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Abstract
Background: In Mongolia, mean waist circumference (WC) has increased dramatically over the last decade, however, it is
unknown whether these increases have been greater than corresponding increases in weight. In this study we aimed to
assess whether recent increases in WC were greater than expected from changes in weight in Mongolian adults.
Methods: We used data on 13260 Mongolian adults, aged between 18 and 64 years, who participated in one of three
(2005, 2009, 2013) nationally representative cross-sectional surveys. Linear regression was used to estimate changes in
mean WC over time, adjusted for age, sex, height and weight. We also estimated the age-standardised prevalence for
four obesity classification categories (not obese; obese by WC only; obese by body mass index (BMI) only; obese by both
BMI and WC) at each survey year.
Results: The estimated mean WC in 2009 and 2013, respectively, was 1.26 cm (95% CI: 0.35 to 2.17) and 1.88 cm (95% CI:
1.09 to 2.67) greater compared to 2005, after adjusting for age, sex, height and weight. Between 2005 and 2013,
the age-standardised prevalence of those obese according to both BMI and WC increased from 8.0 to 13.6% for
men and from 16.5 to 25.5% for women. During the same period, the percentage who were obese by WC only
increased from 1.8 to 4.8% for men and from 16.5 to 26.8% for women. In contrast, the percentage who were obese by
BMI only remained relatively stable (women: 2.4% in 2005 to 1.0% in 2013; men: 2.7% in 2005 to 4.0% in 2013).
Conclusion: Over the last decade, among Mongolian adults, there has been substantially greater increase in WC and
the prevalence of abdominal obesity than would be expected from increases in weight. Women are at greater risk
than men of being misclassified as not obese if obesity is defined using BMI only. Obesity should be monitored using
WC in addition to BMI to ensure the prevalence of obesity is not underestimated.
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Background
The prevalence of obesity in the Mongolian adult population appears to be increasing at a substantial rate [1–3]. In
a previous study we have shown that, between 2005 and
2013, the age-standardised overall mean body mass index
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(BMI) and waist circumference (WC) of Mongolian adults
increased by 1.4 kg/m2 and 5.2 cm, respectively [4].
During that same period the prevalence of general
obesity, defined by BMI ≥ 30 kg/m2, increased from
10.8 to 17.6% for men and from 18.9 to 26.4% for
women. The prevalence of substantially increased risk
based on WC categories in men (9.5% in 2005 to 17.7%
in 2013) and women (31.2% in 2005 to 50.6% in 2013)
almost doubled between 2005 and 2013 [4].
Abdominal obesity as measured by WC may be a more
accurate predictor of the metabolic risks of obesity compared to BMI [5–8]. For example, the Decoda Study
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Group in 2008 found that waist measurements were
more strongly associated with diabetes than BMI [9]. In
addition, a meta-analysis in 2013 examining the association between general and abdominal obesity measures and all-cause mortality suggested that WC was
strongly associated with adult mortality, independent
of BMI [6].
A number of recent studies in ethnically and geographically diverse populations have suggested that
WC is increasing at a faster rate than weight [10–12].
For example, for Australian adults between 1995 and
2012, WC increased independent of increases in body
weight by 6.7 cm (95% CI: 6.2 to 7.2) for women, and
2.8 cm (95% CI: 1.5 to 4.1) for men [13]. A study of
American adults comparing trends in BMI and WC
between 1988–1994 and 2005–2006 revealed an independent increase of 0.9 cm in mean WC over and
above that for BMI [10]. Moreover, recently Albrecht
et al., using four population-based surveys from the
United States, England, China and Mexico demonstrated an increase in WC independent of BMI in all
four countries, with the greatest independent increases
observed among women aged 20–29 years in the rapidly developing countries of Mexico and China [14].
Further research conducted in China has also reported
an increase in WC over time, measured as increases in
mean WC within BMI categories, and the increases
were again larger in younger women compared with
older women [15].
Several other studies have also suggested that WC is
increasing greater than BMI or body weight. For instance, a
series of five nationally representative cross-sectional surveys of the United States population between 1959 and
2004 indicated that trivial and consistent increases in WC
over time independently from BMI increase [16]. In Finnish
men and women, mean WC increased by 2.7 cm and
4.3 cm in 15 years while mean BMI did not change much
[17]. Lastly, central obesity measured by WC consistently
increased in Chinese adult men between 1996 and 2005
while BMI remained unchanged [18]. However, there are
few studies examining this in countries early in the
nutrition transition. Changes in waist circumference
independent of weight have not been investigated in
the Mongolian context.
In the current study, we used repeated populationbased cross-sectional surveys of Mongolian adults aged
18–64 years to estimate changes in mean WC over the
past decade, independent of changes in weight. We also
estimated changes in the age-standardised prevalence
of four categories of obesity (not obese; obese by WC
only; obese by BMI only; obese by both BMI and WC)
in order to assess the potential for underestimating the
increasing burden of obesity in Mongolian adults when
only considering weight or BMI.
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Methods
Sample

