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Abstract  :  Overweight  and  obes i ty  inf luences  le f t  vent r icu lar  s t ruc ture
and funct ion.  WHO Western Pacif ic  Region in  2000 recommended lower
cutoff for overweight (Body Mass Index-BMI ≥23.0) and obesity (Body Mass
Index-BMI ≥25 .0 )  in  a s i ans .  However ,  s tud ies  cons ide r ing  the  new
recommendations of Body Mass Index (BMI) are lacking. The present study
inves t iga ted  the  impac t  o f  d i f fe ren t  g rades  o f  BMI  on  l e f t  ven t r i cu la r
structure and systol ic  and diastol ic  funct ion in middle aged Indian men.
The s tudy involved 74 men aged 31 to  60 (mean age 45.24±10.9)  years
who were grouped according to BMI as normal weight (18.5–22.9 kg/m2,
n=19) ,  overweight  (23–24.9  kg/m 2,  n=17)  and obese  (≥25 kg/m2,  n=38) .
Lef t  ven t r i cu la r  s t ruc tu re  and  func t ion  were  eva lua ted  by  2 -D dopp le r
echocard iography .  Compared  to  normal  and  overweigh t ,  obese  had
significantly higher left  ventricular mass (P<0.05) and left  atrial diameter
(P<0.01). Left ventricular diastolic function (atrial filling velocity-A) showed
a significant decline in obese and even in overweight compared to normal
(P<0.05).  Left ventricular systolic function showed no significant changes
with increase in BMI. Left  ventricular diastolic function decreases in al l
grades of BMI more than 23 kg/m2, whereas structural changes are present
only in obese (BMI ≥25 kg/m2). Hence the revised BMI cut-off for Asians
as recommended by WHO need to be considered for assessing cardiovascular
risk and mortali ty among Indian men and more str ingent control  of body
weigh t  espec ia l ly  abdomina l  obes i ty  i s  jus t i f i ed  in  the  main tenance  o f
cardiovascular  heal th and funct ional  capaci ty.

Key words  : obese overweight left ventricular structure and function

Depar tment  to  which  work  i s  a t t r ibu ted :  Depar tment  o f  Phys io logy ,  Medica l  Col lege ,  Baroda  –  390  001 .
* Corresponding Author : Dr .  Ra jesh  G.  Ka th ro t i a ,  9  Nehrunagar  Soc ie ty ,  Opp .  ISKON Mega  Mal l ,

Nana  Mauva Road,  Near  Chin tan  House ,  Rajkot  –  360 005;  Tel . : +919925768060;
e -mai l :  r a j e shka th ro t i a@yahoo .com,  ra jeshka th ro t i a@gmai l . com

INTRODUCTION

Overweigh t  and  obes i ty  cons t i tu te  an

important  publ ic  heal th  problem because of
the associated increased risk of hypertension,
coronary  hear t  d i sease ,  type  2  d iabe tes ,
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and physiology of heart  in our population.

MATERIALS AND METHODS

The study included 74 asymptomatic men
aged  31  to  60  years .  In  o rder  to  exc lude
condit ions that  might  inf luence the resul ts ,
the  fol lowing cr i ter ia  were  required:  male ,
in  age  group  of  31–60 years ;  no  prev ious
history or clinical evidence of hypertension,
d iabe tes  mel l i tus ,  coronary  a r te ry  d i sease ,
hear t  f a i lu re ,  o r  ca rd iac  va lve  d i sease ;
normal  ECG;  no  resp i ra to ry  d i sease ;  no t
suffering from any chronic or acute disease;
not  taking any drugs  that  could  af fec t  the
heart; and not involved in competitive sports.
Echocard iographic  images  had  to  be  of
sufficient quality to allow reproducible cross
sectional ,  M mode, and Doppler studies.

Al l  sub jec t s  p rov ided  fu l ly  in formed
written consent for their participation in the
study. The study was approved by the ethical
committee of the Medical College, Baroda.

