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Abstract
Objectives: The role of different body fat indicators and age in assessing the prevalence of
obesity is unclear. We aimed to examine to what extent different body fat indicators including
BMI, waist circumference (WC) and waist-to-hip ratio (WHR) affect the prevalence of over-
weight and obesity among Chinese adults taking age into account. Methods: This population-
based cross-sectional study included a random sample of 7,603 adults aged 20-79 years
across entire Tianjin, China. BMI, WC, and WHR were used to define overweight and obesity
following standard criteria. Prevalence rates were calculated and standardized using local
age- and gender-specific census data. Logistic regression was used in data analysis. Results:
Using the combination of BMI, WC, and WHR, the prevalence of overweight and obesity was
69.8%, and increased with age till the age of 60 and a decline thereafter. The prevalence of
overweight assessed by BMI was higher than that assessed by WC and WHR, while the prev-
alence of obesity defined by BMI was much lower than that defined by WC or WHR. Conclu-
sion: The prevalence of overweight and obesity is about 70% among Chinese adults. Adipos-
ity indicators and age play an important role in the prevalence of overweight and obesity.
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Introduction

Despite the enormous efforts to control obesity, the prevalence of overweight and obesity
has nearly doubled in the past 20 years [1]. Obesity has become a global pandemic affecting
more than 1.4 billion adults aged 20 and older [1]. A recent report estimated that the number
of overweight adults in the world was 2.1 billion in 2013, compared with 857 million in 1980
[2]. Overweight and obesity are the 5th leading risk for global deaths [3]. At least 2.8 million
adults die each year as a result of being overweight or obese. In addition, 44% of the diabetes,
23% of the ischemic heart disease and 7-41% of certain cancer burdens are attributable to
overweight and obesity [1]. According to the World Health Organization (WHO), obesity in
China is a major health concern, with overall rates of obesity below 5% in the country, but
greater than 20% in some cities [1]. A meta-analysis of nationally representative data esti-
mated that the prevalence of overweight and obesity increased from 16% in 1992 to 23% in
2002 [4].In 2010, the prevalence of overweight and obesity among Chinese adults was 30.6%
and 12.0%, respectively [5].

Several anthropometric indicators of adiposity are frequently used to define overweight
and obesity, such as BMI, waist circumference (WC), and waist-to-hip ratio (WHR). Although
BMI is correlated with total body fat tissue, it does not take body fat distribution into account
and may differ greatly across populations and age [6, 7]. WC and WHR measure body fat
centralization [8, 9], and are considered to be good proxies of visceral fat [10]. However, WC
might under- and over-estimate central adiposity in short and tall individuals, respectively
[10]. Therefore, different anthropometric indicators for body fat may play an important role
in assessing adiposity and affect the prevalence of obesity [11]. So far, only few population-
based studies have shown the prevalence of overweight and obesity using different adiposity
indicators in Asian population [12, 13].

Aging is associated with considerable changes in body composition. As aging may change
total body weight, both men and women usually gain weight until the age of 60 and begin to
lose weight thereafter. Weight loss in later life occurs in part because of lean muscle tissue
loss [14]. Indeed, the prevalence of obesity increases with age up to 50 or 60 years [15]. The
estimation of body fat in the elderly people using BMI could be distorted by muscle mass and
bone structure loss, as it does not account for the different ratios of adipose to lean tissue;
thus general and central obesity could not be distinguished [16]. Questions remain about the
role of different adiposity indicators and age in assessing obesity. In the present study, we
aimed: i) to examine whether and to what extent different body fat indicators, such as BMI,
WC and WHR, affect the prevalence of overweight and obesity; and ii) to assess the differ-
ences in the distribution of overweight and obesity defined by the three indicators taking age
into account.

Material and Methods

Study Participants

Data were gathered from the project of Diabetes Mellitus in Tianjin (DM-T]), which was a population-
based cross-sectional study on diabetes carried out in Tianjin, China, in July 2005, as described in detail else-
where [17, 18]. In brief, the study population was derived from all inhabitants living in Tianjin through a
multiphase stratified cluster sampling method. A three-step randomized sampling procedure was performed:
first, two urban districts and one suburb were drawn from the city; second, three communities were selected
from each of the three areas; and finally, three neighborhoods were chosen from each community. A total of
18 urban and nine suburb blocks were targeted, and all inhabitants (N = 7,990), who were living in the blocks
for more than 5 years and aged 20-79 years, were initially invited to participate in the study. In total, 7,613
(95%) individuals underwent a health interview, physical examination, and fasting capillary plasma glucose
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test. Of those individuals, 7,603 were left for the current analyses after excluding 10 with missing information
on BMI or WC. The ethics committee at the Tianjin Medical University approved the project, and informed
consensus was obtained for all the participants.

