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Abstract

Background: Greater adiposity is associated with higher blood pressure. Substantial un-

certainty remains, however, about which measures of adiposity most strongly predict

blood pressure and whether these associations differ materially between populations.

Methods: We examined cross-sectional data on 500 000 adults recruited from 10 diverse

localities across China during 2004–08. Multiple linear regression was used to estimate

the effects on systolic blood pressure (SBP) of general adiposity [e.g. body mass index

(BMI), body fat percentage, height-adjusted weight] vs central adiposity [e.g. waist

circumference (WC), hip circumference (HC), waist-hip ratio (WHR)], before and after ad-

justment for each other. The main analyses excluded those reported taking any antihy-

pertensive medication, and were adjusted for age, region and education.

Results: The overall mean [standard deviation (SD)] BMI was 23.6 (3.3) kg/m2 and mean

WC was 80.0 (9.5) cm. The differences in SBP (men/women, mmHg) per 1SD higher gen-

eral adiposity (height-adjusted weight: 6.6/5.6; BMI: 5.5/4.9; body fat percentage: 5.5/5.0)

were greater than for central adiposity (WC: 5.0/4.3; HC: 4.8/4.1; WHR: 3.7/3.2), with a

10 kg/m2 greater BMI being associated on average with 16 (men/women: 17/14) mmHg

higher SBP. The associations of blood pressure with measures of general adiposity were
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not materially altered by adjusting for WC and HC, but those for central adiposity were

significantly attenuated after adjusting for BMI (WC: 1.1/0.7; HC: 0.3/�0.2; WHR: 0.6/0.6).

Conclusion: In adult Chinese, blood pressure is more strongly associated with general

adiposity than with central adiposity, and the associations with BMI were about 50%

stronger than those observed in Western populations.

Key words: Adiposity, blood pressure, cross-sectional studies, epidemiology, Chinese

Introduction

Controlled trials of weight loss interventions1,2 and

Mendelian randomization studies of blood pressure in rela-

tion to adiposity-related genetic variants3,4 have both estab-

lished the causal association between adiposity and

blood pressure. Typically in Western adult populations, a

10 kg/m2 higher body mass index (BMI) is associated with

�10 mmHg higher systolic blood pressure (SBP), through-

out the range typically found in Western populations.5

However, there is little reliable evidence about whether

these associations differ materially by age, sex or other per-

sonal characteristics. Likewise, there is still limited evidence

about the strength of these associations in China, overall or

in different population subgroups.6–9 These questions are

particularly relevant to China, where high blood pressure is

a leading cause of morbidity and premature mortality,

mainly through its effects on stroke,10–13 and where levels of

adiposity are increasingrapidly.14

Furthermore, there is conflicting evidence—both in

China6–9,15–19 and elsewhere18,20–27—about which measures

of adiposity are most strongly associated with blood pres-

sure and whether these effects are modified substantially by

age, gender and ethnicity.28 Some studies have reported that

waist circumference (WC) and waist-hip ratio (WHR), both

considered to be measures of central adiposity, are more

strongly associated with blood pressure than BMI (con-

sidered a measure of general adiposity),6,16,18,20,21,23,26 but

others have reported no material differences between

them,8,19,28 inconsistent findings between men and

women,9,22,24 or stronger association for BMI than for

measures of central adiposity.7,17,25,27 Most previous studies

have included too few participants or were limited by analy-

sing blood pressure in dichotomized form only (i.e. those

with or without hypertension) with little information about

use of blood pressure-lowering treatment.16,18,20

Information on which, if any, measures of adiposity most

strongly predict blood pressure may be clinically relevant,

and might suggest whether general or central adiposity is a

more fundamental determinant of blood pressure. For

example, some suggested mechanisms by which adiposity

could increase blood pressure probably depend chiefly on

central adiposity (e.g. physical compression of the kid-

ney,29,30 hyperinsulinaemia resulting from insulin resist-

ance29,31 or systemic inflammation and oxidative stress

leading to artery stiffness31,32), whereas other proposed

mechanisms may depend chiefly on overall adiposity

through dysfunction of adipose tissue (e.g. leptin and adipo-

nectin secretion or activation of the rennin-angiotension-al-

dosterone system or sympathetic nervous system29–31).

We examine the associations of blood pressure with

several different measures of adiposity among 500 000

adults in the China Kadoorie Biobank (CKB) study.33,34

In particular, we compared the strength of the associations

of blood pressure with different measures of general and

central adiposity, both independently and jointly, and

whether these associations differed importantly in relevant

Key Messages

• Among the relatively lean Chinese adults who were not taking any blood pressure-lowering drugs, greater adiposity,

irrespective how it was measured, was associated with higher blood pressure.

• Measures of general adiposity (e.g. BMI, body fat percentage) provided better prediction of blood pressure than

measures of central adiposity (e.g. WC, HC, WHR).

• In this Chinese population, a 10 kg/m2 greater BMI was associated on average with 16 mmHg higher SBP, which was

�50% stronger than observed in Western populations.