This study analysed data from the Mongolian STEPS
Surveys on the prevalence of noncommunicable disease
(NCD) risk factors, conducted in 2005, 2009 and 2013
[1–3]. The Mongolian STEPS surveys are a nationwide,
nationally representative series of cross-sectional surveys
conducted using the World Health Organization (WHO)
NCD stepwise survey methodology with behavioural,
anthropometric and biomedical measurements [19]. Participants were randomly selected using a four-stage cluster sampling design to cover all geographical areas of
Mongolia. Identical sample design and weighting methodology were used at all three time points. Response
rates in the respective surveys were 94.7% in 2005,
95.0% in 2009 and 97.4% in 2013. We excluded a small
number of participants who had missing values for measured height, weight and waist circumference (26 in
2005; 125 in 2009; 150 in 2013) and, therefore, our analysis included 3102 participants in 2005, 5039 in 2009
and 5119 in 2013, respectively. In descriptive analyses
we compared the demographic characteristics of those
with and without missing data (Table 1). Each participant
provided written informed consent and ethics approval to
conduct the study was obtained from the Human
Research Ethics Committee, Monash University on 1
April 2015 (CF15/1017 - 2015000474).
Anthropometric data

In all three surveys, trained personnel used a standardised
protocol to collect anthropometric measurements. Weight
was measured without shoes in light clothes on a lithium
battery electronic weight scale with 0.1 kg precision and
capacity of up to 100000 times measurements (Gima professional scale, Italy). Height was measured without shoes
to the nearest 0.1 cm using a Somatometre-Stanley 04-116
device with the capacity to measure up to two meters, reading values in centimetres (cm). WC was measured in cm
with a non-stretch tape measure to the nearest 0.1 cm at
the mid-point between high point of the iliac crest and
lower edge of the rib cage (Gima waist meter, Italy). Thus,
anthropometric measurements were based on interviewermeasured height, weight and waist circumference rather
than self-reported measurements.
Demographic data

Age, sex, education status, and area of residence were
also measured consistently at all three time points.
Age was categorised as: 18-24, 25-34, 35-44, 45-54,
and 55-64 years. Education was dichotomised into
tertiary and non-tertiary based on each individual’s highest
qualification. Area of residence was categorised as urban
or rural.

Chimeddamba et al. BMC Obesity (2017) 4:19

Page 3 of 8

Table 1 Characteristics of survey participants with and without missing data in 2005, 2009 and 2013
2005

2009

2013

Missing

No missing

Missing

No missing

Missing

No missing

Final sample size

26

3102

125

5039

150

5119

Age (Mean ± SD)

34 ± 12.3

40.9 ± 13.0

31.6 ± 8.8

38.3 ± 11.4

31.1 ± 9.3

37.3 ± 11.9

Sex (% Male)

46.1

48.5

17.2

41.2

14.8

45.2

Education (% Tertiary)

19.2

20.4

28.7

23.9

39.6

29.2

Employment (% Employed)

38.5

56.7

57.4

60.3

58.4

65.1

Geographical location (% Urban)

69.2

50.5

62.3

52.9

40.3

49.0

Abbreviation: SD standard deviation

Statistical analyses

To describe the characteristics of the survey participants
summary statistics were calculated based on unweighted
data. In all other analyses we adjusted for the sample
stratification and clustering effects and applied survey
weights to individual responses to reflect the age, sex
and geographical distribution of the Mongolian population at the time of each survey.
We defined obesity using several criteria. In our primary analyses we used the international thresholds:
for BMI this was an obesity threshold of 30 kg/m2 (referred
to throughout as “general obesity”) [20]; and for waist
circumference we used the “substantially increased risk”
threshold of ≥102 cm for men and ≥88 cm for women
(referred to throughout as ‘abdominal obesity’) [21].
In 2004 a WHO expert consultation discussed BMI
thresholds for determining overweight and obesity in
Asian populations. This was deemed necessary since
there is evidence that Asians are at a high risk of type
2diabetes and cardiovascular disease even at BMI values
lower than the international thresholds. Although the
expert consultation found there is no robust evidence
that indicates clear overweight or obesity BMI thresholds
for all Asians, the consultation did endorse public health
action points (23.0, 27.5, 32.5, and 37.5 kg/m2) along
with the international BMI thresholds [22]. Therefore, in
secondary analyses we used Asian-specific thresholds: for
BMI this was 27.5 kg/m2 (referred to throughout as “Asianspecific general obesity”) [22], and for waist circumference
this was ≥102 cm for men and ≥88 cm for women (referred
to throughout as “abdominal obesity”, noting that it reflects
both international and Asian-specific thresholds) [23].
To describe changes in prevalence over time, we derived
four categories for assessing obesity prevalence (example
given here for the primary analysis, using international
thresholds): not obese (BMI < 30, WC < 102 for men,
WC < 88 for women), obese by WC only (BMI < 30,
WC ≥ 102 for men, WC ≥ 88 for women), obese by both
BMI and WC (BMI ≥ 30, WC ≥ 102 for men, WC ≥ 88
for women) and obese by BMI only (BMI ≥ 30, WC <
102 for men, WC < 88 for women). We estimated the
age–standardised prevalence for each category at each

survey year, both overall and stratified by sex (in primary and secondary analyses we considered each of the
international and Asian-specific thresholds for defining
obesity based on BMI, respectively). Age standardisation
was conducted using the direct method [24] to eliminate
the effect of differences in population age structures when
comparing prevalence estimates across different periods
of time and different geographical areas.
Linear regression was used to estimate changes in mean
WC over time, with the survey year included as a categorical covariate (2005, 2009 and 2013) in the regression
model. Model 1 was adjusted for sex, age group and
height. Model 2 further adjusted for weight in addition to
sex, age group and height. We also performed subgroup
analyses to determine whether the changes in mean WC
over time differed by sex, age group, area of residence or
education status. To assess subgroup effects we fitted the
linear regression described as Model 2, but also included
one of the following pairwise interaction terms: sex and
survey year; age group and survey year; area of residence
and survey year; or education status and survey year. We
assessed the importance of the interaction term using an
F-test. All analyses were done using Stata version 14.0
(StataCorp LP, College Station, Texas, USA).

