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ABSTRACT A cross-sectional study of 262 abult in-
digenous Cavcasian and 100 migrant Pakistani men
residing in Peterborough, England, found significant
ethnic differences (age corrected) in regional subcuta-
nesus adipasity but no significant differences in body
mass index (BMI), per cent body fat (PBF), 2l mass
(FM) and fat mass index (FMI). Age, BMI and all meas-
ures of subcutaneous adiposity (skinfolds) had similar
ussociations with PBF, FM and FMI in both ethnic
groups. However, ethnicity was found to have signifi-
cant {p < 0UM01) associations, independent af age,
BMI, PBF, Fi and FMI; with abdomen, chest, fore-
arm, midaxillary, subscapular and suprailiac skinfolds.
Migrant Pakistanis had significantly (p < 0.001) greater
mean abdomen (#6.6 mm), chest (+3.5 mm},
midaxillary (+5.0 mm), subscapular (+7.4 mm) and
suprailiae (+6.1 mm) skinfolds; they also had signifi-
canily bawer mean forearm (-1.2 mm) skinfold; even
after removing the combined effects of age, BMI, PBF,
FM and FMI. This significant ethnic difference in
subcantaneous adiposity could have health implications.

INTRODUCTION

Cnly a few investigations (Miller etal., 1988,
Bose, 1995) have studied subcutaneous adipos-
ity among migrant South Asian in Britain. A re-
cenl study in Britain (Bose, 1995) has shown
that adult migrant Pakistani men have distinctly
different pattern of regional subcutaneous adi-
posity compared with Caucasian men. It has been
suggested (McKeigue et al,, 1991) that ethnic
difference in central adiposity may be the cause
of South Asians having significantly higher
prevalence of coronary heart disease {CHD) and
non-insulin dependent diabetes mellitus
(NIDDM) compared with Caucasians, However,
to date, information on common indicators of
body fat composition like per cent body fat
(PBF), fat mass (FM) and fat mass inded (FMI),

and their association with regional subcutane-
ous adiposity in South Asian populations is
lacking.

The present study was undertaken to de-
termine the relationship of three indicators of
body fat composition, namely PBF, FM and FMI
with age, BMI, and various measures of regional
subcutaneous adiposity in adult Caucasian and
migrant Pakistani men. It also investigated
whether any ethnic difference in regional sub-
cutaneous adiposity could be explained by these
indicators of body fat composition,

MATERIAL ANDMETHODS

ODuiline of Fieldwork

This study was conducted at three inner city
General Practices in Peterborough, England. Com-
plete lists (confaining information on name, ad-
dress and date of birth) of all adult male patients
registered at these practics were provided. Paki-
stanis were identified on the basis of surnames.
This method is widely recognised as a conven-
ient and efficient way to assess ethnicityin the
absence of any specific information on ethnic
origin (Balarajan et al., 1984; Nicoll etal,, 1986).
Two ethnic groups (Caucasians and Pakistanis)
were studied and classification of ethnicity was
based on the Office of Population Censuses and
Surveys Census H Form (OPCS, 1991).

Invitation and Participation of Subfects

Letters along with a questionnaire were sent
to all adult ( > 19 year of age) Pakistani men and
randomly selected adult Caucasian men. A total
of 362 subjects (262 indigenous Caucasian and
100 Pakistanis) were studied. The Pakistani men
studied in this investigation originated from the
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Mirupur area of Kashmur, North-Eastern Paki-
stan. They migrated o Britain as a result of a
large rural population being displaced by a dam
built in the 1960s (Ballard, 1988).

Authropametric Measurdmenis

All anthropometric measurements wers
made by one mvestigator {KB) using the stand-
ard techniques recommended by Lohman ct al,
{1988). A total of nine skinfolds (abdomen, ante-
ror thigh, chest, foream, medial calf, midaxillary,
subscapular, suprailiac and triceps) were meas-
ured 1o study regional subcutaneous adiposity,
Skinfolds were measured on the right side of the
body and the reading recorded in millimetres.

