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ABSTRACT

Objective To explore the interaction effect between
overweight/obesity and alcohol consumption on
hypertension risk.

Design A longitudinal study of the independent and
combined effects of hypertension risk factors.

Setting Twelve provinces in China, including Beijing
Liaoning, Heilongjiang, Shanghai, Jiangsu, Shandong,
Henan, Hubei, Hunan, Guangxi, Guizhou and Chongging.
Participants Longitudinal data of China Health and
Nutrition Survey, collected between 2011 and 2015,
were used in this study. A total of 13 121 residents from
12 provinces were included and completed physical
examinations and questionnaires at baseline.

Outcome First incidence of hypertension.

Results Over a mean follow-up of 4 years, 690 incident
hypertension cases were reported. After adjusting for age,
gender, education level, marital status, physical activity,
diabetes and smoking, high body mass index (BMI) and
light drinking (OR=5.07, 95% CI 3.06 to 8.41), high waist
circumference (WC) and light drinking (OR=4.81, 95%Cl
2.92 to 7.91), high waist hip ratio and light drinking
(OR=2.85, 95% Cl 1.84 to 4.42) were the highest risk of
all participants in the three combinations. Multiplicative
interaction measures were statistically significant in
overweight/obesity and drinking/light drinking/heavy
drinking categories in men (p<0.05). Additive interactions
were observed between high BMI and drinking in men
(relative excess risk due to interaction=1.75, 95% Cl 0.85
10 2.65, attributable proportion due to interaction=0.56,
95% Cl 0.36 to 0.76, synergy index=6.43, 95% Cl 1.02 to
28.84).

Conclusions Measures of body weight and size,
particularly BMI and WC, appear to interact synergistically
with alcohol consumption to increase the risk of
hypertension in the Chinese population. Given that
approximately 245 million people in China have
hypertension, and that hypertension is a major cause of
cardiovascular disease worldwide, our results may have
implications for chronic disease prevention.

INTRODUCTION

Hypertension is a worldwide public health
issue. The global prevalence of hypertension
has shown an upward trend, from 17.3% in

STRENGTHS AND LIMITATION OF THIS STUDY

= This is a relatively large longitudinal study of a rep-
resentative sample of men and women from 12
provinces in China.

= Our study classified alcohol consumption into sev-
eral consumption categories and further explored
possible interactions among several measures of
overweight/obesity on the incidence of hypertension.

= Follow-up of study participants was limited to the
4years between 2011 and 2015, so the impact of
risk factors on hypertension over a longer time peri-
od could not be examined.

= Whereas our study considers three important mea-
sures of body weight and size, we lacked measure-
ments of body fat composition.

= Alcohol consumption was self-reported and is,
therefore, subjected to measurement error.

1990 to 20.5% in 2015.' * In China, it is esti-
mated that 245million adults have hyper-
tension, accounting for 23.2% of the total.”
Hypertension can lead to numerous adverse
health outcomes, such as cardiovascular
and cerebrovascular diseases and premature
death.”® About two-thirds of stroke and 50%
of coronary heart disease worldwide have
been attributed to hypertension.” Moreover,
an annual 9.4million deaths worldwide are
related to suboptimal blood pressure (BP)
control.” The global economic burden of
hypertension is enormous, accounting for
about 10% of the world’s overall healthcare
expenditure.” Accordingly, a better under-
standing of the factors related to risk of
hypertension is imperative for reducing the
burden of this disease.

Hypertension is a multifactorial disease
that results from various genetic, demo-
graphic and/or lifestyle factors.” Among
these factors, overweight/obesity and alcohol
consumption are two modifiable risk factors
that are important targets for controlling the
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occurrence and development of hypertension. In recent
years, the positive correlation between overweight/obesity
and the risk of hypertension has been widely reported.* "
Obese people appear to have a 3.5-fold increased risk
of hypertension compared with those of normal weight.
Regarding alcohol consumption, studies generally have
found that heavy drinking is an independent risk factor
for hypertension, but associations with light-to-moderate
drinking and BP have been less consistent.”” Several
studies suggest that lightto-moderate drinking can
reduce BP compared with non-drinking, even though
heavy drinking increases risk (ie, a ‘|’ relationship),'
although some other studies have shown a monotonic
positive association with alcohol consumption." '*

