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KEYWORDS Summary

Gestational diabetes; Problem: To evaluate the associations of different anthropometric measurements
Waist circumference; on earlier exam with subsequent gestational diabetes mellitus (GDM) in Aboriginal
Waist-to-height ratio; women.

BMI; Methods: This is a nested case—control study. Anthropometric measurements were

conducted at baseline from 1992 to 1995 in a remote Aboriginal community. All
subsequent pregnancies among the original participants were identified through
review of hospital records of 20 years. Thirty-two women developed GDM and
99 women were hospitalised for pregnancy-related conditions other than GDM. The
association between body mass index (BMI), weight, height, waist circumference,
hip circumference, waist-to-hip ratio and waist-to-height ratio with subsequent GDM
was examined.

Results: Our results showed an increased risk of GDM with increase in one standard
deviation of BMI (OR=2.0; 95% Cl: 1.3, 3.1), weight (OR=1.7; 95% Cl: 1.1, 2.7),
waist circumference (OR=1.8; 95% Cl: 1.1, 3.0) and waist-to-height ratio (OR=2.3;
95% Cl: 1.4, 3.9). High BMI (BMI>25kg/m?) was associated with subsequent GDM
(OR=2.8; 95% Cl: 1.0, 7.8).

Conclusions: BMI and waist-to-height ratio are better predictors than other anthropo-
metric indices of GDM in Aboriginal women. Given that these measures are associated
with future GDM, interventions to reduce BMI, weight and waist circumference in
young women need to be assessed for their potential to prevent GDM.
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Introduction

Insulin resistance, impaired glucose tolerance, ges-
tational diabetes and Type 2 diabetes are important
health problems for Australian Aboriginal people.
While this is recognised, many of the risk factors for
gestational diabetes mellitus (GDM) are assumed
to be the same for Aboriginal and non-Aboriginal
women. However, it is possible that risk factors for
adverse pregnancy outcomes such as GDM may vary
between Aboriginal and non-Aboriginal women,
particularly given substantial differences in their
body shapes [1—3]. In order to indicate the adipos-
ity distribution, anthropometric measurements are
simpler and less expensive to collect than adiposity
imaging techniques [4].

Comparison of different anthropometric mea-
surements of Aboriginal women with non-Aboriginal
women have shown that Aboriginal women are sig-
nificantly lighter than other women but have higher
waist circumferences and waist-to-hip ratios [5].
These characteristics are associated with some of
the most common chronic conditions such as hyper-
tension and type 2 diabetes [6—9], which lead to
almost a decade gap in life expectancy between
Aboriginal and non-Aboriginal people [10].

Aboriginal women experience higher rates of
pregnancy-related complications, such as GDM,
than non-Aboriginal women [11]. Pregnancy-
related conditions, such as GDM, are associated
with adverse long-term outcomes, such as chronic
hypertension and diabetes after pregnancy, and
a higher risk of maternal and perinatal mortality
in severe cases [12—14]. Prevalence of chronic
conditions and complications during pregnancy
are considerably higher in Aboriginal than non-
Aboriginal populations. For instance, from 1999 to
2006, the rates of both GDM and type 2 diabetes
increased simultaneously [15].

Campbell et al. assessed the associations of body
mass index (BMI) and waist circumference with
diabetes in pregnancy in Aboriginal women [16].
However, other anthropometric measurements,
such as waist-to-height ratio, could predict GDM
better than BMI and waist circumference [8,17].
The association between GDM and anthropometric
measurements other than BMI and waist circum-
ference have not been well reported in Aboriginal
women and require further investigation.

This study aims to assess the associations of
anthropometric measurements, such as waist and
hip circumferences, waist-to-hip and waist-to-
height ratios, in addition to BMI, measured up to
20 years prior to pregnancy, with GDM in Aboriginal
women. The results of this study will assist health
carers and health promoters to identify other

obesity related risk factors than BMI, which may be
better predictors of GDM in Aboriginal women.

Materials and methods

This is a nested case—control study. Two existing
databases, including baseline and hospitalisation,
were used in this study. Participants in this study
were members of a remote Aboriginal community in
the Northern Territory (NT), Australia aged 5+ years
who participated in one or two community-wide
health screenings performed in 1992—1996 and in
2004—2006. More than 80% of the adult people
(age > 20), except for menstruating females, and
people who were hospitalised or on dialysis, partici-
pated in each screening [18]. Each adult participant
gave written informed consent to the screening;
while parents gave informed consent on behalf of
the children.

