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Abstract
Background: The disease burden of indigenous peoples has been augmented by the rising prevalence of obesity
and hypertension in this population. This study assessed the ability of obesity indices to predict hypertension among
indigenous adults of Peninsular Malaysia.
Methods: In this cross-sectional study, 482 adults (223 men, 259 women) aged ≥18 years old were measured for body
mass index (BMI), waist circumference (WC), waist-height ratio (WHtR), waist-hip ratio (WHR), and blood pressure.
Receiver operating characteristic (ROC) analysis was used to determine the predictive ability of obesity indices
for hypertension in men and women. Gender-specific logistic regression analyses were done to examine the
association between obesity, defined by BMI, WC, WHtR and WHR, and hypertension.
Results: Prevalence of hypertension was 25.5%. Overall, WHtR was the best predictor of the presence of
hypertension, in both men and women. The optimal WHtR cut-off values for hypertension were 0.45 and 0.52
in men and women, respectively. Obese adults with WHtR ≥0.5 had about two times increased odds of
having hypertension compared to non-obese adults.
Conclusions: WHtR may serve as a simple and inexpensive screening tool to identify individuals with
hypertension in this relatively difficult to reach population.
Keywords: Obesity indices, Hypertension, Indigenous peoples, Waist-height ratio, Predictor

Background
World Health Organization (WHO) reported that one in
six adults is obese and one in three has elevated blood
pressure [1]. Obesity and hypertension are among the preventable risk factors for cardiovascular diseases that impose a considerable economic burden, particularly in the
developing countries [2]. Hypertension is ranked as one of
the three leading risk factors for global disease burden,
followed by tobacco smoking and alcohol use [3]. It is also
reported to be more prevalent in low- and middle-income
countries, and the number of people with undiagnosed,
untreated, and uncontrolled hypertension are higher in
these countries compared to high-income countries [4].
As obesity increases the risk of hypertension, addressing
the obesity and hypertension epidemic is crucial.
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Indigenous peoples experience both socioeconomic
and health disadvantages [5–7]. Although indigenous
peoples constitute less than 5% of the global population,
they account for almost 15% of poor people worldwide
[8]. Food systems of indigenous peoples are very much
influenced by economic and ecological changes [9]. Historically, indigenous peoples depended on local natural
resources obtained through hunting, fishing, and subsistence farming. In recent years, rapid economic growth
has increased indigenous peoples’ employment opportunities and consequently dependence on market foods.
However, indigenous peoples remain to be the poorest
or most disadvantaged population. With limited income,
they are more likely to have restricted food choices, particularly nutritious foods. Increased access to energy
dense and nutrient-poor market food which are relatively cheap and the reduced consumption of traditional
food is associated with increased risk of obesity and
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chronic diseases among the indigenous peoples [10, 11].
Lack of access to health care services, particularly for
those residing in remote areas, further increases the risk
of chronic diseases in this population [12].
In Malaysia, the National Health and Morbidity Survey
(NHMS) showed an increasing trend in obesity, abdominal obesity, and hypertension among adults [13, 14].
Prevalences of obesity and abdominal obesity have increased from 14% (2006) to 15.1% (2011) and from
39.5% (2006) to 45.4% (2011), respectively. During the
same period, the prevalence of hypertension has increased from 32.2% (2006) to 32.7% (2011). The prevalence of undiagnosed hypertension was found to be
highest in indigenous peoples and higher in rural than in
urban areas [14]. Hypertension and it complications are
costly, and underdiagnosis of hypertension may exacerbate the disease burden of the population.
Orang Asli are non-Malay indigenous peoples of Peninsular Malaysia, and they constitute less than 1% of the
total population [15]. Most of them are poor and live in
rural or remote areas. Earlier studies reported that
chronic energy deficiency was prevalent in the Orang
Asli adult population [16–18]. Besides, stunting and
underweight were common undernutrition problems
among the Orang Asli children [19–21]. However, over
the years, overweight and obesity have emerged as a
health concern in the Orang Asli adult population.
Cross-sectional studies showed the prevalence of adult
overweight and obesity was about 20 to 50% [22–25].
While undernutrition persists among the Orang Asli,
particularly children, there is a coexistence of overweight
and obesity in the adults which could increase their risk
of chronic diseases.
Anthropometric measures, including body mass index
(BMI), waist circumference (WC), waist-hip ratio
(WHR), and waist-height ratio (WHtR), are commonly
used as a proxy measure of obesity. While BMI reflects
overall obesity, WC, WHR, and WHtR indicate abdominal obesity. Given that overweight and obese people
have a higher risk of hypertension and anthropometric
measurements are relatively easy and inexpensive to perform [26–28], numerous attempts have been made to
predict hypertension based on obesity indices [29–31].
However, there is a lack of consensus on the best predictive indicator of hypertension. As obesity and its associated non-communicable diseases become a health
challenge in this difficult to reach population, there is a
need to identify a simple measure of obesity that can
be used to screen for individual at risk of hypertension. Therefore, this study aimed to determine and
compare the ability of obesity indices (BMI, WC,
WHtR, and WHR) to predict hypertension and to
identify the best predictor of hypertension among the
Orang Asli adult population.
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Methods
Study subjects

