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Abstract

Background: Although urbanization was considered as an underlying force of a nutrition
transition towards “Western” diets and sedentary lifestyles and a subsequent increase in the
burden of hypertension (HTN), empirical studies produced mixed results.

Methods: With data from the China Health and Nutrition Survey (1991-2015), we performed
multilevel discrete-time event history analyses to examine the association between communities'
urbanization levels and HTN onset by region (the Northeast, Coastal East, Central, and West)
and period. We stratified analyses by sex.

Results: We found that 1) among women, the medium-to-high urbanization level was
significantly positively associated with incident HTN in 1991 except that the positive association
was insignificant in the Coastal East. From 1991 to 2015, the positive association became
negative except for the West. 2) The high urbanization level was significantly negatively
associated with incident HTN among the Coastal East’s women in 1991. The negative
association in the Northeast and Central became statistically significant across the period. In the
West, the association was still positive and insignificant in 2015. 3) Among men, the

urbanization levels were not significantly related to incident HTN except for the Coastal East in
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which we found that the negative association between the high urbanization level and HTN
occurrence became significant across the period.

Conclusions: The regional differences in the association observed in the female, together with
the changing association between 1991 and 2015, implied that a higher urbanization level might
prevent HTN when a region becomes more economically developed.
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Introduction

Cardiovascular diseases (CVDs) have become the leading cause of death in both China and the
world (Zhou et al., 2016; Hay et al., 2017). Hypertension (HTN) is a major risk factor for CVDs
(Lackland & Weber, 2015; Forouzanfar et al., 2017). Although the HTN prevalence has been
decreasing in the high-income countries since 2000, it has been increasing in the low- and

middle-income countries, including China (Mills et al., 2016).

China has become increasingly urbanized. On the one hand, the proportion of China’s population
living in urban areas has exceeded 50% since 2011 due to the rural-to-urban migration (Gong et
al., 2012). On the other hand, rural and suburban areas have been gaining urban characteristics
(Jones-Smith & Popkin, 2010). Although urbanization was considered as one of underlying
forces of a nutrition transition towards “Western” diets and sedentary lifestyles and a subsequent
increase in the burden of HTN and related CVDs in developing countries (Popkin 1999; Popkin,
2006; Gong et al., 2012; Yang et al., 2013), empirical studies about the association between the
degree to which a place exhibits urban features and prevalent HTN in China provided mixed

results (Van de Poel et al., 2012; Miao & Wu, 2016; Zhang, 2019).
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The mixed findings may be due to the changing association between communities' urbanization
levels and prevalent HTN over time, as has been found in a recent study (Zhang, 2019). Also, the
inconsistent results may result from regional heterogeneity. A cross-country study showed that
urban communities had lower HTN prevalence than rural communities in the middle- and high-
income countries, but the reverse was true in the low-income countries (Chow et al., 2013),
implying that a higher urbanization level may be associated with a decreased burden of HTN as a
country becomes more developed. Within China, regional differences in socioeconomic
development, geography, and population health are substantial (Zhou et al., 2016; Li et al.,
2018). However, whether the association of communities’ urbanization levels with the HTN
burden varies by region remains to be investigated. Additionally, prevalent HTN is a less useful
measure in etiological studies than incident HTN as the former is not only determined by the
number of people affected but also their survival (Ward, 2013). A study on incident HTN is
needed to increase our understanding of the effect of communities' urbanization levels on HTN

onset.

With longitudinal data from the China Health and Nutrition Survey (1991-2015), we conducted
multilevel discrete-time event history analyses to examine the association of communities’
urbanization levels with incident HTN by region. Also, we examined whether the association

changed during 1991-2015. We stratified our analyses by sex.

Data and method

Data
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We analyzed data from the China Health and Nutrition Survey (CHNS) (1991-2015) that is a
longitudinal study. It covers regions vary in socioeconomic development, geography, dietary
culture, and population health. It was designed to examine the effect of social changes on

population health among Chinese.

The first wave was conducted in 1989. Nine waves were conducted in 1991, 1993, 1997, 2000,
2004, 2006, 2009, 2011, and 2015. The CHNS applied a multistage, random cluster design to
draw samples in eight provinces (Liaoning, Henan, Hubei, Hunan, Shangdong, Jiangsu, Guizhou,
and Guangxi). Heilongjiang Province was added since 1991 and Beijing, Chongging and
Shanghai were added since 2011. Further details about the CHNS were reported in Zhang et al.

