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Abstract

Objective—L.ittle is known about whether large-scale environmental changes, such as those seen
with urbanization, are differentially associated with systolic versus diastolic blood pressure, and
whether those changes vary by birth cohort.

Methods—We used data from the China Health and Nutrition Survey, a population-based cohort
study of Chinese adults (n=18,976; ages 18—70y) seen a maximum of 7 times over 1991-2009. We
used hierarchical multivariable linear models to simultaneously estimate systolic and diastolic
blood pressure as correlated outcomes over time, accounting for their physiologic, time-varying
correlation. Main exposure variables were urbanicity, age, and birth cohort. Over 18 years of
modernization, median systolic and diastolic blood pressure increased by 10 and 7 mm Hg,
respectively.

Results—Our hierarchical model results suggest greater temporal increases in systolic and
particularly diastolic blood pressure at lower versus higher urbanicity. At the same chronological
age, for a 10-year difference in birth cohort (i.e., born in 1980s versus 1970s) the adjusted mean
diastolic blood pressure was ~3mm Hg higher for the later birth cohort (p<0.001). Pulse pressure
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(calculated as model-predicted systolic minus diastolic blood pressure) was also higher at low
versus high urbanicity.

Conclusions—These results suggest increased susceptibility of diastolic blood pressure (and
thus peripheral vascular resistance) to environmental change, particularly in younger Chinese
adults. Because diastolic blood pressure more strongly predicts cardiovascular disease risk in
younger adulthood, hypertension-related health burden in China may increase over time.

Keywords
population; epidemiology; hypertension

Introduction

Hypertension, the greatest attributable risk factor for death worldwide, is defined by two
distinct, yet correlated, measures of arterial function: systolic blood pressure (SBP) and
diastolic blood pressure (DBP). Though correlated, SBP and DBP have different functions
and clinical meaning: SBP reflects arterial stiffness and DBP reflects peripheral vascular
resistance. SBP and DBP respond differentially to aging[1-6] and environmental exposures,
[6, 7] and differentially predict cardiovascular disease (CVD) events across adulthood.[1-3,
8] Examining factors associated with hypertension, a single measure that combines SBP and
DBP, may mask clinically meaningful findings.

Though CVD risk increases linearly with SBP and DBP, without evidence for threshold
effects,[9] most studies examine SBP and DBP in combination via hypertension (SBP/
DBP=>140/90 mm Hg), [10-13] rather than as quantitative traits. The few studies examining
SBP and DBP as quantitative traits have generally used separate regression models,[4, 5]
failing to account for physiologic correlation between SBP and DBP. Thus, current
approaches do not address simultaneous and differential associations between exposure
variables with SBP versus DBP, limiting clinical targets for intervention.

We capitalize upon unique longitudinal blood pressure data from the China Health and
Nutrition Survey (CHNS) spanning 20 years of rapid urbanization to examine the
associations between environment and cohort factors with SBP and DBP. We estimated SBP
and DBP as simultaneous outcomes, accounting for their within-individual and time-varying
correlation.

Our simultaneous modeling method has important implications for hypertension prevention
and intervention because it allows us to estimate systolic and diastolic blood pressure as
time-varying, correlated outcomes, accounting for their true physiologic relationship. This is
important because SBP and DBP are distinct measures of CVD risk (representing arterial
stiffness and peripheral vascular resistance, respectively), and each varies in how it predicts
CVD risk at different ages. Since heretofore researchers have been unable to examine
differential predictors of SBP versus DBP, little is known about the differential associations
of environmental and/or lifestyle exposures with these two measures. Rather, the vast
majority of research has examined measures that combine SBP and DBP (i.e., hypertension),
leaving fundamental gaps in understanding about how environmental and lifestyle factors
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may differentially contribute to changes in SBP and DBP over time. Thus, our aim in the
current paper is to examine estimated differential associations of environmental and/or
lifestyle exposures with SBP or DBP while accounting for their time-varying correlation.
Our findings inform tailored efforts to address arterial stiffness (SBP) and/or peripheral
vascular resistance (DBP) as differential components of hypertension.

We hypothesized that age-related increases in SBP are greater in older versus younger
cohorts, since SBP rapidly increases during late adulthood relative to other lifecycle periods;
[7] we further hypothesized that secular increases in SBP and DBP occur in conjunction
with environmental changes particularly in younger adults, who may be more likely than
older adults to adopt modern lifestyle behaviors associated with hypertension.

