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Although there is evidence that Asian Indians, Polynesians and Europeans differ in their body fat (BF)–BMI relationships, detailed comparative

analysis of their underlying body composition and build characteristics is lacking. We investigated differences in the relationships between body

fatness and BMI, fat distribution, muscularity, bone mineral mass, leg length and age-related changes in body composition between these ethnic

groups. Cross-sectional analysis of 933 European, Maori, Pacific Island and Asian Indian adult volunteers was performed for total and percentage

of BF, abdominal fat, thigh fat, appendicular muscle mass, bone mineral content and leg length measured by dual-energy X-ray absorptiometry.

Asian Indian men and women (BMI of 24 and 26 kg/m2, respectively) had the same percentage of BF as Europeans with a BMI of 30 kg/m2 or

Pacific men and women with BMI of 34 and 35 kg/m2, respectively. Asian Indians had more fat, both total and in the abdominal region, with less

lean mass, skeletal muscle and bone mineral than all other ethnic groups. Leg length was relatively longer in Pacific men and Asian and Pacific

women than in other ethnic groups. In Asian Indians, abdominal fat increased with increasing age, while the percentage of BF showed little

change. In the other ethnic groups, both abdominal and total BF increased with age. In conclusion, ethnic differences in fat distribution, muscu-

larity, bone mass and leg length may contribute to ethnic-specific relationships between body fatness and BMI. The use of universal BMI cut-off

points may not be appropriate for the comparison of obesity prevalence between ethnic groups.

BMI: Body fat: Skeletal muscle mass: Central fat: Dual-energy X-ray absorptiometry: Leg length

Obesity, understood as a condition of excessive fat accumu-
lation, is a global problem now reaching epidemic pro-
portions(1). It is a major, yet largely preventable, risk factor
for a number of chronic diseases, including CVD and type 2
diabetes. BMI, because of its simplicity and hence general
applicability, is a widely used surrogate measure of obesity.
While BMI and percentage of body fat (BF) are generally
well correlated, there is increasing evidence of wide ethnic
variation in the relationship between these two variables(2).
Ethnic differences in body build and body composition may
contribute to differences in the relationship between BMI
and BF between ethnic groups. For example, correction for
differences in relative leg length and frame size between Cau-
casian and Chinese populations reduced the disparity between
BMI-predicted percentage of BF for these groups(3). Other
factors, including muscularisation, bone mass and physical
activity, may also be important(4,5).

A BMI-based cut-off threshold for obesity defined by the
WHO (BMI $ 30 kg/m2) is intended for international use
and based on the relationship between BMI and morbidity
and mortality in Western populations. In other populations,
adoption of such a threshold may mask the true prevalence

of obesity and the associated disease risk. Based on this
threshold, Asian immigrants from the Indian subcontinent
have low rates of obesity, yet, relative to Europeans, they
have a higher prevalence of CHD and type 2 diabetes(6 – 9).
The greater central deposition of BF in Asian Indians com-
pared with Europeans(7) contributes to this increased disease
prevalence(10,11). Polynesians have higher bone and muscle
mass compared with Europeans(12,13), but also have a higher
prevalence of diabetes(14). The WHO has recognised the
deficiencies of a universal cut-off for obesity(15), and in a
2004 report(16) suggested that further body composition
studies of Asian and Pacific Island populations are needed to
determine equivalent fatness levels and the relationship of
BMI with body size. Ethnicity-specific recommendations for
BMI-based thresholds for obesity may have significant impli-
cations for public health policies in many countries.

In the present cross-sectional study, we provide a compara-
tive analysis of the body composition of European, Maori,
Pacific Island and Asian Indian adults focusing principally
on the BMI–BF relationship and body composition variables
that may influence this relationship. We sought specifically
to identify ethnic differences in (1) the relationships between
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body fatness and body size; (2) fat distribution; (3) muscular-
ity; (4) bone mineral mass; (5) leg length; (6) associations
between body composition and age. The present study rep-
resents the first direct comparison across the adult age range
of Polynesian and Asian Indian men and women, ethnic
groups that may be considered to lie at opposite extremes in
terms of their body composition.

Subjects and methods

Subjects

Subjects were 933 healthy volunteers (454 males and
479 females) aged 17–80 years of European, Maori, Pacific
Island and Asian Indian ethnicity, who participated in body
composition studies conducted in the Department of Surgery,
University of Auckland, between 1990 and 2004. Exclusion
criteria were total joint replacement, pregnancy, lifting
weights more than once per week, major medical conditions
(such as diabetes or cancer) and medication (such as oral ster-
oids), which may affect body composition. In addition, three
participants for whom recorded scale and dual-energy X-ray
absorptiometry (DXA) weight (sum of fat mass (FM), fat-
free soft tissue and bone mineral content (BMC)) differed
by more than 2·5 kg were excluded. All studies were approved
by the local ethics committees and all participants provided
written informed consent. Maori and Pacific (predominantly
Samoan) volunteers were recruited from urban Auckland or
rural areas of the upper North Island of New Zealand, and
European and Asian Indian volunteers from urban Auckland.
Recruitment was by personal contact, advertisement or
through existing networks of the recruiters. Recruitment of
the Maori, Pacific and Asian Indian volunteers was designed
to achieve similar numbers in both male and female groups
for each decade of age between 20 and 70 years. For the Euro-
pean sample, such a uniform age distribution was not sought
and the age distribution was weighted towards the 20–40
years range with a predominance of females. Ethnicity was
self-defined and was at least the ethnic group of three of the
four grandparents. Asian Indian was used to describe people
of South Asian origins, including Pakistan, India and
Sri Lanka. The number of subjects grouped by sex, ethnicity
and decade of age are shown in Table 1.

