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HYPERTRIGLYCERIDEMIC WAIST AS A SCREENING TOOL FOR CVD RISK

IN INDIGENOUS AUSTRALIAN WOMEN

Research has demonstrated that the simulta-
neous determination of waist circumference
and fasting plasma triglyceride (TG) concentra-
tions can identify men characterized by a met-
abolic triad of unconventional risk variables:
increased levels of fasting insulin, apolipopro-
tein (apo) B, and a predominance of small,
dense, low density lipoprotein (LDL) particles.
The aim of this study was to assess the efficacy
of using ‘‘hypertriglyceridemic waist’’ to iden-
tify individuals at high risk of CVD in a sample
of indigenous Australian women, for whom 2
of the 3 non-traditional risk factors were mea-
sured (apo B and insulin). Subjects (N580)
were divided into subgroups on the basis of
waist girth and TG levels. The TG /HDL ratio
increased in women with both elevated waist
(above 95 cm) and TG levels (above 2.0 mmol/
L), who were also characterized by lower HDL
and elevated LDL concentrations. Although
there was no trend toward an increase in apo
B with increasing waist girth and TG levels, apo
B concentration was highest among subgroups
with elevated waist and TG levels. Fasting in-
sulin levels were higher with increasing waist
girth, but not with increasing TG levels. Utiliz-
ing hypertriglyceridemic waist as a marker of
high plasma insulin and apo B can be an im-
portant factor in assessing cardiovascular risk in
indigenous Australian women, despite an un-
expected apo B distribution. (Ethn Dis. 2003;
13:80–84)
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INTRODUCTION

The metabolic triad of increased
levels of fasting insulin, apolipoprotein
(apo) B, and a predominance of small,
dense, low-density lipoprotein (LDL)
particles, is now emerging as a powerful
risk factor for coronary heart disease
(CHD) in men.1 Due to the time and
cost associated with the measurements
of insulin, apo B, and LDL size, the
simultaneous measurement of waist cir-
cumference and fasting plasma triglyc-
eride (TG) concentrations has been
promoted as an alternate, and much
less expensive tool to identify men
characterized by this triad.2 Waist cir-
cumference, commonly used as an in-
dex of abdominal obesity, is positively
associated with apo B and insulin levels
in men, and has therefore been used to
identify these potential risk factors.2

Fasting TG concentration has been
identified as a marker of LDL size, as
TG levels correlate with LDL size mea-
sured by gradient gel electrophoresis.3–

5 More than 80% of men with both
elevated waist girth ($90 cm) and TG
levels ($2.0 mmol/L) also exhibited
the metabolic triad; however, elevated
waist circumference, alone, failed to
adequately identify men at high risk.2

It is not clear whether ‘‘hypertriglycer-
idemic waist’’ can identify subjects with
a higher risk of cardiovascular disease
(CVD) among other groups, including
indigenous populations. As pointed out
by Després et al,6 cut-off values need
to be clarified for different age range
and ethnicity. Australian indigenous
people have been characterized as hav-
ing an unusually high prevalence of
obesity, hyperinsulinemia, dyslipide-

mia, and non-insulin dependent dia-
betes, compared to non-indigenous
populations.7–11 Therefore, the aim of
this study was to assess the efficacy of
using ‘‘hypertriglyceridemic waist’’ to
identify individuals at high risk of
CVD in a sample of Australian indig-
enous women with a wide range of
BMI (mean BMI530.1 6 7.9 kg/m2,
range 18.1–65.7 kg/m2).

METHODS

Subjects were indigenous Australian
women (N592) recruited from those
attending Community Health Centers,
or training as aboriginal health workers
and residing in urban New South Wales,
Australia. The definition of aboriginal
was ‘‘persons identifying themselves as
aboriginal and being accepted as such by
an aboriginal community.’’12 Among 92
subjects, 34 subjects were classified as
non-obese (BMI,25 kg/m2), were used
to determine the 50th percentile values
for apo B and insulin, and were regard-
ed as cut-off points for apo B and in-
sulin. Eighty of the 92 subjects (mean
BMI530.1 6 7.9 kg/m2) had both apo
B and insulin measured, and formed the
basis of the statistical analysis. The
blood available was insufficient to mea-
sure apo B and insulin in the remaining
12 subjects. Height was measured with
a portable stadiometer, and weight was
measured with a digital scale, which was
calibrated before each session. Body
mass index (BMI5weight kg/height m2)
was calculated. Waist girth was mea-
sured, with the subjects standing, using
a plastic tape measure at the least girth
between the bottom of the rib cage and
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‘‘Australian indigenous people

have been characterized as

having an unusually high

prevalence of obesity,

hyperinsulinemia,

dyslipidemia, and non-

insulin dependent diabetes,

compared to non-indigenous

populations.7–11’’