The CHNS is a longitudinal study of 228 communities within 9 Chinese provinces
(Liaoning, Jiangsu, Shandong, Henan, Hubei, Hunan, Guangxi, Guizhou, and Heilongjiang).
Nine surveys have occurred every 2—4 years between 1989-2011. The CHNS was designed
to provide representation of rural, urban, and suburban areas varying substantially in
geography, economic development, public resources, and health indicators and to focus on
health during urbanization and economic change.[14] It is the only large-scale, longitudinal
study of its kind in China. A multistage, random cluster design was used to select a stratified
probability sample by province. Using this sampling strategy, two cities (one large and one
small city usually the provincial capital and a lower income city) and four counties
(stratified by income: one high, one low, and two middle income counties) were selected.
Within cities, two urban and two suburban communities were selected; within counties, one
community in the capital city and three rural villages were chosen, and then 20 households
per community were randomly selected.

Ethics Statement

Sample

The study met the standards for the ethical treatment of participants and was approved by
the Institutional Review Boards of the University of North Carolina at Chapel Hill and the
Institute of Nutrition and Food Safety, Chinese Center for Disease Control and Prevention.

The eligible sample for analysis included 19,014 adults aged 18-70y for whom blood
pressure was collected during at least one of the 1991, 1993, 1997, 2000, 2004, 2006, or
2009 exams (57,789 observations). Observations were excluded due to pregnancy at time of
exam (total observations=344; 54 in 1991, 46 in 1993, 43 in 1997, 41 in 2000, 60 in 2004,
25 in 2006, and 75 in 2009) or missing covariates (total observations=1,508; 224 in 1991,
204 in 1993, 181 in 1997, 280 in 2000, 189 in 2004, 263 in 2006, and 167 in 2009) at
multiple exams, resulting in an analytic sample of 18,754 individuals (55,937 observations)
with complete covariate data for one to seven measurement occasions (mean number of
exams: 4.2). Compared to the ~1% of participants (=260 individuals) excluded due to
missing data or pregnancy, the 18,754 individuals in the analytic sample were more likely to
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be women, have higher incomes, to have been previously pregnant (women), or to smoke
(men).

Measurement of Dependent Variables

SBP and DBP were measured in triplicate at each survey using an appropriately-sized cuff
from a standard mercury sphygmomanometer on the right arm after five-minute initial
seated rest and 30-second interval between cuff inflations by experienced physicians. The
mean value was used in analyses. Hypertension was defined at each survey year as a self-
reported doctor diagnosis of hypertension, a measured mean SBP =140 mm Hg or mean
DBP=90 mm Hg.[7] Pulse pressure was defined as SBP minus DBP.

Measurement of Independent Variables

Age and birth year, sex, smoking status, and pregnancy status/history were self-reported at
each survey. Alcohol consumption and dietary intake were collected via 3-day household
food records which were calibrated to simultaneous, individual, 3 consecutive 24-hour
recalls. A detailed weekly physical activity recall spanning one-year was used to measure
multiple domains of physical activity. Metabolic equivalents of task (MET) hours per week
were calculated for occupational and domestic activity using the Compendium of Physical
Activity[15, 16]. Household income, derived from individual and household questionnaires,
was inflated to 2009 Yuan currency in analysis for comparability over time. Height and
weight were measured at each survey without shoes and in light clothing using a portable
Seca stadiometer and on a calibrated floor scale (Seca Zhong Guo, Hangzhou, China). In
descriptive analysis, we include the prevalence of overweight according to the World Health
Organization,[17] Asian,[18] and Chinese[19] cut points.

Urbanicity reflects the degree of modernization of each of the communities at each survey
period. Urbanicity was assessed using individual and community-level survey items from
which a multicomponent scale was created representing infrastructure, economic, and social
service domains.[20] The scale was developed specifically for the CHNS and has high
reliability, validity, and temporal stability,[20] with a possible range of 0-120 (higher score
reflects more “urban” characteristics across multiple domains). There is low residential
mobility in our sample, and thus our time-varying measure reflects urbanization-related
changes occuring in each community, or length of stay in an urban environment for
individuals with high urbanicity and no change over time. We entered urbanicity as a time-
varying, continuous, cubic polynomial in models.

Statistical Analysis

All descriptive analyses were conducted in Stata 13 (Stata Corp, College Station, TX, USA).
Statistical models and tests were administered in SAS 9.2 (SAS, Cary, NC, USA). In
descriptive analyses, we examined individual- and household-level characteristics in 1991
and 2009 (the first and last waves of the survey) according to tertiles of urbanicity (low,
medium, and high) and gender.