Anthropometry

With the subjects wearing light clothing and no shoes, height
was measured to the nearest 0·5 cm, using a stadiometer, and
weight was measured to the nearest 0·1 kg, using a platform
beam scale, and an estimated clothing weight was subtracted.
BMI was calculated as weight (kg)/height (m2).

Whole-body composition

The body composition (FM, fat-free soft tissue and BMC)
measurements were made using a single DXA machine
(model DPX þ with software version 3.6y; Lunar Radiation
Corp., Madison, WI, USA) with the subjects lying supine in
light clothing. Fat-free mass was calculated as the sum of
fat-free soft tissue and BMC. Percentage of BF was calculated
as 100 £ FM/DXA weight.

Fat distribution

For assessing regional fat distribution, the whole-body DXA
scans were analysed. Abdominal and thigh regions of interest
were defined by the criteria of Ley et al. (17). Abdominal fat
was obtained from the analysis of a region of interest posi-
tioned with the lower horizontal border on top of the iliac
crest and the upper border approximately parallel with the
junction of the T12 and L1 vertebrae. The sides of this
region were adjusted to include the maximum amount of
abdominal tissue. A region of interest of identical height
placed over the thighs with the upper horizontal border posi-
tioned immediately below the ischial tuberosities was used
to obtain the fat content of the thighs. The lateral margins
were adjusted to follow the shape of the thighs.

Appendicular skeletal muscle mass

Appendicular skeletal muscle mass (ASMM) was derived
from the DXA scans as total limb mass minus the sum of
limb fat and wet bone mass, estimated as BMC divided by
0·55. In this model, mass of the skin and associated dermal tis-
sues is assumed to be negligible relative to the skeletal muscle
component(18).

Leg length

Total subject skeletal, femoral and tibial lengths were
measured on the right side using the pixelated DXA image.
Total skeletal length (DXA height) was measured as the dis-
tance from the apex of the cranium to the plantar surface of
the calcaneus bone. Femur bone length was measured from
top of the femoral head (greater trochanter) to middle patellar
surface, and tibia bone length was measured from the superior
intercondylar eminence to the inferior surface medial malleo-
lus. Dimensions were measured in pixels and converted to
centimetres based on a DXA scan of a standard ruler. Leg
length was determined as the sum of the lengths of the
femur and tibia bones. The ratio of leg length to DXA
height was used as an index of relative leg length.

Table 1. The number of subjects by age group, sex and ethnicity

Age group (years)

19–29 30–39 40–49 50–59 60 þ Total

Men
European 59 29 16 13 7 124
Maori 33 23 21 18 14 109
Pacific 30 15 21 20 18 104
Asian Indian 24 29 25 23 16 117
Total 146 96 83 74 55 454

Women
European 69 37 41 26 13 186
Maori 21 23 14 17 15 90
Pacific 20 23 19 21 13 96
Asian Indian 19 25 29 18 16 107
Total 129 108 103 82 57 479

Overall total 275 204 186 156 112 933

Body composition and ethnicity 633
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Statistical analysis

The results are expressed as means and standard deviations,
unless stated otherwise. Between-group differences in subject
characteristics were tested using one-way ANOVA followed
by pairwise comparisons using Tukey’s multiple comparison
procedure if a significant F test was obtained. Analysis of
covariance (ANCOVA) was used to adjust body composition
results for comparison across ethnic groups. Before carrying
out the ANCOVA, similarity of regression slopes among the
ethnic groups was verified by examining the significance of
the interaction between the covariate(s) and the group vari-
able. Relationships between body composition measurements
and age were investigated by multiple regression analysis con-
trolling for independent variables such as height and weight.
Potential interaction terms and non-linear relationships were
examined for selected variables. Pearson’s correlation coeffi-
cients are presented for bivariate linear relationships with
age and partial correlation coefficients where adjustment is
made for weight and height. Data were analysed using SPSS
version 13.0 (SPSS, Inc., Chicago, IL, USA). Results with
P,0·05 were considered significant.

Results

Demographics and whole-body composition

Body composition characteristics of the subjects are summar-
ised by sex and ethnicity in Table 2. European men were
younger, taller and had lower FM and percentage of BF
than their counterparts in the other three groups. European
women were younger than Asian Indian women, and were
taller and had lower FM and percentage of BF than their
counterparts in the other three groups. The Asian Indian
men had lower body weight and BMC but higher percentage
of BF than the European, Maori and Pacific men. The Asian
Indian women also had the highest percentage of BF and
the lowest BMC of the four ethnic groups, while their body
weight was lower than Maori and Pacific women and not sig-
nificantly different from the European women. After adjust-
ment for age, height and weight, Asian Indians had the
highest FM, lowest fat-free mass and lowest BMC of the
four ethnic groups, while Pacific had the lowest FM and high-
est fat-free mass, for both men and women, and the highest
BMC for men (Table 3).