All participants provided information on
age, family history, personal habits (alcohol
intake, tobacco consumption, type and level
of physical  exercise,  drug ingestion,  known
pathological conditions). A detailed physical
examina t ion  was  conduc ted  to  exc lude
endocrine and cardiac co-morbidities. Height
and weight were measured and the BMI was
calcula ted  as  the  weight  (kg) /he ight2 (m2) .
Waist-Hip (W/H) rat io was calculated from
waist and hip circumference in cm. General
clinical parameters including pulse rate and
Blood Pressure  were  measured .  A 12  lead
ECG was obtained.

Overweight and obesity were defined as
BMI ≥23 and BMI ≥25 respectively (3).  The
participants in the study were classified into
three groups based on the BMI: A-a normal

stroke, gall bladder disease, certain types of
cancer, osteoarthritis,  sleep apnea,  and other
disorders (1).  A World Health Organization
(WHO) Consul ta t ion  descr ibed  obes i ty  as
a  chron ic  d i sease  tha t  i s  so  p reva len t  i n
bo th  deve loped  and  deve lop ing  count r ies
that it is replacing the more traditional public
hea l th  concerns ,  such  as  undernu t r i t ion
and  in fec t ious  d i seases ,  as  a  s ign i f ican t
contributor to i l l  health (2).

Body  Mass  Index  (BMI)  i s  cur ren t ly
recognized and widely used for  ident i fying
overweigh t  o r  obes i ty .  In te rna t iona l ly
recognized cutoff points of BMI for defining
overweight  is  BMI ≥25.0 kg/m 2 and obesi ty
is BMI ≥30.0 kg/m2.  However percentage of
body  fa t  i s  no t  un i form among reg iona l
popula t ions .  A repor t  co-sponsored  by  the
WHO Western  Pac i f ic  Reg ion  in  2000
recommended different ranges for classifying
overweight and obesity for populations within
the Asia-Pacif ic  region.  Increase  in  heal th-
re la ted  r i sk  fac tors  and  comorb id i t i es
associated with obesity occur at a lower BMI
in  As ian  popula t ions  than  in  o ther  e thn ic
groups. Thus lower cut-off points for Asians
were identified for overweight (BMI ≥23.0 kg/
m2) and obesity (BMI ≥25.0 kg/m2) (3).

Prevalence studies among Chinese using
new criteria for overweight and obesity have
shown rise in obesity in the last decade (4).
Also  recen t  s tud ies  have  sugges ted  tha t
waist-hip ratio (W/H) is  better  predictor of
cardiovascular risk than BMI (5). Alteration
in  l e f t  ven t r icu la r  s t ruc ture  and  func t ion
have been demonstrated in obese but studies
cons ider ing  new WHO recommendat ion  of
BMI ≥23 as overweight and BMI ≥25 as obese
are lacking in Asians (5). This study explored
whether  accord ing  to  the  new cu tof f s
overweight  and obes i ty  af fec t  the  anatomy
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weight (control) group had a BMI of < 23 kg/
m2;  B-overweight  group with  BMI between
23–24.9  kg /m 2;  and  C-obese  wi th  BMI
between  25–29 .9  kg /m 2 (obese  g roup  was
further divided into three groups as C1-25-
26.9 kg/m2, C2-27-28.9 kg/m2, C3- ≥29kg/m2

for  intra-group comparison).

A c ross  sec t iona l  echocard iogram was
obta ined  on  a l l  pa r t i c ipan ts  (Sonos  5500 ,
Hewle t t -Packard ,  equ ipped  wi th  Mediv iew
sof tware ,  Al tech  s ta r  Solu t ions  Pvt .  L td . ) .
Echocard iograms  inc luded  c ross  sec t iona l ,
M mode ,  and  Dopple r  s tud ies .  Tr ip l ica te
measurements  o f  a l l  va r iab les  were  made
off-line by one observer who was blinded to
the patients’  cl inical  detai ls .

