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SUMMARY A comparative sudy of the intermelationships
af age and the body mass index (BMI) with subcwianeous
adiposity (measured by skinfolds ) in adult White European
(m= 262) and migrant Indian {n = 3% and Pakistani (n =
100y males residing in Peterborough, East Anglia, revealed
significant ethnic differences in mean skinfobds between
Eurapeans amd Indians'Pakistams {South Asians ) Age and
similar agsociaton with all the skinfolds in the three cthaic
groups. Multiple regression analyses revealed that for any
given age, South Asians have significanily higher mean
subscapular, suprailiac, abdomen, chest and midaxillary
skinfold hut significantly lower mean forearm skinfold com-
pared 1o Furopeans. These significant ethnic differences
remained even after controlling for the effect of the BMI,

INTRODUCTION

Skinfolds have become a popular tool for
assessing fat patterns and fat distribution in popu-
lation and epidemiological studies. However,
there seems to be little agreement as to which
measurements may be optimal indicators of fat
distribution in relation to risks of non-insulin
dependent diabetes mellitus and coronary heart
disease. Seidell et al. (1992) have proposed that
subcutancous fat patterning assessed by skinfolds
is measuring different aspects of fat distnbution
compared to circumferences and circumference
ratios. Studies (Seidell et al., 1987) have dem-
onstrated that amounts of intra-abdominal and
subcutaneous fat can be predicted accurately by
means of easy-to-measure anthropometric vari-
ahles and age. These predictions may be impor-
tant in future research because they enable the
specific effects of these fat depots on morbidity
and mortality to be estimated.

Subcutaneous body fat distribution has been
measured by skinfolds in many studies (Norgan
and Ferro-Luzzi, 1986; Reichley et al., 1987 ;
Blair er al., 1988). Recent studies of body fat
distribution in the Netherlands (Seidell et al.,
1987), Mexican Americans (Mueller et al.,
1991}, Europeans {Seidell et al., 1992), and His-
panic and non-Hispanic Americans (Sosenko et
al., 1993), have utilised various skinfold meas-
ures and indices. The use of skinfolds 1o swudy
baody fat distribution in non-obese individuals is
important in understanding anthropomeiric dis-
tribution of subcutaneous adiposity (Mueller et
al., 1991).

Although recent studies in Britain (Miller
etal., 1988; McEeigue et al., 1991; Bose, 1995;
Bose and Mascie-Taylor, 1995 have repornted
skinfold measurements in South Asians, no in-
vestigation, to date, has studied in detail the in-
terrelationships of age and the BMI with subcu-
taneous adiposity in South Asians. The present
study investigated the interrelationships of age
with subcutaneous adiposity (measured by
skinfolds) in native European and migrant South
Asian (Indian and Pakistani origin) men resident
in Peterborough (East Anglia), England. [t also
stiudied whether significant ethnic differences in
subcutaneous adiposity existed after controlling
for the linear and quadratic effects of age and
the BMI.

MATERIAL AND METHODS
Details of the sampling method and response

rate of this study have already been reported
elzsewhere (Bose and Mascie-Taylor, 1997). It is
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sufficient to note here that 262 European, 39 In-
dian and 100 Pakistani adult men (age > 19 yrs).
rezident in Peterborough, East Anglia were stud-
ied. All anthropometric measurenents were made
by one trained investigator (KB) using standard
techniques recommended by Lohman et al.
(1988). A total of five truncal (subscapular,
suprailiac, abdomen, chest, midaxillary) and four
exfremity (forearm, triceps, anterior thigh, me-
dial calf) skinfolds were measured.

The distributions of the BMI, and forearm,
triceps, anterior thigh , medial calf and sum of
all skinfolds were normalised using a logarith-
mic (base 10) transformation. Transformed val-
ues were used in all statistical analyses. Testing
for heterogeneity of the correlation coefficients
were undertaken following the method described
15 Sokal and Rohlf { 19586).

RESULTS

Age Differences

A one-way analysis of variance showed sig-
nificant heterogeneity in the mean ages between
the three groups (F= 1793, p < 0.0001), and the
Scheffe a posteriori test (2,398) demonstrated
that Europeans (51.8 = 15.60 yrs) were sigmfi-
cantly older than Pakistams (41.2 £ 14.5 yrs) but
not Indians (454 + 1275 yrs). The minimum and
maximum ages, however, were similar in all the
groups. Thus, the age ranges were similar in the
three groups.