This cross-sectional study was conducted in 20 Orang
Asli villages in Krau Wildlife Reserve, Pahang, Peninsular Malaysia. Men and women aged 18 years old and
above were included while pregnant and lactating
women and those who were bedridden or with physical
disabilities were excluded from this study. Based on their
clinic/hospital cards, individuals with current or prior
history of chronic diseases such as cancer, cardiovascular
disease, diabetes, and renal diseases were excluded while
individuals with known hypertension or hyperlipidemia
and on medications but did not have the aforementioned
chronic diseases were included in the study. Out of 376
households in the 20 villages, a total of 482 adults from
252 households (154 Jah Hut, 67 Temuan, and 31 Che
Wong) consented to participate in the study.
Measurements

Respondents were interviewed in the home setting using
a pre-tested questionnaire for information on sociodemographic information, smoking habit, and alcohol
consumption. Those who were currently smoking or consuming alcohol either regularly or occasionally (over the
past 1 month) were defined as “smoker” and “drinker,” respectively. Anthropometry and blood pressure were measured by trained enumerators.
Anthropometry

Height, weight, and hip and waist circumferences of respondents were measured using the SECA 213 portable
stadiometer, TANITA HD 314 digital weighing scale,
and SECA 201 measuring tape, respectively. Each measurement was taken twice, and the average value was
used to calculate BMI, WHR, and WHtR. Obesity was
defined as BMI ≥30 kg/m2 and WHtR ≥0.5 for both men
and women, WC ≥90 cm and WHR ≥0.9 for men and
WC ≥80 cm and WHR ≥0.85 for women [32–34].
Blood pressure

Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured using an Omron BP710
Automatic Blood Pressure Monitor after each respondent had rested for at least 10 min in a sitting position.
Blood pressure was measured twice on the left arm, at
30-s intervals, with an appropriately sized cuff, and the
average value was recorded. Individuals with SBP
≥140 mmHg and/or DBP ≥90 mmHg, or individuals on
anti-hypertensive medication, based on their clinic or
hospital cards, were defined as hypertensive [35].
Statistical analysis

Statistical analyses were performed using MedCalc version
16.1 (MedCalc Software, Ostend, Belgium). Descriptive
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statistics such as mean and percentage were used to describe the data. Continuous variables were tested for normality. Comparisons of characteristics by sex were made
using independent t test and chi-square test for normally
distributed continuous variables and categorical variables,
respectively. Sex-specific receiver operating characteristic
(ROC) curves were plotted to examine and compare the
abilities of obesity indices to predict hypertension. The
area under the ROC curve (AUC) was used to determine
the ability of a particular obesity index to predict hypertension. An AUC of 1 reflects a perfect predictive power,
and an AUC of 0.5 indicates that the predictive power is
no better than chance. The AUCs were compared to one
another using the DeLong method [36]. An optimal cutoff point for ROC curve of corresponding obesity index
was determined to maximize sensitivity and specificity
and was estimated using the highest Youden index. Logistic regression was conducted to examine the association
between hypertension and obesity status, defined by BMI,
WC, WHtR, and WHR, for men and women separately.
Age, smoking status, alcohol consumption, and ethnicity
(sub-tribes) were treated as covariates in the adjusted
models. Statistical significance was set at p < 0.05.