The following indices of cardiac function
were evaluated (6) :

Left  ventricular  systolic function— Left
ven t r icu la r  end  d ias to l ic  (EDD)  and  end
sys to l ic  d iamete r  (ESD)  and  f rac t iona l
shor ten ing  (FS)  were  ob ta ined  in  the
parasternal  long axis  views using M mode;
left ventricular end diastolic (EDV) and end
systolic volumes (ESV), stroke volume (SV)
and  e jec t ion  f rac t ion  (EF)  were  measured
f rom ap ica l  four  chamber  v iew us ing  the
monoplane  a rea– length  method .  Card iac
outpu t  (CO)  was  ob ta ined  by  mul t ip ly ing
stroke volume with heart rate. All the above
parameters were adjusted for size by dividing
wi th  body  sur face  a rea .  The  re la t ive  wal l
th ickness  (RWT)  was  ca lcu la ted  f rom the
posterior wall thickness (PWT) and the EDD,
as  (2 x PWT)/EDD.  Lef t  ven t r icu la r  mass
(LVM) was  ca lcu la ted  by  the  fo rmula
in t roduced  by  Devereux  e t  a l .  LV mass=
0.8[1.4(IVSTd+LVIDd+PWTd)3-(LVIDd)3]+0.6g.
Heigh t  based  ad jus tment  was  done  by
dividing LVM by height2.7.

Lef t  ven t r icu la r  d ias to l ic  func t ion—
Pulsed Doppler measurements were obtained
in the apical four chamber view: the Doppler
beam was  a l igned  as  perpendicu la r ly  as
possible to the plane of  the mitral  annulus
and  a  5  mm pulsed  wave  Doppler  sample
volume was placed between the t ips of  the
mitral leaflets during diastole. The following
variables were calculated: maximum velocity
of  pass ive  mi t ra l  f i l l ing  (E) ;  maximum
velocity of active mitral filling (A); ratio of
pass ive  to  ac t ive  ve loc i ty  (E /A) .  The  le f t
atrial diameter was measured using M mode
in the parasternal  long axis  view.

The data was analyzed as per BMI groups
as well as by dividing the subjects in three
groups  accord ing  to  Wais t -Hip  ra t io  (W/H
ratio <0.9, W/H ratio=0.9-1, W/H ratio >1).
Mean  and  s tandard  dev ia t ion  were
calculated.  One-Way ANOVA with post-hoc
Tukey’s  HSD tes t  was  appl ied  to  compare
the  s tudy  groups .  Pearson’s  cor re la t ion
coef f ic ien t  ( r )  was  ob ta ined  to  s tudy  the
correlation of BMI and Waist-Hip ratio with
other variables.  Probabil i ty value P of  less
than  0 .05  was  cons idered  s ta t i s t i ca l ly
signif icant .

RESULTS

Weight  and  BMI were  s ign i f ican t ly
d i f fe ren t  wi th in  the  obese  subgroups  and
a lso  wi th  respec t  to  the  normal  and
overweight groups. Waist circumference, hip
circumference and waist-hip rat io increases
l inear ly  wi th  increase  in  BMI.  Sys to l ic
b lood pressure  was  s igni f icant ly  h igher  in
the obese group compared to the overweight
(Table I).

Lef t  a t r i a l  and  ven t r icu la r  s t ruc tura l
parameters are shown in Table II. Compared
to normal, the left atrial diameter (LAD) and
le f t  ven t r icu la r  mass  were  s ign i f ican t ly



152 Kathrot ia  et  a l Ind ian  J  Phys io l  Pharmaco l  2010 ;  54(2 )

TABLE I : General  characterist ics of the study group (All  values are mean±SD).

A (Normal) B (Overweight) C1 (Obese) C2 (Obese) C3 (Obese) F d f P
(n=19) (n=17) (n=15) (n=11) (n=12)

Age (years) 42.66± 13.74 45± 11.96 46.47± 11.18 46.14± 13.2 45± 5.72 0.104 4  0.98
Height (cm) 169.9± 6.9 165.7± 5.87 167.8± 6.89 168.4± 8.6 166.7± 5.7 0.544 4  0.70
Weight (kg) 62.66± 5.91 66.64± 5.86 73.26± 6.47^* 79.57± 8.42^* 90.16± 12^* 21.99 4  0.00
BMI (kg/m2) 21.68± 1.17 24.21± 0.7* 25.96± 0.57^* 27.98± 0.72^* 32.3± 3.34^* 65.51 4  0.00
WC (cm) 80.22± 5.6 87.89± 5.3* 91.07± 5.21* 96.42± 2.6^* 107.25± 5.6^* 42.38 4  0.00
HC(cm) 90.11± 3.9 96.32± 4.9* 98.26± 4.26* 103± 4.04* 110.66± 7.98* 24.50 4 0.00
Waist/Hip ratio 0.89± 0.04 0.91± 0.04 0.92± 0.04* 0.93± 0.03* 0.97± 0.06^* 4.85 4  0.00
Pulse (beats/min) 78.55± 17.55 79.42± 12.2 81.78± 19.9 75.42± 7.8 80.58± 11.4 0.285 4  0.88
SBP (mmHg) 126.66± 18.7 121.42± 9.49 132.6± 14.0 134.2± 7.8^ 130.8± 7.9 2.4 4  0.04
DBP (mmHg) 80± 8.66 81.42± 5.34 84.21± 7.68 85.42± 4.5 84.66± 6.5 1.22 4  0.31