(2014).

We excluded the 1989 wave from our analyses because only people aged 20-45 were sampled in
1989. As one of our objectives is to examine whether the association between communities’
urbanization level and incident HTN changed between 1991 and 2015, we excluded samples of
Beijing, Chongging, and Shanghai as they were surveyed since 2011 and could not provide data

in the 1990s.

Sample selection

In our study, eligible respondents were those 1) who were not pregnant during the physical
examination, 2) 20-64 years old and 3) nonhypertensive when they were firstly surveyed, and 4)
had at least one follow-up examination. 11,284 respondents, with 52,100 observations, were

eligible for our analyses.
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We performed complete-case analyses; therefore we excluded respondents who had missing
values on hypertension status, educational attainment, household income, Hukou type, marital
status, smoking, and alcohol drinking status, which resulted in an analytic sample of 10031
respondents, with 41265 observations. Figure 1 shows the sample selection process. Considering
the potential bias caused by missing values, we conducted multiple imputations and rebuilt

models based on the multiply imputed datasets in sensitivity analyses.

33572 respondents from
nine provinces participated
in at least one wave of the
China Health and Nutrition
Survey (1991- 2015), with
152635 observations

Ineligible
46 respondents were pregnant
during the survey;
13551 respondents were below 20
years at baseline;
2082 respondents were above 65
years old at baseline;
4813 respondents were hypertensive
v at baseline;
1796 respondents had less than two
observations during the survey.

Y

11284 respondents eligible,
with 52100 observations

Excluded
1099 respondents had missing
values on hypertension status;
140 respondents had missing values
on education, household income,
Hukou type, and marital status;
14 respondents had missing values
on smoking and alcohol drinking.

Y

10031 respondents were
included in our analyses,
with 41265 observations

Figure 1 Sample selection process

Measurements
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Incident hypertension

The dependent variable was incident HTN (i.e., becoming hypertensive in follow-up
examinations or remain nonhypertensive). Trained physicians, using standardized mercury
sphygmomanometers, measured seated systolic/diastolic blood pressure (SBP/DBP) of each
respondent. SBP and DBP were measured three times after 5-minute rest, and three
measurements were taken at 1 or 2 minutes intervals. We averaged the three readings of SBP and
DBP, respectively. The HTN event occured if repondents had an average SBP higher than 140
mmHg, an average DBP higher than 90 mmHg, reporting a diagnosis of HTN, or having

antihypertensive medicine in follow-up surveys.

Communities’ urbanization levels

Jones-Smith and Popkin (2010) developed a composite scale, urbanicity, based on the
community-level and individual-level data of CHNS. They identified 12 components that define
features of urban places, including population density, economic activity, traditional markets,
modern markets, transportation infrastructure, sanitation, communications, housing, education,
diversity, health infrastructure, and social services. Each component was assigned 10 points and
got equally weighted and was summed up to get a total score. The maximum of the total score is

120. A higher urbanicity score indicates that a community has a higher urbanization level.

We divided communities into three groups according to their urbanicity score. The low-
urbanization-level communities were those with an urbanicity scores below the median estimated
from the data pooled all waves. As the relationship between urbanization levels and burden of

chronic diseases may be nonlinear (Liu et al., 2016), we included communities with the medium-
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to-high urbanization level (urbanicity scores in the third quartile) and communities with the high
urbanization levels (urbanicity scores in the upper quartile) in our analyses.

We categorized communities with an urbanicity score in the third quartile and an urbanicity
score in the upper quartile as the groups of medium-to-high urbanization level and high

urbanization level, respectively.

Regions
Consistent with previous studies (Chen et al., 2010; Xu et al., 2015), we grouped our samples
into four regions, including the Northeast, Coastal East, Central, and West. The West is the

reference group.

Period
We centered the survey years at 1991 and included it as a continuous variable in our analyses.

We also included interactions between the survey years and urbanization levels.