Results
The sample comprised 223 men (46.3%) and 259 women
(53.7%) with a mean age of 35.4 years (Table 1). About
87.3% of households were classified as either poor
(household monthly income <RM870) or hardcore poor
(household monthly income <RM580) [37]. More than
one fifth (22.6%) of Orang Asli adults consumed alcohol
whereas more than half (53.3%) smoked in the past
1 month. Approximately 30% of Orang Asli adults were
either overweight or obese, and the proportion of obese
women was four times higher than men. About 45.4% of
the adults (34.1% of men; 55.2% of women) were centrally obese, classified as having either at risk WC or
WHtR or even WHR. More men and women were categorized as centrally obese based on WHtR criterion as
compared to WC and WHR. Meanwhile, 25.5% of adults
were hypertensive with higher prevalence in men (31.4)
than women (20.5). Out of this number, 20 (16.3%) were
medically diagnosed but only 8 (6.5%) were on antihypertensive medication.
The ability of each obesity index to predict hypertension is indicated as the area under the ROC curves
(AUC) (Table 2). The AUC for obesity indices ranged
from 0.55 to 0.66 and 0.59 to 0.67, in men and women,
respectively. Of the obesity indices, WHtR followed by
both WC and WHR yielded the highest AUC in men.
For women, AUC for WHR was the highest, followed by
WC and WHtR. Having the largest AUC, WHtR and
WHR seemed to be the best predictor of hypertension
for men and women, respectively. The optimal WHtR
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cut-off points were 0.45 and 0.52 for men and women, respectively. Meanwhile, the optimal WHR cut-off points
for each male and female subject were 0.81 and 0.82. The
differences in AUC among WC, WHtR and WHR in both
sexes were not significant indicating that these indices
were comparable in their predictive ability. BMI was the
least predictive of hypertension for men and women. The
optimal cut-off point varied by sex and differed from the
corresponding established cut-off points for obesity.
Table 3 shows the odds ratios of hypertension by obesity based on various obesity indices for men and women.
Obese adults with WHtR ≥0.5 had about two times increased odds of having hypertension compared to nonobese adults. The association remained almost constant
and significant in each model for both sexes. As for WC
and WHR, significant adjusted odds ratios were observed in women only (models 2, 3, and 4). Meanwhile,
none of the odds ratio (OR) for BMI was significant after
controlling for the covariates.

Discussion
In this population of Orang Asli adults, all obesity indices except BMI were able to predict hypertension, indicating that the complication of obesity is associated with
the distribution of body fat rather than total body fatness. It would seem that WC, WHtR, and WHR were
similarly useful as predictors of hypertension in men
and women based on estimated AUC and unadjusted
OR values. Nonetheless, when the effects of covariates
were accounted, WHtR appeared to be the best parameter to predict the presence of hypertension. Previous
studies showed that WHtR had the highest AUC and
was most predictive of hypertension or metabolic risks,
irrespective of sex and place of residence [38–41].
The measures of waist and height play a significant
role in identifying the risk of obesity complications. WC
is a reliable indicator of total abdominal fat with individuals having excessive abdominal fat that are at greater
risk of cardiovascular disease [42]. Height could influence the distribution of body fat in that short people are
more likely to deposit fat centrally. Several studies reported an inverse association between height and risk of
cardiovascular disease [43, 44]. Stunting or short stature
is prevalent in Orang Asli population, regardless of sex
and age. More than half of adults in the present study
were with short stature. As short stature is prevalent in
Orang Asli, height should be accounted, in addition to
waist circumference, for assessing the likelihood of atrisk individuals. In the present study, short stature could
explain the better performance of WHtR as compared to
waist circumference alone in predicting the presence of
hypertension.
A study among Singaporean adults showed that both
WC and WHtR as having equal power in predicting
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Table 1 Characteristics of study subjects
Characteristics

Total (N = 482)

Men (n = 223)

Women (n = 259)

n (%)

n (%)

n (%)

Mean [95% CI]

Mean [95% CI]

p value†

Mean [95% CI]

Sub-tribe

0.965

Jah Hut

297 (61.6)

136 (61.0)

161 (62.2)

Temuan

132 (27.4)

62 (27.8)

70 (27.0)

Che Wong

53 (11.0)

Age (years)

25 (11.2)
35.4 [34.3, 36.5]

28 (10.8)
37.5 [35.8, 39.1]

33.6 [32.2, 35.1]

<0.01

18–29

181 (37.5)

72 (32.3)

109 (42.1)

30–39

123 (25.5)

57 (25.6)

66 (25.5)

40–49

104 (21.6)

49 (22.0)

55 (21.2)

≥50

74 (15.4)

45 (20.1)

29 (11.2)

Drinker

109 (22.6)

101 (45.3)

8 (3.1)

<0.001

Smoker

257 (53.3)

160 (71.7)

97 (37.5)

<0.001

Anthropometric measures
Weight (kg)

55.6 [54.5, 56.7]
a

Height (cm)

58.4 [57.1, 59.7]

154.0 [153.3, 154.6]

Short stature

276 (57.3)

Normal height

206 (42.7)

Hip circumference (cm)

159.1 [158.4, 159.9]
126 (56.5)

53.2 [51.5, 54.9]

<0.001

149.5 [148.8, 150.3]

<0.001

150 (57.9)

97 (43.5)

109 (42.1)

92.0 [91.0, 93.0]

90.9 [90.7, 92.2]

93.0 [91.5, 94.5]

<0.05

23.41 [22.97, 23.83]

23.03 [22.57, 23.48]

23.73 [23.03, 24.43]

0.098

76.9 [75.3, 78.4]