In general, scholars tend to pay more attention to
the relationships between independent risk factors and
outcomes and often fail to explore possible interactions
among risk factors. Relatively few studies have explored
the possible interaction between overweight/obesity and
alcohol consumption on hypertension risk, and they are
differed in their definition and categorisation of over-
weight/obesity interactions,'®'” which may have hindered
the consistency and interpretability of previous findings.
Therefore, considering standard definitions of relevant
variables, this longitudinal study aimed to explore whether
there is an interaction effect between overweight/obesity
defined by body mass index (BMI), waist circumference
(WC), waist hip ratio (WHR) and alcohol consumption
on hypertension risk in a large, representative sample of
Chinese adults.

METHODS

Study design and subjects

The China Health and Nutrition Survey (CHNS) used
a multistage random-cluster sampling to recruit partici-
pants from 15 provinces in China (described in greater
detail elsewhere).'”® The CHNS data were collected in
1989, 1991, 1993, 1997, 2000, 2004, 2006, 2009, 2011,
and the latest update was in 2015. According to the 2010
census, the provinces covered by CHNS accounted for
47% of China’s population in 2011." Considering the
sample size, variables and time of data measurement,
we used CHNS data collected from 2011 to 2015 for the
present study.”’ A total of 18 121 participants completed
the 2011 baseline survey. We excluded participants
with missing data (n=5 225), participants with baseline
hypertension (n=1 545), BMI S18.5kg/m2 (n=345) and
follow-up for less than 4 years (n=2 800). After exclusions,
3 206 participants were included in the analysis.

Exposure assessment

BMI, WC and WHR

Height, weight, WC and HC were measured by well-
trained personnel according to a standardised protocol
from the WHO.?' Participants were standing without
shoes, wearing lightweight clothes. Weight and height

were measured with a calibrated beam scale and a
portable stadiometer, respectively. With the tape measure
in a horizontal position, WC was taken at the midpoint
between the iliac crest and the inferior border of the last
rib at the end of exhalation. Similarly, HC was measured
at the fullest part of the hip. Height, WC and HC were
measured to the nearest 0.1 cm, and weight was measured
to the nearest 0.1kg. To reduce measurement errors,
the above indicators were measured two times, and the
average value was calculated as the recorded value. BMI
(kg/ m?) was calculated by the participant’s weight (kg)/
height (m?). WHO suggested that BMI classification was
used for defining overweight (25<BMI<30kg/m?), and
obesity (BMI >30kg/m?). Abdominal obesity was defined
as WC: men >90cm, women >85cm and/or WHR: men
>0.90, women >0.85.%* This study merged overweight,
obesity and abdominal obesity to form three new cate-
gories of high BMI (BMI >25kg/m?), high WC (men
290 cm, women >85cm) and high WHR (men >0.90,
women: WHR >0.85), respectively.

Drinking

In the CHNS database, information on alcohol consump-
tion was logged by three questionnaire questions,
including: (1) ‘have you consumed beer, liquor, or other
alcoholic beverages in the last year?’ (yes or no); (2)
‘Frequency of alcohol consumption’ (never, less than
weekly, weekly and daily); (3) ‘How many beer (bottles) /
wine (liang)/liquor (liang) do you drink each week?’.
Alcohol consumption was calculated as average grams
of ethanol intake per day (g/day), based on the amount
of alcoholic beverage consumed multiplied by the corre-
sponding average ethanol content of that beverage (white
spirit: 40%, beer: 5%, wine: 12%).2 According to the
Dietary Guidelines for Americans 2015-2020 issued by US
Department of Agriculture and US Department of Health
and Human Services, one standard drink was defined as
a beverage containing 14-0g ethanol.”” Based on this,
participants were divided into four alcohol consumption
categories: never, light (women: 0~0.4 servings/day; men:
0~0.9 servings/day), moderate (women: 0.5~1.0 servings/
day; men: 1~2 servings/day), and heavy alcohol consump-
tion (women : >1.0 servings/day; men: >2 servings/day).*’