*P<0.05 comparing with normal weight. ^P<0.05 comparing with overweight.
BMI-body mass index, SBP-systolic blood pressure, DBP- diastolic blood pressure, HC-Hip circumference, WC-waist
circumference.

TABLE II : Left atrial and ventricular structural parameters (All values are mean±SD).

A (Normal) B (Overweight) C1 (Obese) C2 (Obese) C3 (Obese) F d f P
(n=19) (n=17) (n=15) (n=11) (n=12)

LAD (cm) 3.05± 0.28 3.13± 1.14 3.32± 0.33^* 3.63± 0.42^* 3.36± 0.26^* 3.463 4 0.01
LVM (g) 144.06± 51.06 157.03± 40.68 193.83± 54.47* 182.85± 50.99 174.04± 40.07 2.336 4 0.04
LVM/Ht2.7 35.35± 15.08 40.5± 11.44 47.17± 11.04 44.1± 14.2 45± 11.36 1.86 4 0.13
PWTd (cm) 0.95± 0.27 1.02± 0.18 1.14± 0.19 1.09± 0.24 1.04± 0.12 1.24 4 0.37
PWTs (cm) 1.41± 0.21 1.35± 0.19 1.47± 0.19 1.48± 0.22 1.44± 0.27 0.604 4 0.66
IVSTd (cm) 1.0± 0.16 1.04± 0.16 1.2± 0.22 1.1± 0.2 1.13± 0.15 1.918 4 0.12
IVSTs (cm) 1.4± 0.21 1.36± 0.19 1.53± 0.26 1.46± 0.16 1.56± 0.1 1.602 4 0.19
RWT 0.45± 0.11 0.47± 0.08 0.53± 0.09 0.48± 0.11 0.48± 0.04 0.88 4 0.52

*P<0.05 comparing with normal weight. ^P<0.05 comparing with overweight.
LAD-left atrial diameter, LVM-left ventricular mass, LVM/Ht2.7-left ventricular mass adjusted for height, PWTs-
posterior wall thickness in systole, PWTd-posterior wall thickness in diastole, IVSTs-inter ventricular septal thickness
in systole, IVSTd-inter ventricular septal thickness in diastole, RWT-relative wall thickness.

TABLE III : Left  ventricular systolic and diastolic function (All  values are mean±SD).

A (Normal) B (Overweight) C1 (Obese) C2 (Obese) C3 (Obese) F d f P
(n=19) (n=17) (n=15) (n=11) (n=12)

EF (%) 59.25± 1.83 59.14± 4.81 59.26± 4.87 58.83± 4.91 58± 4.28 0.154 4 0.96
FS (%) 32.06± 3.7 31.53± 3.84 30.89± 2.66 31.13± 2.55 30.18± 3.15 0.357 4 0.83
SVI (ml/m2) 36± 11.13 36.7± 9.19 39.4± 8.07 38.58± 9.3 35.2± 8.75 0.197 4 0.93
CI (L/min/m2) 2.77± 0.91 2.91± 0.87 2.9± 0.05 2.89± 0.7 2.8± 0.68 0.288 4 0.88
ESVI (ml/m2) 14.02± 6.59 13.16± 3.56 13.56± 3.56 14.88± 8.74 13.9± 4.6 0.413 4 0.79
EDVI (ml/m2) 50.03± 15.52 49.88± 10.52 50.01± 9.76 53.46± 13.64 49.1± 10.52 0.285 4 0.88
E (cm/sec) 0.88± 0.18 0.89± 0.17 0.83± 0.21 0.75± 0.22 0.85± 0.16 0.568 4 0.68
A (cm/sec) 0.63± 0.17 0.79± 0.22* 0.73± 0.21* 0.73± 0.11* 0.71± 0.16* 2.74 4 0.04
E/A 1.59± 0.96 1.22± 0.48 1.26± 0.58 1.26± 0.38 1.25± 0.37 0.113 4 0.97