0.612

0.51 [0.50, 0.52]

<0.001

0.82 [0.81, 0.84]

0.082

Obesity indices
Body mass index (BMI) (kg/m2)b
Underweight

49 (10.2)

12 (5.4)

37 (14.2)

Normal

288 (59.8)

159 (71.3)

129 (49.8)

Overweight

106 (22.0)

45 (20.2)

61 (23.6)

Obese

39 (8.0)

7 (3.1)

32 (12.4)

Waist circumference (WC) (cm)c

76.6 [75.6, 76.7]

Normal

374 (77.6)

At risk

108 (22.4)

Waist-height ratio (WHtR)d

76.4 [75.0, 77.7]
201 (90.1)

173 (66.8)

22 (9.9)
0.50 [0.49, 0.51]

86 (33.2)
0.48 [0.47, 0.49]

Normal

286 (59.3)

152 (68.2)

134 (51.7)

At risk

196 (40.7)

71 (31.8)

125 (48.3)

Waist-hip ratio (WHR)e

0.83 [0.83, 0.84]

0.84 [0.83, 0.85]

Normal

349 (72.4)

184 (82.5)

165 (63.7)

At risk

133 (27.6)

39 (17.5)

94 (36.3)

Clinical parameters

<0.001

Systolic blood pressure (mmHg)

121 [120, 123]

126 [124, 129]

117 [115, 119]

Diastolic blood pressure (mmHg)

81 [80, 82]

84 [82, 85]

80 [78, 81]

Hypertension

123 (25.5)

70 (31.4)

53 (20.5)

<0.001

<0.01

†Comparison between men and women
a
Short stature (men ≤160 cm; women ≤150 cm); normal height (men >160 cm; women >150 cm)
b
Underweight (BMI <18.50 kg/m2); normal (BMI 18.50–24.99 kg/m2); overweight (BMI 25.00–29. 99 kg/m2); obese (BMI ≥30 kg/m2)
c
Normal (men <90 cm; women: <80 cm); at risk (men ≥90 cm; women ≥80 cm)
d
Normal (<0.50); at risk (≥0.50)
e
Normal (men <0.9; women <0.85); at risk (men ≥0.9; women ≥0.85)

hypertension, irrespective of age, sex, and ethnicity [45].
The variation observed in our study as compared to the
study may be due in part to the high prevalence of

stunting in the Orang Asli population. The mean height
of Singaporean men (170 ± 7 cm) and women (158 ±
6 cm) exceeded the cut-off value of short stature (men
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Table 2 Predictive ability of obesity indices for hypertension
AUC [95% CI]

Optimal cut-off pointa

Youden index

Sensitivity (%)

Specificity (%)

BMI

0.55 [0.47, 0.64]b,c

23.54

0.15

51.4

64.1

WC

0.65 [0.57, 0.73]

76.0

0.32

62.9

69.3

WHtR

0.66 [0.59, 0.74]

0.45

0.27

84.3

42.5

WHR

0.65 [0.57, 0.72]

0.81

0.30

81.4

49.0

BMI

0.59 [0.50, 0.67]b

24.72

0.25

58.5

67.0

WC

0.61 [0.53, 0.69]

75.0

0.29

69.8

58.7

WHtR

0.60 [0.52, 0.68]

0.52

0.18

62.3

55.8

WHR

0.67 [0.60, 0.74]

0.82

0.37

79.2

57.3

Men

Women

a

The established obesity cut-off points are 30 kg/m2 for BMI, 90 cm (men) and 80 cm (women) for WC, 0.5 for WHtR, 0.9 (men) and 0.85 (women) for WHR
AUCs for all obesity indices except BMI were significantly different from 0.50
c
AUC for BMI of men was significantly lower than WC and WHtR (p < 0.01) and WHR (p < 0.05)
b

≤160 cm; women ≤150 cm) [46], reflecting that stunting
was not prevalent in that population. Hence, the performance of WC and WHtR in predicting hypertension
was similar.
It should be noted that the proposed optimal WHtR
cut-off point for hypertension in this study was 0.45 for
men and 0.52 for women, approximating the established
WHtR obesity cut-off point of 0.5. The smaller gap between the proposed and established obesity cut-off
points for WHtR may further justify that it is better than
other obesity indices in predicting the presence of hypertension in this population. Other studies reported similar
finding in that WHtR could predict hypertension and/or
other obesity complications at WHtR cut-offs ranged
from 0.4 to 0.6 in non-indigenous and indigenous populations [40, 45, 47].