Relationships between BMI and percentage of body fat

Curvilinear relationships between the percentage of BF and
BMI for each ethnic group were linearised by logarithmically
transforming BMI (Fig. 1). Comparison of regression
equations of the percentage of BF on the logarithm of BMI
with age as a covariate and with sex and ethnicity as group
variables indicated significant heterogeneity in the slopes of
the male and female equations (P,0·0001). Men and
women were therefore analysed separately. For men, the
slope for the Europeans was steeper than that for Pacific
(P¼0·023) and Asian Indians (P¼0·0008) but similar to
Maori (P¼0·09). For European and Maori men, ANCOVA
showed significantly different intercepts for the regression

lines (P¼0·03) and the common slope regression equation
was:

Percentage of BF ¼ 102·39 log10ðBMIÞ þ 0·0906 age 2 125·64

2 1·57 group ðstandard error of estimate

¼ 4·82%; R2 0·72Þ;

where group is coded as 0 for European and 1 for Maori.
While no significant difference was found between the

slopes of the regressions for Pacific and Asian Indian men
(P¼0·13), ANCOVA showed their intercepts to be signifi-
cantly different (P,0·0001). The common slope regression
equation for these two groups was:

Percentage of BF ¼ 84·72 log10ðBMIÞ þ 0·0414 age 2 102·20

þ 12·47 group ðstandard error of estimate

¼ 4·60%; R2 0·65Þ;

where group is coded as 0 for Pacific and 1 for Asian Indian.
Age was retained in this model but was borderline significant
(P¼0·051). At a BMI of 30 kg/m2 for European, the predicted
percentage of BF (29 %) equates to a BMI of 31 kg/m2 for
Maori, 34 kg/m2 for Pacific and 24 kg/m2 for Asian Indian
men at the average ages of these respective ethnic groups
(Table 4). Inclusion of BMC reduced the difference in the per-
centage of BF at fixed BMI and age between European and
Maori to a non-significant 1·2 % (P¼0·09) and increased R 2

to 0·75, and that between Pacific and Asian Indian from
12·5 to 9·2 % (P,0·0001) and increased R 2 to 0·71.

For women, the slope for the Europeans was steeper than
that for all three other ethnic groups (all P,0·001). The
regression equation for European females alone was:

Percentage of BF ¼ 96·30 log10ðBMIÞ þ 0·116 age

2 104·11 ðstandard error of estimate

¼ 4·61%; R2 0·74Þ:

For Maori, Pacific and Asian Indian women, no significant
difference was found between the slopes of the regressions
(P¼0·14), but ANCOVA showed their intercepts to be signifi-
cantly different (P,0·0001). The common slope regression
equation for these ethnic groups was:

Percentage of BF ¼ 67·60 log10ðBMIÞ þ 0·0541 age 2 62·03

2 1·63 group 1

þ 6·84 group 2 ðstandard error of estimate

¼ 4·08%; R2 0·68Þ;

where group 1 is coded as 0 for Maori, 1 for Pacific and 0 for
Asian Indian, and group 2 is coded as 0, 0 and 1 for these respect-
ive ethnic groups. At a BMI of 30 kg/m2 for European women,
the predicted percentage of BF (43 %) equates to a BMI of
33 kg/m2 for Maori, 35 kg/m2 for Pacific and 26 kg/m2 for
Asian Indian women at the average ages of these respective

E. C. Rush et al.634
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Table 2. Characteristics of men and women in four ethnic groups

(Mean values, standard deviations and ranges)