• Among a subset of individuals who were treated with antihypertensive therapies, the association of SBP with BMI

was only �1/3 as strong as among those without any such treatments.
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population subgroups (e.g. by age, gender and prior

medication).

Methods

Study population

Details of the CKB design, procedures and ethics approval

have been reported elsewhere.33,34 Briefly, 512 891 partici-

pants (210 222 men, 302 669 women) aged 30–79 were re-

cruited into the study from 10 localities (5 urban and 5

rural) in China during 2004–08. Potential eligible partici-

pants were identified through official residential records

for the 100–150 administrative units (either rural villages

or urban residential committees) within each of the 10

study areas. Invitation letters and study information leaf-

lets were delivered to the eligible individuals by local com-

munity leaders or healthworkers after extensive publicity

campaigns, and about 1 in 3 (33% in rural areas, 27% in

urban areas) responded. All participants provided written

informed consent and underwent a 60–75-min assessment

at the local study clinics that included physical measure-

ments, collection of blood sample and a computerized

questionnaire administered by trained interviewers. The

study procedures were standardized across the 10 regions,

with regular calibration of measurement devices to ensure

consistency of measurements.

Adiposity measures

In this report six main adiposity variables, either directly

measured or derived, were assessed, including height-ad-

justed weight, BMI, WC, hip circumference (HC), WHR

and body fat percentage. All measurements were made

once by trained technicians while participants were wear-

ing light clothes (appropriate for the season) and no shoes.

Standing height was measured to the nearest 0.1 cm using

a stadiometer. Weight was measured to the nearest 0.1 kg

using a body composition analyser (TANITA-TBF-300GS;

Tanita Corporation), with subtraction of weight of cloth-

ing by 0.5 kg in summer, 1.0 kg in spring/autumn and

2.0–2.5 kg in winter. BMI was calculated as the weight in

kilograms divided by the square of the height in metres

(kg/m2). WC and HC were measured to the nearest 0.1 cm

using a soft nonstretchable tape. WC was measured mid-

way between the lowest rib and the iliac crest or, when this

was not practicable, 1 cm above the umbilicus (in both

cases, usually against bare skin, but subtracting 1 cm if on

top of undergarments). HC was measured at the maximum

circumference around the buttocks (usually over under-

pants, but subtracting 1 cm if over a skirt, or 2.5 cm if over

trousers). WHR was the ratio of WC to HC. Body fat per-

centage was the fraction of total weight that was estimated

to be fat weight by the Tanita body composition analyser

using proprietary algorithms. In addition, other derived

measures of adiposity were also considered separately,

including fat mass (the product of body fat percentage and

body weight), fat mass index (fat mass in kilograms div-

ided by the square of height in metres, kg/m2), and waist-

height ratio (WC divided by height).

Blood pressure

Blood pressure was measured twice on the unclothed right

upper arm using an automated A&D UA-779 digital moni-

tor, recommended by the British Hypertension Society

(www.bhsoc.org/bp-monitors), after participants had rested

in the seated position for at least 5 min. Standard cuff size

was used and if the difference between the two measure-

ments was >10 mmHg, then a third measurement was taken

withthe last two readings recorded. The mean values of the

two recorded measurements were used for the analyses. The

chief analyses reported are for SBP, as SBP is a better pre-

dictor of vascular mortality than diastolic blood pressure

(DBP).35 Additional analyses for DBP for each measure of

adiposity are reported in the supplementary material (avail-

able as Supplementary data at IJE online).

Statistical methods

To limit effects of any possible measurement error, partici-

pants with extreme values of any adiposity measures (e.g.

BMI< 15 kg/m2 or �40 kg/m2; n¼ 985) and blood pres-

sures (e.g. SBP< 80 mmHg or �250 mmHg; n¼ 272) or

missing data on body fat percentage (n¼ 241) were

excluded. In addition, individuals who reported current

use of ACE-inhibitors (n¼ 7133), beta-blockers

(n¼ 6512), diuretics (n¼ 1452) or calcium antagonists

(n¼ 14 132) were also excluded, except as shown in

Figure 7. After all these exclusions, 486 936 (95%) partici-

pants remained for the main analyses.

Sex-specific correlations between different adiposity

variables were calculated using Pearson partial correlation

coefficients (r), adjusted for baseline age (8 categories) and

area (10 categories).

For ‘categorical’ analyses (Figures 1–3, 7a), adjusted

means of baseline SBP were calculated for each baseline

sex-specific decile of each adiposity measure using multiple

linear regression, with adjustment variously for baseline

age (8 categories), education (6 categories), area (10 cate-

gories), WC (as a continuous variable) or BMI (continu-

ous). For height-adjusted weight, standing height was also

included in the model, in addition to weight categorized in

deciles, as a continuous variable. Adjusted mean SBP for

each decile was then plotted against the mean levels of the
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adiposity measure for that decile, together with the 95%

confidence interval (CI). As all the resulting categorical as-

sociations were linear, a straight line was plotted through

the categorical estimates using an inverse variance-

weighted least squares fit method, and the slopes were re-

ported as insets to each graph. To ensure that the slopes of

these graphs are visually informative when comparing dif-

ferent adiposity measures, each horizontal axis is the same

physical width and extends from �2 SD below to þ2 SD

above the mean level of the adiposity measure. As both the

means and the SDs are sex-specific, and are never exactly

the same in both sexes, the horizontal axes for men and

womencover different ranges.

