spirometry pattern in females

Duration of diabetes Restrictive Obstructive Mixed Normal
6-12 M 4(5.4%) 6(8.1%)
13-24M 2(2.70%) 1(1.35%) 1(1.35%)
25-36 1(1.35%) 1(1.35%)
37-48 8(10.8%) 1(1.35%) 4(5.4%)
49-60 6(8.1%) 1(1.35%) 3(4.05%)
61-72 7(9.45%) 2(2.70%) 2(2.70%)
73-84 4(5.4%) 1(1.35%) 1(1.35%)
85-96 4(5.4%) 1(1.35%)
97-108
109-120
>120 6(8.1%) 1(1.35%) 6(8.1%)
Table VIII. Spirometric results in males and females.(Mean values)
Male MEAN(SD¥) Female MEAN(SD*) | P value
FVC 2.64(.73) 1.80(.56) 0.0005
FEV1 2.03(.62) 1.51(.50) 0.0003
FEV1/FVC 74.78(11.56) 84.55(12.36) 0.21
% of predicted FVC | 67.70(24.03) 78.54(19.52) 0.004
% of predicted FEV1 | 80.41(24.72) 86.26(29.78) 0.218
FEV1/FVC % 96.16(14.53) 108.67(20.39) 0.00008
*Standard deviation
Table 9. Spirometric results in males (smokers and non smokers). Mean values
MALE Smoker | MALE Non | P VALUE
MEAN(SD¥*) smoker(SD¥*)
FVC 2.40(.70) 2.86(.69) 0.006
FEV1 1.77(.55) 2.27(.59) 0.005
FEV1/FVC 73.90(12.45) 79.32(10.20) 0.003
% of predicted FVC | 62.95(20.78) 72.02(26.21) 0.06
% of predicted FEV1 | 68.13(18.23) 91.58(24.75) 0.00006
FEV1/FVC % 91.66(14.97) 100.25(13.03) 0.01

*Standard deviation
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Table X. Spirometric abnormality with relation to BMI in male smokers

Body Mass Index Restrictive | Obstructive | Mixed Normal
>18.5(underweight) 2(6.66%)
18.5-24.9(healthy) 3(9.99%) | 5(16.65%) | 3(9.99%) 1(3.33%)
25-29.9(over weight) 7(23.31%) | 5(16.65%) | 3(9.99%)
30-34.9(obese)
35-39.9(moderate obese) 1(3.33%)
>40(extreme obese)

Table XI. Spirometric abnormality with relation to BMI in male non smokers
BMI R O M N
>18.5(underweight) 1(3.03%)
18.5-24.9(healthy) 13(39.39%) | 1(3.03%) 6(18.18%)
25-29.9(over weight) 6(18.18%) 1(3.03%) 4(12.12%)
30-34.9(obese) 1(3.03%)
35-39.9(mod. obese)
>40(extreme obese)

Table XII. Spirometric abnormality with relation to BMI in females
BMI R O M N
>18.5(underweight) 2(2.70%)
18.5-24.9(healthy) 13(17.55%) | 3(4.05%) | 1(1.35%) | 7(9.45%)
25-29.9(over weight) 15(20.25%) | 1(1.35%) 12(16.2%)
30-34.9(obese) 7(9.45%) 2(2.70%) 3(4.05%)
35-39.9(mod. obese) 3(4.05%) 2(2.70%)
>40(extreme obese) 1(1.35%) 2(2.70%)
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Table XII1I: Spirometric abnormality in relation to FBS in male smokers.

FBS Restrictive | Obstructive | Mixed Normal
<110(NGT) 2(6.66%) 1(3.33%) 3(9.99%)
110-125(IGT) 1(3.33%) 2(6.66%)

>126 3(9.99%) | 9(29.97%) | 8(26.64%) 1(3.33%)

TableXIV. Spirometric abnormality in relation to FBS in male non smokers.

FBS Restrictive Obstructive | Mixed Normal
<110(NGT) | 1(3.03%) 5(15.15%)
110-125(I1GT) | 1(3.03%) 1(3.03%) 2(6.06%)
>126 17(51.51%) 1(3.03%) | 5(15.15%)

Table XV:Spirometric abnormality in relation to FBS in females.

FBS Restrictive Obstructive Mixed Normal
<110(NGT) 4(5.4%) 2(2.70%) 1(1.35%) | 2(2.70%)
110-125(IGT) | 2(2.70%) 3(4.05%)
>126 35(47.25%) 4(5.4%) 2(2.70%) | 19(25.65%)

TableXVI. Spirometric abnormality in relation to PPBS in male smokers.

PPBS Restrictive | Obstructive | Mixed Normal
<140(NGT¥*)

140-199(IGT) 4(13.32%) 2(6.66%) | 2(6.66%)
>200 3(9.99%) | 8(26.64%) 9(29.97%) | 2(6.66%)

*Normal glucose tolerance
tImpaired glucose tolerance

TableXVII. Spirometric abnormality in relation to PPBS in male non smokers.