Table 1. Pearson correlation coefficients of anthropometric and biochemical pa-
rameters (N575)

Waist
(cm)

BMI
(kg/m2)

Insulin*
(pmol/L)

Apo B
(g/L)

TG*
(mmol/L)

TC
(mmol/L)

HDL
(mmol/L)

Waist (cm)
BMI (kg/m2)
Insulin (pmol/L)*
Apo B (g/L)
TG (mmol/L)*
TC (mmol/L)
HDL (mmol/L)

1.0
0.90†
0.50†
0.15
0.54†
0.26‡

20.38†

0.90†
1.0
0.50†
0.28‡
0.43†
0.24‡

20.32§

0.50†
0.50†
1.0

20.05
0.32§
0.04

20.25‡

0.15
0.28‡

20.05
1.0
0.29‡
0.42†
0.19

0.54†
0.43†
0.32§
0.29‡
1.0
0.53†

20.37†

0.26‡
0.24‡
0.04
0.42†
0.53†
1.0

20.10

20.38†
20.32§
20.25‡

0.19
20.37†
20.10

1.0

* Log-transformed.
† P,.001.
‡ P,.05.
§ P,.01.

Table 2. Plasma insulin and apo B levels among Australian indigenous women
stratified by waist girth (cm) and TG levels (mean 6 SD)

Group 1
TG,2.0

Waist,85

Group 2
TG,2.0

85#Waist,95

Group 3
TG,2.0

Waist$95

Group 4
TG$2.0

Waist$95

No. of subjects
Age (years)
BMI (kg/m2)
Waist (cm)
TG (mmol/L)
TC (mmol/L)
LDL (mmol/L)
HDL (mmol/L)
TC/HDL
Insulin (pmol/L)
Apo B (g/L)

21
34.8610.9
22.762.8
76.166.6
1.0160.3
4.6461.0
2.9661.0
1.3060.4
3.7261.6
64.0643.4
1.2160.5

19
39.2611.8
28.063.5*
88.362.4*
1.3160.3*
5.4361.0*
3.7361.1*
1.2160.3
4.7861.5

128.16107.8*
1.2560.3

21
40.4612.6
36.465.8*†

108.9612.3*†
1.3260.4*
4.7661.0†
3.2261.0
1.0060.3*†
5.3062.5

156.8652.7*
1.0360.2

14
42.8610.7
36.469.3*†

110.9620.5*†
2.5560.6*†‡
6.0160.8*‡
4.4660.7*†‡
0.9160.3*†
7.0861.9*†

120.9663.2*
1.4660.5

* Significantly different from Group 1.
† Significantly different from Group 2.
‡ Significantly different from Group 3.

the iliac crest. Fasting venous blood
samples were collected in EDTA tubes.
Total cholesterol (TC), high-density li-
poprotein (HDL) cholesterol, and tri-
glycerides (TG) were determined on a
Boehringer-Mannheim Reflotron ana-
lyser, and apo A-1 and B were calculated
using a Turbitimer (Behring). Fasting
insulin was determined by radioimmu-
noassay at a tertiary reference laboratory.
An unpaired t test was used to investi-
gate the association of waist girth with
apo B and insulin. Pearson correlation
coefficients were determined to test the
relationship between waist girth, BMI,
insulin, apo B, TG, TC, and HDL. A
log transformation was used to normal-
ize the skewed distribution of insulin
and TG. Anthropometric and lipid pro-
files of subgroups were compared by
ANOVA, and the post-hoc test was used
when a significant group effect was de-
termined. Results were expressed as
mean 6 standard deviation (SD). All
statistical analyses were performed using
Statview 5.0 (MacIntosh) and SPSS ver-
sion 10.0 (SPSS Inc, Chicago, Ill.), and
findings were considered statistically sig-
nificant at P,.05. In addition, the risks
were expressed as odds ratio (95% con-
fidence interval) by logistic regression
analysis. Confounding was assessed by
entering the covariates in the regression
models.

RESULTS

Figure 1A shows the relationship be-
tween plasma apo B concentrations and
waist girth, stratified by waist girth
(N591), among subgroups of women;
no significant differences in mean apo B
concentrations were observed between
subgroups, nor was there any trend to-
ward an increase in apo B with increas-
ing waist girth. Fasting plasma insulin
increased with increasing waist girth
(Figure 1B) and a positive association
existed between insulin (log-trans-
formed) and waist girth (N581,
r50.47, P,.0001). Using the 50th per-
centile values from non-obese subjects

