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Abstract

We examine the associations between overall urbanicity and specific physical and social
components of community-level urbanization with C-reactive protein (CRP) in adults participating
in the China Health and Nutrition Study. Higher overall urbanicity and environment-related
urbanicity component scores, including education, housing quality, and access to markets, were
associated with elevated CRP in multilevel models controlling for clustering by community. These
associations differed by age and gender and persisted after controlling for individual-level
anthropometric, diet, and pathogenic risk factors. These results highlight the importance of place
in relation to inflammation across the spectrum of rural and urban environments.
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Introduction

Urbanization, the process of increasing urban size, density and heterogeneity (Vlahov and
Galea, 2002), is widely recognized as a driver of globally changing patterns of health and
disease. Worldwide, the prevalence of obesity and chronic diseases, such as hypertension
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and diabetes, is significantly higher in urban than in rural areas (Popkin et al., 2012), leading
some researchers to characterize urbanization as a process creating an “urban health
penalty” (Vlahov et al., 2005). The pathways linking urbanization and health, however, are
multifaceted. Urbanization offers opportunities for improvements in health through
increased access to health care, economic opportunities, and improved basic infrastructure,
but also substantial health risks from pollution, occupational and traffic hazards,
Westernized diets, and reduced physical activity (Gong et al., 2012; Ng et al., 2009; Popkin
1999; Popkin and Du, 2003; Vlahov et al., 2005). How these factors independently and
jointly influence individuals' susceptibility to disease is not well characterized. Parallel
research in neighborhoods and health documents the positive and negative role of place on
health outcomes through a number of interrelated and mediating pathways (Diez Roux and
Mair, 2010). Contextual attributes of place (availability of grocery stores, housing quality
and neighborhood safety), health behavior (physical activity and alcohol use), disease
exposures, and psychosocial factors (anxiety, stress, and depression) have all been proposed
to link local environments to health outcomes (Daniel et al., 2008). These contributors to the
effects of neighborhood on health are likely to overlap those linking urbanization to health
and to share similar behavioral and biological pathways.

Inflammation, induced by immune recognition of infection or tissue damage, is one such
pathway that may link physical and social environments to poor health outcomes, such as
cardiovascular disease (Pearson et al., 2004), diabetes (Pradhan et al., 2001) and depression
(Hansel et al., 2010). C-reactive protein (CRP), a commonly measured inflammatory
marker, responds to the pathogen exposures (Kushner et al., 2006; McDade et al., 2008),
adiposity (Kushner et al., 2006; McDade et al., 2008) and psychosocial stress (Browning et
al., 2012; Hansel et al., 2010) that characterize neighborhoods and accompany urbanization.
Adult CRP levels are significantly associated with individual and neighborhood
socioeconomic status (Gallo et al., 2012; Holmes and Marcelli, 2012; Petersen et al., 2008;
Pollitt et al., 2007), neighborhood deprivation, safety, and cohesion (Browning et al., 2012;
Nazmi et al., 2010a) and housing conditions (Cagney and Cornwell, 2010; Williams and
McDade, 2009). However, much of this research on neighborhood characteristics and
inflammation has focused on the United States and other Western countries. The impact of
pathogenic, obesogenic, and psychosocial neighborhood characteristics in populations
undergoing rapid development and urbanization remains less well characterized (Wen et al.,
2010).

Previous studies in developing countries have shown that CRP levels differ across rural and
urban populations (Yajnik et al., 2008; Ye et al., 2007), but this research has tended to focus
on urban-rural comparisons or on specific urban populations. An urban/rural dichotomy
does not adequately distinguish living conditions experienced at different stages of
urbanization (Dahly and Adair, 2007; Jones-Smith and Popkin, 2010; McDade and Adair,
2001), particularly in contexts of rapid social and environmental change. Health effects are
likely to differ across the spectrum of urbanization (Gong et al., 2012; Li et al., 2012). We
capitalize on the rich community, household, and individual-level data collected by the
China Health and Nutrition survey across a range of urban and rural communities in nine
provinces in eastern China to test the association between urbanization and inflammation
using a previously validated urbanicity scale (Jones-Smith and Popkin, 2010). This scale,
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comprised of 12 diverse components ranging from economic factors to urban infrastructure
and healthcare, provides a comprehensive measure of urbanization (Jones-Smith and
Popkin, 2010).