European Maori Pacific Asian Indian

Mean SD Range Mean SD Range Mean SD Range Mean SD Range P

Men (n 454) n 124 n 109 n 104 n 117
Age (years) 34 13 17–80 40* 15 18–70 42* 16 17–69 42* 14 19–74 ,0·001
Height (cm) 176·9 6·3 159·0–191·0 174·2* 7·2 156·0–189·5 173·8* 6·9 154·0–196·0 169·6*†‡ 7·3 149·6–191·6 ,0·001
Weight (kg) 80·7 11·4 57·0–114·7 92·1* 16·6 57·3–147·9 94·4* 13·5 49·6–133·7 75·2*†‡ 14·5 44·5–125·4 ,0·001
BMI (kg/m2) 25·8 3·4 20·0–36·2 30·4* 5·3 18·9–43·5 31·3* 4·4 17·8–42·2 26·1†‡ 4·1 16·8–40·2 ,0·001
FM (kg) 18·2 9·2 4·8–48·6 26·6* 12·1 5·5–64·8 25·1* 9·2 3·2–53·3 24·3* 9·2 7·9–57·6 ,0·001
FM (%) 21·6 8·4 6·3–43·7 27·6* 8·9 7·6–51·5 25·8* 7·2 6·3–42·5 31·6*†‡ 7·3 14·0–54·2 ,0·001
FFM (kg) 62·9 6·2 48·9–83·2 65·9* 7·7 46·3–90·5 69·7*† 7·5 46·7–93·2 50·9*†‡ 8·1 30·4–77·1 ,0·001
BMC (kg) 3·289 0·418 2·452–4·593 3·395 0·390 2·311–4·222 3·485* 0·460 2·226–4·804 2·672*†‡ 0·420 1·722–3·822 ,0·001
AbFM (kg) 1·528 0·969 0·300–4·636 2·489* 1·246 0·281–5·713 2·319* 0·973 0·203–4·646 2·444* 0·940 0·686–6·142 ,0·001
AbFM (% total) 8·0 1·5 4·4–12·0 9·1* 1·5 5·1–12·9 9·0* 1·7 4·8–12·9 10·1*†‡ 1·4 6·5–14·8 ,0·001
Thigh FM (kg) 1·548 0·659 0·459–3·451 2·196* 0·988 0·548–5·370 2·056* 0·755 0·330–4·917 1·999* 0·762 0·712–3·994 ,0·001
Thigh FM (% total) 8·9 1·3 5·9–12·1 8·5 1·3 5·7–11·8 8·4* 1·3 6·0–12·2 8·3* 1·2 4·9–12·5 0·002
AbFM/thigh FM 0·943 0·323 0·372–1·881 1·114* 0·320 0·473–2·153 1·121* 0·364 0·472–2·129 1·257*†‡ 0·329 0·520–3·024 ,0·001
ASMM (kg) 26·5 3·0 18·5–37·7 27·7 3·9 15·5–36·8 29·5*† 4·3 11·1–41·2 21·6*†‡ 3·8 11·1–33·5 ,0·001
Leg length (cm) 83·3 4·0 74·5–93·3 81·8* 4·6 68·3–92·4 82·5 4·2 72·2–92·7 80·7*‡ 4·2 69·2–91·5 ,0·001

Women (n 479) n 186 n 90 n 96 n 107
Age (years) 38 13 19–74 42 14 19–67 42 14 20–69 43* 13 20–69 0·005
Height (cm) 164·2 6·1 148·5–181·0 161·5* 5·5 148·0–177·0 160·9* 5·9 149·0–173·0 156·8*†‡ 5·8 142·5–169 ,0·001
Weight (kg) 66·9 12·1 47·7–104·7 78·2* 16·0 47·5–133·5 85·7*† 17·2 51·2–136·9 64·4†‡ 10·5 46·7–91·9 ,0·001
BMI (kg/m2) 24·8 4·5 16·9–39·4 30·0* 5·9 19·4–47·3 33·1*† 6·3 20·8–48·1 26·3†‡ 4·6 17·4–38·1 ,0·001
FM (kg) 23·6 9·9 5·3–53·9 31·9* 11·7 11·9–75·6 35·7* 11·4 13·1–62·9 27·9*†‡ 8·4 12·0–50·7 ,0·001
FM (%) 34·0 9·1 10·7–52·8 39·5* 7·4 18·2–56·8 40·8* 6·8 22·4–53·7 42·7*† 6·8 25·7–56·7 ,0·001
FFM (kg) 43·3 4·8 31·8–58·5 46·4* 6·0 35·2–62·3 49·8* 7·4 34·4–72·6 36·3*†‡ 4·0 26·5–52·1 ,0·001
BMC (kg) 2·551 0·350 1·713–3·758 2·653 0·363 2·067–3·610 2·665* 0·403 1·569–3·781 2·126*†‡ 0·270 1·498–2·969 ,0·001
AbFM (kg) 1·686 1·036 0·142–4·752 2·749* 1·214 0·598–6·089 3·072* 1·227 0·526–6·203 2·467*‡ 0·914 0·575–5·334 ,0·001
AbFM (% total) 6·6 1·8 2·4–10·4 8·5* 1·4 5·0–11·9 8·4* 1·4 4·0–11·9 8·7* 1·3 4·8–11·6 ,0·001
Thigh FM (kg) 2·458 0·800 0·571–5·089 3·024* 0·905 1·483–5·329 3·260* 0·926 1·587–6·173 2·900*‡ 0·845 1·075–6·014 ,0·001
Thigh FM (% total) 11·0 1·7 6·8–15·0 9·9* 1·4 6·5–12·7 9·4* 1·3 6·7–14·0 10·5†‡ 1·5 6·5–14·8 ,0·001
AbFM/thigh FM 0·644 0·265 0·185–1·527 0·890* 0·260 0·398–1·829 0·926* 0·244 0·295–1·511 0·855* 0·224 0·325–1·564 ,0·001
ASMM (kg) 16·9 2·3 11·4–24·8 17·8* 2·8 9·6–24·6 19·7*† 3·2 13·6–26·8 14·2*†‡ 1·9 10·5–21·2 ,0·001
Leg length (cm) 77·0 4·1 67·6–88·0 74·4* 4·0 65·6–83·5 76·6* 3·7 67·5–85·5 74·6*‡ 4·0 64·3–83·8 ,0·001

FM, fat mass; FFM, fat-free mass; BMC, bone mineral content; AbFM, abdominal FM; ASMM, appendicular skeletal muscle mass.
* Mean value was significantly different from that of the European group (P,0·05).
† Mean value was significantly different from that of the Maori group (P,0·05).
‡ Mean value was significantly different from that of the Pacific group (P,0·05).
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ethnic groups (Table 4). Significant ethnicity effects remained in
this model after the addition of BMC and this variable increased
R 2 to 0·70.