We modeled SBP and DBP simultaneously because of their inherent interdependence and
because of an interest in determining whether covariates differentially influenced SBP and
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DBP. Hierarchical multivariable linear models simultaneously estimated SBP and DBP as
two correlated outcomes over time (proc mixed) with random effects at the province,
community, and individual levels to account for both the data structure and the dependence
of the outcome within individuals over time. We jointly estimated a within-subject residual
covariance characterized by the Kronecker product of an unstructured matrix for blood
pressure type (SBP or DBP) and an unstructured matrix over time (1991, 1993, 1997, 2000,
2004, 2006, or 2009), allowing variances of SBP and DBP to change with time as well as a
time-varying correlation between SBP and DBP. Our sex-stratified model contained separate
parameters for the SBP and DBP mean functions (i.e., each covariate had distinct parameters
capturing separate associations with SBP and DBP). The mean functions for SBP and DBP
included household income, current smoking status (yes versus no; men only, given low
[~4%] prevalence in women), ever pregnant (yes versus no; women only), time, birth cohort
(categorized into decade of birth [1930s, 1940s, 1950s, 1960s, 1970s, or 1980s]; 1930s
includes 832 individuals born between 1921-1930, and 1980s includes 43 individuals born
in 1990-1991 due to small sample in those decades), urbanicity, and interactions between
time, birth cohort, and urbanicity (detailed description in Supplemental Methods). We
conducted Wald tests for the inclusion of specific combinations of polynomial and
interaction terms, and contrasts of model coefficients, with significance set at p=0.05. Birth
cohort by urbanicity interaction terms were statistically significant for both sexes (p<0.01),
thus all were retained.

Sensitivity Analysis

We conducted several sensitivity analyses to examine 1) inclusion of body mass index
(BMI) in statistical models, 2) whether findings were affected by the use of hypertension
medication, 3) differences according to classification of urbanicity, and 4) model results for
the subset of individuals with complete data across all seven exam visits (details and results
in Supplemental Methods).

Presentation of results

Results

To facilitate interpretations from our simultaneous model, we used model coefficients to
predict mean SBP and DBP at specified, well-represented levels of key covariates: low (25t
percentile) and high (75! percentile) urbanicity, and for the 1940s (251 percentile) and
1970s (75t percentile) birth cohorts. Because mean urbanicity increased over time, we
compared the 75" (high) and 25t (low) percentile of the urbanicity scale at each survey
wave to examine relative urbanicity. All control variables were predicted at sample median
or referent levels. We used model-predicted SBP and DBP to derive adjusted pulse pressure
(SBP minus DBP), which we present at low and high urbanicity for the 1940s and 1970s
birth cohorts. We calculated Wald test statistics and p values to compare the adjusted mean
SBP and DBP levels for these specific contrasts.

In Chinese adults aged 18-70y, median SBP and DBP increased over time for men and
women between 1991 and 2009 (Tables 1 and 2). Differences in SBP and DBP according to
urbanicity were particularly apparent for men in 1991, though these differences narrowed
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considerably over the survey period. The crude prevalence of hypertension (SBP/
DBP=140/90 mmHg or doctor diagnosis) doubled from 13% in 1991 to ~26% in 2009
concurrent with increasing urbanicity (Table 1). SBP and DBP were higher in older adults at
all survey years (Supplemental Table 1).

From the simultaneous, multilevel models, Wald tests of combined coefficients
(Supplemental Table 2) suggest that DBP increased with age (p<0.001 for all birth cohort by
time interaction terms) and differed more by urbanicity level for earlier versus later cohorts
(older versus younger in 2009; p<0.01 for interaction between all urbanicity and birth cohort
terms). Men and women who lived in communities of lower urbanicity had greater predicted
increase in DBP over time (p<0.05 for urbanicity and time interaction terms). We observed
greater temporal increase in SBP in earlier versus later birth cohorts (younger versus older in
2009; p<0.001 for all birth cohort by time interaction terms). Except for younger adult men,
SBP increased more with age at lower versus higher urbanicity (p<0.05 for all urbanicity
and birth cohort interaction terms). Model-based correlation between SBP and DBP at each
survey (~0.68 women, 0.70 men) was higher than correlation between two different surveys
for DBP (men: ranging from 0.21 to 0.39; women: ranging from 0.24 to 0.41) or SBP (men:
ranging from 0.1 to 0.36; women: ranging from 0.20 to 0.39) [not shown].