Percentage Body Far, For Mass and Far Mass
Trrdex

Three measures of body fat composition,
namely percentage body fat (PBF), fat mass (FM)
and fat mass index (FMI) were studied. Estimate
of PBF was made from the triceps skinfold meas-
urement using the equation derived for British
subjects by Dumin and Womersley fl??dﬂ FM
was then caleulated.

The following equations were 115:1:|

percentzge body fal = (495 density - 4.5) 10

whore

densily = 11143 - (DO61E log 10
triceps).

FM (kg) = percentage body fac'l00

= weight (kgh
FMI (fat mass normalised for height was
calculated sccording to Vanltallie et al. {1990).
AT
i ME

Staristical Awalyses

Stanstical analyses were performed using
the Statistical Package for Social Science (SPSS/
PC+ Version 5) on a IBM-compatible personal
computer. The distributions of BMI, and ante-
rior thigh, forearm, medial calf and triceps
skinfolds were log transformed to normalise the
data. Log transformed values were used in cor-
relation and multiple regression analyses, Stu-
dents” t-test was used to test for difference in
age between the two ethnic groups. Multiple
regression analyses were used to determine eth-
nic differencs (ape controlled) in the anthropo-
metric and bodyTat composition variables, as well

. 299, C=24.8) and suprailiac (P=
= Fai Mass in kg / height

KALSHIE HOsE

as the effect of age and ethnicity on BMI. FM
and FMI. Ethnic heterogeneity in the associa-
tions of age, BMI and eight skinfolds with FBF,
FM and FMI were determined following the meth-
ods described by Sokal and Rohlf { 1986). The
effect of ethnicity on the skinfolds, after con-
trolling for age, BMI, PBF, FM and FMI, was
studied using multiple regression analyses,
Multiple regression analyses were also per-
formed 1o test for heterogeneity and difference
in mean skinfolds between the ethnic groups,
after removing the effect of age, BMI PBEF, FM
and FMI.

RESULTS

On average, Caucasian men (mean = 518,
s, = 15.6 years) were significantly (p < 0.001)
older than Pakistani men (mean =41.2,5.d. = 14.5
years). However, the minimum {Caucasians =
21.5; Pakistanis = 19.7 years) and maximum {C =
#1.2; P=81.8 years) ages were similar in both
ethnic groups. Thus, the age ranges (C=59.7, P
= 2.1 years) were similar in the two groups. Ta-
ble 1 presents the anthropomeiric and body 21
composition characteristics of Caucasian and
nugrant Pakistani men. There was no significant
ethnic difference in mean BMI, PBF, FM and
FMI. However, mugrant Pakistams had signifi-
cantly (p < 0.0001) higher mean abdomen (P =
16.8; C = 33.0), chest (P = 23.7; C = 22.9),
midaxillary (I =26.6; C = 24.5), subscapular (P =
290 C=249)
skinfolds; and significantly lower mean forearm
skinfold (P = 5.3; C = 6.2) compared with Cauca-
sians, after age correlation. Age (p=<0.001) and
ethnicity (p<0,05) had significant effect on BMI
but noton PBF, FM and FMI. However, the as-
sociation of ethnicity with BMI, after removing
the effect of age, was not significant.

Table 2 presents the correlation coefficients
of ape, BMI and eight skinfolds (excluding tn-
ceps) with PBF, FM and FMI. BMI and all cight
skinfolds had strong correlations with PBF, FM
and FMI in both ethnic groups, with no signifi-
cant ethnic heterogeneity existing between the
groups in any of the relationships.

Table 3 presents the significant ethnicity
influence on the skinfolds, after controlling for
the combined effects of age, BMI, PBF, FM and

w
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Table 12 Anthropometrle and body fat composi-
tion eharacteristies of adult Caucasian

Table I: Correlations of age, BMI and skinfolds
with PBF, FM and FMI in the twe ethnie

and migrant Pakistani men Broups ."
Cawcasians Pakistani Age Cortrolled Carrelates Crucasians  Pakistenis
Fariahie fm = 282 fn = 00 Erhnic (R = 262 i = JiMy
Mean Mean INfference r r

Body Mass Index 259 25.2 B8, "lf'
(kgim) {3.4) (4.1 with X )
Skinfolds (wm) FE:F :gﬂgﬂ 3'?33’
Abdomen® 13.0 368 P=C FMI 0050~ 011