*P<0.05 comparing with normal weight.
EDD-end diastolic diameter of left ventricular, EDVI-end diastolic volume index, ESD-end systolic diameter, ESVI-
end systolic volume index, EF-ejection fraction, FS-fractional shortening, SVI-stroke volume index, CI-cardiac index,
E-early or passive mitral filling velocity, A-atrial or active mitral filling velocity, E/A-ratio of early to atrial mitral
filling velocities.

in obese but not stat ist ically significant.

As  shown in  Table  I I I  l e f t  ven t r icu la r
sys to l ic  func t ion  showed no  s ign i f ican t
change  wi th  increase  in  BMI.  S ign i f ican t

higher  in the obese group.  Left  ventr icular
mass  ad jus ted  for  he igh t  (LVM/Ht 2.7) ,
in te rvent r icu lar  sep ta l  th ickness  in  sys to le
and  d ias to le  as  wel l  a s  pos te r io r  wal l
thickness in systole and diastole were higher
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TABLE V : Different parameters of Study group divided according to W/H ratio (All values are mean±SD).

W/H <0.9 W/H= 0.9-1 W/H >1 F d f P
(n=26) (n=37) (n=11)

Age (years) 42.4± 12.92 45.83± 9.95 50.8± 11.85 1.22 2 0.30
Height (cm) 168.93± 7.39 166.1± 5.75 174.6± 5.81^ 4.77 2 0.01
Weight (kg) 68.27± 8.84 73.86± 12.38 89.4± 11.82*^ 6.22 2 0.00
BMI (kg/m2) 23.9± 2.58 26.74± 3.96* 29.28± 3.07* 4.98 2 0.01
WC (cm) 83.47± 8.04 93.55± 8.85* 106.4± 6.43*^ 15.36 2 0.00
HC (cm) 97.07± 7.14 99.8± 9.08 102.4± 5.58 0.93 2 0.40
Waist/Hip ratio 0.85± 0.03 0.93± 0.02* 1.03± 0.04*^ 80.74 2 0.00
Pulse (beats/min) 79.73± 17.96 78.71± 13.45 86.8± 19.47 0.64 2 0.53
SBP (mmHg) 126± 13.52 132.67± 11.62 142± 13.04*^ 3.73 2 0.03
DBP (mmHg) 81.33± 8.34 83.13± 6.85 88± 8.37 1.83 2 0.16
LAD (cm) 3.08± 0.26 3.29± 0.32 3.56± 0.42* 3.56 2 0.03
LVM(g) 174.03± 55.3 168.32± 42.02 255.21± 84.34*^ 4.47 2 0.01
LVM/Ht2.7 (g/m2.7) 42.19± 14.9 43.7± 12.21 55.69± 14.42 1.16 2 0.21
PWTd (cm) 1.07± 0.24 1.02± 0.19 1.36± 0.29^ 3.52 2 0.03
PWTs (cm) 1.31± 0.24 1.45± 0.18 1.58± 0.25 2.67 2 0.08
IVSTd (cm) 1.16± 0.16 1.07± 0.17 1.45± 0.28^ 6.43 2 0.00
IVSTs (cm) 1.4± 0.29 1.47± 0.19 1.6± 0.17 1.03 2 0.36
RWT 0.51± 0.09 0.46± 0.08 0.62± 0.13^ 5.33 2 0.00
EF (%) 58± 2.25 59.39± 4.93 57± 1.15 0.95 2 0.39
FS (%) 30.07± 2.16 31.62± 3.41 28.75± 0.95 2.52 2 0.08
SVI (ml/m2) 32.83± 7.91 37.43± 8.89 31.64± 7.68 2.0 2 0.14
CI (L/min/m2) 2.56± 0.68 2.91± 0.74 2.73± 0.74 1.19 2 0.31
ESVI (ml/m2) 12.11± 3.36 13.65± 5 13.03± 2.23 0.60 2 0.55
EDVI (ml/m2) 44.94± 9.67 51.08± 11.09 44.68± 8.45 2.1 2 0.13
E (cm/sec) 0.84± 0.23 0.86± 0.17 0.63± 0.18 2.54 2 0.08
A (cm/sec) 0.77± 0.21 0.71± 0.18 0.79± 0.12 0.77 2 0.46
E/A 1.16± 0.46 1.29± 0.45 0.83± 0.34 2.11 2 0.13