Control variables

We included the Hukou type in our model as Li et al. (2017) found that persons with non-
agricultural Hukou type had significantly higher HTN prevalence than those with agricultural
Hukou type. As the CHNS asked respondents about their Hukou status since 1993, we had no
Hukou information in the 1991 wave. We, therefore, assumed that respondents’ Hukou type in
1991 was the same as their Hukou type in their earliest follow-up surveys. Also, we included

educational attainment, household income per capita, marital status, smoking, and alcohol
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drinking status. Table 1 reports definitions and distributions of independent and control variables

included in our analyses.
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Table 1 Definitions and distributions of the independent variable included in our analyses, China Health and Nutrition Survey (1991-

2015)
Variables Description Mean (SD) /
Proportion
Urbanization levels The degree to which a community exhibited 58.11 (20.33)

urban features, measured by urbanicity scores

The first or second quartile Whether communities’ urbanicity scores were 51.05%
(Index<57.15) below the median
The third quartile Whether communities’ urbanicity scores were in 24.59%
(57.15<Index<75.09) the third quartile
The upper quartile Whether communities’ urbanicity scores were in 24.36%
(index>75.09) the upper quartile
Male Whether a respondent was male 42.36%
Duration Number of years after 20 years old 24.36 (12.18)
Period Survey years centered at 1991 10.53 (7.53)

Married Whether a respondent had a spouse 89.96%
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Educational attainment

<Primary education

Lower secondary education

>Upper secondary education
or above
Household income per capita

Non-agricultural Hukou

Smoking

Alcohol drinking

Number of respondents

Number of observations

Whether a respondent’s highest educational
attainment was primary education or below
Whether a respondent’s highest educational
attainment was lower-secondary education
Whether a respondent’s highest educational
attainment was upper-secondary education
Household income in 10,000 yuan

Whether a respondent held a non-agricultural
Hukou

Whether a respondent was a current smoker
Whether a respondent drank alcohol during the

past year

45.61%

31.78%

22.61%

0.86 (1.40)

38.02%

30.42%

33.28%

10,031

41,265




This is a preliminary draft. Please do not cite or distribute without permission of the author.

Statistical analyses

To examine the association between communities’ urbanization level and individual-level
incident hypertension, we built multilevel discrete-time hazard models, using a logit link. We
used the discrete-time hazard model rather than the Cox model because the latter requires the
event data recorded in continuous time (Allison, 1982; Singer & Willett, 2003). However, our
data was recorded in years, a discrete-time unit. We did not know the exact date of HTN
occurrence, but we knew the interval for HTN onset. Additionally, the discrete-time hazard

model can easily incorporate time-varying predictors (Allison, 1982; Singer & Willett, 2003).

The discrete-time hazard model can be written as:
Hazard function:

heij(t) = Prlyyj = 1|ye-1:5 = 0]
Logit model:

logit(heij) = ag + a; ((Time — ¢) + ay(Time — ¢)? + az(Time — ¢)* + BXyij + i + u;

We conducted multilevel analyses, with random effects at the community level and individual
level to account for the dependence of residents within communities and repeated observations

of individuals.

To examine whether the association between urbanization levels and incident HTN varied by
region, we added interactions between regions and urbanization levels. Furthermore, to examine

whether the association changed during 1991-2015, we added interactions between period and
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urbanization levels. We stratified our analyses by sex as there might be sex differences in

exposure and vulnerability to risk factors of HTN and other related CVDs (O’Neil et al., 2018).

We used the MELOGIT command in Stata 15.0 to perform multilevel discrete-time event history
analyses, using the logit transformation. To facilitate the interpretation of the interactions
between regions and urbanization levels as well as the interactions between period and
urbanization levels, we used the LINCOM command to estimate odds ratios and 95% confidence

intervals for different regions in different years.

Sensitivity analyses

To test the robustness of our findings, we examined whether our results changed when
missingness data was accounted for, we performed multiple imputations with the MICE
(multiple imputation by chained equation) package in R (version 3.6.0). Five multiply imputed
datasets were generated. We then used the Ime4 (linear mixed-effects models) package to build
multilevel discrete-time hazard models on each dataset and pooled estimates of each model into a

single set of coefficients and standard errors.