Outcome

All BP values (systolic and diastolic) were measured
according to the seventh Chinese Joint National
Commission guidelines.”® After sitting still for 10min,
participant’s BP was measured three times on the right
arm by well-trained personnel using a mercury sphyg-
momanometer. The participants rested for at least 1 min
at each measurement interval. The mean of the three
measurements was used in all analyses. Hypertension
was defined as systolic BP 2140 mmHg and/or diastolic
BP >90 mmHg and/or a self-reported previous diagnosis
of hypertension and/or using antihypertensive drugs
currently.
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Covariates

The variables controlled for in this study were taken into
consideration after an extensive literature review and
collected through questionnaires,27 2 including age,
gender (male, female), education level (primary school
or below, secondary school or senior high school, junior
college or undergraduate, postdgraduate or above),
marital status (single, married, divorced, widowed),

previous diabetes diagnosis (yes, no) and previous ciga-
rette smoking (yes, no). Physical activity was categorised
as light physical activity, medium physical activity and
heavy physical activity based on International Physical
Activity Questionnaire.”

Table 1 Baseline characteristics of the participants divided by hypertension

Hypertension group

Non-hypertension group

Index (n=690) (n=2 516) 1z P
Age (year), M (Q1, Q3) 51.00 (43.00, 58.00) 45.00 (36.00, 53.00) 11.955 <0.001
Gender (n (%))
Men 419 (60.72) 1216 (48.33) 33.285 <0.001
Women 271 (39.28) 1300 (51.67)
Education level (n (%))
Primary school or below 186 (26.96) 491 (19.52) 36.999 <0.001
Secondary school/senior high school 439 (63.62) 1583 (62.92)
Junior college or undergraduate 62 (8.99) 424 (16.85)
Postgraduate or above 3(0.43) 18 (0.71)
Marital status (n (%))
Single 13 (1.88) 123 (4.89) 12.477 0.006
Married 650 (94.20) 2309 (91.77)
Divorced 12 (1.74) 40 (1.59)
Widowed 15 (2.18) 44 (1.75)
Physical activity (n (%))
Light physical activity 247 (35.80) 1031 (40.98) 12.471 0.002
Medium physical activity 111 (16.09) 463 (18.40)
Heavy physical activity 332 (48.11) 1022 (40.62)
Smoking (n (%))
No 416 (60.29) 1729 (68.72) 17.381 <0.001
Yes 274 (39.71) 787 (31.28)
Diabetes (n (%))
No 670 (97.10) 2462 (97.85) 1.359 0.255
Yes 20 (2.90) 54 (2.15)
Alcohol consumption (n (%))
No alcohol consumption 379 (54.93) 1642 (65.26) 35.117 <0.001
Light alcohol consumption 80 (11.59) 156 (6.20)
Moderate alcohol consumption 14 (2.03) 47 (1.87)
Heavy alcohol consumption 217 (31.45) 671 (26.67)
SBP (mm Hg), M (Q1, Q3) 142.00 (137.33, 150.67) 120.00 (111.00, 127.17) 35.792 <0.001
DBP (mm Hg), M (Q1, Q3) 91.50 (87.33, 96.00) 78.67 (71.67, 81.33) 33.669 <0.001
BMI (kg/m?), M (Q1, Q3) 24.58 (22.50, 26.77) 23.17 (21.26, 25.33) 9.177 <0.001
HC (cm), M (Q1, Q3) 97.00 (92.00, 102.00) 94.00 (90.00, 99.00) 8.437 <0.001
WC (cm), M (Q1, Q3) 87.00 (80.00, 93.10) 81.30 (75.00, 88.30) 11.430 <0.001
WHR (%), M (Q1, Q3) 0.89 (0.85, 0.93) 0.87 (0.82, 0.91) 8.959 <0.001

BMI, body mass index; BP, blood pressure; DBP, diastolic blood pressure; HC, hip circumference; SBP, systolic blood pressure; WC, waist

circumference; WHR, waist-to-hip ratio.
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Figure 1 The incidence of hypertension according to presence of BMI, WC, WHR and drinking. There were no women patients
with hypertension who reported light drinking (+). BMI, body mass index; WC, waist circumference; WHR, waist-to-hip ratio.

Patient and public involvement
Neither patients nor members of the public were involved
in the planning or conduct of this study.

Statistical analysis

1.

2.

SPSS 23.0 software was used for statistical analysis and
statistical significance level was defined as p<0.05.