*P<0.05 comparing with W/H ratio <0.9. ^P<0.05 comparing with W/H ratio=0.9-1.

decrease  in  d ias to l ic  func t ion  in  fo rm of
increased  a t r i a l  f i l l ing  ve loc i ty  (A)
demons t ra ted  in  obese  and  even  in  the
overweight  compared  to  normal .  A s imi lar
decrease  in  ra t io  o f  ea r ly  to  a t r ia l  f i l l ing
ve loc i t i es  (E /A)  was  seen  in  obese  and
overweight  but  not  s tat is t ical ly s ignif icant .

Table IV exhibits correlation of BMI and
Waist-Hip ratio with other parameters. Waist
and  h ip  c i rcumference  and  wais t -h ip  ra t io
had  a  s igni f icant  pos i t ive  cor re la t ion  wi th
BMI. Diastolic blood pressure also showed a
significant positive correlation whereas other
parameters were not linearly associated with
increase in BMI. Apart from weight and BMI,
wais t -h ip  ra t io  shows  a  s t rong  l inear
corre la t ion with  lef t  a t r ia l  d iameter .

On dividing the study group according to
wais t -h ip  ra t io  (Table  V) ,  an thropomet r ic
variables like height, weight, BMI and waist

TABLE IV : Correlation of BMI and Waist-Hip
ratio with other variables.

Pearson correlation
co-efficient (r)

B M I W/H ratio

BMI (kg/m2) 1 0.369**
Age (years) 0.02 0.250
Height (cm) –0.026 0.023
Weight (kg) 0.873** 0.398**
Waist circumference (cm) 0.867** 0.667**
Hip circumference (cm) 0.865** 0.201
Waist/Hip ratio 0.369** 1
Pulse (beats/min) 0.059 0.249
SBP (mmHg) 0.186 0.197
DBP (mmHg) 0.257* 0.181
LAD (cm) 0.225 0.349*
LVM(g) 0.199 0.206
LVM/Ht2.7 (g/m2.7) 0.217 0.172
RWT 0.077 0.183
EF (%) –0.095 –0.035
FS (%) –0.133 –0.062
SVI (ml/m2) –0.062 0.009
CI (L/min/m2) –0.14 0.11
ESVI (ml/m2) 0.064 –0.013
EDVI (ml/m2) –0.021 0.001
E (cm/sec) –0.074 –0.159
A (cm/sec) –0.040 0.096
E/A –0.75 –0.199

*P value <0.05, **P value <0.01.
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c i rcumference  s ign i f ican t ly  increased  wi th
increase  in  W/H ra t io .  Sys to l ic  b lood
pressure, left atrial diameter, left ventricular
mass  and  le f t  ven t r icu la r  wal l  th ickness
parameters  (PWTd,  IVSTd and  RWT)
showed a significant increase with W/H ratio.
Other  parameters  showed no  s ign i f ican t
change .

DISCUSSION

The BMI cut-off levels for Asians differ
f rom tha t  o f  Europeans .  The  WHO exper t
commit tee  has  revised the BMI cut-off  for
Asian Indians based on increasing evidence
of  a  h igh  preva lence  of  type  2  d iabe tes
mellitus and cardiovascular disease in Asian
countr ies  despi te  an average BMI < 25 kg/
m2 in these countries (3). In our study group,
increase in BMI is associated with significant
l inear  increase  in  wais t  c i rcumference,  h ip
circumference and waist-hip ratio suggesting
abdominal  obesi ty might  be contr ibuting to
the  increase  in  BMI.  Hanumanthappa e t  a l
(2008)  have  shown a  s imi la r  f ind ing  of
wais t  circumference and waist-hip ratio
contributing to  increase  in  BMI in  Ind ian
men (7).