Results

Among 10031 respondents, about 40.37% got HTN from 1991 to 2015. Figure 1 shows the
survival curve across age by sex. Table 2 reports estimates of multilevel discrete-time event
history analyses among men and women, respectively. Model 1 shows an average effect of
urbanization level on incident hypertension across region and period. Among women, people

who lived in communities with a high level of urbanization had significantly lower odds of
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getting HTN than those living in communities with a low level of urbanization. But no
significant difference in odds of getting HTN was found between residents of communities with
a medium-to-high urbanization level and their counterparts of communities with a low
urbanization level. Among men, both the positive coefficient of medium-to-high urbanization
level and negative coefficient of high urbanization level were not significantly associated with
incident HTN. According to Model 1 for both men and women, people of the Northeast, Coastal

East, and Central had higher odds of becoming hypertensive than their counterparts in the West.
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Table 2 Estimates of multilevel discrete-time event history analyses, complete case analyses, China Health and Nutrition Survey

(1991-2015)

Male Female

Model 1 Model 2 Model 3 Model 1 Model 2 Model 3

Intercept "B.39FFK 5 AZRRK B ATRRR G 3QRRK G EIRRR G 74RR
(0.19) (0.20) (0.21) (0.24) (0.25) (0.26)
Duration 0.06%**  0.06%**  0.06%**  0.11%*  0.11%¥*  011%**
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
Duration’2 -0.00* -0.00* -0.00%  -0.00%**  -0.00%**  -0.001***
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Coastal East 0.66%*%  (0.83*%%*  0.84%**  (53%k* 0.0k (93H*
(0.11) (0.15) (0.15) (0.11) (0.15) (0.15)
Northeast 0.55%*%  (5Q***  Q5QFX  (73%k*  0.0fFFX  (095%**
(0.11) (0.15) (0.15) (0.11) (0.15) (0.15)
Central 0.45%** 0.44%%  0.44%**%  QAT*** Q.67  0.68%**

(0.10) (0.13) (0.13) (0.10) (0.13) (0.13)
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Third quarile of urbanicity index 0.05 0.20 0.31 0.07 0.33* 0.76***
(0.08) (0.15) (0.19) (0.08) (0.14) (0.19)

Upper quarile of urbanicity index -0.16 -0.18 -0.12 -0.37*** 0.10 0.11
(0.10) (0.18) (0.25) (0.10) (0.17) (0.25)

Period 0.47*** 0.47*** 0.47%** 0.43*** 0.43*** 0.45%**
(0.03) (0.03) (0.03) (0.03) (0.03) (0.03)

Period"2 -0.04*** -0.04*** -0.04*** -0.04*** -0.04*** -0.04***
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

Period"3 0.00*** 0.00*** 0.00*** 0.00*** 0.00***  0.001***
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

Third quartile x Northeast -0.13 -0.11 -0.18 -0.14
(0.22) (0.22) (0.21) (0.21)

Upper quartile x Northeast -0.01 -0.01 -0.63** -0.62**
(0.24) (0.24) (0.23) (0.23)

Third quartile x Coastal East -0.28 -0.29 -0.55** -0.58**

(0.20) (0.20) (0.19) (0.19)
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Upper quartile x Coastal East

Third quartile x Central

Upper quartile x Central

Third quartile x Period

Upper quartile x Period

Household income per capita

Lower secondary education

Upper secondary education

-0.29

(0.22)

-0.18

(0.19)

0.23

(0.21)

-0.01 -0.01
(0.02) (0.02)
0.02 0.01
(0.07) (0.07)
0.01 0.00

(0.08) (0.08)

-0.30
(0.22)
-0.18
(0.19)
0.22
(0.21)
-0.01
(0.01)
-0.00
(0.01)
-0.01
(0.02)
0.01
(0.07)
0.00

(0.08)

-0.81%**
(0.22)

-0.27

(0.18)

-0.47%

(0.21)

-0.02 -0.02
(0.02) (0.02)
-0.09 -0.09
(0.07) (0.07)
-0.22* -0.22%
(0.09) (0.09)

-0.84%**
(0.22)
-0.28
(0.18)
-0.51*
(0.21)
_0.03***
(0.01)
0.002
(0.01)
-0.02
(0.02)
-0.09
(0.07)
-0.22%