Appendicular skeletal muscle mass

For both men and women, the highest ASMM was seen in the
Pacific group and the lowest ASMM in the Asian Indians, both
before (Table 2) and after adjustment for age, height and
weight (Table 3). ASMM did not differ between Maori and
European men or women after adjustment. Inclusion of
ASMM in the percentage of BF–BMI regression models did
not completely eliminate the ethnic differences. For men,
ASMM reduced the difference in the percentage of BF at
fixed BMI and age between European and Maori from 1·6 to
1·2 % (P¼0·044) and between Pacific and Asian Indian from
12·5 to 7·5 % (P,0·0001), and increased R 2 to 0·81 for
both models. ASMM added to the model for Maori, Pacific
and Asian Indian women eliminated the difference in the per-
centage of BF at fixed BMI and age between Maori and Paci-
fic (P¼0·39) but not between Maori and Asian Indian
(P,0·0001), which decreased from 6·8 to 4·2 %. R 2 for this
model was 0·79.

Fat distribution

After adjustment for age, height and weight, abdominal FM
was higher in Asian Indians than the other ethnic groups for
both men and women with Pacific having the lowest values
(Table 3). The same pattern was seen for adjusted thigh FM.
As a proportion of total BF, abdominal fat was the lowest in
Europeans and the highest in Asian Indians, while thigh fat
was significantly higher in Europeans than the other ethnic
groups (Table 2). The ratio of abdominal to thigh FM was

the highest in Asian Indian men and the lowest in European
men, while in women, this ratio was also the lowest in the
Europeans with Asian Indians having a lower value than Paci-
fic and not significantly different from Maori (Table 2).
After adjusting this ratio for age, the same patterns were
observed (Table 3). Inclusion of abdominal and thigh FM in
the percentage of BF–BMI regression models did not comple-
tely eliminate the ethnic differences. For men, these variables
reduced the difference in the percentage of BF at fixed BMI
and age between European and Maori from 1·6 to ,1 % and
increased R 2 to 0·93, and between Pacific and Asian Indian
from 12·5 to 3·3 % (P,0·0001) and increased R 2 to 0·90·
Abdominal and thigh FM added to the model for Maori, Paci-
fic and Asian Indian women eliminated the difference in the
percentage of BF at fixed BMI between Maori and Pacific
(P¼0·60), but not between Maori and Asian Indian
(P,0·0001), which decreased from 6·8 to 3·6 %. R 2 for this
model was 0·86.

Leg length

Leg length, adjusted for height, age and weight, did not differ
significantly between European, Maori and Asian Indian men
and was shorter than that observed in Pacific men (Table 2). In
women, adjusted leg length was the shortest in Maori and the
longest in Pacific and Asian Indian with European having an
intermediate value. Leg length and height when added to the
percentage of BF–BMI regression models did not significantly
affect the ethnic differences observed.

Variation with age

Age dependence of the percentage of BF, ASMM, abdominal
fat (as a percentage of total fat) and the ratio of abdominal to

Table 3. Body composition and leg length of men and women in four ethnic groups adjusted for age, height and weight
within each sex

(Mean values with their standard errors)

European Maori Pacific Asian

Mean SEM Mean SEM Mean SEM Mean SEM P

Men (n 454) n 124 n 109 n 104 n 117
FFM (kg) 62·5 0·4 63·7* 0·4 67·0*† 0·4 55·8*†‡ 0·4 ,0·0001
FM (kg) 22·9 0·4 22·0 0·4 18·7*† 0·4 29·3*†‡ 0·4 ,0·0001
BMC (kg) 3·19 0·03 3·33* 0·03 3·43*† 0·03 2·89*†‡ 0·03 ,0·0001
ASMM (kg) 26·1 0·2 26·8 0·2 28·5*† 0·3 23·9*†‡ 0·3 ,0·0001
AbFM (kg) 2·10 0·04 2·04 0·04 1·66*† 0·05 2·85*†‡ 0·04 ,0·0001
Thigh FM (kg) 1·87 0·04 1·86 0·04 1·60*† 0·04 2·38*†‡ 0·04 ,0·0001
AbFM/thigh FM§ 1·03 0·02 1·11* 0·02 1·08* 0·03 1·21*†‡ 0·02 ,0·0001
Leg length (cm) 81·9 0·2 81·8 0·2 82·8*† 0·2 82·0‡ 0·2 0·009

Women (n 479) n 186 n 90 n 97 n 106
FFM (kg) 43·8 0·3 44·9* 0·3 46·4*† 0·4 39·9*†‡ 0·3 ,0·0001
FM (kg) 28·3 0·3 27·6 0·3 25·8*† 0·4 32·1*†‡ 0·3 ,0·0001
BMC (kg) 2·51 0·02 2·61* 0·03 2·57 0·03 2·32*†‡ 0·03 ,0·0001
ASMM (kg) 17·0 0·1 17·2 0·2 18·3*† 0·2 15·8*†‡ 0·2 ,0·0001
AbFM (kg) 2·23 0·03 2·33 0·04 2·06*† 0·04 2·76*†‡ 0·04 ,0·0001
Thigh FM (kg) 2·81 0·04 2·72 0·05 2·50*† 0·05 3·22*†‡ 0·05 ,0·0001
AbFM/thigh FM§ 0·67 0·02 0·88* 0·02 0·91* 0·02 0·83*‡ 0·02 ,0·0001
Leg length (cm) 75·6 0·2 75·0* 0·2 76·7*† 0·3 76·4*† 0·2 ,0·0001