Results
Description of study participants

Table 1 summarises the demographic characteristics
(unweighted) for the 13260 study participants who
were included in the analysis. The mean age was comparable across survey years. There was a slight majority of female participants for all three surveys. The
proportion of tertiary educated and employed participants increased at each survey. In 2013, around one
third and two thirds of the sample were tertiary educated and employed, respectively. Approximately half
of the participants in each survey resided in urban
areas of Mongolia. Those with missing data (n = 301)
were relatively younger, predominantly female, more
tertiary educated, slightly less employed and more
urban living individuals compared to those without
missing data.
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Linear regression of waist circumference

Table 2 shows selected parameter estimates from each of
the linear regression models; estimates shown in the
table are the estimated difference in mean WC at each
survey, compared to 2005. The mean WC increased over
time, both before and after adjusting for changes in
weight, with the regression coefficients smaller in magnitude in Model 2 (adjusted for weight) compared with
Model 1 (not adjusted for weight). In Model 1, the estimated mean WC in 2009 and 2013, respectively, was
2.97 cm (95% CI: 2.01 to 3.93) and 4.93 cm (95% CI:
3.87 to 6.00) greater than in 2005. In Model 2, the estimated mean WC in 2009 and 2013, respectively, was
1.26 cm (95% CI: 0.35 to 2.17) and 1.88 cm (95% CI:
1.09 to 2.67) larger than in 2005.
The corresponding parameter estimates from subgroup
analyses (by sex, age group, area of residence and education status) are also shown in Table 2. After adjusting for
weight, there was evidence that the changes in mean WC
over time independent of weight differed between men
and women (F-test for the interaction term between sex
and survey year: F-test (2, 75) =15.45, p <0.001). We found
that women had greater increases in mean WC over time
independent of weight (β2009 = 2.32, 95% CI: 1.25 to 3.39;
β2013 = 2.68, 95% CI: 1.64 to 3.71) than men β2009 = 0.27,
95% CI: -0.62 to 1.17; β2013 = 1.09, 95% CI: 0.39 to 1.80).
We found no evidence of an interaction between any of:
age group and survey year (F-test (8, 69) =0.93, p = 0.50)
or area of residence and survey year (F-test (2, 75) =1.37,
p = 0.26). We found very weak evidence that the changes
in mean WC over time independent of weight differed
between tertiary and non-tertiary educated individuals
(F-test (2, 75) =2.59, p = 0.08).
Prevalence of obesity

Table 3 shows the age-standardised prevalence for each
category of obesity using international thresholds at each
survey year, both overall and stratified by sex. The
overall prevalence of both general obesity (sum of
‘obese by BMI only’ and ‘obese by both BMI and WC’)
and abdominal obesity (sum of ‘obese by WC only’ and
‘obese by both BMI and WC’) increased over time. The
percentage who were ‘obese by WC only’ almost doubled between 2005 and 2013, from 8.9 to 15.9%, suggesting that an increasing number of individuals would
be misclassified as not obese if we chose to only define
obesity using BMI. The percentage who were ‘obese by
both BMI and WC’ also increased, from 12.1% in 2005
to 19.6% in 2013. In contrast, the percentage who were
‘obese by BMI only’ remained at a similar level at all
three time points (2.6% in 2005, 2.8% in 2009, and
2.5% in 2013).
In the analysis stratified by sex, the prevalence of both
general and abdominal obesity was higher for women.
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Table 2 Parameter estimates (with 95% confidence intervals) for
the change in mean WC over time
Model 1a

Model 2b

2009

2.97 (2.01 to 3.93)

1.26 (0.35 to 2.17)

2013

4.93 (3.87 to 6.00)

1.88 (1.09 to 2.67)

2009

3.00 (1.56 to 4.43)

0.27 (-0.62 to 1.17)

2013

4.77 (3.18 to 6.37)

1.09 (0.39 to 1.80)

2009

3.01 (2.00 to 4.02)

2.32 (1.25 to 3.39)

2013

5.07 (4.00 to 6.14)

2.68 (1.64 to 3.71)

2009

3.13 (1.85 to 4.42)

1.39 (0.37 to 2.42)

2013

3.74 (2.34 to 5.14)

1.75 (0.91 to 2.58)

2009

3.35 (1.98 to 4.73)

1.53 (0.42 to 2.65)

2013

4.95 (3.74 to 6.16)

1.97 (1.09 to 2.84)

2009

2.72 (1.32 to 4.13)

1.25 (0.36 to 2.15)

2013

4.90 (3.41 to 6.39)

1.88 (0.86 to 2.89)

2009

1.98 (0.22 to 3.73)

0.65 (-0.49 to 1.79)