Sys to l ic  b lood  pressure  was  h igher  in
obese group and those with W/H ratio of >1
and  d ias to l ic  b lood  pressure  showed a
l inear  inc rease  wi th  increase  in  BMI.
S tud ies  by  Karason  (1998)  and  Okosun
(1999)  have  s imi la r  f ind ings  and  increase
in  b lood  pressure  i s  assoc ia ted  more  wi th
abdomina l  obes i ty .  Al te red  c i rcu la t ion
wi th  increase  in  per iphera l  res i s tance  and
volume over load  in  obese  espec ia l ly
abdominal  obese  contr ibutes  to  h igh blood
pressure (8–11).

Structural parameters like left ventricular

mass  and  le f t  a t r i a l  d iameter  showed a
s ign i f ican t  change  in  obese  as  wel l  as  in
those  wi th  W/H ra t io  o f  >1  in  our  s tudy
group .  Also  le f t  a t r i a l  d iameter  showed a
strong linear correlation with waist-hip ratio
suggest ing adiposi ty  especial ly  in  abdomen
might be contributing to structural changes.
Gates et al (2003) showed abdominal obesity
cont r ibu tes  to  l e f t  ven t r icu la r  remodel ing
and reduced diastolic function (12). As shown
by Krishnan (2005) structural remodeling is
seen in overweight and obese. Blood pressure
changes  as  wel l  as  inc reased  ren in-
angio tens ion-a ldos te rone  and  adrenerg ic
system activation in obese might contribute
to it (13, 14, 18). Increase in blood pressure
cont r ibu tes  to  inc reased  le f t  ven t r icu la r
mass  and  wal l  th ickness  and  fur ther  th i s
increases  the  res i s tance  to  ven t r icu la r
f i l l ing  cont r ibut ing  to  increased  le f t  a t r ia l
pressure and hence structure changes in left
a t r i u m .

Study  by  Pascua l  e t  a l  (2003)  have
demonstrated a higher systolic function and
pred ic ted  tha t  sys to l ic  func t ion  might  be
af fec ted  wi th  severe  obes i ty  on ly .  In  our
s tudy  group le f t  vent r icu lar  d iameters  and
volumes adjus ted  for  body surface  area  as
well as contractility indices (ejection fraction
and  f rac t iona l  shor ten ing)  showed no
signif icant  change with increase in BMI or
W/H ratio probably compensated by structural
changes and they might be affected with still
higher BMI only (15–18).

Dias to l ic  funct ion  showed decl ine  even
with mild increase in  BMI from normal  to
overweight (BMI ≥23 kg/m2) and the decline
was also seen in obese. There was no linear
associat ion between BMI or  W/H rat io and
dias to l ic  func t ion .  Alwi  e t  a l  (2006)  and
others have demonstrated similar decline in
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d ias to l ic  func t ion  in  obese  (19–25) .  The
exact mechanism for dysfunction is not well
known bu t  ca rd iac  adap ta t ion  to  chron ic
volume overload in obese is associated with
eccen t r ic  hyper t rophy  and  abnormal i t i es
of diastolic function from the init ial  stages
(25). As discussed above the increased mass
of  ven t r ic les  con t r ibu tes  to  inc reased
res i s tance  to  ven t r icu la r  f i l l ing  hence
contributing to decrease in diastolic function
as  observed  f rom increased  a t r i a l  f i l l ing
velocity.

Structural changes in left atrial diameter

and left  ventricle wall in form of increased
mass appears with BMI more than 25 kg/m2

and continue with further  increase in BMI.
Left ventricular diastolic function is affected
even with mild increase in BMI of 23–24.9
kg/m2 whereas systolic function is unaltered
in  our  s tudy  group .  Hence  the  rev i sed
BMI cut-off for Asians as recommended by
WHO need  to  be  cons idered  for  assess ing
card iovascu la r  r i sk  and  mor ta l i ty  among
Indian men. More stringent control of body
weigh t  espec ia l ly  abdomina l  obes i ty  i s
justified in the maintenance of cardiovascular
heal th and funct ional  capaci ty.
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