The hospitalisation database included hospital
records and emergency admissions of individuals
within the public health system in the NT. The hos-
pitalisation data were recorded according to the
International Classification of Disease (ICD) 9 and
ICD 10-AM codes (Table 1). All participants were
followed up from the date of baseline examina-
tion to 31 May 2012, during which a diagnosis of
GDM were identified through hospital records. Two
databases, the baseline screening and the hospital-
isation database, were merged using the patients’
hospitalisation registration numbers. Women with
the hospital admissions prior or during baseline
were excluded, due to the potential impact of
the pregnancy on their baseline anthropometric
data. The protocol of the screening programmes
was approved by the Tiwi Land Council and by
the Ethics Committees of the NT Health Ser-
vices of the Menzies School of Health Research
and Territory Health Services and the Behavioural
and Social Science Ethical Review Committee of
the University of Queensland. This project was
approved by the University of Queensland Ethics
Committee.

Pregnancy and GDM ascertainment

From a total of 707 females who participated
in the original study, 265 women had a record
of pregnhancy-related hospitalisations during the
follow-up. Of them, 246 women had complete preg-
nancies (pregnancies without abortive outcomes)
and 172 records of pregnancy-related hospital
admissions after baseline (Fig. 1). Since the nhumber
of participants under the age of 15 at base-
line was too small to calculate the z-scores of
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Figure 1 Flow chart including those who excluded and remained women with and without GDM.

anthropometric measurements, those younger than
15 years at baseline (n=39) were excluded. Pre-
existing diabetes was identified based on baseline
fasting glucose level (>=7.0mmol/l), glucose tol-
erance level (>11.1mmol/l) [19], and hospital
records of diabetes (ICD codes as shown in Table 1)
recorded prior to the identified pregnancies. Those
with pre-existing diabetes were also excluded
(n=2).

Study groups

After reviewing the hospital records of the
remaining 131 women, 32 had a record of GDM, and
99 women had other pregnancy-related ICD codes

Table 1

than GDM during our follow-up (Table 1). Only the
first identified record of GDM and the first identi-
fied record of other pregnancy-related conditions
after the baseline measurements were included in
this study.

Anthropometric measurements

BMI was calculated as weight (kg) divided by height
squared in metres. For the participants older than
18 years at baseline, high BMI was defined as
BMI > 25kg/m?. For participants younger than 18
years of age, high BMI was classified according to
the standard cut-off values proposed by Cole et al.
[20], as no BMI cut-off values have been developed

ICD 9 and ICD 10-AM codes for hospital diagnoses.

Conditions of pregnancy ICD-9 codes

ICD-10-AM codes

Pregnancies

GDM 648
Type 2 diabetes 250

630—647, 649—659

009-016, 020—-023, 025068,
070-075, 080—-085

024

E11
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Table 2 Characteristics, % of n or mean (SD), in women with GDM (cases) and women without GDM (controls).

Characteristics

Baseline age, years, mean (SD)
BMI, kg/cm?, mean (SD)

High BMI, n (%)

Weight, kg, mean (SD)

Height, cm, mean (SD)

Waist-circumference, cm, mean (SD)
Hips-circumference, cm, mean (SD)
Waist-to-hip ratio, mean (SD)

Waist-to-height ratio, mean (SD)

Systolic blood pressure, Hg/mmol, mean (SD)?
Diastolic blood pressure, Hg/mmol, mean (SD)?
Albumin/creatinine ratio, (mean, SD)?