Study participants were divided into hypertension and
non-hypertension groups based on whether hypertension
events occurred during follow-up. Differences in baseline
variables were described by median and IQR, and the
Mann-Whitney U test was used for intergroup compari-
sons when data showed a skewed distribution; categorical
data were represented by frequency and percentage, and
gomparisons between groups were conducted using the x

test.

. Binary logistic regression was used to compute ORs and

95% CI of various risk factors on hypertension.

. Multiplicative and additive interactions among over-

weight/obesity and drinking variables were examined
with respect to their associations with hypertension risk.

The overweight/obesity (BMI, WC, WHR) and drinking
(yes/no, light, moderate, heavy) categories were coded
into twelve dummy variables. The excel calculation table
compiled by Andersson et al’’ was used to generate the es-
timated values of the relative excess risk due to interaction
(RERI), the attributable proportion due to interaction
(AP), the synergy index (SI), relative risk and 95% CI. The
SI interval not including 1, and the RERI and AP interval
not including 0, indicated a statistically significant additive
interaction effect. Multiplicative interaction was evaluated
using the ratio of ORs of the product terms.

RESULTS

Baseline characteristics of the research population
According to the occurrence of hypertension during
follow-up, 3 206 participants who completed the follow-up
were divided into a hypertension group (n=690) and
a non-hypertension group (n=2 516), and the base-
line characteristics of both groups were analysed and
compared (table 1). Participants with hypertension were
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older than those without hypertension, were more likely
to be men, smoke cigarettes and be physically active, were
less likely to be single, had lower education levels and
had higher baseline values of BMI, HC, WC and WHR
(all p<0.05). Comparison of the lost-to-follow-up data and
the completed follow-up data is shown in online supple-
mental appendix 1.

Figure 1 presents the incidence of hypertension
according to the presence of overweight/obesity (BMI,
WC and WHR) and drinking (light, moderate and
heavy) in six definitions. Except for women with high
BMI/WC/WHR (+) and the non-drinking group, the
incidence of hypertension was highest in participants
with both risk factors among the three groups and was
higher in men than in women. Regarding BMI and
drinking, participants with high BMI and light drinking
showed a particularly high incidence of hypertension
(55.13%). Likewise, participants with high WC and
light drinking, and high WHR and light drinking, had a
high incidence of hypertension of 55.00% and 45.22%,
respectively.

Association of overweight/obesity and drinking with
hypertension

Measures of body weight and size and alcohol consump-
tion were associated with hypertension risk (table 2).
Before adjustment, participants with high BMI
(OR=1.42, 95% CI 1.16 to 1.74), high WC (OR=1.84,
95% CI 1.46 to 2.32), drinking (OR=1.52, 95% CI 1.30
to 1.83), light drinking (OR=2.25, 95% CI 1.67 to 3.03)
and heavy drinking (OR=1.38, 95%CI 1.13 to 1.67)
showed an increased risk of hypertension as compared
with those with non-overweight/obesity and non-
drinking. After adjusting for potential confounding
factors (including age, gender, education level, marital
status, physical activity, diabetes and smoking), the risk
trend of each variable on hypertension remained basi-
cally unchanged.

Association of combination of overweight/obesity and
drinking with hypertension

Compared with the reference group (non-drinking partic-
ipants with normal body weight and size), high BMI and
light drinking (multivariable-adjusted OR=5.07, 95% CI
3.06 to 8.41), high WC and light drinking (multivariable-
adjusted OR=4.81, 95% CI 2.92 to 7.91), high WHR and
light drinking (multivariable-adjusted OR=2.85, 95% CI
1.84 to 4.42) had the highest risks of hypertension among
the three combinations (table 3, figure 2). In men, the
results were basically consistent, with corresponding risks
of hypertension for three groups of 4.75, 4.70 and 2.88
times higher than in the reference group, respectively.
In women, the risk of hypertension was higher than that
in men only in overweight/obesity and non-drinking
groups, which were 2.36, 2.27 and 1.58 times higher than
that in reference group, respectively.
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Table 3 The ORs for the presence of hypertension according to combination of overweight/obesity and drinking

Total (n=3206)

Men (n=1635)

Women (n=1571)