Anifropomerric Variation Between the Three
Ethiic Grosups

Table | presents the means and standard
deviations of anthropometric variables in the three
ethnic groups. Differences among mean values
were examined using multiple regression analy-
sis, and after removing the linear and quadratic
effects of age the means of Indian, Pakistani, and
Europeans (whose means were set to Zero) were
compared (Table 2). Significant differences in sub-
cutaneous adiposity were observed between South
Asians and Europeans. South Asians had signifi-
cantly higher mean subscapular (p < 0.0001),
suprailiac (p < 0.0001), abdomen (p > 0.0001),
chest (p < 0.0025), midaxillary (p < 0.0005) and
sum of all skinfolds {p < 0.005) but significantly
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Table 1: Means and standard deviations of anthra-
pometic variables in the three cthnic growps

Frvihle Enropenns fraliams Pakistauis

fumiil = 282 fe = 39 £ = J i
Mean S0 Mean X0 Mean 50

Height (cm) 1746 67 1700 100 1722 &4

Weight (kg)* 782 1.2 .2 1.2 Tin 1.2

Body mass* 257 1.2 240 1.2 2501 1.2

index (kg'm®)

Skinfolds {mm}

Truncal

Subscapular 248 H.3 254 T8 %9 94

Suprailiac MY 70 294 7.1 0 B9

Abdomen EX N 3549 B.& ag 93

Chest 129 Tk B 76 237 &%

Midaxillary 244 73 3.1 13 Mo 94

Extremity

Forearm®* .0 52 N

1.3 1.3 1.5
Tricepst 4% 1.4 132 14 145 15
Anterior thigh* 19.1 1.4 195 L3 190 14
Medial cal™ 129 1.5 126 L5 120 L%
Sumiolall* 1791 1.3 191.4 L3 1910 1.4
skinlolds

*Geomeiric means and standard deviations are presenied

Table 22 Differences in the mean values of anthropome-
tri¢ varialbles betvween the three ethnic RO
(Enropeans sei to 2ero) after controlling for the
limear and guadratic efTects of age

Fariabie {naians FPikistanis

=30 o= Tl
Firrtalie Mean Memr  Mean  Mean Sigmificance
{remif) Before  After before Afier of Fohmge
Height (cm)] -4.5 49 .24 .13 pe= {000
Welght (kgi® 00 -10  -46 =11 p= 000
Body mass* - 1.7 - 11 -0.6b - 1.0 5.
index (kg/m’)
Skinfalds (mm)
Truncal
Subscapular 44 51 LN | G p = 0000
Suprailiac 47 50 30 52 p< 00N
Abdomen 29 43 ik a3 p 0000
Chest 1.9 33 0.8 L7 p=0.0025
Midaxillary 0.7 210 2.2 3.9  p<0D00S
Extremity
Forearm® -08 -12 -09 1.2 p< 00001
Triceps* -1y -1 0o -1.0 .5
Amenior thigh* 0.4 - L0 0.0 |.0 n.s
Medial calt® 0.3 - 1.0 -0.9 I.1 n.s
Sum af all® 12.3 1.1 11.% 1 | Pl (K5

skinfolds

n.5. not significant.
* Geometric means and standard deviations are presented.

lower (p < 0.0001) mean forearm skinfold. The
significant differences remained (Table 3) after
the BMI was included in the model.
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Tabde 3 : Differences in the menn valaes of skinfolds bi-
tween the three ethnie groups (Europeans set
o zera) aler controling for the lincar and quad-
ratle effects of age and the body mass index

Indipns FPakingtanis  Sieniffeance
Skinfalds Mean  SE Mean 5E  of Fohange
Truncal
Subscopular 7548 0919 7288 0.647 p<0.0000
Suprailise 6914 09359 5778 0673 p<0.0001
Abdomen Gdle 1051 5916 0300 p< 00001
Chest 5295 0912 2304 064 poes 000001
Midaxillary 41537 0872 4527 0613 p< 00001
Eb‘. '
Forearm* = 1007 1L.O043 LS9 1030 p = 00001
Triceps® 1.003  1.0%4 L0224 1037 n.s.
Antenor Brigh® 1073 1.047 - 004 1033 LES
Medial calf 1050 1063 - 1057 1044 n.s.
Surnofall® 1206 1033 1,142 1023 p < 00000

The wmit for all skinfolds is mms
.5, not significan
*(jeomeiric means ondstandard ermors are presenicd

The relationship between ape with skinfolds
was investigated in the three groups. Although
significant correlations existed with some
skinfolds, there was no significant ethnic hetero-
geneity {Table 4). There was also no significant
heterogeneity between the ethnic groups for the
partial correlations which took into account the
lincar and quadratic efTects of age (results not
shown). The absence of significant heterogene-
ity between partial correlations could indicate
cither complete averlap of distributions in the
three ethnic, or a parallel response, ie, with

Table 4: Correlation Coellicients of age with skinfolis
inthe theee cthilie groups

Skivafodel Fuivopemns  Fredians Prkistemi

in = 262) fm o= 6 i = J (M
Subgcapular 021 0220 0.286"
Suprailisc -0.032 0.141 0.093
Abdomen ] 3al 0.5912 0.407
Chest (42 0477 03844
Midaxillary 307 0.39x 0333
Forearrm - (42 LA R 0.020
Triceps AN5 0115 0008
Anderiar thigh - {130 0131 0.0 1
Medial calf - (LOE2 0,159 =0.017
Surmalall 0.151° 0. 35! 0.286"
Mo significant ethase heterogencity in cormelation coefficients
Ip<005
2, P 0025
1 p < 0bds

4. p <0001
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significant heterogeneity between the regression
coefficients (b values). Multiple regression re-
vealed that for subscapular (p < 0.0001),
suprailiac (p < 0.0001), abdomen (p < 0.0001),
chest (p < 0.0025), midaxillary (p < 0.0005),
forearm (p < 0.0001) and sum of all skinfolds (p
= 0.005), significant ethnic differences existed
(Table 5). Thus, SouthAsian men tend o have
significantly higher mean subscapular, suprailiac,
shdomen, chest and sum of all skinfolds than
European men { Table 5) at any given age, while
European mean have significantly higher mean
forearm skinfold than Indian and Pakistani men.
In the case of midaxillary skinfold, Pakistanis
have significantly higher mean (Indians also have
higher but not significant) compared with Euro-
peans at any given age.