2013

5.09 (3.43 to 6.74)

1.63 (0.56 to 2.7)

2009

3.49 (1.26 to 5.72)

1.25 (-0.08 to 2.57)

2013

4.82 (2.50 to 7.14)

1.94 (0.54 to 3.34)

2009

3.79 (2.25 to 5.33)

2.12 (0.88 to 3.35)

2013

5.83 (4.24 to 7.42)

2.42 (1.21 to 3.63)

2009

2.21 (0.95 to 3.47)

0.43 (-0.95 to 1.81)

2013

4.08 (2.59 to 5.57)

1.37 (0.34 to 2.41)

2009

2.05 (0.54 to 3.55)

0.80 (-0.59 to 2.19)

2013

3.56 (2.19 to 4.94)

1.86 (0.80 to 2.92)

2009

3.18 (2.17 to 4.2)

1.40 (0.49 to 2.32)

2013

5.37 (4.19 to 6.54)

1.91 (1.09 to 2.74)

Overall analysis (total sample)

Subgroup analyses
Sex
Men

Women

Age group (years)
18–24

25–34

35–44

45–54

55–64

Area of residence
Urban

Rural

Education
Tertiary educated

Non-tertiary educated

Abbreviations: WC waist circumference
a
Model 1 regression model adjusted for age, sex, survey year and height
b
Model 2 regression model adjusted for age, sex, survey year, height and weight
The coefficients shown in the table represent the estimated change in mean WC
relative to 2005 (the reference category) Separate regression models were fit for
each subgroup. The subgroup effects were estimated by including an interaction
term between the relevant variable (sex, age group, education status or area of
residence) and survey year. The model with the area of residence by survey year
interaction effect also included the main effect for area of residence. Similarly, the
model with the education status by survey year interaction effect also included the
main effect for education status
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Table 3 Age-standardised prevalence (%: with 95% confidence intervals) for each obesity category, as defined by international BMI
and/or WC thresholds
2005

2009

2013

Not obese

87.4 (84.6 to 89.8)

81.4 (77.9 to 84.5)

77.6 (75.2 to 79.9)

Obese by WC only

1.8 (1.1 to 3.0)

2.8 (2.0 to 4.0)

4.8 (3.7 to 6.3)

Obese by BMI only

2.7 (1.7 to 4.3)

4.5 (3.1 to 6.5)

4.0 (2.9 to 5.4)

Obese by both BMI and WC

8.0 (6.2 to 10.3)

11.2 (8.6 to 14.5)

13.6 (11.5 to 16.0)

Not obese

64.6 (61.6 to 67.5)

55.7 (52.6 to 58.6)

46.7 (43.6 to 49.9)

Obese by WC only

16.5 (13.6 to 19.8)

24.4 (22.0 to 27.0)

26.8 (23.3 to 30.7)

Obese by BMI only

2.4 (1.5 to 3.6)

1.1 (0.6 to 2.0)

1.0 (0.6 to 1.5)

Obese by both BMI and WC

16.5 (14.5 to 18.8)

18.8 (16.3 to 21.6)

25.5 (22.6 to 28.6)

Not obese

76.5 (74.6 to 78.3)

68.7 (66.3 to 71.0)

62.1 (59.6 to 64.6)

Obese by WC only

8.9 (7.4 to 10.6)

13.5 (12.0 to 15.0)

15.9 (13.6 to 18.4)

Obese by BMI only

2.6 (1.7 to 3.7)

2.8 (2.0 to 4.1)

2.5 (1.9 to 3.2)

Obese by both BMI and WC

12.1 (10.7 to 13.6)

15.0 (12.8 to 17.5)

19.6 (17.7 to 21.6)

Men

Women

Total

Abbreviations: WC waist circumference, BMI body mass index
Prevalence estimates are represented as percentages
International BMI threshold for obesity is defined as BMI of 30 kg/m2 (general obesity)
International WC threshold for obesity is defined as the “substantially increased risk” threshold of ≥102 cm for men and ≥88 cm for women (abdominal obesity)
Not obese (BMI < 30, WC < 102 for men, WC < 88 for women), obese by WC only (BMI < 30, WC ≥ 102 for men, WC ≥ 88 for women), obese by both BMI and WC
(BMI ≥ 30, WC ≥ 102 for men, WC ≥ 88 for women) and obese by BMI only (BMI ≥ 30, WC < 102 for men, WC < 88 for women)

Furthermore the percentage who were ‘obese by WC
only’ was considerably greater for women compared to
men. For example, in 2013, the age-standardised prevalence of individuals who were ‘obese by WC only’ was
approximately five times greater for women (26.8%) compared to men (4.8%), suggesting that women would be at
greater risk than men of misclassification (as non-obese) if
obesity was defined using BMI only.
Table 4 shows the age-standardised prevalence for
each category of obesity using the Asian-specific thresholds at each survey year, both overall and stratified by sex.
The prevalence of general obesity was substantially higher
when using the Asian-specific thresholds. For example, in
2013 the prevalence of Asian-specific general obesity was
38.3%, whilst the prevalence of general obesity based on
international thresholds was 22.1%. When using Asianspecific thresholds, the prevalence of individuals who were
classified as ‘obese by WC only’ was lower (for example,
from 15.9% when using international thresholds to 7.2%
when using Asian-specific thresholds, based on the estimates for 2013). However, overall the same trends were
consistent with the international thresholds.