This study demonstrated that the predictive power of
WHR on hypertension was relatively superior for women,
but not for men. Similarly, the association between WHR
and hypertension was reported to be more profound in
Argentina women than men [48]. The variation in the predictive ability of WHR between men and women may relate to the difference in the impact of hormone on body
fat distribution. Hormones drive the deposition of fat in
the lower body part (pelvis, buttocks, and thighs) of
women. A larger hip circumference was associated with a
reduction of risk for multiple metabolic abnormalities in
women only [49]. Therefore, WHR was more closely associated with hypertension in women than men.
We showed that BMI was a poor predictor of hypertension. Among indigenous peoples in Australia, obesity
indices that reflect abdominal obesity performed better

Table 3 Association between obesity status and hypertension
Variables

Odds ratio [95% CI]
Model 1a

Model 2b

Model 3c

Model 4d

Men
BMI ≥30 kg/m2

5.81 [1.10, 30.71]*

4.13 [0.76, 22.62]

3.93 [0.71, 21.65]

5.29 [0.94, 29.73]

WC ≥90 cm

2.96 [1.21, 7.27]*

2.79 [1.52, 5.14]**

2.45 [0.97, 6.14]

2.66 [1.05, 6.73]*

WHtR ≥0.5

2.46 [1.36, 4.46]**

2.17 [1.18, 3.98]*

2.11 [1.14, 3.90]*

2.15 [1.16, 4.01]*

WHR ≥0.9

2.18 [1.07, 7.23]*

1.59 [0.76, 3.36]

1.53 [0.72, 3.27]

1.59 [0.74, 3.42]

0.88 [0.34, 2.27]

1.35 [0.50, 3.64]

1.28 [0.47, 3.50]

0.99 [0.35, 2.82]

Women
BMI ≥30 kg/m2

a

WC ≥80 cm

2.12 [1.15, 3.93]*

1.06 [1.03, 4.07]***

2.30 [1.20, 4.41]*

2.09 [1.07, 4.06]**

WHtR ≥0.5

2.05 [1.10, 3.80]*

2.13 [1.11, 4.07]*

2.09 [1.09, 4.02]*

1.97 [1.02, 3.82]*

WHR ≥0.85

2.62 [1.42, 4.85]**

1.06 [1.03, 1.08]***

1.99 [1.04, 3.80]*

1.94 [1.01, 3.73]*

Model 1: unadjusted
b
Model 2: adjusted for age
c
Model 3: adjusted for age, smoking habit, and alcohol consumption
d
Model 4: adjusted for age, smoking habit, alcohol consumption, and ethnicity (sub-tribes)
*p < 0.05, **p < 0.01, ***p < 0.001
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than BMI in predicting hypertension in both men and
women [47]. A similar result was also observed in a
population study of middle-aged Korean adults [41]. The
poor performance of BMI to predict hypertension could
be due to its inability to distinguish between muscle
mass and adipose tissue, with the latter being more relevant to metabolic risk. A study in Vietnamese adults
reported that percent body fat was linearly related to
BMI among adults with BMI <27, but the relationship
was leveled off for individuals with BMI >27 [50]. A
weak association between percent body fat and BMI was
found to be more prominent among females and Asians.
At the same BMI threshold, women and Asians had relatively higher percent body fat than other groups [51, 52].
Several limitations to the present study should be
highlighted. First, this study attempted to assess the relationship between indices of body adiposity and hypertension. As these indices may have limitations as measures of
body adiposity, their associations with hypertension could
be under or over-estimated. Second, the “predictive ability” in this study refers to the ability to detect the presence
of hypertension but not the ability to predict future development of hypertension. Third, a BMI cut-off point of
30 kg/m2 defines obesity. In Asian population, a lower
BMI cut-off might be more appropriate to assess the association between obesity and cardiometabolic risk factors,
such as hypertension. For instance, Asians might have a
high risk of developing cardiovascular diseases at a BMI of
27.5 kg/m2 [53]. We excluded subjects with medical diagnosis of chronic diseases (cancer, cardiovascular disease,
diabetes, and renal diseases) that could confound the association between obesity and presence of hypertension.
However, there could be undiagnosed cases of such diseases with presence of secondary hypertension as well as
unreported diagnosed cases that were included in the
study. While the study addressed several biological (age
and sub-tribes) and lifestyle (smoking and alcohol consumption) covariates in the analyses, other potential covariates are not included. The cross-sectional design of
this study and the inclusion of only three sub-ethnic
groups in a specific locality could also limit the causal inference of obesity—hypertension relationship as well as
the generalizability of study findings, respectively.

Conclusions
Hypertension is a growing but often a hidden health
problem in Orang Asli population. A majority of hypertensive Orang Asli adults are less likely to be diagnosed,
mainly due to lack of regular access to primary health
care. As WHtR can easily be measured and determined,
it can be used as a screening tool by health professionals
to identify Orang Asli at risk of hypertension and refer
them for further diagnostic evaluation and subsequent
medical treatment.