Model-adjusted changes in SBP and DBP with age for two different cohorts

Using the coefficients from Supplemental Table 2, Figure 1 shows that the difference in
DBP (men and women), and SBP (women) at high (75™ percentile) versus low (25t
percentile) urbanicity narrowed over time for the 1940s cohort (p<0.05; Supplemental Table
4). Differences in DBP by urbanicity were smaller for the 1970s cohort (p>0.05;
Supplemental Table 4).

Model-adjusted changes in pulse pressure with time for two different cohorts

Pulse pressure (model-predicted systolic minus diastolic blood pressure) increased more in
the 1940s than 1970s cohort (Figure 2). Temporal increase in pulse pressure was greater,
albeit not statistically significantly, at low (versus high) urbanicity, particularly for earlier
birth cohorts (Supplemental Table 4).

Difference in mean SBP and DBP between 1991 and 2009 according to level of urbanicity,
gender, and cohort

Higher urbanicity was associated with smaller temporal increases in DBP for women across
birth cohorts (negative coefficient for urbanicity, birth cohort, and time interaction terms;
Supplemental Table 2); this association was similar, albeit smaller, for DBP in men. Using
model coefficients from Supplemental Tables 2 and 3, the predicted difference in SBP (2009
minus 1991 values) was larger at lower urbanicity than higher urbanicity for the 1940s
versus 1970s birth cohort (Figure 3). For men, cohort differences in DBP were negligible at
lower urbanicity, but not at higher urbanicity (Supplemental Table 5). The opposite was true
for women: cohort differences in DBP were negligible at higher urbanicity, but not at lower
urbanicity (Supplemental Table 5).
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Model-adjusted changes in DBP and SBP with age according to birth cohort and urbanicity

In Figure 4, slopes for DBP and SBP by age and birth cohort illustrate secular and cohort
effects. For men at low (25t percentile) urbanicity, even at the same age, later birth cohorts
(younger in 2009) had consistently higher SBP and DBP than earlier birth cohorts (e.g., SBP
was 3.6 mm Hg higher for men aged 40 if they were born in the 1970s versus 1960s). Men
from later birth cohorts had larger temporal increases in DBP and smaller temporal increases
in SBP over time compared to earlier birth cohorts, even at the same age (Supplemental
Table 5). Findings were similar for women, albeit with statistical significance only at low
urbanicity (Supplemental Table 5).

Model-adjusted changes in DBP and SBP according to lifestyle factors

From statistical models, smoking status was negatively associated with DBP and SBP in
men (p<0.05). Infrequent alcohol consumption was negatively associated with SBP and
DBP in men and women (p<0.05), while more frequent alcohol consumption was positively
associated with SBP and DBP in men (p<0.05). Though income increased over the survey
period it was not significantly associated with SBP or DBP in men or women.

Sensitivity Analysis
In sensitivity analyses, urbanicity was associated with SBP and DBP even after control for
BMI (Supplemental Figures 1-4). Results did not differ when baseline and change in
urbanization were modeled (Supplemental Figure 5), rather than average urbanization
(Figure 3). Model results and predictions were similar in magnitude in models excluding
individuals on hypertension medication (results not shown). We found smaller cohort
differences in the subsample of respondents seen all 7 exam years versus the full analytic
sample (results not shown).

Discussion

In the context of a rapidly urbanizing environment, we sought to understand how
environmental and cohort factors were differentially associated with SBP and DBP across
adulthood illuminating important population targets for CVD prevention. We found that
even at the same chronological age, later cohorts (i.e., born in 1980 versus 1970) had higher
DBP and larger temporal increase in DBP than earlier cohorts, highlighting the malleability
of DBP over the course of urbanization. In addition, greater temporal and secular increases
in SBP and DBP at lower versus higher urbanicity across adulthood suggest comparatively
higher CVD risk in less urban areas. Together, our findings suggest that environmental
change has the potential to differentially influence DBP and SBP, and may have greater
impact on DBP, a marker of peripheral vascular resistance.