Discussion
Over the last decade the Mongolian adult population
has witnessed dramatic increases in mean WC [3]. In
this study, we have shown that those increases in WC
are even greater than what might be expected from the

observed changes in weight. The increase in mean WC
among Mongolian adults was, on average, 1.3 cm between
2005 and 2009 and 1.9 cm between 2005 and 2013, independent of changes in weight. We also observed that this
increase in mean WC was greater for women compared
to men. The age-standardised prevalence estimates for
our four obesity classification categories suggest that the
burden of obesity will be underestimated when classifying
obesity using BMI alone.
We found that application of the Asian-specific BMI
thresholds, while leading to a greater prevalence of general
obesity than when using international BMI thresholds, did
not affect our conclusions regarding changes in obesity
prevalence over time. Overall, while the prevalence of abdominal obesity (obese by WC only) increased over time,
the prevalence of general obesity (obese by BMI only)
alone did not. We did, however, find that using Asianspecific thresholds reduced the potential for underestimating high risk adiposity when only considering BMI. Under
Asian-specific thresholds, the percentage of women who
were ‘obese by WC only’ was 13.5% in 2013. On the other
hand, the percentage of males who were ‘obese by WC
only’ when using Asian-specific thresholds was almost
zero (0.8% in 2013).
Since there is evidence that Asians have higher body
fat at lower BMIs and WCs compared to Western populations [25], we compared and contrasted our results
with a similar ethnic population such as the Chinese.
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Table 4 Age-standardised prevalence (%: with 95% confidence intervals) for each obesity category, as defined by Asian specific BMI
and/or WC thresholds
2005

2009

2013

Not obese

79.7 (76.4 to 82.7)

68.4 (64.0 to 72.4)

66.4 (63.7 to 69.0)

Obese by WC only

0.3 (0.1 to 0.8)

1.0 (0.5 to 2.0)

0.8 (0.4 to 1.5)

Obese by BMI only

10.5 (8.5 to 12.9)

17.6 (14.9 to 20.7)

15.2 (13.1 to 17.6)

Obese by both BMI and WC

9.5 (7.5 to 12.0)

13.0 (10.4 to 16.2)

17.6 (15.0 to 20.5)

Not obese

59.5 (56.8 to 62.1)

52.1 (49.4 to 54.7)

42.8 (40.5 to 45.2)

Obese by WC only

7.1 (5.4 to 9.1)

12.4 (10.5 to 14.6)

13.5 (10.8 to 16.6)

Obese by BMI only

7.4 (5.4 to 10.2)

4.7 (3.4 to 6.5)

4.9 (3.5 to 6.8)

Obese by both BMI and WC

26.0 (23.5 to 28.6)

30.8 (27.8 to 34.0)

38.8 (36.0 to 41.7)

Not obese

70.0 (67.9 to 72.0)

60.3 (57.6 to 63.0)

54.6 (52.5 to 56.6)

Obese by WC only

3.5 (2.7 to 4.6)

6.6 (5.5 to 7.9)

7.2 (5.7 to 9.0)

Obese by BMI only

9.0 (7.4 to 11.0)

11.3 (9.4 to 13.5)

10.0 (8.6 to 11.6)

Obese by both BMI and WC

17.4 (15.7 to 19.3)

21.8 (19.6 to 24.2)

28.3 (26.1 to 30.5)

Men

Women

Total

Abbreviations: WC waist circumference, BMI body mass index
Prevalence estimates are represented as percentages
Asian-specific BMI threshold for obesity is defined as BMI of 27.5 kg/m2 (Asian-specific general obesity)
Asian-specific WC threshold for obesity is defined as WC of ≥102 cm for men and ≥88 cm for women (Asian-specific abdominal obesity, noting that these
thresholds are the same as the international thresholds)
Not obese (BMI < 27.5, WC < 102 for men, WC < 88 for women), obese by WC only (BMI < 27.5, WC ≥ 102 for men, WC ≥ 88 for women), obese by both BMI and WC
(BMI ≥ 27.5, WC ≥ 102 for men, WC ≥ 88 for women) and obese by BMI only (BMI ≥ 27.5, WC < 102 for men, WC < 88 for women)

Data from a study of Hong Kong Chinese found that,
between 1996 and 2005, WC had increased despite an
apparent plateau in BMI [18].
Our results from subgroup analyses suggested that,
compared with men, women had greater increases in
mean WC independent of weight over time. Similar results have also been reported in other studies [12, 26,
27]. In contrast, a study by Stern et al. found that men
and women had a 3.2 cm and 2.1 cm higher WC in
2009 compared to 1993, holding BMI constant [15].
We found some indication that increases in WC independent of weight were greater in those individuals who
were non-tertiary educated compared with tertiary educated, which is a finding that has been reported in other
studies [11, 26, 28]. However, the increases in WC over
time did not differ between the various age groups or
between individuals living in urban and rural areas.
Our study has several strengths. We used a series of
large, nationally representative, cross-sectional STEPS
surveys, which are part of an ongoing monitoring surveillance approach, known as the prevalence of NCD
risk factors, established in Mongolia since 2005 with the
WHO technical support. The use of consistent sampling
methodology (a multi-stage random cluster process)
meant that the sampling frame was comparable across
all three time points. An equal distribution of study participants from urban and rural locations, and the high