(9.0] (9.7}
Chest*** 29 237 P> or

{761 (5.8}

i i [T T4 166 P FEF f.543= 0723
Midnxillncy {?.iz (9.4) FM 0.777¢  0.860*
Subscapular® 4.8 299 P>C FMI 0.E3S*  0.003¢

(E.3) (9.8) Abdomen Skinfold
Suprailiac™ 4.9 20.9 p=C with
(7.00 {R.9) FBF 0,.556% 0. 708*
Anterior thigh 0.3 20.0 .. M QbG35 0,730
(6. T) {6.2) Frl 656" o771+
Forearm® 6.2 5.3 C=pP Chest Skinfold
) (1.9} (1.3 with
Medial calf 5:‘-‘;} }ig:‘ n.s PRF 0A06® 0,754
Triceps 1537 153 n.s. Fu, g-?ﬁ. 2;321.
. (5.5) (3.7) Midaxillary Skinfold
Body Compasition with
Percent Body  Fat iﬂz i:-g} 5. FRF 0,585+ 0.714*
; 1 Fid 0.689* .TEGY
Fai Mass (kg it*:-':-gj ﬁ-g} n.%, Fidl 0.714* 0 EOR*
Fal Mass Index 6.5 6.3 ns. E‘:;:h""m' Skinfold
(kgim®) (.8) 2.0 PBF 0.619*  0.761*
" PRy - FM 0.753* 0.807*
E-Eur:; Lr:i Eﬁﬂlﬁﬁ:ﬁ indicate standard deviation EMI 0775% 0853
% P (D005 Suprailiac Skinfold
ssx P < 00025 with
P = Pakistanis have significantly higher mean com- PBF 0. 60a= 0714
pared with Caucasians Fii 0. 709% 077"
C = P Caucasians have significantly higher mean come- FMI 0.703% 0793
pared with Pakistanis Anterior Thigh Skinfold
ns Mot significant with )
PBF 0.685* 0.T18*
FM n.693* 0.745*
L N . L L]
FMI. Ethnicity was obsered to have significant F FM} Sl 0.6%0 0.758
(p <0.0001) associations with abdomen, chest, ~ Toresrw SKinf
midaxillary, subscapular, suprailiac and forearm FBE 0.480%  0.530%
skinfolds, even after removing the effects of age, FM 04534 0.604*
BMI and the three measures of body fat compo- FMI b.441*  0.62/*
sition. Subsequent multiple regression analysis Hrf!:l Calf Skinfoid
revealed that (Table 4) migrant Pakistani men “IFLBF DEGD 0776
had significantly higher mean abdomen (+6.6 FM 0.649*  0.785%
mm), chest {(+3.5 mm), midaxillary (+5.0 mm), FMI b.bo5" 0.9%1*
subscapular (+7.4 mm) and suprailiac (+6&.1 mm} #opo 0001,

skinfolds; they also had significanthy (p < 0.0001)
lower mean forearm skinfold (-1.2 mm), even af-
ter controlling for these effects.

* Mot significant,

r Caorrelation coeflicient.

Mo significant ethnic heterogeneity in correlation co-
efficients between the 1wo groups
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Table 3: Multiple regression analyses of ethnic-
ity on skinfolds after controlling for age,
BMIL, PBF, FM and FMI

Effect of sthmicity fofter coniralling for
Age, BMI, Percemt Body Fai. Fai Mess
and Fat Mass Index) on Skinfolds

Skinfold ] SER Beta T

Abdomen G638 0,762 0318 BTIO*
Cheat 1562 0,377 0198 6113
Midaxillary 4 987 0.578 02753 B.b25"
Subscapular 73495 0601 0348 11.302*
Suprailiac 6.132 0618 0348 9916
Forearm -1.15% 0012 -0.245F  -5.160%

*p o< 00 (Sig- T

Table d4: Ethnie differences in mean skinfolds af-
ter controlling for age, BMI, PBF, FM and
Fil