Data Collection

Data on age, sex, education, lifestyle, health status, and family history of chronic disease were collected
from participants at the interview. Education was calculated by the maximum years of formal schooling and
dichotomized (>9 vs. <9 years). Cigarette smoking (current smokers vs. former or non-smokers) and alcohol
consumption (drinkers vs. former or non-drinkers) were also dichotomized. Physical inactivity was defined
as physical activity less than two times per week. Using a mercury sphygmomanometer, seated blood
pressure was measured twice on the right brachial artery after a 5-min rest. The mean value of the two
readings was used as the final measure. Hypertension was defined as systolic blood pressure > 140 mm Hg
and/or diastolic blood pressure > 90 mm Hg, having a medical history of hypertension, or the use of anti-
hypertensive medications. Fasting capillary blood samples were taken from all participants, and capillary
plasma glucose was measured by OneTouch® ULTRA 2 meter (LifeScan Inc., Wayne, PA, USA). After the
screening test, subjects with capillary plasma glucose level > 5.4 mmol/l underwent a fasting plasma glucose
(FPG) testand a postprandial 2-hour plasma glucose test after eating a steamed bread meal containing carbo-
hydrates equivalent to 75 g of glucose. Type 2 diabetes mellitus (T2DM) was assessed as having previous
diagnosed diabetes, FPG > 7.0 mmol/], or postprandial 2-hour plasma glucose > 11.1 mmol/1 [19].

Adiposity Indicators and Assessments

Height and weight were measured in light clothes without shoes and recorded to the nearest 0.1 cm or
100 g. BMI was calculated as weight in kilograms divided by the square of height in meters. According to the
recommended criteria for the Chinese people, underweight (BMI < 18.5 kg/ m?), normal weight (BMI 18.5-
23.9 kg/m?), overweight (BMI 24.0-27.9 kg/m?), and obesity (BMI > 28 kg /m?) were assessed [20]. WC was
measured at the midway between the lower rib margin and the anterior superior iliac spine. Hip circum-
ference (HC) was measured over the maximum of the buttocks. For both measurements a flexible tape was
used, and data were recorded to the nearest 0.1cm. In men, a WC of < 85 cm was defined as normal weight,
a WC of 85-94.9 cm as overweight, and a WC > 95 cm as obesity; the respective values for women were < 80
cm, 80-89.9 cm, and > 90 cm [20]. Waist-to-hip ratios (WHR) were calculated as WC divided by HC. WHR
was considered as normal, overweight and obese if WHR was < 0.90, 0.90-0.99 and >1.0 in men or < 0.80,
0.80-0.84 and > 0.85 in women, respectively [20].

Total overweight and obesity was defined as BMI > 24 kg/m?, WC > 85 cm for men and >80 cm for
women, or WHR > 0.9 for men and > 0.8 for women, according to the Working Group on Obesity in China [20].

Statistical Analysis

The sex-specific characteristics of participants were compared using chi square tests for categorical vari-
ables and t-test for continuous variables. The prevalence rates were calculated as the number of people with
overweight and/or obesity divided by number of participants. Standardized estimates of prevalence were
calculated by the direct method based on the age- and sex-specific structure in the population aged 20-79 years
in the Tianjin city based on the Annual Statistic Report, Tianjin, 2005. Partial correlation analyses were
performed to quantify the independent associations between the three anthropometric indices. Logistic
regression analyses were performed to estimate the odds ratios (ORs) and 95% confidence interval (ClIs) for
the cross-sectional association of overweight and/or obesity with age, sex, education, smoking, alcohol drinking,
physical inactivity, hypertension, and diabetes. Overweight and obesity were used as separate or combined
outcomes, and normal-weight participants were used as a reference group in the logistic regression models,
participants with underweight were excluded from this analysis. All statistical analyses were performed using
IBM SPSS Statistics 20.0 (IBM Corp, New York, NY, USA) and Stata 14 (StataCorp, College Station, TX, USA).

Results
Of all participants, 3,963 (52.1%) were women, and the mean * SD age was 48.1 + 13.9

years for men and 47.8 + 13.9 for women. Compared to women, men tend to have higher BM],
WC, and HC (all p < 0.05), higher numbers of smokers and alcohol drinkers, more years of
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Table 1. Characteristics of the study participants by sex (n = 7,603)?