Page 6 of 7

Abbreviations
AUC: Area under the ROC curve; BMI: Body mass index; DBP: Diastolic blood
pressure; NHMS: National Health and Morbidity Survey; OR: Odds ratio;
ROC: Receiver operating characteristic; SBP: Systolic blood pressure;
WC: Waist circumference; WHO: World Health Organization; WHR: Waist-hip
ratio; WHtR: Waist-height ratio
Acknowledgements
The authors thank the data collection team members and all participants in
the study.
Funding
This study did not receive funding from any source.
Authors’ contributions
CEY performed the data analysis, interpreted the results, and drafted the
manuscript. ZMS participated in the study conceptualization, study design,
data interpretation, manuscript preparation, and finalization. HK conceived
the study and collected the data. NS and GA contributed to the critical
revision of the manuscript. All authors read and approved the final version of
manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable (Personal information were assessed. No identifying information
are used in the reporting of data. Only aggregate information are reported.)
Ethics approval and consent to participate
The study protocol was approved by the Medical Research Ethics Committee
of Faculty of Medicine and Health Sciences, Universiti Putra Malaysia. Permission
to conduct this study was obtained from the Department of Aboriginal Affairs
and Department of Wildlife and National Parks. Eligible respondents who agreed
to participate in the study were required to initialize the informed consent form.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.
Received: 15 June 2016 Accepted: 17 May 2017

References
1. World Health Organization. World Health Statistics 2012. Geneva: World
Health Organization; 2012.
2. Bloom DE, Cafiero ET, Jane-Llopis E, Abrahams-Gessel S, Bloom LR, Fathima
S, et al. The global economic burden of noncommunicable diseases. Geneva:
World Economic Forum; 2011.
3. Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H, et al. A
comparative risk assessment of burden of disease and injury attributable to
67 risk factors and risk factor clusters in 21 regions, 1990-2010: a systematic
analysis for the Global Burden of Disease Study 2010. Lancet. 2012; doi:10.
1016/s0140-6736(12)61766-8.
4. World Health Organization. A global brief on hypertension: silent killer,
global public health crisis. World Health Day 2013. Geneva: World Health
Organization; 2013.
5. Reading CL, Wein F. Health inequalities and social determinants of Aboriginal
peoples’ health. Prince George: National Collaborating Centre for Aboriginal
Health; 2009.
6. Servan-Mori E, Torres-Pereda P, Orozco E, Sosa-Rubí SG. An explanatory
analysis of economic and health inequality changes among Mexican
indigenous people, 2000–2010. Int J Equity Health. 2014;13:21.
7. Anderson I, Robson B, Connolly M, Al-Yaman F, Bjertness E, King A, et al.
Indigenous and tribal peoples’ health (The Lancet-Lowitja Institute Global
Collaboration): a population study. Lancet. 2016;388(10040):131–57.
8. United Nations Development Programme. Human Development Report
2014. Sustaining human progress: reducing vulnerability and building
resilience. New York: United Nations; 2014. p. 2014.
9. Loring PA, Gerlach SC. Food, culture, and human health in Alaska: an integrative
health approach to food security. Environ Sci Polic. 2009;12(4):466-78.