OR (95% CI) P OR (95% CI) P OR (95% CI) P
Combination of high BMI and drinking
High BMI (=) drinking (=) 1 (ref) = 1 (ref) = 1 (ref) =
High BMI (+) drinking (-) 1.89 (1.49~2.39) <0.001 1.19 (0.78~1.83) 0.416 2.36 (1.76~3.14) <0.001
High BMI (=) drinking (+) 1.15 (0.89~1.50) 0.288 1.19 (0.87~1.63) 0.268 0.49 (0.23~1.05) 0.066
High BMI (+) drinking (+) 2.97 (2.25~3.92) <0.001 3.15 (2.25~4.41) <0.001  1.97 (1.05~3.70) 0.036
High BMI (-) light drinking (+) 1.06 (0.69~1.64) 0.781 1.03 (0.65~1.62) 0.910 - -
High BMI (+) light drinking (+) 5.07 (3.06~8.41) <0.001 4.98 (2.92~8.33) <0.001 - -
High BMI (-) moderate drinking(+) 1.03 (0.38~2.81) 0.960 4.75 (0.88~25.73)  0.071 0.40 (0.09~1.80) 0.231
High BMI (+) moderate drinking (+) 2.07 (0.91~4.70) 0.082 3.01 (0.72~12.56)  0.132 1.74 (0.60~5.07) 0.309
High BMI (-) heavy drinking (+) 1.22 (0.92~1.62) 0.171 1.22 (0.87~1.70) 0.243 0.53 (0.22~1.28) 0.160
High BMI (+) heavy drinking (+) 2.74 (2.01~3.73) <0.001 2.73 (1.88~3.94) <0.001  2.03 (0.95~4.34) 0.068
Combination of high WC and drinking
High WC (-) light drinking (-) 1 (ref) - 1 (ref) - 1 (ref) -
High WC (+) drinking (-) 1.99 (1.58~2.51) <0.001 1.23 (0.80~1.88) 0.352 2.27 (1.69~3.05) <0.001
High WC (-) drinking (+) 1.09 (0.84~1.42) 0.508 1.11 (0.81~1.52) 0.520 0.58 (0.30~1.13) 0.110
High WC (+) drinking (+) 3.28 (2.49~4.34) <0.001 3.37 (2.42~4.69) <0.001 2.25(1.11~4.54) 0.024
High WC (-) light drinking (+) 1.09 (0.70~1.68) 0.705 1.05 (0.66~1.66) 0.834 = =
High WC (+) light drinking (+) 4.81 (2.92~7.91) <0.001 4.70 (2.80~7.89) <0.001 - -
High WC (-) moderate drinking(+) 1.66 (0.75~3.70) 0.215 3.35(0.70~16.07)  0.130 0.85 (0.31~2.34) 0.746
High WC (+) moderate drinking (+) 2.25(0.84~5.97) 0.105 3.96 (0.85~18.51)  0.080 1.12 (0.24~5.27) 0.891
High WC (-) heavy drinking (+) 1.09 (0.82~1.45) 0.569 1.10 (0.87~1.54) 0.591 0.47 (0.20~1.12) 0.087
High WC (+) heavy drinking (+) 3.14 (2.31~4.26) <0.001 3.06 (2.14~4.38) <0.001 2.70(1.23~5.92) 0.013
Combination of high WHR and drinking
High WHR (-) drinking (-) 1 (ref) - 1 (ref) - 1 (ref) -
High WHR (+) drinking (-) 1.45 (1.15~1.83) 0.002 1.03 (0.89~1.54) 0.893 1.568 (1.17~2.13) 0.003
High WHR (-) drinking (+) 1.12 (0.84~1.49) 0.457 1.14 (0.81~1.61) 0.457 0.47 (0.19~1.14) 0.094
High WHR (+) drinking (+) 2.23 (1.71~2.92) <0.001 2.35 (1.68~3.27) <0.001 1.34(0.74~2.42) 0.338
High WHR (-) light drinking (+) 1.10 (0.64~1.78) 0.715 1.05 (0.63~1.75) 0.856 = =
High WHR (+) light drinking (+) 2.85(1.84~4.42) <0.001 2.88 (1.80~4.59) <0.001 - =
High WHR (-) moderate drinking (+) 1.48 (0.56~3.91) 0.429 4.44 (0.83~23.77)  0.082 0.75 (0.20~2.80) 0.668
High WHR (+) moderate drinking (+) 1.45 (0.64~3.31) 0.377 2.86 (0.68~12.04)  0.152 0.95 (0.31~2.89) 0.921
High WHR (-) heavy drinking (+) 1.11 (0.81~1.52) 0.507 1.12 (0.78~1.62) 0.537 0.35(0.11~1.16) 0.085
High WHR (+) heavy drinking (+) 2.18 (1.62~2.92) <0.001 2.16 (1.51~3.09) <0.001  1.51(0.77~2.96) 0.232

Variables for age, gender, education level, marital status, physical activity, diabetes and smoking were included in multivariable models. There were no women

patients with hypertension who reported light drinking (+).