For continuous analyses (Figures 4–6, 7b), SBP was re-

gressed on levels of each adiposity measure as a continuous

variable using multiple linear regression, with adjustment

for covariates as above and also, when appropriate, for

HC (20 categories). Associations with ‘height-adjusted

weight’ and with ‘height-adjusted fat mass’ were estimated

by specifying body mass (weight) or fat mass as the

Height−adjusted weight
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− 2S − 1S X + 1S + 2S

mmHg (SE) per 10 kg:

(a): 6.2 (0.005)

(b): 5.4 (0.01)

(a) Adjusted for age, educ, area
(b) Also adjusted for waist circ.
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 m

m
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BMI

20 25 30
kg/m2

− 2S − 1S X + 1S + 2S

mmHg (SE) per 10 kg/m2:
(a): 17.0 (0.01)

(b): 14.6 (0.03)

40 50 60 70

120

130

140

150

kg

− 2S − 1S X + 1S + 2S

mmHg (SE) per 10 kg:

(a): 6.1 (0.004)

(b): 5.6 (0.009)

(a) Adjusted for age, educ, area
(b) Also adjusted for waist circ.

20 25 30
kg/m2

− 2S − 1S X + 1S + 2S

mmHg (SE) per 10 kg/m2:
(a): 14.4 (0.01)

(b): 13.2 (0.02)

Male

(n = 199 428)

Female

(n = 287 508)

Figure 1. SBP vs height-adjusted weight and BMI, before and after adjustment for waist circumference, in men and women. The means of SBP were

calculated for each sex-specific decile of height-adjusted weight (left panel) and BMI (right panel), with (a) standard adjustment for age, education

and study area; and (b) additional adjustment for waist circumference (as a continuous variable). Closed squares represent the means of SBP with

area inversely proportional to the variance of the mean SBP, and horizontal lines represent the corresponding 95% CIs.
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(continuous) exposure variable, and adjusting for height

(20 quantiles). Effect modification of continuous associ-

ations with BMI (Figure 6) was assessed by performing

separate regressions within each level of the possible effect

modifier. All analyses were carried out using SAS version

9.2, and R version 2.10.1 was used to graph results.

Results

Among the included participants, the overall mean (SD) age

was 51 (11) years, and the mean BMI was 23.6 (3.3) kg/m2,

with only 4% having a BMI� 30 kg/m2. The mean BMI

was about 1 kg/m2 higher for individuals living in urban

than in rural areas (24.2 vs 23.1 kg/m2), and slightly higher

among women than men (23.7 vs 23.4 kg/m2). Among men,

mean BMI was highest at 40–49 years, whereas among

women it was highest at 50–59 years (Table 1). Body fat

percentage showed similar patterns with age, and the mean

levels were also greater in women (32.0%) than in men

(21.9%) and likewise the absolute fat mass was also greater

in women than in men (7.8 vs 5.3 kg), despite women

weighing on average about 7.5 kg less.

Waist circumference

70 80 90 100

120

130

140

150

cm

− 2S − 1S X + 1S + 2S

mmHg (SE) per 10 cm:

(a): 5.1 (0.004)

(b): 0.9 (0.009)

(a) Adjusted for age, educ, area
(b) Also adjusted for BMI
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n 
(9

5%
 C

I) 
SB

P,
 m

m
H

g

Hip circumference

80 90 100

cm

− 2S − 1S X + 1S + 2S

mmHg (SE) per 10 cm:

(a): 7.1 (0.007)

(b): 0.1 (0.01)

70 80 90

120

130

140

150

cm

− 2S − 1S X + 1S + 2S

mmHg (SE) per 10 cm:

(a): 4.6 (0.004)

(b): 0.5 (0.007)

(a) Adjusted for age, educ, area
(b) Also adjusted for BMI

80 90 100

cm

− 2S − 1S X + 1S + 2S

mmHg (SE) per 10 cm:

(a): 6.0 (0.006)

(b): −0.6 (0.01)

Male

(n = 199 428)

Female

(n = 287 508)

Figure 2. SBP vs waist and hip circumference, before and after adjustment for BMI, in men and women. The means of SBP were calculated for each

sex-specific decile of waist circumference (left panel) and hip circumference (right panel), with (a) standard adjustment for age, education and study

area; and (b) additional adjustment for BMI (as a continuous variable). Conventions as in Figure 1.
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In contrast, mean (SD) WC was greater in men than in

women [81.8 (9.7) cm vs 78.8 (9.4) cm], but it decreased

somewhat with age in men and increased strongly with age

in women, such that mean WC in old age was approxi-

mately similar between men and women (Table 1). Mean

(SD) HC was 90.5 (6.7) cm in men and 91.0 (6.8) in

women, and showed no consistent trend with age in either

sex. Mean (SD) WHR was about 0.90 (0.06) at all age

groups in men, but increased steadily from 0.84 (0.06) in

the youngest to about 0.89 (0.08) in the oldest women.

