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Abstract : The purpose of this study was to evaluate pulmonary functions
in patients with Type-2 diabetes mellitus and to determine their correlation
with glycemic status of diabetes in Indian population. Forty Type-2 diabetic
pa t ien t s ,  aged  30-60  years ,  wi th  d iabe t ic  dura t ion  o f  1 -20  years ,  were
included in the study. FVC, FEV1, & FEV1% are recorded by Benedict’s
Roth  sp i rometer .  PEFR and MEP were  recorded by  Wright ’s  Peak f low
mete r  & Modi f i ed  Black’s  appara tus .  Glycemic  s t a tus  o f  sub jec t s  was
determined by FBS & PPBS by Glucose oxidase & peroxidase methods. And
results were analyzed by calculating Mean±SD, using Student’s t  test,  and
Pearson correlat ion.  All  the respiratory parameters  are  reduced in  Type-
2 diabetic patients compared to control  of which FEV1, FEV1%, & MEP
show very  h igh ly  s ign i f i can t  r educ t ion  (P=0 .000) .  Lung  func t ions  a re
negat ively correlated with glycemic s ta tus  & durat ion of  diabetes .  ( r = –
0.390, & –0.342)

Reduction in dynamic lung functions and i ts  negative correlat ion
to glycemic status might be due to respiratory muscle weakness as indicated
by highly significant reduction in MEP. Hence strict glycemic control and
brea th ing  exerc i ses  to  s t reng then  the  resp i ra to ry  musc les  may  improve
lung function in diabetics.

Key words  : type-2 diabetes FVC FEV1 FEV1% P E F R
MEP Lung funct ion  tes ts F B S P P B S

INTRODUCTION

The pulmonary function tests are age old,

t ime  tes ted  parameters  fo r  assess ing
resp i ra to ry  hea l th  o f  a  person  and  a re
impor tan t  fo r  c l in ica l ,  d iagnos t ic  and
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prognostic values.  This work is intended to
study the effect of Type-2 Diabetes Mellitus
on dynamic Pulmonary function tests  & i ts
correlat ion to glycemic status of diabetes.

There  i s  a la rming  increase  in  the
incidence and prevalence of Diabetes Mellitus
particularly in Asian Indians. The prevalence
of diabetes for all age groups worldwide was
2.8% in 2000 and is estimated to reach 4.4%
by 2030.  The  to ta l  number  of  d iabet ics  i s
projected to rise from 171 million in 2000 to
366 million in 2030 (1).

In  Type-1  Diabe tes  lung  func t ion  has
been investigated in several clinical studies
& evidenced  reduced  e las t ic  recoi l  (2 ,  3 ) ,
reduced lung volume (2, 3, 4, 5), diminished
respiratory muscle performance (6), decrease
in pulmonary diffusion capaci ty for  carbon
monoxide (2, 4, 5, 7, 8). But there are very
few da ta  concern ing  pu lmonary  func t ion
abnormal i t i es  in  pa t ien t s  wi th  Type-2
d iabe tes  mel l i tus  (9 )  espec ia l ly  o f  Ind ian
popula t ion .

Several respiratory alterations have been
repor ted  in  assoc ia t ion  wi th  Diabe tes
Mel l i tus ,  inc lud ing  resp i ra to ry  musc le
dysfunc t ions ,  ches t  wal l  abnormal i t i es  &
autonomic neuropathy (10) .

MATERIAL AND METHODS

The s tudy  group  inc lude  40  Type-2
diabe t ic  pa t ien t s  (males  n=25 ,  Females
n= 15) ,  aged  30-60  years  (mean  52 .3±7 .7
years),  with diabetic duration of 1-20 years
(mean=6.4±5.2  years) ,  taken f rom Diabet ic
clinic of B.L.D.E.A.’s Shri B. M Patil Medical
Col lege ,  Hosp i ta l  and  Research  cen t re ,
Bi japur  us ing  s imple  random sampl ing .

Spi romet r ic  record ings  were  t aken  3  h rs
af ter  breakfas t  a t  11  am.  The s tudy group
was compared with 40 Non diabet ic  age &
sex  matched  sub jec t s  t aken  f rom teach ing
and  non  teach ing  employees  of  B .L .D.E’S
Shri B.M. Patil Medical College Bijapur. The
e th ica l  c lea rance  was  ob ta ined .  Glycemic
status of  a  diabetic  pat ient  was determined
b y

1 . Fas t ing  b lood  sugar  (FBS) ,  by  g lucose
oxidase and peroxide method (GOD-POD),
after  12 hours of fast .  Value >126 mg%
is diagnostic of diabetes.