BMI, body mass index; HC, hip circumference; WC, waist circumference; WHR, waist-to-hip ratio.

Interaction effect between overweight/obesity and drinking
on hypertension risk

Multiplicative interactions were observed between over-
weight/obesity and drinking/light drinking/heavy
drinking among total participants and separately among
men (table 4). Regarding additive interactions, there was
statistical significance among the total participants with
high BMI and light drinking (RERI=3.12, 95% CI 0.63
to 5.62, AP=0.62, 95% CI 0.41 to 0.83, SI=4.29, 95% CI
1.82 to 10.11) and men with high BMI and drinking
(RERI=1.75, 95% CI 0.85 to 2.65, AP=0.56, 95% CI 0.36 to
0.76, SI=6.43, 95% CI 1.02 to 28.84). Similarly, the addi-
tive interactions between high WC and drinking/light

drinking/heavy drinking were significant in the total
participants. No additive interaction was found between
WHR and drinking.

DISCUSSION

To our knowledge, this is the first study not only to assess
the independent and combined effects of overweight/
obesity and alcohol consumption on the risk of hyper-
tension but also to explore potential interaction between
them. In our study, all participants with high BMI and
high WC, and men with light and heavy drinking, showed
increased risk of hypertension after controlling for
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Table 4

Total
Additive scale
RERI
AP
SI

Multiplicative scale

Men
Additive scale
RERI
AP
Sl

Multiplicative scale

Women

Additive scale

Model 1
estimate (95% ClI)

0.94 (0.19~1.69)
0.32 (0.11~0.52)
1.91 (0.12~3.27)
2.46 (1.94~3.12)
1.75 (0.85~2.65)
0.56 (0.36~0.76)
(

6.43 (1.02~28.84)
2.78 (2.13~3.63)

Model 2
estimate (95% ClI)

3.12 (0.63~5.62)
0.62 (0.41~0.83)
4.29 (1.82~10.11)
4.19 (2.59~6.77)

3.71 (1.26~6.16)
0.75 (0.58~0.92)

17.88 (0.59~541.26)

4.39 (2.71~7.10)

Interaction analyses of overweight/obesity and drinking towards hypertension

Model 4 Model 5 Model 6
estimate (95% Cl) estimate (95% Cl) estimate (95% CI)

Model 3
estimate (95% ClI)

0.16 (-1.83~2.15)  0.63 (~0.20~1.45) 1.27 (0.43~2.12)  2.81 (0.46~5.15)
0.08 (-0.83~0.99)  0.23 (-0.03~0.49) 0.39 (0.20~0.58)  0.58 (0.36~0.81)
1.18 (0.17~8.36) 1.57 (0.87~2.83)  2.26 (1.29~3.96)  3.80 (1.65~8.77)
1.67 (0.74~3.75) 224 (1.70~2.95) 279 (2.20~3.55)  4.12 (2.56~6.61)

-1.93 (-10.95~7.08)
-0.64 (~4.15~2.87)
0.51 (0.03~9.38)
2.67 (0.65~11.00)

1.31(0.44~2.19)

0.48 (0.24~0.73)

( 2.03 (1.09~2.97)
(
(
(

0.60 (0.42~0.79)

( 3.43 (1.12~5.73)
(
(
(

0.73 (0.55~0.91)
13.39 (0.84~213.84)
4.34 (2.70~6.99)

4.18 (0.81~21.63)
2.41 (1.78~3.25)

6.98 (0.97~50.40)
3.09 (2.38~4.02)