In both sexes, mean SBP levels increased monotonically

with age—by 16 mmHg over four decades from 30–39

years to 70–79 years in men, and by 26 mmHg in women.

Mean DBP had an inverted U-shape association with age,

with the levels increasing until age 55 years and declining

thereafter. The overall mean SBP/DBP levels were about

Waist−hip ratio

0.8 0.9 1

120

130

140

150

− 2S − 1S X + 1S + 2S

mmHg (SE) per 0.1:

(a): 5.8 (0.7)

(b): 0.9 (0.8)

(a) Adjusted for age, educ, area
(b) Also adjusted for BMI
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Body fat percentage

10 20 30

%

− 2S − 1S X + 1S + 2S

mmHg (SE) per 10%:

(a): 8.9 (0.007)

(b): 6.6 (0.01)

(a) Adjusted for age, educ, area
(b) Also adjusted for waist circ.
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140

150

− 2S − 1S X + 1S + 2S

mmHg (SE) per 0.1:

(a): 4.7 (0.6)

(b): 0.8 (0.7)

(a) Adjusted for age, educ, area
(b) Also adjusted for BMI

20 30 40

%

− 2S − 1S X + 1S + 2S

mmHg (SE) per 10%:

(a): 7.1 (0.005)

(b): 6.1 (0.008)

(a) Adjusted for age, educ, area
(b) Also adjusted for waist circ.

Male

(n = 199 428)

Female

(n = 287 508)

Figure 3. SBP vs waist-hip ratio and body fat percentage, before and after adjustment for BMI or waist circumference, in men and women. The means

of SBP were calculated for each sex-specific decile of waist-hip ratio (left panel) and body fat percentage (right panel), with (a) standard adjustment

for age, education and study area; and (b) additional adjustment for BMI for waist-hip ratio or waist circumference for body fat percentage.

Conventions as in Figure 1.
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3 mmHg higher in men (132/79 mmHg) than in women

(129/76 mmHg).

BMI, WC and HC were all highly intercorrelated, with

all correlation coefficients for pairwise comparisons in the

range 0.76–0.86 (Table 2). Body fat percentage was

correlated strongly with BMI (r¼ 0.80–0.89), less strongly

with WC (0.74–0.78) and less strongly still with HC

(0.62–0.70). WHR was strongly correlated with WC

(0.80–0.82) but more modestly correlated with these other

variables.

−1 1 2 3 4 5 6 7

mmHg per SD (95% CI)mmHg per SD (95% CI)

Adiposity measure (SD) mmHg per SD
(95% CI)

6.6

5.5

5.0

4.8

4.8

3.7

5.5

5.8

5.7

6.0

6.0

4.8

4.1

5.5

5.0

5.4

1.1

0.8

0.3

0.6

(6.52, 6.73)

(5.37, 5.53)

(4.87, 5.04)

(4.68, 4.85)

(4.69, 4.87)

(3.61, 3.78)

(5.41, 5.58)

(5.73, 5.90)

(5.61, 5.77)

(5.86, 6.04)

(5.77, 6.23)

(4.59, 4.93)

(3.94, 4.20)

(5.30, 5.63)

(4.83, 5.12)

(5.19, 5.52)

(0.92, 1.24)

(0.61, 0.94)

(0.16, 0.46)

(0.49, 0.70)

Height−adjusted weight (10.8 kg)

BMI (3.2 kg/m²)

Waist circumference (9.7 cm)

Waist−height ratio (0.055)

Hip circumference (6.7 cm)

Waist−hip ratio (0.064)

Body fat percentage (6.2%)

Fat mass (6.1 kg)

Fat mass index (2.1 kg/m²)

Height−adjusted fat mass (6.1 kg)

Height−adjusted weight (10.8 kg)

BMI (3.2 kg/m²)

Body fat percentage (6.2%)

Fat mass (6.1 kg)

Fat mass index (2.1 kg/m²)

Height−adjusted fat mass (6.1 kg)

Waist circumference (9.7 cm)

Waist−height ratio (0.055)

Hip circumference (6.7 cm)

Waist−hip ratio (0.064)

Adjusted for age, education, area

Additionally adjusted for waist and hip circumference

Additionally adjusted instead for BMI

Figure 4. Higher SBP per standard deviation of each adiposity measure among men. The differences in SBP per 1 SD of each adiposity measure were

calculated, with SBP regressed on level of each adiposity measure as a continuous variable. Adjustment for covariates is as above. Closed squares

represent the mean differences in SBP with area inversely proportional to the variance of the SBP. Horizontal lines represent the corresponding