Characteristics Men (n = 3,640) Women (n = 3,963) Total (n =7,603) p value'
Age, years 48.1+139 47.8+139 48.0 £13.9 0.366
Education” <0.001

<9 years 2,378 (65.4) 2,756 (69.6) 5,134 (67.6)

>9 years 1,257 (34.6) 1,201 (30.4) 2,458 (32.4)
Cigarette smoking” 1,978 (54.8) 532 (13.5) 2,510 (33.3) <0.001
Alcohol drinking” 1,907 (53.6) 226 (5.8) 2,133 (28.6) <0.001
Physical inactivity” 2,188 (60.5) 2,361 (71.6) 4,549 (65.8) <0.001
Hypertension” 1,235 (35.0) 1,275 (32.3) 2,510 (33.6) 0.013
Diabetes 331 (9.1) 438 (11.1) 769(10.1) 0.005
BMI, kg/m? 243 +3.2 242 +3.6 243 +3.4 0.039
WC, cm 86.5+9.5 76.2+99 81.1+£11.0 <0.001
HC, cm 96.7 £ 6.8 949 +7.2 958+7.1 <0.001

aData are n (%) or means * standard deviation.

*Numbers of participants with missing values: 11 for education, 57 for cigarette smoking, 153 for alcohol
drinking, 690 for physical inactivity, 123 for hypertension.

fChi square tests for categorical variables and t test for continuous variables.

Table 2. Correlation coefficient

2
among anthropometric BML, kg/m WC, cm JVHR
1nd1c.a'.cors in the total population Total population
stratified by age and gender BMI 1.000
wcC 0.556 1.000
WHR 0.387 0.839 1.000
<60 years
BMI 1.000
wcC 0.556 1.000
WHR 0.386 0.839 1.000
260 years
BMI 1.000
wcC 0.559 1.000
WHR 0.389 0.839 1.000
Men
BMI 1.000
wcC 0.693 1.000
WHR 0.478 0.779 1.000
Women
BMI 1.000
wcC 0.561 1.000
WHR 0.423 0.799 1.000

formal schooling (>9 years) (all p < 0.001), and higher numbers of hypertension (p < 0.05).
However, there were fewer men who were physically inactive (p < 0.001) and had type 2
diabetes (p < 0.01) (table 1).

Table 2 shows the pair-wise correlation between BMI, WC, and WHR in the total popu-
lation and stratified by age (<60 vs. 260 years, because of body weight changes at this age)
and sex. The correlation of WC and WHR was high (r = 0.839), but the correlation of BMI with
WC or WHR was rather low (r = 0.556 or r = 0.387) in the total population.
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Mean BMI, WC, and WHR according to age groups and sex are shown in figure 1. Though
the mean of three indicators changed with age in both men and women, but the patterns were
different. The mean BMI was higher in women than in men in people aged 20-29 years, but
this relation was reversed in people > 30 years. The changes of both mean WC and WHR with
age were parallel, but the age at the changes were different. Mean WC increased with age till
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Fig. 2. Standardized prevalence of overweight and obesity according to BMI, WC, and WHR by sex.

the age of 50-59 years while mean WHR tended to increase with age up to the age of 60-69
years; afterwards in both a decline was seen.

In the total population, the standardized prevalence rates for overweight or obesity were
35.7% or 12.8% using BMI, 30.0% or 14.2% using WC, and 30.3% or 17.7% using WHR The
prevalence of overweight using any of the three indicators was higher in men than in women
(all p < 0.001). The prevalence of obesity defined by BMI or WHR was higher in women than
in men (all p < 0.001), but when obesity was defined by WC, it was higher in men than in
women (p < 0.001) (fig. 2).

Figure 3A presents the prevalence of overweight according to BMI, WC, and WHR sepa-
rated by age and sex. In both men and women, the prevalence of overweight based on BMI
increased with age up to the age of 60 and a decline thereafter, and was generally higher than
that based on WC and WHR except for the youngest men (age group 20-29 years) and men >
60 years. Compared to women, the prevalence rates of overweight by BMI were closer to
those defined by WC and WHR in men. The prevalence of obesity showed a similar pattern
across age groups. However, dramatic variations among the three indicators were shown in
both men and women. The prevalence of obesity by WC was much higher than that by the
other two indicators in men, while in women the prevalence defined by WHR was consid-
erably higher than those defined by BMI and WC in all age groups (fig. 3B).