(0.09)
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Non-agricultural Hukou 0.17* 0.19* 0.17* 0.03 0.05 -0.02
(0.08) (0.08) (0.08) (0.08) (0.08) (0.08)
Married -0.07 -0.07 -0.07 -0.09 -0.09 -0.09
(0.09) (0.09) (0.09) (0.08) (0.08) (0.08)
Current smoker 0.02 0.02 0.02 -0.21 -0.22 -0.22
(0.05) (0.05) (0.05) (0.12) (0.12) (0.12)
Drinking alcohol 0.14** 0.14** 0.14** 0.01 0.02 0.01
(0.05) (0.05) (0.05) (0.09) (0.09) (0.09)
Number of observations 17,478 17,478 17,478 23,787 23,787 23,787
AIC 11485.42  11487.49  11490.54  12237.97 12232.66  12222.98
-2 Log Likelihood -5723.71 -5718.74 -5718.27 -6098.99 -6090.33 -6083.49

* p<0.05, ** p<0.01, *** p<0.001
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In Model 2, we added the interactions between urbanization levels and regions based on Model
1. The coefficients of urbanization levels in Model 2 represented the association between
urbanization levels and incident HTN in the West. Among women, the model fit improved after
accounting for the regional variation in the effect of urbanization levels. Among women of the
West, the medium-to-high urbanization level was significantly positively associated with
incident HTN, while the positive association between the high urbanization level and incident
HTN was not statistically significant. All the interactions between the high urbanization level
and regions were statistically significant. And the coefficients were negative, and all their
absolute values were larger than the high urbanization level’s coefficient, indicating a negative
association between the high urbanization level and incident HTN in the Northeast, Coastal East,
and Central. The interactions between the medium-to-high urbanization level and regions were
also negative, but only the interaction between the medium-to-high urbanization level and the
Coastal Region was statistically significant. Among men, however, including the interactions
between urbanization levels and regions did not improve the model fit significantly. And none of

the interactions added was statistically significant.

In Model 3, we included the interactions between urbanization levels and Period on the basis of
Model 2. The coefficients of urbanization levels in Model 3 indicate the association between
urbanization levels and incident HTN in the West in 1991. Among women, the model fit further
improved. After accounting for the interactions, the magnitude of the coefficient of medium-to-
high urbanization level notably increased, while the coefficient of high urbanization level had no
notable change. The coefficient of the interaction between the medium-to-high urbanization level

and period was negative and statistically significant, suggesting that the magnitude of the
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positive association between the medium-to-high urbanization level and incident HTN among
the female decreased from 1991 to 2015. However, the positive coefficient of the interaction
between the high urbanization level and period was insignificant, suggesting that the association
between high urbanization level and incident HTN among women had no notable change across
the period. Among the male, however, the model fit did not improve after including the
interactions between urbanization levels and Period, and none of the interactions added was

statistically significant.

To illustrate the association between urbanization levels and incident HTN by region and period,
based on the Model 3's estimates, Figure 1 shows odds ratio of getting HTN among women
living in communities of higher urbanization level versus their counterparts in communities with
the low urbanization level. In 1991, the medium-to-high urbanization level was significantly
associated with higher odds of getting HTN except that the association was not statistically
significant in the Coast East. The high urbanization level was negatively related to incident HTN
in the Northeast, Coastal East, and Central in 1991. But only the negative association in the
Coastal East was statistically significant. In the West, we found a positive but insignificant

association between the high urbanization level and incident HTN.

In 2000, the magnitude of the positive association between medium-to-high urbanization level
and incident HTN was lower than in 1991. Although the positive association was still significant
in 2000 in the Northeast and West, the positive association between medium-to-high
urbanization level and incident HTN became insignificant in 2000 in the Central. In the Coastal

East in 2000, the association became negative but was still insignificant.
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The negative association between high urbanization level and incident HTN in the Northeast and
West became statistically significant in 2000. The high urbanization level remained to be
significantly negatively associated with incident HTN in the Coastal East, and the association

between high urbanization level and incident HTN was still positive and insignificant in 2000.