95% CIs.
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Height-adjusted weight and body mass index

Figure 1 shows the sex-specific associations of SBP with

height-adjusted weight, and BMI. After basic adjustment

(solid lines), each extra 10 kg of body weight at each given

height was associated with �6 mmHg higher SBP, and

each 10 kg/m2 higher BMI was associated with 17 mmHg

higher SBP in men and 14–15 mmHg higher SBP in

women. After additional adjustment (dashed lines) for

WC, the strengths of these associations were attenuated by

13–14% in men and by 8% in women.
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Hip circumference (6.8 cm)

Waist−hip ratio (0.069)

Body fat percentage (7.0%)

Fat mass (6.8 kg)

Fat mass index (2.8 kg/m²)

Height−adjusted fat mass (6.8 kg)

Height−adjusted weight (9.4 kg)

BMI (3.4 kg/m²)

Body fat percentage (7.0%)

Fat mass (6.8 kg)

Fat mass index (2.8 kg/m²)

Height−adjusted fat mass (6.8 kg)

Waist circumference (9.4 cm)

Waist−height ratio (0.061)

Hip circumference (6.8 cm)

Waist−hip ratio (0.069)

Adjusted for age, education, area

Additionally adjusted for waist and hip circumference

Additionally adjusted instead for BMI

Figure 5. Higher SBP per standard deviation of each adiposity measure among women. Conventions as in Figure 4.
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5 10 15 20

mmHg per 10 kg/m² (95% CI)mmHg per 10 kg/m² (95% CI)

Category N mmHg per 10
kg/m² (95% CI)

199 428 17.0 (16.7−17.2)
287 508 14.4 (14.2−14.6)

 76 423 14.0 (13.6−14.3)
149 128 16.5 (16.2−16.8)
148 909 16.4 (16.1−16.7)
 82 879 15.4 (15.0−15.9)
 29 597 14.4 (13.6−15.1)

 54 131 18.1 (17.7−18.6)
 33 922 14.9 (14.3−15.5)
 51 119 15.9 (15.4−16.4)
 45 302 15.7 (15.2−16.3)
 28 050 15.6 (15.0−16.3)
 56 357 18.0 (17.5−18.5)
 55 407 15.7 (15.2−16.2)
 60 237 14.8 (14.3−15.2)
 54 468 13.9 (13.4−14.3)
 47 943 15.5 (14.9−16.0)

221 113 15.6 (15.3−15.8)
  7 995 18.0 (16.6−19.4)

156 723 15.5 (15.2−15.7)
 16 918 16.8 (16.0−17.6)
 10 544 16.8 (15.8−17.9)
 73 643 16.1 (15.7−16.5)

301 094 14.7 (14.5−14.9)
 27 769 17.2 (16.6−17.9)
 27 707 16.3 (15.6−17.0)
130 366 17.0 (16.6−17.3)

 97 383 16.0 (15.6−16.4)
 97 387 15.7 (15.3−16.0)
 97 395 15.7 (15.3−16.0)
 97 385 15.7 (15.4−16.1)
 97 386 16.6 (16.2−17.0)

Sex
Male
Female

Heterogeneity P <.0001

Age
< 40 years
40 − 49 years
50 − 59 years
60 − 69 years
>= 70 years

Heterogeneity P <.0001

Area
Harbin (Urban)
Qingdao (Urban)
Suzhou (Urban)
Liuzhou (Urban)
Haikou (Urban)
Zhejiang (Rural)
Hunan (Rural)
Henan (Rural)
Sichuan (Rural)
Gansu (Rural)

Heterogeneity P <.0001

Alcohol consumption
Non−drinker
Ex−drinker
Occasional
Monthly
Reduced intake
Weekly

Heterogeneity P <.0001

Smoking
Never
Occasional
Ex−regular
Current regular

Heterogeneity P <.0001

Physical activity MET quintile
1 (least active)
2
3
4
5 (most active)

Heterogeneity P = 0.0025

Adjusted for age, area, education, and sex as appropriate.

Figure 6. Higher SBP per 10 kg/m2 of BMI by different personal characteristics. Conventions as in Figure 3.
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Waist and hip circumference

Figure 2 shows the sex-specific associations of SBP with

WC and HC. With basic adjustment, each 10 cm wider cir-

cumference for either variable was typically associated

with about 5–7 mmHg higher SBP. However, after further

adjustment for BMI, all of these associations were largely

or entirely eliminated. Upon taking account of BMI, the as-

sociations of blood pressure with WC were attenuated by

80–90% in both sexes, and for HC the remaining associ-

ations in women became slightly negative—i.e. greater HC

was associated with slightly lower SBP.

Waist-hip ratio and body fat percentage

Figure 3 shows the corresponding SBP associations for

WHR and body fat percentage. With basic adjustment, a

0.1 cm higher WHR was associated with about 5–6 mmHg

higher SBP, but with additional adjustment for BMI, the

association was 80–85% shallower in both sexes.