When the BMI was included in the model,
results { Table 6) revealed that the significant eth.
nic differences in the regression coefficients (b
values) remained, Thus, for any given age and
BMI, South Asian men tend to have significantly
higher mean subscapular (p < 0.0001 ), suprailiac
(p = 0.0001), abdomen (p < 0.0001 chest (p <
0.0001), midaxillary (p < 0.0001) and sum of all
skinfolds (p < 0.0001) than European men (Ta-
ble &), while European men have significantly
higher (p < 0.0001 ) mean forearm skinfold than
Indian and Pakistani mern.

DISCUSSION

Although recent studies in Britain (Miller
etal., 1988; McKeigue et al., 1991; Bose, 1995,
Bose and Mascie-Taylor, 1995) have reporied
ethnic differences in skinfold measuremenis be-
tween adult European and South Asian men, no
investigation has studied, in detail, the interrela-
tionships of age and the BMI with subcutaneous
adipasity in South Asians,

In the present study, no significant ethnic
heterogeneity was observed in the relationships
of age and age’ with the skinfolds. Multiple re-
gression analysis demonstrated that the distribu-
tions of triceps, anterior thigh and medial calf
skinfolds in the three ethnic groups were similar.
However, there was significant heterogeneity in
b values between Europeans and South Asians
for subscapular, suprailiac, abdomen, chest
midaxillary, forearm and sum of all skinfolds,
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Tahle 5 : Ethnic differences in skinfolds (Europeans set 1o zero) after controlling for the linear and quadratic effects

of age

Skinfold Kig F Indiang Pakistanis

change fo = 38 = S0y

& S T o N T

Truncal
Subscapular < LDDD1 5007 p= 00001 G.551 p < OL0D]
Suprailise p= 0001 4,986 p = (U0 50198 = DL0DDI
Abdomen p = 00001 4.212 p = i 5.257 P = LD
Chest p = U2 3332 p < 0 2704 p=001
Midaxillary p < LD00s 2043 ES 180 = 0000
Exerewity
Farearm < 0.000] - 1.150 p= 0025 = 1.173 = 00000
Triceps UES = 1.080 n.s. = 1.001 &
Anterior thigh n.s. - 1000 f.4. -1.026 s,
Medial calf LES - 1040 ES - 108G LES
Sum of al < 0.005 110 p = (.05 1013 = 00035

1.5, nod siginificant.

Table &: Ethnle differences in skinfolds (Europeans sed to zero) after controlling for the linear and quadratic effects

of age and the boedy mass index

Shinfold Sig. F Indiams Pakisiamis

change =39 e =0

B Kig. T & Eig T

Truncal
Subscapular p= 0.0001 7.54%8 pr= 00001 T.288 p= (L0000
Suprailiac p=0.001 6.914 p= 00001 5778 p = 0.0001]
Abdiomen P 0.0001 .40 = 00001 5916 p = 0.0001
Chest P = 0.0025 5293 P LG 3304 « s 00001
blidaxillary p = 0.0005 4,157 < QL0 4.527 p= 0.0001
Exireniiiy
Farearm p = 0.0001 - 1107 < 025 = 1159 p < 0.0001
Triceps ns = 1003 LES = 1.024 L%,
Anterior thigh ns. - 1083 ns. =104 g,
Medial calf LES = 1040 ni. - 1057 s,
Sum of al p < 0001 1206 p = 005 1.4z o< 00001

s nol siginificant.

Thus at any given age, mean values of subsc-
apular, suprailiac, abdomen, chest, midaxillary
and forearm skinfolds are significantly different
in South Asian compared to European men.
When the BMI was ncluded in the madel,

multiple regression analysis indicated that the
distributions of lrjoeps, anterior thigh and me-
dial calf in the three ps were nverlappi'ng
i.e., no significant di ere:ru:e existed in b values
between the groups. However, there was signifi-
cant heterogeneity in b values between Europe-
ans and Indian/Pakistanis for subscapular,
suprailiac, abdomen, chest, midaxillary, forearm
and sum of all skinfolds, Thus for any given age

and BMI, mean values of subscapular, suprailiac,
abdomen, chest, midaxillary and forearm skin
folds are significantly different in South Asians
compared with Europeans.

A noteworthy point is that the significantly
greater subcutaneous adiposity {subscapular,
suprailiac, abdomen, chest and midaxillary
skinfolds) observed in South Asians is locaned
in the truncal region of the body, These results
clearly indicate that South Asian men have a
tendency ol increased accumulation of subcuta-
neous fat, irrespective of age and BMI, compared
to European men, in the truncal region.
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