2 . Pos t  p randia l  b lood  sugar  (PPBS) ,  by
glucose oxidase and peroxidase method.
After 2 hours of meal.  Value >200 mg%
is diagnostic of diabetes.

Inc lus ion  cr i ter ia :

Apparently healthy individuals with Type-
2  d iabe tes  mel l i tus  a re  inc luded  in  s tudy .
The  apparent  hea l th  s ta tus  of  the  subjec ts
was  de te rmined  by  thorough  c l in ica l
examinat ion  and h is tory  tak ing .

Exclus ion  cr i ter ia :

Subjects  with a  his tory of  smoking and
a lcohol ,  r ecen t / remote  h i s to ry  o f  ca rd io
respi ra tory  d iseases ,  h i s tory  of  resp i ra tory
allergy & with acute respiratory infection in
the previous three months are excluded from
the  s tudy .

The following Pulmonary function parameters
are  recorded  in  the  subjec t s :

The  sub jec t  was  in formed about  the
procedure ,  and  consen t  has  been  taken
before recording.  The highest  reading of  3
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trials in a sitting posture at room temperature,
a t  11  am (3  hours  a f te r  b reakfas t )  was
recorded .

a . FVC (Forced  Vi ta l  Capac i ty ,  ml ) :  By us ing
Benedict-Roth’s  recording spirometer .

b . FEV1 (Forced  Expiratory  Volume a t  the  end
of  F irs t  Second,  ml ) :  By us ing  Benedic t -
Roth’s  recording spirometer .

c . FEV1% (Percentage  o f  Forced  Expiratory
Volume at  the  end  o f  one  second) :

FEV1% = FEV1 × 100

FVC

d . PEFR (Peak  Expiratory  F low Rate ,  L /min) :

By using mini Wright’s Peak flow Meter.

e . MEP (Maximum Expiratory  Pressure ,  mm
of  Hg) :  By us ing  Modi f ied  Black’s
Appara tus .

Stat i s t i ca l  ana lys i s

All the data are presented as Mean±SD.
The level of significance by Student’s t test.

RESULTS

Al l  the  va lues  o f  FVC-  forced  v i ta l
Capacity (ml), FEV1-Forced vital capacity in

TABLE I I : Resp i ra to ry  pa ramete r s  o f  sub jec t s  o f
Cont ro l  and  Diabe t i c  g roups .

Control Diabetic P
Parameters group group va lue

(n=40) (n=40)

FVC in ml 1877.5± 572.0 1742.0± 664.0 0.33
FEV1 in ml 1680.0± 460.0 1160.0± 496.0 0.000***
FEV1% 90.94± 8.19 67.44± 16.51 0.000***
PEFR in L/min 364± 150.4 310± 96.66 0.059
MEP in mm Hg 64.25± 34.33 31.75± 15.34 0.000***

Data  p resen ted  a re  Mean±SD.
* P<0.05 Significant, **P<0.01 Highly significant,

* * * P<0 .001  ve ry  h igh ly  s ign i f i can t .

TABLE I : Age  and  Anthropomet r i c  pa ramete r s  o f
sub jec t s  o f  Con t ro l  and  Diabe t i c  g roups .

Control Diabetic P
Parameters group group va lue

(n=40) (n=40)

Age (years) 52.32± 7.66 52.3± 7.6 0.9
Height (cms) 159.57± 7.75 161.05± 9.13 0.44
Body Weight (kg) 58.70± 11.68 58.71± 10.12 1
BMI (kg/m2) 23.18± 3.87 22.69± 3.41 0.55

Data  p resen ted  a re  Mean±SD.
* P<0.05 Significant, **P<0.01 Highly significant,

* * * P<0 .001  ve ry  h igh ly  s ign i f i can t .

TABLE I I I : Fas t ing  and  Pos tp rand ia l  B lood  Glucose  o f  sub jec t s  o f  Con t ro l  and  Diabe t i c  g roups .