Smoking, n (%)
Drinkers, n (%)

Total number of pregnancies during study period, n (%)

1
>1

Women without GDM Women with GDM P-value
(controls) (cases)
n=99 n=32
21.9 (4.8) 23.7 (5.5) 0.07
19.7 (5.1) 25.1 (7.6) <0.001
16 (16.2) 14 (43.8) 0.002
52.1 (14.4) 63.7 (21.4) <0.001
158.2 (8.3) 157.0 (10.4) 0.48
81.3 (12.8) 90.3 (16.4) 0.003
91.3 (11.9) 98.3 (16.3) 0.01
0.89 (0.08) 0.92 (0.05) 0.09
0.51 (0.08) 0.58 (0.12) <0.001
105.2 (14.7) 114.0 (13.4) 0.004
61.3 (11.1) 66.6 (10.7) 0.02
5.3 (16.0) 14.9 (23.9) 0.03
39 (39.4) 15 (48.4) 0.38
14 (14.1) 6 (19.4) 0.48
56 (56.6) 21 (65.6)
43 (43.4) 11 (34.4) 0.37

2 Sample size varies because of the missing values for some variables (i.e. albumin creatinine ratio, systolic and diastolic blood

pressure); however, sample size was the same for all of the anthropometric measurements (n=131).

specifically for Aboriginal children. All the anthro-
pometric measurements were measured by trained
nurses and Aboriginal health workers. The pro-
cedures for performing anthropometric measure-
ments of waist and hip circumferences have been
described in detail elsewhere [21].

Data analysis

Means and standard deviations of baseline contin-
uous variables, such as age, BMI, waist circum-
ference and other anthropometric measurements
were calculated for both case and control groups.
Baseline categorical variables, such as high BMI,
were calculated as percentages of numbers. In
order to compare the differences in the anthropo-
metric measurements between cases and controls,
the differences in z-scores were calculated after
adjusting for baseline age.

To evaluate the associations of anthropometric
measurements of BMI, height, weight, waist cir-
cumference, hip circumference, waist-to-hip ratio
and waist-to-height ratio as continuous variables
with GDM, we used logistic regression to cal-
culate odds ratios (ORs) corresponding to one
standard-deviation (SD) increase in each of those
anthropometric measurements. The association
between high BMI and GDM was also assessed using
the logistic regression method.

The associations between anthropometric
indices and GDM were assessed after adjusting for

age at baseline, baseline smoking and drinking
status and maternal age. Since we did not have the
number of parities before baseline, and increased
age and BMI associated with increased parity and
may confound the associations, the total number of
pregnancies during the study period was adjusted
for in addition to other confounding factors. All
the tests and analyses were estimated with 95%
confidence intervals (Cl) and P-values of 0.05,
using Stata 12.0 [22].

Results

Baseline demographic and anthropometric char-
acteristics for cases and controls are presented
in Table 2. Mean BMI was 25.1kg/cm? (SD=7.6)
and 19.7kg/cm? (SD=5.1) in cases and controls,
respectively. The mean of waist-to-height ratio was
0.58 (SD=0.12) in cases and 0.51 (SD=0.08) in
controls.

The mean time difference between the baseline
examination and hospital admissions was 4.4 years
(SD=3.6). The mean maternal age was 30.6 years
(SD=6.3) in cases and 25.4 years (SD=5.0) in con-
trols. Of the 99 women in the control group, 56 had
one episode of pregnancy, with no records of previ-
ous parity, during the study period, and 43 (43.4%)
had two or more episodes of pregnancies identified
without GDM throughout the study period. Twenty-
five of the cases were identified with GDM in their
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Table 3 The differences of anthropometric measurements, according to corresponding to standard deviation score
between women with GDM (cases) and women without GDM (controls).

Crude Adjusted for baseline age

Differences 95% Cl P-value Differences 95% Cl P-value
BMI (kg/cm?) 0.73 0.34, 1.11 <0.001 0.78 0.40, 1.17 <0.001
Weight (kg) 0.58 0.18, 0.97 0.004 0.64 0.24, 1.03 0.002
Height (cm) -0.13 —0.48, 0.22 0.46 —0.08 —0.43, 0.27 0.64
Waist circumference (cm) 0.49 0.10, 0.88 0.013 0.50 0.11, 0.89 0.013
Hips-circumference (cm) 0.36 —0.03, 0.75 0.070 0.37 —0.03, 0.76 0.071
Waist-to-hip ratio 0.32 —0.05, 0.69 0.090 0.33 —0.04, 0.71 0.083
Waist-to-height ratio 0.58 0.22, 0.93 0.002 0.57 0.20, 0.93 0.003

first recorded pregnancy, and seven women had
GDM recorded in the second or subsequent preg-
nancies in hospitalisation records (Table 2).