response rate, ensured the survey participants were representative of the entire country. A sufficient number of
individuals allowed us to explore subgroup effects related to age, sex, area of residence and education in our
analysis. Furthermore all three surveys used standardised
measurements of weight, height and waist circumference, with all measurements taken by trained personnel.
This means that the changes occurring in body weight
and waist circumference were not attributable to systematic measurement error or differences in the measurement approach.
There are also some limitations with this study. Earlier
commencement of the STEPS surveys could have provided more time points to inform trends over time. In
addition, missing data was present in our analysis, albeit
to a small degree. Nonetheless, cognisant that this missing data has the potential to lead to some bias in the estimates, we compared demographic differences between
individuals with and without missing data. We found
that those with missing data were relatively younger,
predominantly female, more tertiary educated, slightly
less employed and more urban living individuals compared to those without missing data. However, the small
number of individuals (2.3%) with missing data means
that these differences are unlikely to bias the estimates
from our analyses. The findings of the current analysis
are not a reflection of longitudinal changes in a single
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nationally representative cohort since the data analysed
for this study were sourced from three cross-sectional surveys rather than based on repeated measures study design.
The key finding that WC is increasing at a faster rate
than weight, suggests that changes in body fat distribution
may be occurring in the Mongolian adult population. These
potential changes in body fat distribution are a recently
identified issue, particularly among Asian populations [29].
The causes of these changes remain unclear. Accumulated
body fat stored in the abdominal region has been shown to
be associated with a range of adverse health outcomes such
as diabetes, metabolic syndrome, CVDs and all-cause
mortality, independently of general obesity measured
by BMI [30–34]. Evidence also suggests that a high WC
is associated with lower muscle strength due to a higher
accumulation of body fat [35].
One major implication of this study is that almost one
in six persons in 2013 are classified as ‘obese by WC
only’ and these individuals would not be detected as
obese if they were screened using BMI measurements
alone. Furthermore, we found the majority of these individuals were female and that the prevalence of this group
is growing dramatically over time. Almost one-third of
Mongolian adult women and around one-sixth if using
Asian-specific BMI thresholds are likely to be classified as
non-obese if we continue to screen by BMI alone. Similar
findings have been reported in other Asian countries, for
example, one study reported that two-thirds of Chinese
adults who are classified as obese by WC would have been
classified as normal weight if they were measured by BMI
alone [26]. Studies comparing the metabolic health outcomes for “misclassified” individuals have been performed,
and indicate that individuals with abdominal but not general obesity have increased metabolic risk to those with
general obesity [36].
Obesity prevention is the key strategy for reducing the
incidence of obesity-induced chronic diseases, however,
the official government reporting from the Mongolian
STEPS surveys documented the burden of obesity
solely according to the international BMI thresholds
[2]. Population-based monitoring of obesity in Mongolia
inevitably needs to consider further adiposity measures,
such as a combination of BMI and WC. If only BMI continues to be employed, a certain proportion of individuals
will be undetected as obese and, thereby, more obesitylinked health consequences could be expected.

Conclusions
In conclusion, our results indicate that, amongst Mongolian
adults, both the mean WC and prevalence of abdominal
obesity have increased substantially over the last decade.
The estimated increases in WC appear greater than would
be expected from increases in weight. Furthermore, about
one in six Mongolian adults would be misclassified as not
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obese if we continue to define obesity exclusively using
international BMI thresholds. Women are at greater
risk than men of being misclassified as not obese if
obesity is defined using BMI only. Obesity in Mongolia
should be monitored using WC, in addition to BMI, to
accurately capture secular trends in obesity and thereby
improve the coverage of obesity prevention strategies,
clinical intervention and public health monitoring.
Abbreviations
BMI: Body mass index; NCD: Noncommunicable disease; STEPS: Stepwise
approach to chronic disease risk factor surveillance; WC: Waist circumference;
WHO: World Health Organization
Acknowledgments
We would like to thank the study participants of the Mongolian surveys on
the prevalence of noncommunicable disease risk factors (STEPS) conducted
in 2005, 2009 and 2013. We wish to thank the data custodians, the National
Registration and Statistics Office of Mongolia and Centre for Health Development
of Mongolia for access to the Mongolian STEPS surveys on the NCD risk factor
prevalence.
Availability of data and materials
The datasets used and analyzed during the current study could be shared
upon reasonable request to the corresponding author.
Authors’ contributions
OC and AP conceptualised and designed the study. OC commenced the
study, analysed the data, interpreted the results and wrote the manuscript.
EG, ET and SB were involved in the statistical data management, data
analysis and reviewed the manuscript. SB advised on the statistical analysis
of the data and its interpretation. AP critically reviewed the manuscript and
contributed to the interpretation of results. All authors saw and approved
the final version. OC had full access to all of the data in the study and takes
full responsibility for the decision to submit for publication.
Authors’ information
OC - Department of Epidemiology and Preventive Medicine, School of Public
Health and Preventive Medicine, Monash University, Melbourne VIC Australia.
Deakin University, Geelong, Victoria, School of Health and Social
Development, Faculty of Health, Australia. EG - Department of Epidemiology
and Preventive Medicine, School of Public Health and Preventive Medicine,
Monash University, Melbourne VIC Australia. Deakin University, Geelong,
Victoria, School of Health and Social Development, Faculty of Health,
Australia. SLB - Department of Epidemiology and Preventive Medicine,
School of Public Health and Preventive Medicine, Monash University,
Melbourne VIC Australia. Victorian Centre for Biostatistics (ViCBiostat),
Melbourne, VIC, Australia. ET - Department of Health Development, National
Center of Public Health, Ulaanbaatar, Mongolia. AP - Deakin University,
Geelong, Victoria, School of Health and Social Development, Faculty of
Health, Australia.
Competing interests
OC is funded by an Australian Leadership Award Scholarship Program. EG is
supported by an Australian Postgraduate Award, SLB is supported by a
National Health and Medical Research Council Postgraduate Scholarship
(APP1093145), and AP is supported by a National Health and Medical
Research Council Career Development Fellowship (1045456). AP is an editor
for BMC Obesity and had no input in the review of the manuscript. The
authors declare no conflict of interest.
Consent for publication
Not applicable.
Ethics approval and consent to participate
Ethics approval to conduct the study was obtained from the Human
Research Ethics Committee, Monash University on 1 April 2015 (CF15/
1017 - 2015000474). Written informed consent was received from all
study participants.