FFM, fat-free mass; FM, fat mass; BMC, bone mineral content; ASMM, appendicular skeletal muscle mass; AbFM, abdominal FM.
* Mean value was significantly different from that of the European group (P,0·05).
† Mean value was significantly different from that of the Maori group (P,0·05).
‡ Mean value was significantly different from that of the Pacific group (P,0·05).
§ Adjusted for age only.
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thigh fat was examined by multiple regression analysis. These
variables are shown in Figs. 2 and 3 as means for each decade
of age and for each ethnicity-sex subgroup. Within each sub-
group, ASMM associations with age were examined after con-
trolling for weight and height. The percentage of BF increased
linearly with age in European (r 0·33, P¼0·0002) and Maori
(r 0·38, P,0·0001) men, and in European (r 0·44,
P,0·0001), Maori (r 0·31, P¼0·003) and Pacific (r 0·46,
P,0·0001) women. In Asian Indian women, there was a
weak dependence on age (r 0·21, P¼0·026), while in Asian
Indian men the percentage of BF was independent of age (r
0·01, P¼0·97). In Pacific men, the dependence on age was
quadratic (P¼0·006 for age2 term) with the percentage of
BF reaching a maximum at age 49.

ASMM, after controlling for weight and height, decreased
linearly with age in European (r 20·29, P¼0·0012) and
Maori (r 20·39, P,0·0001) men and European (r 20·32,

P,0·0001) and Maori (r 20·34, P¼0·0012) women. A sig-
nificant age dependence was not seen in Pacific men and
women (r 20·17, P¼0·10 for both) nor in Asian Indian
men (r 20·13, P¼0·18) and women (r 0·01, P¼0·9).

Abdominal fat (as a percentage of total fat) increased line-
arly with age in European (r 0·65, P,0·0001) and Asian
Indian (r 0·69, P,0·0001) men, and in European (r 0·55,
P,0·0001), Pacific (r 0·68, P,0·001) and Asian Indian (r
0·47, P,0·0001) women. In Maori and Pacific men, the
dependence on age was quadratic (P¼0·002 and P¼0·0002,
respectively, for age2 term) with the percentage of abdominal
fat reaching a maximum at ages 61 and 59 years, respectively.
In Maori women, the dependence on age followed a cubic pat-
tern (P¼0·024 for age3 term).

The ratio of abdominal to thigh fat increased linearly with
age in European (r 0·68, P,0·0001) and Asian Indian
(r 0·58, P,0·0001) men and in the women of all ethnic
groups (r 0·58, P,0·0001 for European; r 0·40, P¼0·0001
for Maori; r 0·70 and r 0·44, both P,0·0001, for Pacific
and Asian Indian). In Maori and Pacific men, the dependence
on age was quadratic (P¼0·002 and 0·010, respectively, for
age2 term) with this ratio reaching a maximum at ages 61
and 68 years, respectively.

Discussion

The present study is the first detailed comparison of the body
composition of European, Maori, Pacific Island and Asian
Indian men and women across the adult age range. Limited
analysis of subgroups of these data has appeared pre-
viously(19 – 22). A wide disparity is seen in the BF–BMI
relationship between, on the one hand, Pacific people, who
could be argued to be the largest people in the world(23),
and, on the other hand, Asian Indians, who appear to have
the most fat(24). For example, at a fixed percentage of BF cor-
responding to a BMI of 30 kg/m2 for Europeans (29 % BF for
men, 43 % BF for women), Pacific BMI values were up to 5
units higher and Asian Indian up to 6 units lower, a span of
11 BMI units. For a BMI of 30 kg/m2, BF in Pacific men
was 25 % and in Asian Indian men 37 %, while in women
these fatness levels were 38 and 47 %, respectively. The
second main finding of this work was that Asian Indians had
higher fat levels, both total and in the abdominal region,
with lower lean mass, skeletal muscle and bone mineral
levels than all other ethnic groups. Third, Pacific men and
women had longer legs than their European counterparts,
while for Asian Indians, leg length was similar to Europeans
in men and longer than Europeans in women. Fourth, with
increasing age, while the percentage of BF in Asian Indians
showed little change, there was a shift in the distribution of
this fat to the abdominal area. In other ethnic groups, and par-
ticularly in women, increasing levels of abdominal fat with
age were coupled with increasing total BF.