(N530), cut points for apo B and in-
sulin were determined as 1.04 g/L and
57.0 pmol/L, respectively. The 80 sub-
jects for whom both apo B and insulin
measurements were available were divid-
ed into 6 groups, according to waist
girth and TG levels. A value of 85 cm
was chosen as the cut point for waist
girth, as a rapid increase in insulin was
observed between women with a mean
waist girth of 80.9 cm, and women with
a mean waist girth of 88.8 cm (Figure
1B). Hypertriglyceridemia was defined
as TG levels greater than 2.0 mmol/L.
Figure 2 shows the percentage of sub-
jects with insulin.57.0 pmol/L, and
apo B.1.04 g/L, in 4 subgroups of
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Fig 1A. Mean apo B concentrations among subgroups of Australian *Number within each bar shows mean waist girth for each
subgroup. Fig 1B. Mean insulin concentrations among subgroups of Australian indigenous women stratified by waist girth
(N581). *Number within each bar shows mean waist girth for each subgroup. 1Number above each bar indicates significant
difference (P,.05).

waist girth and TG levels. Two groups
were excluded from the analysis due to
the small number in each group: 3
women with small waist girth (,85 cm)
and elevated TG levels ($2.0 mmol/L),
and 2 women with intermediate waist
girth (between 85 and 95 cm) and ele-
vated TG levels ($2.0 mmol/L). There-

fore, 75 subjects were included in the
statistical analysis for Figure 2, and Ta-
bles 1 and 2. Seventy-one percent of
women with both elevated waist girth
(above 95 cm) and TG levels (above 2.0
mmol/L) had at-risk levels of apo B and
insulin (Figure 2). These women had an
8-fold greater chance of having apo

B.1.04 g/L, and insulin.57.0 pmol/
L, compared to those in Group 1. These
associations are reflected in their inter-
correlations (Table 1). The risks report-
ed in Figure 2 did not vary by age, and
increased after adjusting for HDL (data
not shown). As BMI and waist girth are
highly correlated, we did not adjust for
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Fig 2. Percentage of and risks for women with insulin .57.0 pmol/L and apo
B.1.04 g/L among subgroups of women based on waist girth and TG level

‘‘Hypertriglyceridemic waist

was associated with elevated

levels of multiple

cardiovascular risk factors,

including TG, TC, LDL,

and TC/HDL ratio; however,

elevated waist girth alone

failed to identify subjects at

higher risk.’’

BMI in this analysis. Using the 4 pre-
viously described subgroups, the TC/
HDL ratio was found to be elevated in
women with both elevated waist girth
and TG levels (Group 4 in Table 2);
these subjects were also characterized by
lower HDL levels, elevated LDL con-
centrations, and higher BMI. Although
no trend was observed toward an in-
crease in apo B with increasing waist
girth and TG levels, apo B concentra-
tion was highest among subgroups with
elevated waist girth and TG levels. Fast-
ing insulin levels were higher with in-
creasing waist girth, but not with in-
creasing TG levels.

DISCUSSION

The present study has established
that the simultaneous determination of
waist girth and TG levels can be used
as a screening tool for CVD risk in in-
digenous Australian women. We found
no association between apo B and waist

girth in this sample of women; however,
Lemieux et al2 observed a positive as-
sociation between these factors in Cau-
casian men, with apo B levels progres-
sively increasing with increased waist
girth.2 Up to 100 cm, apo B concentra-
tion was very sensitive to expanding
waist girth but above this measure there
was little correlation observed.

In the current study, women with
the smallest waist circumference had the
highest mean apo B levels (1.30 g/L, see
Figure 1A), which may indicate a dif-
ference in apo B distribution between
Caucasian men and indigenous Austra-
lian women. Apo B levels observed here
are higher than those previously report-
ed in Australian Caucasian women.13

Compared to men in the Lemieux
study,2 fewer women had intermediate
waist girth or elevated TG levels.

In the total sample of Australian in-
digenous women in this study, 38% had
a BMI.30, which is identical to that
found for a sample of indigenous Aus-
tralian women from an urbanized area

in the adjacent state of Victoria.14 How-
ever, our BMI figure is slightly higher
than that observed in a sample of indig-
enous Australian women from remote
communities in the Northern Territo-
ry.15 In this sample from a remote com-
munity, 31% of females aged 35–44
years were classified as obese, a finding
similar to that reported in the national
representative data of indigenous sam-
ple.16 The higher prevalence of obesity
in our sample might be due to the much
smaller proportion (2%) of underweight
people defined as BMI,18.5 kg/m2,
compared to the other indigenous
groups, as well as to the possible effect
of urbanization and Westernization on
the prevalence of obesity, as previously
described.17 The indigenous women in
this study were living either in rural
towns in NSW, or in the western sub-
urbs of Sydney. Hypertriglyceridemic
waist was associated with elevated levels
of multiple cardiovascular risk factors,
including TG, TC, LDL, and TC/HDL
ratio; however, elevated waist girth alone
failed to identify subjects at higher risk.
A limitation of this study is that LDL
particle diameter, suggested to be one of
the metabolic triad, was not deter-
mined. In our sample of 92 indigenous
Australian women, 56 (61%) were
smokers, which could have been a po-
tential confounding factor.