Using a combination of the three anthropometric indicators, the prevalence of overall
high adiposity was 69.8% (68.5% in women and 71.2% in men, p = 0.013), and generally
increased with age till the age of 60 and a decline thereafter in the total population (fig. 4).
The prevalence was higher in women than in men < 30 years, but this relation was reversed
in people > 30 years, with highest rates in men aged 50-59 years. After the age of 60 a decline
in overall high adiposity prevalence was seen in both men and women.
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Fig. 4. Prevalence of high adiposity (overweight or obesity) defined by the combination of BMI, WC,and WHR
by age and sex.

In logistic regression analysis, the odds of high adiposity defined by the three indicators
showed an increase with age for people < 60 years, but a decrease for people > 60 years. In
people aged < 60 years, female sex was associated with decreased odds of high adiposity
when WC was used, but with increased odds when the calculation was based on WHR. In
people < 60 years, education (>9 years) was related to increased odds of high adiposity
defined by BMI, but not by WHR. In people > 60 years, cigarette smoking was related to
decreased odds of high adiposity defined by BMI and WC. In contrast alcohol drinking was
related to increased odds of high adiposity defined by WC in both age groups and by BMI in
people > 60 years. The associations of hypertension and diabetes with high adiposity, defined
by all the three indicators, were statistically significant, with WC showing the strongest corre-
lation (table 3). There was no statistically significant association between physical inactivity
and high adiposity in the present study.

Discussion
In this large population-based cross-sectional study, we found the following:
- The prevalence of overweight and obesity assessed by the combination of BMI, WC, and

WHR was about 70%, and increased with age till the age of 60 years and a decline
thereafter.
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Table 3. Multi-adjusted odd ratios (95% confidence interval) for having high adiposity (overweight or obese) based on BM],
WC, and WHR, with demographic and lifestyle factors, hypertension and diabetes

Factors OR (95% CI)"

BMI wcC WHR

<60 years 260 years <60 years 260 years <60 years 260 years
Age, years 1.02 (1.01-1.02) 0.97 (0.94-0.99) 1.02 (1.01-1.02) 0.97 (0.95-1.00) 1.01 (1.00-1.01) 0.97 (0.95-1.00)
Female 0.92 (0.81-1.06) 0.95(0.75-1.21) 0.48 (0.42-0.55) 0.39 (0.30-0.50) 1.78 (1.55-2.04) 1.25 (0.99-1.59)

Education(>9 years)

Cigarette smoking
Alcohol drinking
Physical inactivity
Hypertension
Diabetes

1.15 (1.02-1.29)
0.90 (0.79-1.03)
1.07 (0.92-1.23)
1.01 (0.91-1.18)
1.86 (1.64-2.10)
1.60 (1.30-1.96)

1.26 (1.00-1.59)
0.69 (0.54-0.88)
1.39 (1.06-1.84)
1.05 (0.94-1.15)
1.71 (1.38-2.12)
1.91 (1.43-2.57)

0.92 (0.81-1.04)
1.03 (0.89-1.18)
1.25 (1.07-1.45)
1.05 (0.87-1.44)
2.48 (2.18-2.81)
3.58 (2.85-4.51)

1.07 (0.84-1.37)
0.62 (0.47-0.81)
1.34 (1.00-1.80)
1.02 (0.90-1.09)
2.30 (1.84-2.89)
5.17 (3.64-7.33)

0.80 (0.71-0.90)
1.01 (0.88-1.16)
1.16 (1.00-1.34)
1.04 (0.92-1.16)
1.59 (1.41-1.80)
2.39 (1.93-2.95)

1.04 (0.83-1.31)
0.88 (0.68-1.12)
0.94 (0.71-1.23)
1.05 (0.95-1.17)
1.60 (1.29-1.98)
2.66 (1.95-3.62)

“The reference group are those with normal weight defined as BMI ranged between 18.5 and 23.9, WC <85 in men and <80 in women, and WHR<0.90 in men
and <0.80 in women, respectively.

- Most overweight people assessed by WC and WHR could also be identified by BMI, but
not men > 60 years, while obesity by BMI may not cover a substantial proportion of
obese people defined by WC in men and by WHR in women.

- The associations of hypertension and diabetes with high adiposity defined by WC were
stronger than those when BMI and WHR were used for high adiposity definition.