Contro l  group Diabe t i c  group P va lue

Whole  g roup Fas t ing  (mg/d l ) 8 1 . 5± 10 .32 1 4 8 . 2 5 ± 6 5 . 8 4 0 .000***
Pos tp rand ia l  (mg/d l ) 95 .15± 13 .30 2 2 9 . 5 7 ± 7 6 . 1 9 0 .000***

M a l e s Fas t ing  (mg/d l ) 82 .36± 12 .36 1 3 8 . 4 8 ± 6 0 . 2 2 0 . 0 0 0 1 * * *
Pos tp rand ia l  (mg/d l ) 95 .64± 12 .69 2 1 7 . 2 4 ± 7 6 . 0 8 0 .000***

F e m a l e s Fas t ing  (mg/d l ) 80 .06± 5 . 5 6 1 6 4 . 5 3 ± 7 3 . 5 1 0 . 0 0 0 5 * * *
Pos tp rand ia l  (mg/d l ) 94 .33± 14 .69 2 5 0 . 1 3 ± 7 4 . 3 3 0 .000***

Data  p resen ted  a re  Mean±SD.
*P<0 .05  S ign i f i can t ,  **P<0 .01  High ly  s ign i f i can t ,  ***P<0 .001  ve ry  h igh ly  s ign i f i can t .

f i r s t  second  (ml) ,  FEV1%,  PEFR-Peak
expiratory flow rate (L/min), MEP-Maximum
expiratory pressure (mm Hg) are reduced in
Diabet ic  group compared to Control  group.
Statistically very highly significant reduction
is seen in FEV1, FEV1%, & MEP (P<0.001).
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(12) .  Other  poss ib le  con t r ibu tory  fac tors
include glycation of chest wall or bronchial
t ree  p ro te in  (3 ,  13) .  Autonomic  and /or
phren ic  neuropa thy  caus ing  a l t e ra t ions  in
bronchia l  reac t iv i ty  & resp i ra to ry  musc le
funct ion (14).  They also said that  air  f low
l imi ta t ion  was  an  impor tan t  p red ic tor  o f
mor ta l i ty  in  type-2  d iabe t ic  pa t ien t s ,  10%
decrease in FEV1 was associated with a 12%
increase in  al l  cause mortal i ty  in  them.

Devis  T imothy  ME,  e t  a l  (2000)  (15) ,
demons t ra ted  tha t  d iabe tes  i s  assoc ia ted
wi th  reduced lung funct ion .  Each of  FVC,
FEV1,  & PEFR were  an average of  >9.5%
lower  than  pred ic ted  va lues  der ived  f rom,
age, gender,  & height matched non diabetic
populat ion data .

In  their  s tudy durat ion of  diabetes  was
independent ly  p red ic t ive  o f  reduced  lung
function where as HbA1c was not. They gave
explanat ion  tha t  s ince  HbA1c i s  re la t ive ly
shor t  te rm marker  of  g lycaemic  cont ro l ,  a
relat ionship between glycaemia & impaired
lung  func t ion  cou ld  s t i l l  be  p resen t  in
diabetes, but duration of glycaemic exposure
may be more important  than i ts  magni tude
According to them mechanism for  impaired
lung function in diabetes include glycosylation
of proteins such as collagen in the chest wall
& pulmonary  t ree .

P .  Lange  (2002)  in  the i r  long i tud ina l
analysis  of  vent i la tory capaci ty  in  diabet ic
and  nondiabe t ic  adu l t s  par t i c ipan ts  o f  the
Copenhagen City Heart study, which included
266 individuals with diabetes found that  in
both sexes,  FEV1 & FVC were consistently
lower in diabetic individuals compared with
healthy individuals with an average reduction
of nearly 8% of the predicted value (16).

In  d iabe t ics  the  decrease  in  FVC i s
135 ml  (7 .2%) ,  FEV1 i s  520 ml  (30 .95%) ,
FEV1% is 23.50% (25.84%), PEFR is 54 L/
min  (14 .83%) ,  & MEP is  32 .50 mmHg
(50.58%), compared to control subjects.

Fig .  1 : Graph  showing  the  co r re la t ion  o f  be tween
Fas t ing  b lood  g lucose  and  FEV1.