In summary, hypertriglyceridemic
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waist can be used as a marker of high
plasma insulin and apo B in cardiovas-
cular risk assessment in indigenous Aus-
tralian women, despite an unexpected
apo B distribution. Both waist girth and
plasma triglyceride levels are simple clin-
ical measurements that can be deter-
mined with minimal training, and in re-
mote locations. The findings of this
study are of potential clinical signifi-
cance in cardiovascular risk detection
and management in rural and remote
indigenous populations.

ACKNOWLEDGMENTS
The authors sincerely thank all participants
and the aboriginal community health work-
ers from western and southwestern Sydney
for their cooperation and assistance.

REFERENCES
1. Lamarche B, Tchernof A, Mauriege P, et al.

Fasting insulin and apolipoprotein B levels
and low-density lipoprotein particle size as
risk factors for ischemic heart disease. JAMA.
1998;279:1955–1961.

2. Lemieux I, Pascot A, Couillard C, et al. Hy-
pertriglyceridemic waist: a marker of the ath-
erogenic metabolic triad (hyperinsulinemia;
hyperapolipoprotein B; small, dense LDL) in
men? Circulation. 2000;102:179–184.

3. McNamara JR, Jenner JL, Li Z, et al. Change
in LDL particle size is associated with change

in plasma triglyceride concentration. Arterios-
cler Thromb. 1992;12:1284–1290.

4. Gray RS, Robbins DC, Wang W, et al. Re-
lation of LDL size to the insulin resistance
syndrome and coronary heart disease in
American Indians. The Strong Heart Study.
Arterioscler Thromb Vasc Biol. 1997;17:2713–
2720.

5. Haffner SM, D’Agostino R Jr, Goff D, et al.
LDL size in African Americans, Hispanics,
and non-Hispanic Whites: the insulin resis-
tance atherosclerosis study. Arterioscler
Thromb Vasc Biol. 1999;19:2234–2240.

6. Després JP, Lemieux I, Prud’homme D. Treat-
ment of obesity: need to focus on high risk
abdominally obese patients. BMJ. 2001;322:
716–720.

7. O’Dea K. Westernization, insulin resistance,
and diabetes in Australian aborigines. Med J
Aust. 1991;155:258–264.

8. Thomson NJ. Recent trends in aboriginal
mortality. Med J Aust. 1991;154:235–239.

9. Guest CS, O’Dea K. Diabetes in aborigines
and other Australian populations. Aust J Pub-
lic Health. 1992;16:340–349.

10. Rowley KG, Best JD, McDermott R, et al.
Insulin resistance syndrome in Australian ab-
original people. Clin Exp Pharmacol Physiol.
1997;24:776–781.

11. Daniel M, Rowley KG, McDermott R, et al.
Diabetes incidence in an Australian aboriginal
population. An 8-year follow-up study. Dia-
betes Care. 1999;22:1993–1998.

12. Department of Aboriginal Affairs. Report of a
Review of the Administration of the Working
Definition of Aboriginals and Torres Strait Is-
landers. Canberra: Australian Government
Publishing Service; 1981.

13. Kinlay S, Dobson AJ, Heller RF, et al. Lipid
and apolipoprotein levels in an Australian
community. Med J Aust. 1991;154:170–175.

14. Guest CS, O’Dea K, Hopper JL, et al. Hy-
perinsulinemia and obesity in aborigines of
southeastern Australia, with comparisons
from rural and urban Europid populations.
Diabetes Res Clin Pract. 1993;20:155–164.

15. Wang Z, Hoy W, McDonald S. Body mass
index in aboriginal Australians in remote
communities. Aust N Z J Public Health. 2000;
24:570–575.

16. Cunningham J, Mackerras D. Overweight and
Obesity, Indigenous Australians. Canberra, Aus-
tralian Bureau of Statistics; 1994.

17. O’Dea K. Westernization and non-insulin-de-
pendent diabetes in Australian aborigines.
Ethn Dis. 1991;1:171–187.

AUTHOR CONTRIBUTIONS
Design and concept of study: Acklin, New-

man, Steinbeck, Caterson, Brock, Ber-
mingham

Acquisition of data: Acklin, Newman, Stein-
beck, Brock, Bermingham

Data analysis and interpretation: Hiura, New-
man, Caterson, Mahajan, Brock, Ber-
mingham

Manuscript draft: Hiura, Steinbeck, Maha-
jan, Bermingham

Statistical expertise: Hiura, Brock, Berming-
ham

Acquisition of funding: Acklin, Newman, Ca-
terson, Brock, Bermingham

Administrative, technical, or material assis-
tance: Newman, Caterson, Bermingham

Supervision: Steinbeck, Mahajan, Berming-
ham