However, for body fat percentage, each extra 10 percent-

age points was associated with �9 mmHg higher SBP in

males and �7 mmHg higher SBP in women after basic ad-

justment; and after additional adjustment for WC, the

association with this measure of general adiposity was just

15% (female) or 25% (male) shallower.

General and independent strengths of association

Figures 4 and 5 show the associations of SBP with different

measures of adiposity expressed as the difference in SBP

per 1 sex-specific SD higher level of adiposity. In both

sexes, the single strongest predictor after basic adjustment

was height-adjusted weight, with each 1 SD greater weight

at any given height associated with 6.7 mmHg higher SBP

in men, and 5.7 mmHg higher SBP in women. After add-

itional adjustment for WC and HC, the positive associ-

ation became slightly weaker in men and slightly stronger

in women, such that in both sexes 1 SD greater weight-for-

height was associated with about 6 mmHg higher SBP.

In both sexes, the next strongest associations after basic

adjustment were for other measures of general adiposity:

BMI, body fat percentage, fat mass, fat mass index and

height-adjusted fat mass (all in the range of 5.5–6.0 mmHg

per SD in men and 4.9–5.2 per SD in women), and the as-

sociations were only slightly attenuated by additional ad-

justment for WC and HC. After just basic adjustment, the

18 20 22 24 26 28 30 32

BMI, kg/m²

120

130

140

150

160

M
ea

n 
(9

5%
 C

I) 
SB

P,
 m

m
H

g
(a)

On treatment

Not on treatment

% is % of BMI group on, or not on, treatment

1.6%
2.7%

4.6% 6.7%

8.9%

11.8%

98.4%

97.3%

95.4%

93.3%

91.1%

88.2%

5 10 15 20

mmHg per 10 kg/m² (95% CI)mmHg per 10 kg/m² (95% CI)
Category N mmHg per 10

kg/m² (95% CI)

(b)

 10 704 5.2 (3.9 − 6.4)

  4 376 3.1 (1.2 − 5.0)

  4 463 6.4 (4.4 − 8.3)

966 7.0 (3.0 −10.9)

  4 108 5.1 (3.0 − 7.1)

 24 617 5.1 (4.2 − 5.9)

486 936 15.9 (15.7 −16.1)

On BP−lowering treatment

CA antogonist only

ACE inhibitor only

Beta−blocker only

Diuretic only

Two or more of the above

Heterogeneity among treatments P = 0.11

Any treatment

Not on treatment

Heterogeneity between diamonds P <.0001

Adjusted for age, sex, highest education, and area as appropriate.

Figure 7. Association of SBP with BMI by treatment with blood pressure-lowering medication. (a) SBP vs BMI among individuals with or without treat-

ment (conventions as in Figure 1); (b) differences in SBP per 10 kg/m2 of BMI by blood pressure-lowering treatment. Closed squares represent the

mean differences in SBP and the horizontal lines represent the corresponding 95% CIs. The dotted vertical line indicates the overall mean difference

in SBP among those using medication, and open diamonds indicates this and its 95% CI.

1314 International Journal of Epidemiology, 2015, Vol. 44, No. 4

D
ow

nloaded from
 https://academ

ic.oup.com
/ije/article/44/4/1305/668051 by U

niversity of C
oventry user on 08 O

ctober 2020



associations for some measures of central or pelvic adipos-

ity were nearly as strong as those for measures of general

adiposity: WC, waist-height ratio and HC (4.8–5.0 mmHg

per SD in men and 4.1–4.4 mmHg per SD in women). The

association was substantially weaker for WHR (3.7 mmHg

per SD in men, 3.2 mmHg per SD in women). However, all

of these associations with WC, waist-height ratio, HC and

WHR were again largely or wholly obliterated by add-

itional adjustment for BMI.

Effect modification for BMI

Height-adjusted weight was the strongest predictor of SBP,

but this variable is not easy to apply in clinical practice. Of

the next strongest predictors, BMI and body fat percentage

may be clinically the most applicable, but BMI is the sim-

pler of the two and does not require any technically

advanced equipment. So, Figure 6 shows the strength of

the association with BMI per 10 kg/m2 in more detail.

There was only modest variation in the strength of the

Table 2. Correlations coefficientsa between adiposity and blood pressure measures

Weight BMI WC HC WHR Body fat %age SBP DBP

Height Male: 0.53 0.07 0.27 0.42 0.02 0.04 0.04 0.08

Female: 0.48 0.03 0.20 0.37 �0.04 0.00 0.03 0.05

Weight Male: 0.88 0.85 0.84 0.55 0.70 0.26 0.27

Female: 0.89 0.83 0.85 0.47 0.78 0.24 0.25

BMI Male: 0.86 0.76 0.63 0.80 0.28 0.28

Female: 0.84 0.78 0.55 0.89 0.26 0.25

WC Male: 0.81 0.82 0.74 0.24 0.25

Female: 0.77 0.80 0.78 0.23 0.22

HC Male: 0.33 0.62 0.21 0.21

Female: 0.25 0.70 0.19 0.19

WHR Male: 0.59 0.19 0.19

Female: 0.54 0.17 0.16

Body fat %age Male: 0.28 0.30

Female: 0.27 0.27

SBP Male: 0.74

Female: 0.74

aPearson partial correlation coefficients, adjusted for area and 5-year age group.