RERI 0.17 (-1.18~1.51) - -0.02 (-2.02~1.98)  0.14 (-1.52~1.79) 0.40 (-1.24~2.05) -
AP 0.09 (-0.56~0.73) - -0.01(-1.17~1.45)  0.07 (-0.71~0.84) 0.18 (-0.45~0.81) -
Sl 1.21 (0.28~5.27) - 0.97 (0.07~14.35) 1.15(0.22~6.06)  1.48 (0.34~6.38) -
Multiplicative scale 1.49 (0.81~2.77) - 1.32 (0.46~3.82) 1.54 (0.73~3.25)  1.71(0.86~3.42) -
Model 7 Model 8 Model 9 Model 10 Model 11 Model 12
Estimate (95% Cl) Estimate (95% Cl) Estimate (95% CIl) Estimate (95% Cl) Estimate (95%Cl) Estimate (95% Cl)
Total
Additive scale
RERI -0.47 (-2.60~1.66)  1.13 (0.20~2.07) 0.66 (0.11~1.21) 1.31 (0.08~2.54) -0.48 (-2.34~1.39) 0.61 (0.02~1.21)
AP -0.26 (-1.64~1.13)  0.36 (0.14~0.58) 0.30 (0.08~0.51) 0.46 (0.18~0.74) -0.33 (-1.79~1.13)  0.28 (0.05~0.52)
Sl 0.64 (0.06~6.64) 2.13 (1.15~3.94) 2.16 (0.97~4.82) 3.41(0.98~11.82)  0.49 (0.02~9.90) 2.09 (0.88~4.98)
Multiplicative scale 1.48 (0.56~3.94) 2.68 (2.04~3.51) 1.91 (1.54~2.38) 2.46 (1.64~3.69) 1.21 (0.53~2.72) 1.87 (1.46~2.40)
Men
Additive scale
RERI 0.38 (-7.57~8.34) 1.74 (0.77~2.71) 1.17 (0.55~1.78) 2.01(0.70~3.32) -1.60 (-10.03~6.82) 1.01 (0.35~1.67)
AP 0.10 (-1.80~2.00) 0.57 (0.35~0.78) 0.50 (0.27~0.72) 0.64 (0.40~0.88) -0.56 (-3.95~2.83) 0.47 (0.21~0.73)
Sl 1.15(0.07~20.12) 6.38 (0.77~52.66) 7.57 (0.21~274.98) 16.02 0.54 (0.03~11.20) 7.77 (0.10~603.20)

Multiplicative scale

Women
Additive scale
RERI
AP
S|

3.64 (0.79~16.77)

-1.00 (-3.02~1.02)
-0.90 (-3.96~2.17)

0.10 (-3.96~2.17)

Multiplicative scale 0.84 (0.18~3.97)

2.82 (2.10~3.78)

0.96 (-1.19~3.12)
0.36 (-0.19~0.91)
2.31 (0.49~10.90)
2.08 (0.96~4.53)

(0.06~4504.14)

2.18 (1.71~2.78) 2.72 (1.80~4.09) 2.70 (0.65~11.13) 2.03 (1.54~2.67)

0.24 (-0.79~1.27) - -1.03 (-3.03~0.97)  0.20 (-0.88~1.28)

0.15 (-0.44~0.75) - -0.88 (-3.27~1.50)  0.13 (-0.51~0.77)

1.73(0.15~20.02) - 0.14 (0.00~249.79)  1.60 (0.13~19.59)
( (

1.09 (0.62~1.92)

0.77 (0.25~2.31) 1.23 (0.64~2.37)

Model 1: high BMI and drinking; model 2: high BMI and light drinking; model 3: high BMI and moderate drinking; model 4: high BMI and heavy drinking; model 5:
high WC and drinking; model 6: high WC and light drinking; model 7: high WC and moderate drinking; model 8: high WC and heavy drinking; model 9: high WHR
and drinking; model 10: high WHR and light drinking; model 11: high WHR and moderate drinking; model 12: high WHR and heavy drinking. Age, gender, education
level, marital status, physical activity, diabetes and smoking were adjusted. There were no women patients with hypertension who reported light drinking (+).

AP, attributable proportion due to interaction; BMI, body mass index; RERI, relative excess risk due to interaction; Sl, synergy index; WC, waist circumference; WHR,

waist-to-hip ratio.

potential confounding factors. We also observed multi-
plicative interaction between overweight/obesity and
drinking/light drinking/heavy drinking among men.
However, additive interaction existed only between high

BMI and drinking in men.

