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Background: Diabetes is a disease involving almost each and every organ of our body. When blood glucose level
remain chronically elevated, glycosylation of tissue proteins occur leading to irreversible changes in the
chemical structure of tissue proteins. Protein containing tissues such as skin, muscles, kidneys, peripheral
nerves, respiratory system, vascular bed, etc. are the prime targets for glycosylation. The functional status of
the lungs can be fairly evaluated with the help of a spirometer which gives fairly good results. Present study was
undertaken to compare the pulmonary functions in type I and type II diabetics.

Materials and Method: 60 type I and 60 type II diabetic subjects were randomly selected for the study.
Anthropometric parameters, blood investigations and spirometry was performed on all the subjects.

Result: Fasting and Post Meal blood glucose levels were higher in both the groups but were non significant
when compared with each other. HbA1c% was on the higher side in both groups but was significantly higher in
type I diabetics as compared to type II diabetics. All P.F.T. parameters were reduced in type I diabetics, but FVC,
FEV1 and FEF 0.2 – 1.2 L were significantly reduced as compared to type II diabetics.

Conclusion: We observed a decrease in pulmonary function in all the diabetic subjects in the form of restrictive
lung pathology, but the type I subjects are more severely affected than type II. Hence, we recommend regular

 tesƟng of HbA  c% and P.F.T. to find out early deterioraƟon of lungs in diabeƟc paƟents.
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as it also contains collagen and elastic fibers
that are susceptible for non-enzymatic
glycosylation due to chronic hyperglycemia.
There are various studies of pulmonary function
test in type I and type II diabetics with conflict-
ing results. But there are very few studies to
access the magnitude of lung damage between
the two types of diabetics patients. Hence the
present study was undertaken to evaluate the
severity of lung damage between type I and type
II diabetics.

Diabetes mellitus is one of the leading causes
of death worldwide because of the chronic
complications associated with sustained
elevated blood glucose levels. Many organs are
the targets for this chronic hyperglycemia includ-
ing blood vessels, kidney, eyes, nerves, etc. But
Schuyler et al were the first to state that the
lung may also be affected in diabetes in 1976
[1]. Since then many studies have been done to
access the degree of damage to the lung in dia-
betics. Lungs may also be the target in diabetes
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Subjects: The present study was carried out in
the Diabetic Clinic of I.G.G.M.C. Nagpur. The
Institutional ethics committee approval was
obtained. Informed written consent was obtained
from all the subjects participating in the study.
All subjects were males in the age group of
31- 60 years. Based on the treatment received,
the subjects were divided into two groups. Those
receiving only insulin therapy were grouped as
type I diabetics and those receiving only oral
anti-diabetic drugs were grouped as type II
diabetics. All the subjects were supplied with a
respiratory questionnaire [2]. Clinical evaluation
to rule out respiratory, cardiac or other diseases
that may contraindicate pulmonary function test-
ing was done by the Physician. All subjects were
non-smokers with no past history of smoking.
After selection, all subjects were asked to
report to the Dept. of Physiology, I.G.G.M.C.
Nagpur in the morning hours (8 A.M. – 11 A.M.)
to undergo the various tests.
Anthropometric measurements: A measuring
scale was inscribed on the wall against which
the subjects were made to stand bare foot to
measure standing height. Weight was done on
a weighing machine in light weight garments
without foot wears. Using Dubois and Dubois
equation (1936), BSA was calculated [3]. BMI
was calculated using formula: BMI =  Weight in
kg / (Height in meter)².
Biochemical profile: Fasting and post meal
blood glucose level was measured using
Glucose Oxidase Biosensor assay method by

 One Touch Horizon Glucose Meter. HbA  c% was
measured using cation exchange resin method
(monozyme’s glycohemin kit).
Measurement of lung volumes: P.F.T. was
measured using MEDSPIROR - Recorder and
Medicare system. Necessary instructions were
given to the subjects before performing P.F.T.
They were asked to perform forceful expiration
at the end of deep full inspiration. The subjects
were made accustomed to the procedure before
taking the final reading. Best of three readings
was selected for the study. One single expira-
tory effort gives many readings but, only FVC,

  FEV  , FEV  %, FEF 25-75%, FEF 0.2-1.2L, PEFR
were selected for the study. After the rest for 15

MATERIALS AND METHODS minutes Maximum Ventilation Volume (MVV)
was measured. Subjects were asked to inhale
and exhale as fast and as deep as possible for
twelve seconds. The inbuilt software in the
Medspiror gives the MVV values in liters per
minute. Test for MVV was repeated 3 times with
a rest of 10 minutes in between each reading.
Best of the three readings was selected for the
study.
Statistical Analysis: Mean & Standard Deviation
were calculated and significance of difference
was tested by applying unpaired student’s t test
[4].

The results of the study are shown in the tables
below.

RESULTS

Table 1: Showing comparison of anthropometric
parameters between type I and type II diabetics. (Values
are expressed as Mean ± SD).

Parameter Type I Diabetics Type II Diabetics 

Age (yrs) 50.20 + 5.92 50.70 + 6.15

Weight (kg) 58.90 + 9.11 58.50 + 8.18

Height (meter) 1.62 + 0.04 1.62 + 0.05

B.M.I. (Kg/m2) 22.40 + 3.32 22.3 + 2.35

B.S.A. (m2) 1.61 + 0.12 1.60 + 0.13

Table 2: Showing comparison of blood parameters
between type I and type II diabetics. (Values are
expressed as Mean ± SD).