Table 1. Distribution of anthropometric and blood pressure measures, by age and sex

Mean (SD)a

Age,

years

Participants Height

(cm)

Weight

(kg)

BMI

(kg/m2)

WC

(cm)

HC

(cm)

WHR Body

fat %age

SBP

(mmHg)

DBP

(mmHg)

Male

30–39 29044 168 (6.2) 66.6 (11.0) 23.6 (3.3) 82.2 (9.4) 91.3 (6.7) 0.90 (0.061) 23.2 (6.3) 126 (14) 77 (10)

40–49 57778 167 (6.3) 66.1 (10.6) 23.7 (3.2) 82.7 (9.4) 91.3 (6.6) 0.90 (0.062) 23.1 (6.1) 128 (17) 79 (11)

50–59 60598 165 (6.3) 63.5 (10.4) 23.4 (3.1) 81.5 (9.5) 90.2 (6.5) 0.90 (0.063) 21.7 (5.9) 132 (20) 80 (11)

60–69 37385 163 (6.2) 61.0 (10.4) 22.9 (3.2) 80.9 (10.0) 89.5 (6.9) 0.90 (0.067) 20.3 (6.0) 138 (22) 79 (11)

70–79 14623 163 (6.3) 59.7 (10.6) 22.5 (3.3) 80.9 (10.5) 89.8 (7.4) 0.90 (0.069) 19.4 (6.2) 142 (22) 77 (11)

Total 199 428 165 (6.5) 64.0 (10.8) 23.4 (3.2) 81.8 (9.7) 90.5 (6.7) 0.90 (0.064) 21.9 (6.2) 132 (20) 79 (11)

Female

30–39 47379 156 (5.7) 55.9 (8.6) 23.0 (3.1) 75.3 (8.1) 90.0 (6.0) 0.84 (0.062) 30.7 (6.6) 118 (15) 73 (10)

40–49 91350 156 (5.8) 57.8 (8.9) 23.8 (3.2) 78.0 (8.6) 91.5 (6.3) 0.85 (0.064) 32.1 (6.6) 124 (18) 76 (11)

50–59 88311 154 (5.7) 56.9 (9.4) 24.0 (3.4) 80.1 (9.4) 91.2 (6.9) 0.88 (0.068) 32.6 (7.1) 132 (21) 78 (11)

60–69 45494 152 (5.7) 55.0 (9.9) 23.8 (3.7) 80.8 (10.3) 90.8 (7.6) 0.89 (0.072) 32.1 (7.7) 140 (23) 77 (11)

70–79 14974 150 (5.8) 52.7 (10.1) 23.4 (3.8) 80.6 (10.9) 90.4 (8.1) 0.89 (0.076) 31.2 (8.0) 144 (23) 75 (11)

Total 287 508 154 (6.0) 56.5 (9.4) 23.7 (3.4) 78.8 (9.4) 91.0 (6.8) 0.86 (0.069) 32.0 (7.0) 129 (21) 76 (11)

BMI, body mass index, WC, waist circumference, HC, hip-circumference, WHR, waist-hip ratio, body fat %age, body fat percentage; SBP, systolic blood pres-

sure; DBP, diastolic blood pressure.
aUnadjusted means.
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association across various population subgroups (about a

fifth stronger in men than women and at age 40–59 than at

age <40 years, and about a third stronger in some geo-

graphical areas than in others).

Association in participants receiving blood

pressure-lowering treatment

Figure 7 shows the association of SBP with BMI for both

sexes combined among the 24 607 participants who were

receiving some form of blood pressure-lowering treatment

at baseline. Among them SBP was still linearly and posi-

tively associated with BMI, but the association was about

two-thirds shallower: just 5 mmHg (Figure 7a, solid line)

rather than 16 mmHg, overall higher SBP per 10 kg/m2

higher BMI (Figure 7a, dashed line). Figure 7b suggests

that the strength of association may not have differed

greatly by class of blood pressure-lowering medication, but

there was only limited statistical power to detect any

differences.

Additional analyses

The associations of SBP with BMI and body fat percentage

were somewhat, but not entirely, independent of each

other, with adjustment of each association for the other

factor generally attenuating the associations by 40–60%

(Supplementary Figure 1, available as Supplementary data

at IJE online). Mean adult SBP is substantially higher in

China during winter than summer,36 but adjustment of the

main SBP results for month of survey made no material dif-

ference (data not shown). Additional adjustment for pulse

rate also did not alter the results. All of the main findings

for SBP were also broadly applicable for DBP

(Supplementary Figures 2–7, available as Supplementary

data at IJE online).