Chua et al. Journal of Health, Population and Nutrition (2017) 36:24

10. Huet C, Rosol R, Egeland GM. The prevalence of food insecurity is high and the
diet quality poor in Inuit communities. J Nutr. 2012. doi:10.3945/jn.111.149278.
11. Sheehy T, Roache C, Sharma S. Eating habits of a population undergoing a
rapid dietary transition: portion sizes of traditional and non-traditional foods
and beverages consumed by Inuit adults in Nunavut, Canada. Nutr J. 2013.
doi:10.1186/1475-2891-12-70.
12. Butler DC, Petterson S, Bazemore A, Douglas KA. Use of measures of
socioeconomic deprivation in planning primary health care workforce
and defining health care need in Australia. Aust J Rural Health. 2010.
doi:10.1111/j.1440-1584.2010.01154.x.
13. Institute for Public Health. The Third National Health and Morbidity Survey
(NHMS III 2006). Kuala Lumpur: Ministry of Health; 2008.
14. Institute for Public Health. National Health and Morbidity Survey 2011 (NHMS
2011). Kuala Lumpur: Ministry of Health; 2011.
15. Department of Orang Asli Affairs. Annual report 2005. Kuala Lumpur:
Department of Orang Asli Affairs; 2006.
16. Lim HW, Chee HL. Nutritional status and reproductive health of Orang Asli
women in two villages in Kuantan, Pahang. Mal J Nutr. 1998;1:31–54.
17. Institute for Public Health. Malaysian Adult Nutrition Survey (MANS) 2003.
Kuala Lumpur: Ministry of Health; 2008.
18. Khor GL, Zalilah MS. The ecology of health and nutrition of “Orang Asli”
(Indigenous People) women and children in Peninsular Malaysia. Tribes and
Tribals. 2008;2:67-77.
19. Zalilah MS, Ang M. Assessment of food insecurity among low income
households in Kuala Lumpur using the Radimer/Cornell food insecurity
instrument—a validation study. Mal J Nutr. 2001;1&2:15–32.
20. Zalilah MS, Tham BL. Food security and child nutritional status among Orang Asli
(Temuan) households in Hulu Langat, Selangor. Med J Malaysia. 2002;1:36–50.
21. Wan Norlida WN, Zalilah MS, Khor GL, Ng WC, Mirnalini K, Nawalyah AG, et
al. Breastfeeding practices and nutritional status of Orang Asli children
(Temuan and Mah Meri) in Sepang District and Carey Island, Selangor. Mal J
Med Health Sci. 2007;2:1–15.
22. Saibul N, Shariff ZM, Lin KG, Kandiah M, Ghani NA, Rahman HA. Food variety
score is associated with dual burden of malnutrition in Orang Asli (Malaysian
indigenous peoples) households: implications for health promotion. Asia Pac J
Clin Nutr. 2009;3:412–22.
23. Haemamalar K, Zalilah MS, Neng AA. Nutritional status of Orang Asli (Che Wong
Tribes) adults in Krau Wildlife Reserve, Pahang. Mal J Nutr. 2010;1:55–68.
24. Wong CY, Zalilah MS, Chua EY, Norhasmah S, Chin YS, Siti Nur'Asyura A.
Double-burden of malnutrition among the indigenous peoples (Orang Asli)
of Peninsular Malaysia. BMC Public Health. 2015. doi:10.1186/s12889-015-2058-x.
25. Phipps ME, Chan KK, Naidu R, Mohamad NW, Hoh BP, Quek KF, et al.
Cardio-metabolic health risks in indigenous populations of Southeast Asia
and the influence of urbanization. BMC Public Health. 2015. doi:10.1186/
s12889-015-1384-3.
26. Nguyen NT, Magno CP, Lane KT, Hinojosa MW, Lane JS. Association of
hypertension, diabetes, dyslipidemia, and metabolic syndrome with obesity:
findings from the National Health and Nutrition Examination Survey, 1999
to 2004. J Am Coll Surg. 2008. doi:10.1016/j.jamcollsurg.2008.08.022.
27. He YH, Jiang GX, Yang Y, Huang HE, Li R, Li XY, et al. Obesity and its
associations with hypertension and type 2 diabetes among Chinese adults
age 40 years and over. Nutrition. 2009. doi:10.1016/j.nut.2009.04.003.
28. Basu S, Millett C. Social epidemiology of hypertension in middle-income
countries: determinants of prevalence, diagnosis, treatment, and control in the
WHO SAGE study. Hypertension. 2013. doi:10.1161/hypertensionaha.113.01374.
29. Gus M, Cichelero FT, Moreira CM, Escobar GF, Moreira LB, Wiehe M, et al.
Waist circumference cut-off values to predict the incidence of hypertension:
an estimation from a Brazilian population-based cohort. Nutr Metab Cardiovasc
Dis. 2009. doi:10.1016/j.numecd.2008.03.007.
30. Al-Sharbatti S, Shaikh R, Mathew E, Sreedharan J, Muttappallymyalil J, Basha
S. The use of obesity indicators for the prediction of hypertension risk among
youth in the United Arab Emirates. Iran J Public Health. 2011;3:33–40.
31. Luo W, Guo Z, Hu X, Zhou Z, Mingwu, Zhang L, et al. A prospective study
on association between 2 years change of waist circumference and incident
hypertension in Han Chinese. Int J Cardiol. 2013. doi:10.1016/j.ijcard.
2012.07.003.
32. World Health Organization. Obesity: preventing and managing the global
epidemic. Report of a WHO consultation. WHO Technical Report Series 894.
Geneva: World Health Organization; 2000.
33. Browning LM, Hsieh SD, Ashwell M. A systematic review of waist-to-height
ratio as a screening tool for the prediction of cardiovascular disease and