Parameter Type I Diabetics Type II Diabetics
Fasting (mg %) 175.30 + 59.65 157.3 + 53.43

Post Meal (mg %) 281.9 + 71.18 250.60 + 90.72
* HbA1c % 9.21 + 1.42 8.20 + 1.72

Parameter Type I Diabetics
Type II 

Diabetics
* FVC (Litre) 2.26 + 0.38 2.73 + 0.5
* FEV1 (Litre) 1.96 + 0.29 2.21 + 0.4

* FEV 1 % 87.2 + 5.96 84.7 + 3.99
FEF 25 - 75 % 

(L/sec)
2.65 + 0.7 2.72 + 0.54

* FEF 0.2 - 1.2 L 
(L/sec)

3.76 + 1.19 4.8 + 1.14

PEFR (L/sec) 5.37 + 1.49 5.94 + 1.15

MVV (L/min) 89.9 + 14.86 91.33 + 19.01

Table 3: Showing comparison of P.F.T. parameters
between type I and type II diabetics. (Values are
expressed as Mean ± SD).

* p < 0.05 (significant)

DISCUSSION
Anthropometric parameters were found to be
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(A) (B) (C)

the functional residual capacity is due to com-
pression of the lungs by the expiratory muscles
during forced expiration. But due to glycosylation
of connective tissues of the respiratory appara-
tus (lungs and respiratory muscles), compres-
sion forces required for expulsion of gas from
functional residual capacity might be reduced,
leading to a decrease in  FEF 0.2-1.2 L in diabet-
ics and is significantly decreased  in type I
subjects as compared to type II for reasons
mentioned above. PEFR is gas exhaled in 1/10th
of a second during forced expiration. During this
time, the contractile forces of respiratory
muscles and recoil forces of the lungs are func-
tioning to their maximum and supporting the
expiration to the maximum. But due to
glycosylation of connective tissues of the respi-
ratory apparatus, the recoil & muscular forces
of the lung and the respiratory system for expi-
ratory purpose might be reduced, leading to a
decreased PEFR in the diabetics [12, 14].
In the present study, the decrease was found to
be non significant between the two groups. In
MVV, maximum ventilatory efforts are to be
made. MVV is decreased in diabetics [8, 11],
indicating that muscular forces are weakened
causing decrease in lung compliance which is
again due to glycosylation of connective tissues
of the respiratory apparatus. The decrease was
non significant between the two groups. Amal
Abd El-Azeem et al. [16] also observed a
decrease in pulmonary function in type I diabet-
ics as compared to type II diabetics.
So the message through the present work is that
there is deterioration of lung function in the dia-
betics, in the form of a restrictive lung pathol-
ogy. The deterioration is more pronounced in
type I diabetics as compared to type II diabetics
for reasons mentioned above. The restrictive
pathology is because of overall effect of
glycosylation on the collagen and elastic frame-
work of the respiratory apparatus [8]. Since the
collagen and elastic tissues are present in the,
fascia, joints, skin, muscles, lung parenchyma
and pleura, there is overall damage to the
respiratory apparatus [9, 10]. These micro
damages produce a less compliant lung. But the
weakness of respiratory muscles is not much
appreciated by the patient in routine life, as
during normal tidal respiration, diaphragm is the

non significant between type I and type II
diabetics. Fasting and post meal blood glucose
levels were elevated in both groups but it was

 non significant. HbA  c% was also elevated in
both groups indicating that there was poor
glycemic control, and it was significantly
increased in type I diabetics as compared to type
II diabetics. This may be because of inappropri-
ate doses of insulin, irregular diet, lack of
diabetic life style discipline, etc. followed by the

 paƟents.  HbA  c is an indicator of diabeƟc
control and provides the average blood glucose
level during the past 2 – 3 months.  Higher is

 the HbA  c%, poor is the diabeƟc control. If blood
glucose remains chronically elevated for a long
time, it leads to more and more non-enzymatic
glycosylation of tissue proteins. Hence, if respi-
ratory system is also considered to be one of
the target organ for diabetes, then this should
reflect in the P.F.T. parameters that were ana-
lyzed in the present study.

 All the P.F.T. parameters except FEV  % were
decreased in both groups but the magnitude of
decrease was more in type I diabetics as
compared to type II, may be because of the long
duration of the disease and the poor control of
blood glucose level in them as evident by the

 significantly elevated levels of HbA  c%.  FVC
 and FEV   were significantly decreased in type I

diabetics as compared to type II diabetics. But
 FEV   % was significantly increased in type I

diabetics. This indicates that in diabetes, restric-
tive lung pathology is produced due to non
enzymatic glycosylation of collagen and elastic
tissues present in the respiratory apparatus
leading to a less compliant lung. Similar find-
ings were observed by other authors [5-14]. FEF
25-75% is an indicator of forceful expiration of
air during middle 50% of forced expiration.
Decrease in muscular and recoiling forces of the
respiratory system because of increased
glycosylation is responsible for decrease in FEF
25-75% in diabetics [5, 12, 15]. The decrease
was non significant between the two groups. FEF
0.2-1.2 L is the volume of air expired during
forced expiration. First 200 ml of the gas is from
the dead space. Remaining 1 litre is exhaled from
broncho-alveolar tree. This includes some gas
from functional residual capacity as normal tidal
volume is 500 ml. This expulsion of gas from
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only muscle used and tidal work load on
non-diaphragmatic respiratory muscles (i.e. in-
tercostal muscles) is comparatively less. This
does not mean that the respiratory muscles are
not weakened in diabetes. The force building
ability of respiratory musculature decreases in
diabetes but, magnitude of restriction will de-
pend upon individual susceptibility and suscep-
tibility of the lungs.

CONCLUSION

The present study has shown a decrease in pul-
monary function in all the diabetic subjects in
the form of restrictive lung pathology, but the
type I subjects are more severely affected than

 type II. Hence, it is recommended to test HbA
c% and P.F.T. at regular intervals to detect early
deterioration of lungs in diabetic patients.
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