Results for Pacific and Maori have been compared with
Europeans in earlier reports(19,25) and the New Zealand Min-
istry of Health presently adopts BMI thresholds of 26 and
32 kg/m2 for overweight and obesity in Pacific and Maori
adults. The present results for Asian Indians add further
evidence for re-examination of the BMI thresholds for
overweight and obesity as they apply to this ethnic group.
They confirm the findings from the studies conducted in

Fig. 1. Relationship between the percentage of body fat (BF) and BMI of

European (X), Maori (W), Pacific Island (O) and Asian Indian (K) (a) men

and (b) women. The linear regressions are: percentage of BF ¼ 117·7

log10(BMI) 2 144·2 (standard error of estimate (SEE) ¼ 5·2 %, r 2 0·61, n

124) for European men (—); percentage of BF ¼ 101·3 log10(BMI) 2 122·0

(SEE ¼ 4·6 %, r 2 0·74, n 109) for Maori men (- - -); percentage of

BF ¼ 93·6 log10(BMI) 2 113·6 (SEE ¼ 4·1 %, r 2 0·68, n 104) for Pacific

Island men (·····); percentage of BF ¼ 78·6 log10(BMI) 2 79·4

(SEE ¼ 5·0 %, r 2 0·52, n 117) for Asian Indian men (-·-·); percentage of

BF ¼ 103·5 log10(BMI) 2 109·7 (SEE ¼ 4·8 %, r 2 0·72, n 186) for Euro-

pean women (—); percentage of BF ¼ 74·8 log10(BMI) 2 70·3

(SEE ¼ 3·9 %, r 2 0·72, n 90) for Maori women (---); percentage of

BF ¼ 65·2 log10(BMI) 2 57·8 (SEE ¼ 4·1 %, r 2 0·65, n 97) for Pacific

Island women (·····); percentage of BF ¼ 71·0 log10(BMI) 2 57·7

(SEE ¼ 4·4 %, r 2 0·60, n 107) for Asian Indian women (-·-·).
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other Asian Indian migrant groups(26). The WHO BMI
classifications of overweight ($25 kg/m2) and obesity
($30 kg/m2), although intended for international use, are
based on the relationship between BMI and cardiovascular
morbidity in Western populations(1). Based on the percentage
of BF levels, a BMI of 26 kg/m2 has been suggested as an
obesity cut-off point in Asian Indians equivalent to that for
Europeans(26). A WHO Expert Consultation(16) identified
BMI $23 kg/m2 and $27·5 kg/m2 as trigger points for
public health action for many Asian populations, these cut-
offs representing increased and high risks, respectively, for
adverse health outcomes. More studies are required to
define the ‘healthy’ BMI range for Asian Indian and Pacific
Island people on the basis of risk for obesity-related diseases.
Compared with their European counterparts with the same
BMI, migrant Asian Indian populations are found to be rela-
tively hyperinsulinaemic and insulin resistant(27,28), character-
istics that may be important in the development of type 2
diabetes and CVD. Indeed, Asian Indians with ‘normal’
BMI (,25 kg/m2) have high CVD risk(29,30). Pacific Islanders
in New Zealand, by contrast, are not hyperinsulinaemic rela-
tive to the Europeans of the same BMI(31), while they have a
high prevalence of type 2 diabetes and are believed to have a
lower rate of CVD(32).

We report ethnic-specific muscularity, fat distribution, bone
mass and leg length. characteristics that may contribute to the
ethnic differences in the relationships between BMI and
BF (3). Compared with European men of similar weight,
height and age, Asian Indians have significantly less skeletal
muscle in the limbs, while Pacific have significantly more.
Appendicular skeletal muscle is approximately 75 % of total
body skeletal muscle mass(33). We have also shown, by
examination of the distribution of fat in our subjects, that
Asian Indians have a more central fat deposition pattern
than European or Pacific. The propensity for abdominal adi-
posity found in Asian Indians had been inferred from the
measurements of waist-to-hip girth ratios in a number of
studies(7,34). In this population, the association between cen-
tral obesity and risk for CVD and type 2 diabetes is clearly

established(9,35 – 37). In both men and women of the present
study, the percentage of total fat as abdominal fat was signifi-
cantly higher in Maori, Pacific and Asian Indians than
Europeans. This may explain, in part, the higher prevalence
of hypertension and type 2 diabetes found in these ethnic
groups compared with Europeans(14,38,39). Adjustment of
the percentage of BF–BMI relationships by the addition of
skeletal muscle or fat distribution variables (abdominal and
thigh fat) reduced, but did not eliminate, the ethnic effects.
While Asian Indians had lower bone mineral mass than all
other ethnic groups, this variable did not alter substantively
the ethnic specificity of the BF–BMI relationships. Leg
length appears to be the component of height most strongly
associated with disease risk, with longer legs associated
with lower blood pressure, cholesterol levels and insulin
resistance, as well as lower BMI(40,41). Individuals with
long legs relative to their height have a lower BMI than
those with short legs, irrespective of fat content(42). The
ethnic differences we observed, however, in the BF–BMI
relationships were not altered significantly by adjusting for
leg length. Further analysis in which the BF–BMI relation-
ships were adjusted simultaneously by skeletal muscle, fat
distribution, bone mass and leg length also did not eliminate
the significant difference between Asian Indians and the other
ethnic groups, although reduced substantially to ,2·5 %
(absolute percentage of BF) for fixed BMI and age.