China, with its rapid economicincrease in the recent three decades, has undergone epide-
miological and demographic transitions affecting its population’s nutritional status and
creating environments that contribute to increases in obesity prevalence, especially in the
urban areas [21-23, 24]. The prevalence of obesity reported in the current study is consid-
erably higher than that in a previous study on Chinese adults [4]. Based on the data from the
China National Nutrition Survey, 3.3% of the population aged 18 years or older was obese in
1992. In contrast, the prevalence of obesity (defined by BMI) in our study was 12.8% (11%
in men and 14% in women), showing 3.9-fold rise over 13 years. The prevalence of obesity in
our study is considerably lower than that in the USA (about 33%) and the UK (31%) [25], but
comparable to that of most European countries (8.5-21%) [26, 27].

Our study indicated significant differences in the prevalence of overweight and obesity
assessed by the three anthropometric indicators BMI, WC, and WHR. There were differences
inthe mean values of BMI, WC,and WHR between men and women as shown from the MONICA
study [28]. We also found that the means of the three indicators changed with age, and showed
different patterns suggesting that these indicators may not be comparable across different
age groups. The mean BMI was lower in young men than in young women, but had a more
rapid rise in BMI in men 2> 30 years. The pattern of BMI change with age in our study is
consistent with the results of other studies [13, 29].

WC provides an alternative measure for adiposity, which is well correlated with BMI, but
appeared to be a better indicator of type 2 diabetes and hypertension [30]. Based on WC, 14%
ofthe population in the present study was defined as obese. Previous studies in western coun-
tries [13, 31, 32] have reported a higher prevalence of obesity using WC (24.4-59.9%) than
in our study. WHR has been suggested to be a better indicator of central adiposity [33]. The
prevalence of obesity by WHR in our population raised almost 18%. Interestingly, women
showed a much higher prevalence of obesity by WHR (29.6%) than men (4.6%). These rates
are quite similar to those reported from a study in the Cameroon adult population (3.2% for
men and 28.8% for women) [34]. Using the combination of the three indicators, our results
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show that the prevalence of high adiposity increased till 60 years, but declined thereafter. Our
study also shows that associations of high adiposity measured by WC with diabetes and
hypertension were stronger than that of those measured by BMI or WHR, especially among
people > 60 years. These results suggest that using different adiposity indicators may not
only influence prevalence rates of high adiposity, but also its suitability for indicating vascular
risk factors.

Few studies have shown the prevalence of overweight and obesity using BMI, WHR, and
WC independently. The prevalence of obesity was 20.8% by BMI, 30.5% by WC, and 15.8%
by WHR in an Australian population [35]. In arecent study in a Chinese adult population (with
no WHR available), the prevalence rates of obesity were 12.2% by BMI and 27.1% by WC [36],
being similar to our results. However, the prevalence of overweight and obesity using
combined indicators has not been reported so far. We found that the prevalence of over-
weight and obesity assessed by the combination of BMI, WC, and WHR was about 70%, and
increased with age till the age of 60 years and declined thereafter.

The main strength of our study is the large population-based representative sample of
the adult population in Tianjin, with comprehensive indicators on adiposity among all partic-
ipants. However, some limitations need to be pointed out. First, the temporality of the given
associations is unclear because of the cross-sectional design of the current study, thus the
adiposity measurements cannot be used to predict the risk of incident diabetes and hyper-
tension. Second, individuals with severe obesity or long-standing chronic disease might have
refused to participate in this study because of their unhealthy condition. This might have led
to underestimation of the prevalence of obesity and its relation to diabetes and hypertension.
Third, it is possible that individuals with normal weight might be more interested in partici-
pation than those without the condition. However, the participation rate was high (95%), and
the prevalence of overweight and obesity in this study is comparable with those in previous
reports. Thus, the participation bias might not be substantial. Finally, information on several
obesity-related complications, such as cerebral vascular disease and coronary heart disease,
was not available. But, we had comprehensive clinical assessment for diabetes and hyper-
tension, which might be considered proxies for vascular disorders.

In conclusion, our study provides evidence that the prevalence of overweight and obesity
assessed by the combination of BMI, WC, and WHR is very high among the Chinese adults, and
increased with age till the age of 60 years and declined thereafter. When BMI was used to
define overweight and obesity, a substantial proportion of obese and overweight people iden-
tified by WC and WHR may not be covered. High adiposity defined by WC seems to be a better
indicator for hypertension and diabetes than that defined by BMI or WHR, especially in people
> 60 years. Our findings implicated that different adiposity measurements and age should be
considered when assessing overweight and obesity. Large-scale population-based longitu-
dinal studies addressing the role of age and different indices for adiposity are warranted.
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