While high blood pressure is the number one attributable risk factor for death worldwide, it
is also potentially highly modifiable throughout the life course.[7, 8, 21, 22] In developed
countries that experienced slow rates of modernization, studies have suggested declines or
leveling off in mean blood pressure over the last century, potentially due to increased
hypertension treatment.[4, 5, 23, 24] However, in China during a period of rapid
modernization, we observed a substantial increase in mean SBP and DBP over time,
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particularly in low urbanicity areas. From 1991 to 2009, increases in SBP and DBP for the
1940s (versus 1970s) birth cohort were approximately 3-4mm Hg higher at low versus high
urbanicity. Similar differences in SBP and DBP are observed when individuals adopt a low-
salt diet[7] or lose 5-10% of their body weight.[25, 26]

In our analysis, we examined SBP and DBP as quantitative traits, addressing major
limitations of using hypertension as an outcome measure. We avoid potential threshold
effects related to hypertension cut points[7] and estimate independent associations between
urbanicity, age, and cohort with SBP and DBP over time, while accounting for their
physiologic correlation. SBP and DBP inter-correlation differs within individuals and over
time[1-3, 6] (e.g., SBP increases throughout adulthood, while DBP stabilizes or decreases
around age 50y), however, studies that examine SBP and DBP independently in separate
regression models[4, 5] or within strata of one or the other,[6] do not account for this
correlation. From our models, men in the 1970s cohort had a slightly larger mean increase in
DBP versus SBP over 1991-2009 (4.5 mmHg). For the same level of increase, DBP more
strongly predicts CVD than SBP in men <60y,[1, 7] thus, we posit that young adult men in
this sample are at increased risk of CVD due to higher peripheral vascular resistance.

Our findings relative to differential estimated effects of SBP and DBP provide insights into
physiologic responses to environmental change and age-related associations, as well as
future CVD risk. From our simultaneous model, we compared cohort differences in SBP and
DBP at the same biological age, finding that later birth cohorts had comparatively smaller
increases in SBP and similar, if not larger, increases in DBP than earlier birth cohorts. We
observed greater secular increase in DBP than SBP in response to urbanization, particularly
in young adulthood, which is consistent with findings from a longitudinal study of US adults
that examined SBP and DBP in separate hierarchical models.[6] Model-adjusted pulse
pressure (SBP minus DBP), a measure of left ventricular ejection fraction, large-artery
stiffness, and early pulse wave reduction[1] was higher at low versus high urbanicity across
all cohorts. Together, these findings suggest that DBP (and thus peripheral resistance) is
more responsive than SBP (and thus arterial stiffness) to environmental change, and that
higher pulse pressure levels at lower urbanicity may be due to effects on peripheral
vasculature, rather than central vasculature or cardiac output.

With the unique experience of a cohort of Chinese adults undergoing rapid urbanization and
environmental change,[10, 20] we gain insight into the association between age, birth
cohort, and environment with SBP and DBP over time. Lifestyle behaviors also changed
considerably during the survey period. Over the past 30 years of modernization, CVD risk
factors have become more prevalent in China,[10, 16, 27-29] particularly in high urbanicity
areas.[20, 30-32] However, recent research suggest increasing risk of CVD in less urban
areas.[31, 33] Our study contributes to this body of evidence and suggests the need for
expansion of CVD prevention, screening, and treatment to rural areas and to young adults,
who are not typically seen as “at high risk’ of hypertension or CVD.

We controlled for a host of economic and lifestyle factors in addition to urbanization, age,
and cohort. We found that consistent with previous studies,[34, 35] being a current smoker
versus non-smoker was negatively associated with DBP and SBP in men, potentially
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because chronic smoking has a depressant effect on the autonomic nervous system.[34] Also
similar to the previous literature, infrequent/moderate alcohol consumption was negatively
associated with SBP and DBP[36], while more frequent alcohol consumption was positively
associated with SBP and DBP.[37] These associations, while statistically significant, were
relatively small when compared to the observed associations between age, cohort, and
urbanicity with SBP and DBP. Lastly, in our sensitivity analysis, we found that BMI was
positively associated with absolute SBP and DBP in men and women. It is well established
that higher BMI is associated with higher SBP and DBP due to greater cardiac output and
vascular resistance with increased weight,[38] however, even with BMI in the models,
associations of urbanicity and cohort with SBP and DBP were still present, suggesting the
possibility of environmental effects on blood pressure that go above and beyond the effects
of lifestyle factors alone.