PPBS Restrictive | Obstructive | Mixed Normal
<140(NGT?*)

140-199(1GT+) | 2(6.06%) 1(3.03%) | 6(18.18%)
>200 17(51.51%) | 1(3.03%) 6(18.18%)

*Normal glucose tolerance

tImpaired glucose tolerance
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TableXVIII. Spirometric abnormality in relation to PPBS in females.

PPBS Restrictive | Obstructive | Mixed Normal

<140(NGT?¥)

140-199(IGTY) | 7(9.45%) | 1(1.35%) 6(8.1%)

>200 34(45.9%) | 6(8.1%) 2(2.70%) | 18(24.3%)

*Normal glucose tolerance

tImpaired glucose tolerance

Table XIX. Study design

Name of study Total no of patients | Mean age Mean duration of | Inclusion of
diabetes smokers
Hiroshi mori et al® 80 57.9 yrs 10.8 yrs Yes
Present study 137 55.4 yrs 5.6 yrs Yes
Graph 1. Sex distribution
Gender
m females
B male smoker
m male non smoker
Numerical data — Graph 1
Total number of subjects -137
Females — 74
Males — 63: Smokers - 30, Non smokers - 33
Graph 2.Age distribution
FEMALE NON...
MALE NON... m 5D OF AGE
MALE SMOKER " MEAN AGE
0 20 40 60 80
Numerical data — Graph 2
Mean age:
Males : Smokers — 56.46, Non smokers — 57.78
Females — 51.89
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Graph 3.Body Mass Index
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Numerical data — Graph 3

BMI:

Males:Smokers - 24.58 , Non smokers - 23.96
Females- 27.53.

Graph 4.Duration of Diabetes Mellitus
Duration of DM

80r\

60

40 B meanduration

20 | SD of duration
0

male

female

Numerical data — Graph 4

Mean Duration of Diabetes Mellitus

Males - 61.03 months, Females- 73.04 months.
Standard deviation of Duration of Diabetes Mellitus
Males — 33.66months, Females- 53.76 months.

Graph 5. FBS and PPBS in males and females

400
200
0 D
V&QQ’;Q@‘"&@"’ R & = MEAN
\ N (((o@v &

Numerical data — Graph 5
FBS: Males - 65-470 ,Females -70 -408.
PPBS: Males-145-525,Female-140- 496.
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Graph 6. Spirometry pattern

60,00% -
50,00% -
40,00% -
® normal
30,00% - M restrictive
—_— mixed
20,00% - .
B obstructive
10,00% -
0,00% T .
male smoker male non female
smoker

Numerical data — Graph 6
Male smokers (30):Obstructive -12 (40%)
Restrictive - 3 (10%)
Mixed -11 (36.67%)
Normal - 4(13.33%).
Male Non smokers (33):Restrictive - 19(57.57 %)
Obstructive -01
Mixed -01
Normal — 12
Females (74):Restrictive - 41(56.16 %)
Obstructive -7(9.45%)
Mixed -2(2.7%)
Normal — 24(32.87%)

® fvc

—— Linear (fvc)

Graph7: Negative Correlation between FVC and duration of diabetes.(smokers)
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# fevl/fvc

Graph8:Positive correlation between FEV1/FVC and duration of diabetes.(smokers)

¢ fvc measured

—— Linear (fvc
measured)

Linear (fevl meas)

Graph 10:Negative correlation between FEV1and duration of diabetes (hon smokers)

—— Linear (fevl meas)

Graph 11: Negative correlation between FEV1 and duration of diabetes (females)
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¢ fvc

—— Linear (fvc)

Graph 12: Negative correlation between FVC and duration of diabetes(females)

150

100
fevl/fvc
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0

¢ fevl/fvc

—— Linear (fevl/fvc)

300

Graph 13: Positive correlation between FEV1/FVC and duration of diabetes (females)

Discussion

This study was undertaken to assess the
ventilatory function of type Il diabetic patients
and thus to correlate the airflow limitation with
the duration of diabetes in these subjects. Similar
study was also done by Hiroshi mori etal ® where
the mean age was the same as in our study and
smokers were also included similar to our study.
Table XIX

Duration of diabetes was compared with the lung
function tests and it was observed that all the
parameters i.e. FEV1FVC, FEV1/FVC were
decreased. Poor diabetic control as reflected by
HbAlc value was associated with poorer
lungunction. These findings were in concordance
with study done by P. Lange.'

Subjects with smoking history had reduced lung
function tests similar to that observed in the study
done by Innocenti et al**

Abnormal spiromery was observed in subjects
whose mean duration of diabetes was more than
60 months. Rosencker et al *? also reported that
diabetic patients with duration of 5 years had

significant decline in FVC and FEV1 thus again in
concordance with our study.

In our study groups, we found predominantly
restrictive pattern in non smokers and mixed
pattern in smokers whereas in a study done by S k
Rajan’® 60% of subjects had an obstructive
pattern, 30% restrictive pattern and the remaining
mixed pattern. This difference of findings may be
due to inclusion of smokers in our study.

Conclusion

Abnormal Spirometry was noted in patients who
had diabetes of duration more than 48 months.
Restrictive pattern was seen in diabetics where as
mixed pattern was seen in diabetics who smoke.
Poor diabetic control was associated with poorer
lung function.
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