We found that BMI and WC were positively associated
with the risk of hypertension, findings that are consistent
with those of some (but not all) previous studies.*™%*
Some previous studies have not found overweight/obesity
to be associated with hypertension,” *> whereas our study

8

Sun J, et al. BMJ Open 2022;12:¢061261. doi:10.1136/bmjopen-2022-061261



did find positive associations and indicated that high WC
had a more significant impact on the risk of hypertension
than high BMI. Activation of the sympathetic nervous
system is an established mechanism whereby overweight/
obesity can induce hypertension. Neurological studies
have revealed a greater degree of sympathetic activation
with abdominal obesity compared with systemic fat distri-
bution.”® Therefore, WC may be an important target for
intervention in treating and preventing hypertension, an
idea supported by the diagnostic criteria of the National
Cholesterol Education Program Adult Treatment Panel
III (updated ATP III in 2005), the international diabetes
federation (in 2005), and the joint interim statement (in
2009).**? Our results showed that alcohol consumption
is associated with an increased risk of hypertension in
men, even in the absence of overweight/obesity, which
is also consistent with recent studies.*’*! Perhaps due to
the small sample size of women consuming alcohol in our
data, we did not observe an association between alcohol
consumption and hypertension risk in women. Nonethe-
less, we found that overweight/obesity has a greater effect
on the risk of hypertension than alcohol consumption in
both men and women. It appears that weight control is an
important means of preventing hypertension in men and
women, as is moderation in alcohol consumption in men.

When interaction among aetiologic factors exists in a
target population, adequately accounting for that inter-
action by researchers allows a more accurate description
of the risk factors’ potential to cause harm, and hence
the public health measures that are necessary to reduce
that harm.*” Interaction can be assessed on both addi-
tive and multiplicative scales,” ** whereas multiplicative
interaction may be viewed as relevant to etiologic under-
standing, additive interaction may be viewed as a public
health measure relevant to prioritising resource alloca-
tion in efforts at prevention. Consequently, both additive
and multiplicative interaction analysis were performed
in this study. Previous studies that evaluated interaction
between overweight/obesity and alcohol consumption
have been sparce. Consistent with the results of our study,
a previous cohort study found an additive interaction
between high WC and alcohol consumption on hyperten-
sion.'” A cross-sectional study reported that high BMI and
alcohol consumption interact multiplicatively to increase
prevalence of systolic hypertension.'®

The mechanism of obesity-related hypertension and
alcoholic hypertension are complex and multifactorial.
Other than genetic and environmental factors, sympa-
thetic nervous system, endothelium, renal and adrenal
function, adipokines and insulin resistance appear to be
mechanisms of action in obesity-related hypertension.*
The sympathetic nervous system, oxidative stress and
inflammation, baroreceptor sensitivity, renin—angiotensin
axis and increased vascular reactivity have been suggested
as the causes of alcoholic hypertension.*” Given that the
biological mechanisms of overweight/obesity and alcohol
on hypertension are similar, it is reasonable that high

BMI, high WC and alcohol consumption may interact
in altering risk of hypertension. In addition, alcohol can
lead to obesity by increasing total energy intake, inhib-
iting fat oxidation and promoting the release of gluco-
corticoid, so as to change the fat distribution pattern.****
This mechanism may also underlie interaction between
overweight/obesity and drinking on hypertension risk.

Our study has three important limitations. First, the
follow-up of study participants was limited to the 4years
between 2011 and 2015, so the impact of risk factors on
hypertension over alonger period could not be examined.
Second, whereas our study considers three important
measures of body weight and size, we lacked measure-
ments of body fat composition. Third, alcohol consump-
tion was selfreported and is, therefore, subjected to
measurement error.

CONCLUSION

This study explored the independent and combined
effects of overweight/obesity and alcohol consumption
on the risk of hypertension, as well as their potential
multiplicative and additive interactions. Study partic-
ipants with high BMI and light drinking, high WC and
drinking/light drinking/heavy drinking and men with
high BMI and drinking showed additive and multipli-
cative interactions with hypertension. If confirmed in
future studies, such interactions will be important consid-
erations when implementing programmes to mitigate the
heath burdens due to hypertension.
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