Our study has some limitations. We do not address early life factors that might be relevant to
the observed differences across birth cohorts.[24] However, we report differential increases
in SBP and DBP across a wide age range (18-70y) and across six decades of birth cohorts.
Age restrictions for the analytic sample, original survey sampling design, and loss to follow
up meant that we do not have the full 7 observations for each individual. In sensitivity
analysis, we restricted the sample to the 2,738 participants seen at all 7 occasions, and did
not find differences in the magnitude of association between urbanization and age with SBP
and DBP for the full versus reduced sample. Previous work from our group has found
limited bias due to sample participation at each survey wave of the CHNS.[39] While the
CHNS is not nationally representative of China, the sampling design encompassed
communities with variation in geography, level of urbanization, and economic structure; this
diversity is unique to the CHNS and is what makes this analysis possible. As we were not
conducting etiologic modeling, we did not address lifestyle behaviors or effects of
urbanization. Rather, we focused on marginal associations by urbanicity, age, and birth
cohort with SBP and DBP over time. Lastly, though we make use of the most widely-
measured and predictive markers of CVD (SBP, DBP, and pulse pressure), we were unable
to examine other markers, such as pulse rate, that are related to CVD outcomes independent
of blood pressure,[40] and could provide further insight into associations between
environment and physiology. Despite these limitations, our study uses a sophisticated
modeling strategy that accounts for within-individual SBP-DBP correlation, providing a new
paradigm for examining heterogeneous biological, environmental, and behavioral
determinants of SBP and DBP. We measure urbanization using a scale that captures diverse
changes across community-level services, infrastructure, economic factors, and food and
health markets over time, improving upon standard demographic urban-rural dichotomous
measures.

In sum, temporal increases in SBP, DBP, and pulse pressure were greater in low relative to
high urban areas. Even at the same chronological age, later cohorts (i.e., born in 1980 versus
1970) had higher DBP and larger temporal increase in DBP than earlier cohorts. These
findings suggest that DBP is particularly responsive to environmental change. Our work
highlights the need to increase prevention of, and screening for, hypertension in rural areas
of China and across low and middle income countries facing equally rapid modernization
and urbanization.
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Figure 1. Model-predicted SBP and DBP in adults (18-70y): the China Health and Nutrition
Survey

Sex-stratified models show 1940s (solid lines) and 1970s (dashed lines) birth cohorts by
urbanicity at each survey year: low (grey lines with triangle markers; 25t percentile) or high
(black lines with square markers; 75t percentile). Adjusted for time, smoking (men), parity
(women), alcohol consumption, and income.

Abbreviations: SBP: systolic blood pressure; DBP: diastolic blood pressure
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Figure 2. Adjusted pulse pressure derived from the simultaneous SBP-DBP model: the China
Health and Nutrition Survey

Pulse pressure calculated from sex-stratified regression models as systolic minus diastolic
blood pressure. 1940s (solid) and 1970s (dashed) birth cohorts by urbanicity at each survey
year: low (grey with triangle markers; 251 percentile) or high (black with square markers:
75t percentile). Adjusted for time, smoking (men), parity (women), alcohol consumption,
and income.

Abbreviations: SBP: systolic blood pressure; DBP: diastolic blood pressure

J Hypertens. Author manuscript; available in PMC 2016 May 01.

®
S
2



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

ATTARD et al.
20
18
g
€
£ 12
% 10
) 8
o 6
£8 4
N
33 2
gm 0
| -
Sz
92 18
Sa 16
qE,-gaM
- OT 12
Qg
£ 10
o
o 8
O 6
4
2
0

vy

Low

Page 15

10 50 90

OMen - 1940s Cohort
m\Women - 1940s Cohort
OMen - 1970s Cohort
@Women - 1970s Cohort

10 50 | 90
Urbanicity Percentile

>  High

Figure 3. Temporal difference in SBP and DBP from 1991-2009: the China Health and Nutrition

Survey

Adjusted for time, smoking (men), parity (women), alcohol consumption, and income.
Predictions based on the urbanicity scale distribution in 1991 and 2009 (e.g., DBP at the 90"
percentile of urbanicity in 2009 minus DBP at the 90 percentile of urbanicity in 1991).
Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure.
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Figure 4. Model-predicted SBP and DBP in adults aged 18-70y: the China Health and Nutrition
Survey
Adjusted for time, smoking (men), parity (women), alcohol consumption, and income.

Cohorts defined by decade of birth. The differences between lines at any given age at survey
represent differences by birth cohort. The urbanicity scale distribution at each wave defined
low (25™ percentile) and high (75™ percentile) urbanicity.

Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure
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