Page 7 of 7

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

diabetes: 0.5 could be a suitable global boundary value. Nutr Res Rev. 2010;
doi:10.1017/s0954422410000144.
International Diabetes Federation. The IDF consensus worldwide definition of
the metabolic syndrome. 2006. https://www.idf.org/e-library/consensusstatements/60-idfconsensus-worldwide-definitionof-the-metabolicsyndrome.
Accessed 3 Jan 2016.
World Health Organization. 1999 World Health Organization-International
Society of Hypertension guidelines for the management of hypertension.
Guidelines subcommittee. J Hypertens. 1999;17(2):151–83.
DeLong ER, DeLong DM, Clarke-Pearson DL. Comparing the areas under
two or more correlated receiver operating characteristics curves: a
nonparamentric approach. Biometrics. 1988;3:837–45.
Department of Statistics Malaysia. Household income and poverty statistics
newsletter, 2012 & 2014. http://www.epu.gov.my/en/socio-economic/householdincome-poverty. Accessed 28 April 2017.
Cheng CH, Ho CC, Yang CF, Huang YC, Lai CH, Liaw YP. Waist-to-hip ratio is
a better anthropometric index than body mass index for predicting the risk
of type 2 diabetes in Taiwanese population. Nutr Res. 2010. doi:10.1016/j.
nutres.2010.08.007.
Cai L, Liu A, Zhang Y, Wang P. Waist-to-height ratio and cardiovascular risk
factors among Chinese adults in Beijing. PLoS One. 2013. doi:10.1371/
journal.pone.0069298.
Rajput R, Rajput M, Bairwa M, Singh J, Saini O, Shankar V. Waist height ratio:
a universal screening tool for prediction of metabolic syndrome in urban
and rural population of Haryana. Indian J Endocrinol Metab. 2014.
doi:10.4103/2230-8210.131201.
Lee JW, Lim NK, Baek TH, Park SH, Park HY. Anthropometric indices as
predictors of hypertension among men and women aged 40-69 years in
the Korean population: the Korean genome and epidemiology Study. BMC
Public Health. 2015. doi:10.1186/s12889-015-1471-5.
Grundy SM, Neeland IJ, Turer AT, Vega GL. Waist circumference as measure
of abdominal fat compartments. J Obes. 2013. doi:10.1155/2013/454285.
Nelson CP, Hamby SE, Saleheen D, Hopewell JC, Zeng L, Assimes TL, et al.
Genetically determined height and coronary artery disease. N Engl J Med.
2015. doi:10.1056/NEJMoa1404881.
Stefan N, Haring HU, Hu FB, Schulze MB. Divergent associations of height
with cardiometabolic disease and cancer: epidemiology, pathophysiology,
and global implications. Lancet Diabetes Endocrinol. 2016. doi:10.1016/
s2213-8587(15)00474-x.
Lam BC, Koh GC, Chen C, Wong MT, Fallows SJ. Comparison of body mass
index (BMI), body adiposity index (BAI), waist circumference (WC), waist-tohip ratio (WHR) and waist-to-height ratio (WHtR) as predictors of
cardiovascular disease risk factors in an adult population in Singapore. PLoS
One. 2015. doi:10.1371/journal.pone.0122985.
Lopez JC, Montesinos R, Velazquez C, Gonzalez-Barranco J. Short stature is
related to high body fat composition despite body mass index in a Mexican
population. Arch Med Res. 2003;34:137–40.
Li M, McDermott RA. Using anthropometric indices to predict cardio-metabolic
risk factors in Australian indigenous populations. Diabetes Res Clin Pract. 2010.
doi:10.1016/j.diabres.2009.12.004.
Feldstein CA, Akopian M, Olivieri AO, Kramer AP, Nasi M, Garrido D. A
comparison of body mass index and waist-to-hip ratio as indicators of
hypertension risk in an urban Argentine population: a hospital-based study.
Nutr Metab Cardiovasc Dis. 2005. doi:10.1016/j.numecd.2005.03.001.
Katz EG, Stevens J, Truesdale KP, Cai J, Adair LS, North KE. Hip circumference and
incident metabolic risk factors in Chinese men and women: the People’s Republic
of China study. Metab Syndr Relat Disord. 2011. doi:10.1089/met.2010.0045.
Ho-Pham LT, Lai TQ, Nguyen MT, Nguyen TV. Relationship between body
mass index and percent body fat in Vietnamese: implications for the
diagnosis of obesity. PLoS One. 2015. doi:10.1371/journal.pone.0127198.
Rush EC, Goedecke JH, Jennings C, Micklesfield L, Dugas L, Lambert EV, et
al. BMI, fat and muscle differences in urban women of five ethnicities from
two countries. Int J Obes (Lond). 2007. doi:10.1038/sj.ijo.0803576.
Carpenter CL, Yan E, Chen S, Hong K, Arechiga A, Kim WS, et al. Body fat
and body-mass index among a multiethnic sample of college-age men and
women. J Obes. 2013. doi:10.1155/2013/790654.
World Health Organization. Appropriate body-mass index for Asian
populations and its implications for policy and intervention strategies.
Lancet. 2004;9403:157–63.