Discussion

In this cross-sectional study of nearly 500 000 Chinese

adults, height-adjusted weight was the strongest predictor

of blood pressure in both men and women, irrespective of

whether the analyses were adjusted for other measures of

adiposity. Among the widely used clinical measures of adi-

posity, BMI and body fat percentage were the next stron-

gest predictors, and both were largely independent of each

other. On average, a 10 kg/m2 greater BMI was associated

with 16 mmHg higher SBP, much stronger than that

observed previously in Western populations. WC and HC

were each strongly positively associated with SBP, unless

adjustment was made for BMI, when the association

largely or entirely disappeared.WHR was a relatively poor

predictor of SBP in this adult Chinese population.

Our study findings are consistent with those previously

reported by several much smaller studies in China and else-

where,7,17,25,27 but differ from those in several other stud-

ies6,16,18,20,21,23,26 which reported that measures of central

adiposity (e.g. WC, WHR, waist-height ratio) were stron-

ger predictors of blood pressure than BMI. The reasons for

these inconsistencies are uncertain, but this study is much

larger than any previous studies and uses measured blood

pressure rather than history of hypertension. Moreover,

the main analyses also excluded participants on blood

pressure-lowering treatment.

The strength of associations of SBP with BMI were

50% stronger in this Chinese population compared with

those previously reported in similarly large studies of

mainly Western populations.5 These differences are too

great to be accounted for by chance or by small differences

in levels of adjustment for confounding. It is possible that

relatively weak associations observed in the Western popu-

lations may be due chiefly to more widespread use of anti-

hypertensive treatment, even though such information was

not generally available in previous studies.5 In the present

study, only about 14% of participants with hypertension

were treated with any blood pressure-lowering therapies,

and among them the association of SBP with BMI was

about two-thirds shallower than among those without any

such treatments. Since very few people were obese in our

study population, it is unlikely that use of standard cuff

size for measuring blood pressure would produce any

biased association. However, it may also be possible that

the strength of this relationship is not biologically universal

but may differ geographically or with time because, for ex-

ample, of interactions with other environmental (e.g. diet-

ary patterns) or genetic determinants of adiposity, blood

pressure or the relationship between adiposity and blood

pressure.

The present study indicates that central adiposity is a

less important determinant of blood pressure than is gen-

eral adiposity, at least among Chinese adults—and, indeed,

their associations with blood pressure may be largely or en-

tirely because they are so highly correlated with measures

of general adiposity. Weight-for-height was the best single

predictor, but this variable is not easy to apply in clinical

practice without a return to weight-for-height tables some-

times used in the past.37 BMI and body fat percentage were

almost as good, and each added some independent predict-

ive information to the other. These results suggest that adi-

pose tissue in general may contribute to higher blood

pressure, rather than just adipose tissue around the abdo-

men or, more particularly, in the intra-abdominal space.

This may argue against the overall importance of proposed
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mechanisms that adiposity increases blood pressure mainly

through physical compression of the kidney or systemic in-

flammation and oxidative stress, which depend import-

antly on the amount of intra-abdominal fat.29,30 Instead,

other proposed mechanisms that are largely independent of

intra-abdominal fat (such as dysfunction of adipose tissue,

and activation of sympathetic nervous system) may play

more important roles in causing high blood pressure.29–31

More accurate measures of intra-abdominal and subcuta-

neous fat (e.g. by imaging) in Chinese adults may further

test this hypothesis. Treatment with any of the major

classes of blood pressure-lowering medication appears to

significantly attenuate these relationships. It can be

inferred that, for any decrease in BMI, the associated low-

ering of blood pressure is less pronounced for those already

receiving blood pressure-lowering medication.

Although general rather than central adiposity was

clearly a better predictor of blood pressure in this adult

Chinese population, there is well-established evidence, both

in China38–40 and elsewhere,41,42 that measures of central

adiposity (e.g. WC, WHR) are much stronger independent

determinants of diabetes than is BMI. Blood pressure and

diabetes (together with blood lipids) are major intermediate

components of the causal pathways by which greater adi-

posity causes ischaemic heart disease (IHD)5 and stroke

(perhaps especially ischaemic stroke),12,14,43–45 but their

relative contribution to disease risks might differ between

different populations, depending perhaps on the prevalence

of diabetes and high blood pressure in the populations.

Therefore, if BMI really is a particularly good predictor of

blood pressure, and WC of diabetes, then the ability of BMI

and WC to predict cardiovascular disease risk may also vary

in different populations and over time, which may occur in

Western populations as diabetes prevalence in middle age

increases yet average blood pressure levels fall. The large

prospective cohort studies that are now established in a

wide range of populations should help to test these

hypotheses.34,46–48 The independent contributions of gen-

eral and central adiposity to different intermediate causal

pathways may be why high BMI and high WC are each

strongly associated with all-cause mortality in Western and

Chinese populations,5,44,45,47,49,50 and why each adds inde-

pendent information in the prediction of mortality47,50 des-

pite being highly correlated with each other.

Supplementary Data

Supplementary data are available at IJE online.
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