As shown in Table 3, the differences in the
z-score of BMI, weight, waist circumference and
waist-to-height ratio between cases and controls
were significant. Cases had higher BMI than con-
trols by 0.7 standard deviation (95% Cl: 0.3, 1.1).
The difference in BMI was greater than differences
found in other measurements (Table 3). The magni-
tude of the differences did not considerably change
after adjusting for baseline age.

Table 4 shows the associations of GDM with
one standard deviation increase of anthropomet-
ric measurements. The risk of GDM increased per
one standard deviation increase of all anthro-
pometric measurements, except for height. Of
them, BMI (OR=2.0; 95% Cl: 1.3, 3.1), weight
(OR=1.8; 95% Cl: 1.2, 2.7), waist circumference
(OR=1.7; 95% CI: 1.1, 2.6) and waist-to-height
ratio (OR=2.0; 95% Cl: 1.3, 3.1) were significantly
associated with GDM. High BMI was also associ-
ated with GDM (OR=4.0; 95% Cl: 1.7, 9.7). After
adjusting for baseline age, baseline drinking con-
sumption, baseline smoking status, total number of
pregnancies during study period and maternal age
the ORs were 2.0 (95% Cl: 1.3, 3.1), 1.7 (95% Cl:
1.1, 2.7), 1.8 (95% Cl: 1.1, 3.0) and 2.3 (95% Cl:
1.4, 3.9) for BMI, weight, waist circumference and
waist-to-height ratio, respectively (Table 4). The
associations of anthropometric indices with GDM in
order of the magnitude of OR estimates were waist-
to-height ratio > BMI > waist circumference > weight
(Table 4).

Discussion

Our results showed that all six assessed anthro-
pometric indices, except for height, were posi-
tively associated with GDM, and could be used

independently to predict GDM several years prior
to pregnancy. We also found that BMI and waist-
to-height ratio were better predictors of GDM than
other anthropometric measurements. The odds of
GDM increased 95%, 70%, 82% and 129% with one
standard deviation increment in BMI, weight, waist
circumference and waist-to-height ratio, respec-
tively.

Our results showed that waist-to-height ratio
was a better predictor of GDM compared to other
anthropometric indices, which is consistent with
similar studies on type 2 diabetes, conducted in
other population groups [6—8]. Our study illustrated
that women with GDM were more likely to have a
higher ratio of waist circumference to height than
those without GDM. This would suggest that visceral
fat, which impacts most on waist circumference,
is important in the development of both GDM and
type 2 diabetes, since GDM is probably ‘‘type 2 dia-
betes’’ unmasked in pregnancy.

Our findings also suggested a negative associ-
ation between height and GDM in women with
larger waist circumference. Although the associa-
tion between height and GDM was not statistically
significant in our study, which could be due to
our small sample size, positive association between
waist-to-height ratio and GDM shows the impor-
tance of larger waist circumference in women with
lower height values. Negative association between
height and type 2 diabetes has also been reported
by a number of studies undertaken in Aboriginal and
non-Aboriginal population groups [9,23].

BMI and waist circumference have been reported
as predictors for GDM and type 2 diabetes in a
number of studies [16,24—27]. However, only one
study has assessed the associations of waist cir-
cumference and BMI with diabetes in pregnancy in
Aboriginal women [16]. The results of that study
were consistent with ours, showing that waist cir-
cumference and BMI are associated with diabetes
during subsequent pregnancies.
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Table 4 The associations between anthropometric measurements and subsequent GDM.

Crude Adjusted?®

OR® 95% ClI P-value OR® 95% ClI P-value
BMI 2.04 1.34, 3.09 0.001 1.95 1.34, 3.09 0.006
High BMI (BMI > 25 kg/m?) 4.03 1.67,9.73 0.002 2.82 1.02, 7.84 0.046
Weight 1.77 1.17, 2.67 0.007 1.70 1.08, 2.67 0.022
Height 0.84 0.54, 1.32 0.46 0.68 0.40, 1.17 0.17
Waist circumference 1.68 1.10, 2.56 0.016 1.82 1.12, 2.96 0.016
Hip circumference 1.46 0.97, 2.20 0.073 1.57 0.99, 2.48 0.056
Waist-to-hip ratio 1.49 0.94, 2.38 0.093 1.65 0.94, 2.91 0.082
Waist-to-height ratio 1.97 1.25, 3.10 0.003 2.29 1.35, 3.88 0.002

2 The associations were adjusted for baseline and maternal age, total number of pregnancies during study period, smoking

status and drinking consumption in baseline.

b The ORs of continuous anthropometric measures were calculated according to corresponding to standard-deviation increase.