Skinfold Mearn 3SE Mean  Eihmle difference
i) fuim)  between Caucasions
amd Prkisianis
Abdomen +i.6 0.8 p=C
Chest +3.5 b P=C
Midaxillary +35.0 6 P=
Subscapular  +7.4 .6 P
Suprailiac iy, | i P=C
Forearm® -1.2 1.0 C=pP

*  Geometric mean und SE mean are presented.
Coucagians have been sel oL 2er0

P < 0.001 (%ig. F Change) in all cases

F=C Pakistanis have significantly greater mean than

Cavcasians
C =P Cawcagians have significanily greater mean than

Pakistani

DISCUSSION

As early as 1956 (Vague, 1956) it was ob-
served that excess body fat around the abdo-
men, although more common among males, was
related to diabetes and atherosclerosis in both
males and females. This observation has been
supported by much clinical, physiological and
epidemiological work (Kissebah et al., 1989). De-
spite these advances, large scale studies on fat
distribution and the risk of chronic disease have
been hampered by the fact that the most accu-
rate technique for assessing abdominal fat mass,
axial computerized tomography (ACTY), is costly
and time-consuming {Valdez et al., 1993).
Anthropometry could be a valid alternative to
ACT in population studies on fat distribution.
However, current anthropometric indicators of
obesity have several limitations. The BMI is not
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sensitive to body fai distribution (Keys et al.,
1972: Garn et al., 1986; Forbes, 1990) and the
waist-to-hip ratio (WHR), although somewhat
sensitive to fat distribution, does not have stand-
ard values that allow inter-individual or inter-
pupulation comaprisons (Hartz et al., 1984).

Significant ethnic differences in regional
subcutansous adiposity (Bose, 1995) between
adult Caucasian and migrant Pakistani men in
Britain have been reported before. However, to
date, body fat composition and its influence on
regional subcutaneous adiposity in migrant
South Asians has not been studied. The present
study was undertaken to determine whether vari-
ous measures of body fat composition could
account for the significant ethnic heterogeneity
in regional subcutaneous adiposity which ex-
ists between these two groups.

The results fo this investigation unequivo-
cally demonstrated that there existed significant
ethnic difference (ape corrected) in regional sub-
cutaneous adiposity, between Caucasian and
migrant Pakistani men. The three body fat com-
position measures, namely, PEF, FM and FMI,
which were computed using standard cquations
for adult Caucasian males (Durnin and
Womersley, 1974; Vanltallie et al., 1990) were also
found to be appropriate for use in the migrant
Pakistani men. Since there was no significant
ethnic heterogeneity in the correlations of these
measures with BMI and the skinfolds, these
equations are not “ethnic-specific’ to Caucasians
and can be used to determine PBF, FM and FMI
in other ethnic groups like South Asians,

The significant ethnic differences in regional
subcutaneous remained even after controlling
for the combined effects of age, BMI, PBF, FM
and FMI. The conclusion from these observa-
tions is that these ethnic differences between
adult Caucasian and migrant Pakistani men are
not explained by age, BMI and body fat compo-
sition variables like PBF, FM and FMI but is due
to other factors. Since regional adiposity is in-
fluenced by both, environmental as well as ge-
netic determinants { Bouchard, 1990), future stud-
ies on migrant South Asians should lay more
emphasis on the genetic basis of regional
adiposity and bodyfat composition. Al present,
information on geneétic component as a
determinant of regional adiposity and body fat
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composition in migrant South Asian groups is
lacking. It is possible, that genetic influence is
primarily responsible for the ethnic heterogene-
ity in regional subcutaneous adiposity between
Caucazians and South Asians and that bedy fat
composition plays a minor or insignificant role.
Thus, inter-generational studies is of particular
importance in understanding the genetic basis
of the ethnic difference in regional adiposily
between Caucasians and migrant South Asians.

This significant ethnic difference in regional
subcutaneous adiposity between adult Cavca-
sian and migrant Pakistani men, which is inde-
pendent of age, BMI, PBF, FM and FMI, could
have health implications, particularly with rela-
tion to the excess prevalence of coronary heart
disease (CHDY) and non-insulin dependent dia-
betes mellitus (NIDDM) observed in South
Asian communities in Britain.
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