In 2015, the association between medium-to-high urbanization level and incident HTN turned
out to be negative except the West, although only the negative association in the Coastal East
was significant. In the West in 2015, the positive association between medium-to-high
urbanization level and incident HTN became very weak and insignificant. The high urbanization
level remained significantly negatively associated with incident HTN except for the West in

which we still found a positive but insignificant association.

1991 2000 2015

Medium-to-high level, Northeast - —023:277) | 140 (1.01:1.95) —0.§910.63-1.26)
High level, Northeast | _.ﬁ (0.36-1.01) | _.MCA‘I-U.EH) 0.64 50.42-0.96)
Medium-to-high level, Coastal East- —-4:19(0:84-1.70) | — &0 (068-1.20) — 37 (04110.80)
High level, Coastal East | _.£43 (0.30-0.78) | _.EQ (0.34-0.70) _.MU.SE-(.N}
Medum-ohigh level, Central 1 162 (1.15-2.25) | 1 122(0.951.57) Q.78 (0.57-1.05)
High level, Central ] _.ﬂz (0.42-1.07) | _.Lﬁﬁ. 0.50-0.95) 0.71 (0.5’)1-100}
Medium-to-high level, West ] 2.14 (1.48-3.06) | 1.62 (1.21-2.16 1.g2 (0.73-1.43)
High level, West ] 1.12 (0.68-1.82) | _1.14 0.79-1.65) 1.‘19;{'0_80-‘1.73}

1.0 2.0 30 05 10 15 20 05 10 15

Odds ratio

Figure 2 Odds ratio of getting hypertension (the medium-to-high urbanization level, or high

urbanization level versus the low urbanization level) among women by region and period.
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Figure 3 reported odds ratio of getting HTN among men. Consistent with the estimates of Model

3 in Table 2, the association between urbanization levels and incident HTN was not statistically

significant in different regions and years except that a negative association between the high

urbanization level and incident HTN became statistically significant across the period in the

Coastal East.

Medium-to-high level, Northeast

High level, Northeast

Medium-to-high level, Coastal East+

High level, Coastal East
Medium-to-high level, Central
High level, Central
Medium-to-high level, West

High level, West

1991 2000 2015
22 (0.80-1.86) 113 (0.80-158) 0.98 (D.68-1.43)
0.88 (4.54-142) 0.85 (0.§8-1.25) 0.820.54}1.23)
108 (0.72-1.46) __098(0.71:126) 0.83 (0.58-1.19)
| 05(0411.03) 0,64 (0.45-0.90) 0,51 (0.41-0.90)
114 0.82-1.58) g5 (0.82-1.35) 0.9 (066-1.27)
11 072:4.70) __1b7(0.79-146) __1.03(073-146)
1.3 (0.94-1.97) | 1.260.94-1.70) 1.4 (§77-1.57)
0.89 (0.54-1.43 0.86 (0.59-1.25) 0.63(0.5541.23)
05 1.0 15 20 05 08 10 12 15 184 0.8 12 16

Odds ratio

Figure 3 Odds ratio of developing hypertension (the medium-to-high urbanization level, or high

urbanization level versus the low urbanization level) among men by region and period.

In terms of control variables, according to estimates of Model 3 for women, having at least

upper-secondary education was associated with lower odds of getting HTN. However, household

income, nonagricultural Hukou, married status, current smoking or alcohol drinking were not

significantly associated with incident HTN. For men, nonagricultural Hukou and alcohol

drinking were significantly associated with higher odds of getting HTN, while household
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income, educational attainment, married status, and current smoking were not significantly

related to incident HTN.

In sensitivity analyses, we rebuilt models based on multiply imputed datasets. We presented
estimates in Table Al of Appendix A. After performing the multiple imputations, the findings
that the association between urbanization levels and incident HTN varied by region and period in
the female remained unchanged, and the effect of urbanization levels on incident HTN was still
not statistically significant in the male, which indicated that our results were robust. However,
the negative coefficient of married status became statistically significant among women, and the
positive coefficient of nonagricultural Hukou type became insignificant among men after

performing the multiply imputations.

Discussion

Zhang (2019) showed that the association between communities’ urbanization levels and
prevalent HTN shifted from positive to negative during 1991-2011. We filled a knowledge gap
by studying the association of communities’ urbanization with incident HTN. Consistently, we
found that the association between communities’ urbanization levels and incident HTN also
changed during 1991-2015. Furthermore, we found that the association varied by region, and was

statistically significant in women but not in men.