A curvilinear dependence of body fatness on age (20–80 þ

years) was observed in American whites, blacks and Asians
with peak percentage of BF occurring about age 60 years
for blacks and Asians and age 70 years for whites(43).
Asians in that study were likely to be predominantly Japanese,
Chinese and Korean. Such curvilinearity was seen in Pacific
men in the present study, but not in European or Maori
where the number of subjects .70 years was limited. The pat-
tern of change in Asian Indian men was markedly different
and we do not have an explanation for this observation. Pub-
lished data for age-related changes in skeletal muscle mass are
sparse, but it is generally believed that beyond the age of 30–
40 years muscle mass declines with age. Whole-body MRI

Table 4. Comparison of European BMI and the corresponding percentage of body fat (BF) with estimated BMI equivalents for Maori, Pacific and Asian
Indians derived from the equations relating BMI to the percentage of BF and age

European

BMI
(kg/m2)

Body fat
(%)*

Maori
(approximate BMI equivalent (kg/m2))*

Pacific Island
(approximate BMI equivalent (kg/m2))*

Asian Indian
(approximate BMI equivalent (kg/m2))*

Men
20 10·7 20·7 20·9 14·9
25 20·6 25·9 27·4 19·5
30 28·7 31·1 34·1 24·3
35 35·5 36·3 41·1 29·3
40 41·5 41·4 48·3 34·4
45 46·7 46·7 55·7 39·8

Women
20 25·6 18·6 19·7 14·8
25 34·9 25·6 27·0 20·3
30 42·5 33·1 35·0 26·3
35 49·0 41·3 43·6 32·8
40 54·6 49·9 52·8 39·6
45 59·5 59·0 62·4 46·9

* The percentage of BF and BMI equivalents calculated at the average age for each ethnic group.
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Fig. 3. Mean abdominal fat as the percentage of total body fat and ratio of abdominal to thigh fat by decade of age for European (W), Maori (X), Pacific (K) and

Asian Indian (O) (a) men and (b) women. Error bars indicate the standard error of the mean. The number of subjects in each group is reported in Table 1.

Fig. 2. Mean percentage of body fat and appendicular skeletal muscle mass (adjusted for weight and height within each ethnic group) by decade of age for

European (W), Maori (X), Pacific (K) and Asian Indian (O) (a) men and (b) women. Error bars indicate the standard error of the mean. The number of subjects in

each group is reported in Table 1.
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studies of predominantly Caucasian subjects confirmed this
observation(44) and DXA studies in Caucasian and African
American adults(45) showed that ASMM, adjusted for height
and weight, decreased linearly with age in both ethnic
groups at about 0·8 kg/decade in men and about 0·4 kg/
decade in women. The present results for European and
Maori are in agreement(45) with the rates of loss of
appendicular muscle approximating 0·5–0·8 kg/decade in
men and 0·4–0·5 kg/decade in women. However, only a
weak linear trend was seen for Pacific and Asian Indians;
ASMM was preserved to at least age 65. In men and
women of all ethnic groups, abdominal fat (as a percentage
of total fat) and the ratio of abdominal to thigh fat were
strongly age dependent. For European and Pacific, between
the third and seventh decades, the percentage of abdominal
fat increased by 40–55 % and abdominal-to-thigh fat ratio
by 75–105 %. Recently, published work in a large multi-
ethnic population(46) has shown that DXA-derived trunk fat
also accumulates with age. The cross-sectional nature of all
these studies, including the present one, is a limitation and
definitive conclusions relating to changes in body composition
with age must await large-scale longitudinal studies.

Strengths of the present study include the application of a
well-validated body composition methodology and the same
machine for all measurements. However, validation of the
DXA technology against multi-compartment models has gen-
erally been carried out in Caucasian populations. We are not
aware of any published studies in adults investigating the
potential effects of ethnicity on the DXA-derived body com-
position results. In a multi-ethnic study of children and adoles-
cents, the relationship between the percentage of BF by DXA
and that from a four-compartment model was shown to be
independent of ethnicity(47). The limitations of the DXA tech-
nology are that it cannot accommodate the very obese and
cannot distinguish between subcutaneous and visceral fat
deposits in the abdominal region, which may be independent
predictors of disease risk(48). Our measure of central fat was
based on an abdominal region of interest deliberately chosen
to avoid significant interference from the bone pixels that
may affect the accuracy of the separation of non-bone tissue
into fat and lean components. A primary purpose of the pre-
sent work was to examine the relationships between body
size and fatness for which we sought, at least in the non-Euro-
pean groups, a uniform age distribution and wide range of
BMI rather than representativeness of the wider populations.

In conclusion, the present study demonstrates the marked
differences in body build, body composition and fat distri-
bution, which characterise New Zealanders of European,
Maori, Pacific Island and Asian Indian ancestry. These differ-
ences go some way towards explaining the observed wide
variation in the relationships between BMI and percentage
of BF. Particularly notable are the marked differences between
Asian Indians and Europeans. The higher fat levels, both total
and central, and the apparent shift in fat distribution to the
abdominal region with ageing that we observed in Asian
Indians may have important implications for their risk of obes-
ity-related diseases. Asian Indians are a rapidly growing seg-
ment of the New Zealand population and their body
composition characteristics distinguish them from other
Asian subgroups(16,26). It is important that in New Zealand,
as in other countries with significant migrant Asian popu-

lations, this distinction is acknowledged by public health pol-
icymakers. The present results emphasise the inadequacy of
universal BMI cut-off points for the determination of the per-
centage of BF and obesity and the need for further studies to
relate morbidity and mortality risk to ethnic-specific criteria
for the determination of obesity in epidemiological and
public health settings.
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