However, our study is the first study to date
to report on the associations of multiple anthro-
pometric predictors, in addition to BMI and waist
circumference, with GDM in Aboriginal women. Our
result on the association between waist-to-hips
ratio and GDM, although it was not statistically
insignificant, was consistent with previous studies
reported from Aboriginal and non-Aboriginal popu-
lation groups [9,28].

There are limited studies assessing the associ-
ations of different obesity-related measurements
(e.g. waist-to-height ratio and waist circum-
ference) with type 2 diabetes/GDM. Aboriginal
Australians are more likely to experience preg-
nancy related complications [29, 30], and they also
tend to be obese in young adulthood [31]. There-
fore, understanding the associations of different
anthropometric measurements, taken prior to preg-
nancy, with GDM is potentially a useful method
to identify high risk individuals [29]. Our findings
could be beneficial for health carers identifying
higher risk Aboriginal women according to their
obesity-related characteristics (e.g. waist circum-
ference, waist-to-height ratio and BMI), several
years before pregnancy. In this study all partici-
pants were from a relatively homogenous Aboriginal
community, which simplified the comparison of
other contributing factors, e.g. socio-economic sta-
tus, between the case and the control group.

One of the limitations of this study was its small
sample size. A further limitation was the lack of
information regarding parity, lipids, glycemia and
self-reported nutrition status. It is possible that
women who were identified as cases were of higher
parity compared to women identified as controls.
Since each pregnancy is associated with weight
gain [32, 33], women identified as obese or with
a higher waist circumference at baseline may have
been of higher parity. However, our results showed

significant associations between the anthropomet-
ric measurements and GDM even after adjusting
for confounding factors including total number of
pregnancies during study period and maternal age.
This provides some support that parity has not con-
founded our findings.

In our study, most women (77.4%) who were
identified with GDM had this identification dur-
ing their first pregnancy after study enrolment.
Therefore, we have no evidence that women diag-
nosed with GDM and categorised as cases were of
higher parity. Nonetheless, in future studies, this
is an important issue that should be considered
and controlled for. The issues of whether baseline
anthropometrics in Australian Aboriginal women
are influenced by lifestyle factors in childhood
and young adulthood, background genetics or preg-
nancy associated weight gain would be a valuable
area for further research. We also recommend that
health promoters implement programmes such as
encouraging/educating Aboriginal women to have a
healthier diet or undertake regular physical activ-
ities, to help them reduce their body size prior to
pregnancy in order to prevent GDM.

Since women with GDM in this study were identi-
fied through hospital records, a small proportion of
women with GDM might not have been hospitalised.
Also those pregnant women with GDM might not
have been correctly diagnosed and were misclas-
sified as controls. This factor could have diluted
the true associations between the anthropometric
indices and GDM. It is possible that some women
with undiagnosed pre-existing type 2 diabetes were
miss-recorded as GDM cases. Nevertheless we have
excluded those with incomplete pregnancies. Since
those with pre-existing type 2 diabetes are at
increased risk of poorer pregnancy outcomes and
higher rate of pregnancy with abortive outcomes
than those without type 2 diabetes [34, 35], those
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women with pre-existing type 2 diabetes may have
been excluded due to their abortive outcomes
in our study. It would be helpful to obtain data
from multiple sources. GDM cases and those with
pre-existing diabetes could have been identified
through primary care data. There is also a possibil-
ity of human error in recording and measuring the
anthropometric indices during baseline. Since this
study was conducted in one remote community, the
generalisability of our findings to other Aboriginal
communities remains to be verified.

Conclusions

In conclusion, BMI, weight, waist circumference
and waist-to-height ratio, several years prior to
pregnancy, are associated with GDM in Australian
Aboriginal women. The findings of this study have
multiple clinical and public health implications.
Ideally, pre-pregnancy interventions to reduce
these anthropometric measures will be shown to
prevent GDM and its associated outcomes, such as
type 2 diabetes and cardiovascular disease.
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