In the Coastal East, a more developed region of China, a higher urbanization level was
associated with lower odds of getting HTN among women since 2000, while the association was

still positive and insignificant among women in 2015 in the West, a less developed region of
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China. Although communities' urbanization levels were generally not significantly associated
with incident HTN among men, we found that a negative association between the high
urbanization level and HTN occurrence became significant across the period in the Coastal East.
The regional differences in the association between urbanization levels and incident HTN,
together with the changing association from 1991 to 2015, suggested that a higher urbanization
level of communities might contribute to HTN prevention when a region becomes more

economically developed.

Our study was subject to several limitations. Firstly, although CHNS covers regions vary in
socioeconomic development, geography, and population health, it is not nationally
representative. Our findings, therefore, can only generalize to adults of the nine provinces
included in our study. Secondly, we based our analyses on respondents’ places of residence at the
time of the survey and did not account for the selection effect of migration. Compared with
persons with worse health status, healthier people are more likely to migrate from less developed
regions to more developed regions. They are also more likely to move from communities with
lower urbanization levels to those with higher urbanization levels. Thus, the association between
communities' urbanization levels and incident HTN and the regional differences in the
association may be partly due to the selection effect of movement rather than the impact of place

of residence.

Our study revealed that the association between the urbanization levels and HTN burden among
Chinese adults varied by region, and was different between men and women. Further studies are

needed to examine which component of community-level urbanization was more closely related
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to HTN prevention. The sex difference in the association between communities’ urbanization

levels and HTN onset remains to be clarified.
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Appendix A

To examine whether our findings changed after accounting for the missing data, we performed
multiple imputations and created five multiply imputed datasets. We conducted multilevel
discrete-time event history analyses based on each imputed dataset. We then pooled results

estimated based on each dataset and reported the coefficients and standard errors in Table Al.

Table Al Estimates of multilevel discrete-time event history analyses, based on multiply

imputed datasets, China Health and Nutrition Survey (1991-2015)

Male Female

Model 3 Model 3

Intercept -5.37*%** -6.63***
(0.18) (0.20)
Duration 0.07*** 0.11%**
(0.01) (0.01)
Duration"2 -0.0004%  -0.001%***
(0.00) (0.00)
Coastal East 0.86*** 0.86***
(0.14) (0.14)
Northeast 0.62*** 0.89***
(0.15) (0.15)
Central 0.46***  0.60%**

(0.13) (0.14)
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Third quartile of urbanicity index

Upper quartile of urbanicity index

Period

Period"2

Period"3

Third quartile x Northeast

Upper quartile x Northeast

Third quartile x Coastal East

Upper quartile x Coastal East

Third quartile x Central

Upper quartile x Central

Third quartile x Period

0.32
(0.19)
-0.09
(0.24)
0.45%**
(0.02)
_0.04***
(0.001)
0.001***
(0.00)
-0.07
(0.22)
-0.10
(0.24)
-0.32
(0.19)
-0.34
(0.24)
-0.26
(0.17)
0.09
(0.21)

-0.01

0.69%**
(0.19)
0.07
(0.27)
0.42%**
(0.03)
_0.03***
(0.003)
0.001***
(0.00)
-0.04
(0.22)
-0.54*
(0.25)
-0.43*
(0.20)
-0.77%**
(0.21)
-0.16
(0.19)
-0.43*
(0.20)

-0.03**
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Upper quartile x Period

Household income per capita

Lower secondary education

Upper secondary education

Non-agricultural Hukou

Married

Current smoker

Drinking alcohol

Number of observations

(0.01)
0.002
(0.01)
-0.02
(0.02)
0.005
(0.07)
-0.03
(0.08)
0.13
(0.08)
-0.09
(0.09)
0.03
(0.05)
0.11*
(0.06)

22096

(0.01)
0.003
(0.01)
-0.01
(0.02)
-0.07
(0.06)
-0.23*
(0.09)
-0.06
(0.10)
-0.20
(0.07)**
-0.20
(0.12)
-0.01
(0.10)

30004

* p<0.05, ** p<0.01, *** p<0.001