Chimeddamba et al. BMC Obesity (2017) 4:19

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Department of Epidemiology and Preventive Medicine, School of Public
Health and Preventive Medicine, Monash University, Level 6, 99 Commercial
Road, Melbourne, VIC 3004, Australia. 2Deakin University, Geelong, Victoria,
School of Health and Social Development, Faculty of Health, Melbourne,
Australia. 3Victorian Centre for Biostatistics (ViCBiostat), Melbourne, VIC,
Australia. 4Department of Health Development, National Center of Public
Health, Peace Avenue 17, Bayanzurkh District-3, Ulaanbaatar, Mongolia.
Received: 3 June 2016 Accepted: 27 April 2017

References
1. Ministry of Health of Mongolia, World Health Organization. Mongolian
STEPS survey on the prevalence of noncommunicable disease risk factors
2006. Geneva: World Health Organization; 2007.
2. Ministry of Health of Mongolia, World Health Organization Western Pacific
Region. Mongolian STEPS survey on the prevalence of noncommunicable
disease and injury risk factors 2009. Geneva: World Health Organization; 2010.
3. Ministry of Health of Mongolia, World Health Organization. Mongolian
STEPS survey on the prevalence of noncommunicable disease and injury
risk factors 2013. Ulaanbaatar, Mongolia: World Health Organization; 2015.
4. Chimeddamba O, Gearon E, Stevenson C, Liviya Ng W, Baasai B, Peeters A.
Trends in adult overweight and obesity prevalence in Mongolia, 2005-2013.
Obesity. 2016;24(10):2194–201.
5. Kodama S, Horikawa C, Fujihara K, Heianza Y, Hirasawa R, Yachi Y, Sugawara
A, Tanaka S, Shimano H, Iida KT, et al. Comparisons of the strength of
associations with future type 2 diabetes risk among anthropometric obesity
indicators, including waist-to-height ratio: a meta-analysis. Am J Epidemiol.
2012;176(11):959–69.
6. Carmienke S, Freitag MH, Pischon T, Schlattmann P, Fankhaenel T, Goebel H,
Gensichen J. General and abdominal obesity parameters and their
combination in relation to mortality: a systematic review and metaregression analysis. Eur J Clin Nutr. 2013;67(6):573–85.
7. Wang Y, Jacobs E, Patel A, Rodríguez C, McCullough M, Thun M, Calle E. A
prospective study of waist circumference and body mass index in relation
to colorectal cancer incidence. Cancer Causes Control. 2008;19(7):783–92.
8. Zeller M, Steg PG, Ravisy J, Lorgis L, Laurent Y, Sicard P, Janin-Manificat L,
Beer J-C, Makki H, Lagrost A-C, et al. Relation between body mass index,
waist circumference, and death after acute myocardial infarction.
Circulation. 2008;118(5):482–90.
9. The Decoda Study G, Nyamdorj R. BMI compared with central obesity
indicators in relation to diabetes and hypertension in asians. Obesity. 2008;
16(7):1622–35.
10. Walls HL, Stevenson CE, Mannan HR, Abdullah A, Reid CM, McNeil JJ,
Peeters A. Comparing trends in BMI and waist circumference. Obesity
(Silver Spring Md). 2011;19(1):216–9.
11. Li C, Ford ES, McGuire LC, Mokdad AH. Increasing trends in waist
circumference and abdominal obesity among US adults. Obesity (Silver
Spring Md). 2007;15(1):216–24.
12. Freedman DS, Ford ES. Are the recent secular increases in the waist
circumference of adults independent of changes in BMI? Am J Clin Nutr.
2015;101(3):425–31.
13. Gearon E, Tanamas SK, Loh V, Stevenson C, Peeters A. The implications of
differential trends in weight and waist circumference on population level
obesity monitoring. Obes Rev. 2016;17(S2):91–151.
14. Albrecht SS, Gordon-Larsen P, Stern D, Popkin BM. Is waist circumference
per body mass index rising differentially across the United States, England,
China and Mexico? Eur J Clin Nutr. 2015;69(12):1306–12.
15. Stern D, Smith LP, Zhang B, Gordon-Larsen P, Popkin BM. Changes in waist
circumference relative to body mass index in Chinese adults, 1993-2009. Int
J Obes. 2014;38(12):1503–10.
16. Elobeid MA, Desmond RA, Thomas O, Keith SW, Allison DB. Waist
circumference values are increasing beyond those expected from BMI
increases. Obesity (Silver Spring Md). 2007;15(10):2380–3.