FBS –  Fas t ing  b lood  sugar  (md/d l )
FEV1 –  Forced  exp i ra to ry  vo lume  in  f i r s t
second  (ml )

DISCUSSION

Davis Wendy A (2004) et al, demonstrated
decline of >10% of FVC & FEV1 in the 125
prospec t ive ly  s tud ied  pa t ien t s .  Abso lu te
measures continued to decline at  an annual
ra te  o f  68 ,  & 71  ml /year  fo r  FVC,  FEV1
respectively (1 l). According to them reduced
spirometric measurements do not  identify a
specific underlying pathology, but there had
been prel iminary reports  of  his topathologic
changes  in  the  lungs  o f  d iabe t ic  pa t ien t s ,
including basal lamina thickening & fibrosis
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Be l l  & Col leagues  (1988)  observed
proport ional  reduct ions  in  FEV 1 & FVC in
28 young individuals with diabetes compared
with age & height matched control subjects.
These changes were more pronounced among
those with diabetes who smoked tobacco (17).
The  card iovascu la r  hea l th  s tudy  (1993)  in
determining reference standards for a healthy
population, found diabetes to be significantly
associated with decreased FEV1 (18).

The very highly significant reduction in
MEP (50 .58%)  i s  in  accordance  wi th  the
following studies.

San jeev  S inha  e t  a l ,  demons t ra ted
statistically comparable decrease in MEP in
Type-2 diabetes patients.  They suggest  that
hyperglycemia and dyslipidaemia might have
a contributory role in its pathogenesis (19).
A number  of  b iochemica l  and  func t iona l
changes  o f  ske le ta l  musc les ,  inc lud ing
respi ra tory  muscles ,  have been repor ted  in
diabetes (20).

Severa l  s tud ies  demons t ra t ing  decrease
in  p leura l  & t ransd iaphargmat ic  p ressure
dur ing maximum snif f  maneuver  indicat ing
a  reduced respi ra tory  muscle  force  in  par t
responsible for the decrease in vital capacity
they  no ted .  The  mechanism of  impai rment
of  resp i ra tory  musc le  func t ion  may be
related to neuropathy, myopathy or both (6,
20, 21).

In  our  s tudy respira tory parameters  are
nega t ive ly  cor re la ted  wi th  Fas t ing  b lood
sugar ,  & post  prandial  blood sugar .  FEV1,
FEV1% are  s ign i f ican t ly  & nega t ive ly
cor re la ted  wi th  FBS,  & PPBS ( r=–0 .39 ,
–0.399,  –0.326,  –0.322) .  Our  f inding is  in
accordance with the following studies.

In a study Wendy Davis A et al (2004),
demons t ra ted  tha t  dec l in ing  lung  func t ion
measures were consistently predicted by poor
glycemic control & duration of diabetes (11).

A large Danish cross-sectional population
s tudy  Lange  P  (1989)  showed a  nega t ive
associat ion between plasma glucose & both
FVC & FEV1 (16).

In  a  smal l  sca le  s ix  years  s tudy  by
Ramiriez LC, et al (1991) demonstrated that
intensive treatment by subcutaneous insulin
infus ion  improved  bo th  FVC & FEV1
percentage predicted values (22).

C o n c l u s i o n

1) We found that FEV1, FEV1% & MEP are
significantly reduced (p=5.953E-06, 4.19E-07,
&1.206E-06). FVC & PEFR are insignificantly
reduced in type-2 diabetics. 2) We also found
that all respiratory parameters are negatively
corre la ted wi th  glycaemic s ta tus .  FEV1,  &
FEV1% are  s ign i f ican t ly  & nega t ive ly
cor re la ted  wi th  g lycaemic  s ta tus  o f  the
diabetic patients (r=–0.390, & r=–0.399).

The  poss ib le  mechanism for  h igh ly
s igni f icant  reduct ion  in  FEV & FEV1% in
s tudy  group  may be  due  to  resp i ra to ry
musc le  weakness ,  as  conf i rmed by
s igni f icant ly  reduced MEP in  our  s tudy &
also  by  o ther  workers .  The  mechanism of
musc le  weakness  in  d iabe t ic  pa t ien t s  may
be due to glycosylation of proteins such as
collagen in the chest wall & pulmonary tree.

Hence,  we propose

1) Repea ted  record ing  of  s imple ,  non
invas ive ,  dynamic  lung  func t ion  tes t s  l ike
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(FVC, FEV1, FEV1%, PEFR, MEP) may help
to assess the prognosis of type-2 diabetes in
clinical  practice.

2) S t r ic t  g lycemic  con t ro l  & regu la r

brea th ing  exerc i ses  to  s t reng then  the
resp i ra tory  musc les  may  improve  the
pulmonary function tests in Type-2 diabetic
pat ients  & requi res  fur ther  s tudy.
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