Page 8 of 8

17. Lahti-Koski M, Harald K, Mannisto S, Laatikainen T, Jousilahti P. Fifteen-year
changes in body mass index and waist circumference in Finnish adults.
Eur J Cardiovasc Prev Rehabil. 2007;14(3):398–404.
18. Ko GT, Tang JS, Chan JCN. Worsening trend of central obesity despite stable
or declining body mass index in Hong Kong Chinese between 1996 and
2005. Eur J Clin Nutr. 2010;64(5):549–52.
19. Surveillance Manual WHOSTEPS. The WHO Stepwise Approach to Chronic
Disease Risk Factor Surveillance. 2005. http://www.who.int/chp/steps/en.
Accessed 12 Jan 2016.
20. World Health Organization. Obesity: Preventing and managing the global
epidemic. In: Report of a WHO Consultation on Obesity. Geneva: World
Health Organization; 1997.
21. Lean ME, Han TS, Morrison CE. Waist circumference as a measure for
indicating need for weight management. BMJ. 1995;311(6998):158–61.
22. WHO expert consultation. Appropriate body-mass index for Asian
populations and its implications for policy and intervention strategies.
Lancet. 2004;363(9403):157–63.
23. World Health Organization. Waist circumference and waist–hip ratio: report
of a WHO expert consultation, Geneva, 8–11 December 2008. Geneva:
World Health Organization; 2011.
24. Naing NN. Easy Way to Learn Standardization : Direct and Indirect Methods.
Malays J Med Sci. 2000;7(1):10–5.
25. Deurenberg P, Deurenberg-Yap M, Guricci S. Asians are different from
Caucasians and from each other in their body mass index/body fat per cent
relationship. Obes Rev. 2002;3(3):141–6.
26. Du T, Sun X, Yin P, Huo R, Ni C, Yu X. Increasing trends in central obesity
among Chinese adults with normal body mass index, 1993–2009. BMC
Public Health. 2013;13(1):1–8.
27. Tanamas SK, Shaw JE, Backholer K, Magliano DJ, Peeters A. Twelve-year
weight change, waist circumference change and incident obesity: the
Australian diabetes, obesity and lifestyle study. Obesity (Silver Spring Md).
2014;22(6):1538–45.
28. Xi B, Liang Y, He T, Reilly KH, Hu Y, Wang Q, Yan Y, Mi J. Secular trends in
the prevalence of general and abdominal obesity among Chinese adults,
1993–2009. Obes Rev. 2012;13(3):287–96.
29. Huxley R, Mendis S, Zheleznyakov E, Reddy S, Chan J. Body mass index,
waist circumference and waist:hip ratio as predictors of cardiovascular riska review of the literature. Eur J Clin Nutr. 2009;64(1):16–22.
30. Vazquez G, Duval S, Jacobs Jr DR, Silventoinen K. Comparison of body mass
index, waist circumference, and waist/hip ratio in predicting incident
diabetes: a meta-analysis. Epidemiol Rev. 2007;29:115–28.
31. Balkau B, Deanfield JE, Després J-P, Bassand J-P, Fox KAA, Smith SC, Barter P,
Tan C-E, Van Gaal L, Wittchen H-U, et al. International Day for the Evaluation
of Abdominal Obesity (IDEA): A Study of Waist Circumference, Cardiovascular
Disease, and Diabetes Mellitus in 168 000 Primary Care Patients in 63
Countries. Circulation. 2007;116(17):1942–51.
32. Janssen I, Katzmarzyk PT, Ross R. Waist circumference and not body mass
index explains obesity-related health risk. Am J Clin Nutr. 2004;79(3):379–84.
33. Suk S-H, Sacco RL, Boden-Albala B, Cheun JF, Pittman JG, Elkind MS, Paik
MC. Abdominal Obesity and Risk of Ischemic Stroke: The Northern
Manhattan Stroke Study. Stroke. 2003;34(7):1586–92.
34. Cheung BM, Wat NM, Tam S, Thomas GN, Leung GM, Cheng CH, Woo J,
Janus ED, Lau CP, Lam TH, et al. Components of the metabolic syndrome
predictive of its development: a 6-year longitudinal study in Hong Kong
Chinese. Clin Endocrinol (Oxf). 2008;68(5):730–7.
35. Keevil VL, Luben R, Dalzell N, Hayat S, Sayer AA, Wareham NJ, Khaw KT.
Cross-sectional associations between different measures of obesity and
muscle strength in men and women in a British cohort study. J Nutr Health
Aging. 2015;19(1):3–11.
36. Tanamas SK, Ng WL, Backholer K, Hodge A, Zimmet PZ, Peeters A.
Quantifying the proportion of deaths due to body mass index- and waist
circumference-defined obesity. Obesity. 2016;24(3):735–42.