China is an ideal setting to test how community-level urbanization relates to inflammation,
having witnessed unprecedented rates of urbanization and economic growth (Gong et al.,
2012) accompanied by dramatic changes in landscapes (Li et al., 2012) and lifestyles
(Popkin and Du, 2003). Patterns and rates of change have not been universal. Some rural
areas have seen rapid population growth and changes within specific dimensions, such as
access to modern markets, while some cities have lost services and physical infrastructure
with economic development (Li et al., 2012). Given this heterogeneity, understanding the
overall impact of urbanization and the elements of the urban environment, such as sanitation
infrastructure or access to markets, most associated with inflammation is important for
identifying the pathways placing individuals at risk and for informing community-level
prevention efforts. Consequently, we examined both the overall score from the
multicomponent urbanicity scale and the 12 scale components using multilevel models
controlling for clustering by community. We hypothesized that: 1) overall urbanicity score,
as a comprehensive measure of urbanization, would be associated with an increased risk of
moderately-elevated CRP and 2) components associated with pathogen exposure (e.g.
sanitation and housing quality), adiposity (e.g. access to markets and transportation
infrastructure), and psychosocial stress (e.g. population density and income diversity) would
be individually associated with moderately-elevated CRP. Finally to more clearly examine
the potential pathways linking urbanization to chronic disease risk, we tested whether these
community-level components had persistent associations with CRP after controlling for a
host of individual-level sociodemographic, pathogenic, and obesogenic risk factors.

Sample and Methods

The China Health and Nutrition Survey (CHNS)

The CHNS collected health, nutrition, and economic data from 228 communities across nine
diverse provinces (Guangxi, Guizhou, Heilongjiang, Henan, Hubei, Hunan, Jiangsu,
Liaoning, and Shandong). The CHNS was designed to provide representation of rural,
urban, and suburban areas varying substantially in geography, economic development,
public resources, and health indicators with a focus on examining diet, physical activity,
health and behavior changes in the context of urbanization and economic change (Popkin et
al., 2010). Multistage, random-cluster sampling and weighted sampling were used to select
participating communities. Using this sampling strategy, two cities (one large, usually the
provincial capital, and one small city, usually a lower income one) and four counties
(stratified by income: one high, one low, and two middle income counties) were selected per
province. Within cities, two urban and two suburban communities were randomly selected,;
within counties, one community in the capital city and three rural villages were randomly
chosen. In each community, 20 households were randomly selected and all household
members were interviewed. The 2009 wave consists of 216 communities and includes 36
urban neighborhoods, 36 suburban neighborhoods, 36 towns and 108 villages. The CHNS
cohort initially mirrored national age-gender-education profiles (Wang, 2002) and by 2011,
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the provinces included in the CHNS sample represented 47% of China's population
(according to 2010 census).

Survey procedures have been described in detail (Popkin et al., 2010). Briefly, eight rounds
of surveys were conducted at the individual, household, and community-levels from 1989—
2009 and fasting blood was first collected in the 2009 survey. All measures for the current
study come from the 2009 wave of data collection. The analytic sample for the current
analyses includes men (n=3861) and non-pregnant women (n=4388) over the age of 18 with
measured hs-CRP at the 2009 exam. Subjects were excluded if they were pregnant (n=58) or
had hs-CRP >10mg/L (n=309), a commonly used indicator of current infection (Pearson et
al., 2004). This study protocol and analysis was approved by the Institutional Review Board
at the University of North Carolina at Chapel Hill, the China-Japan Friendship Hospital,
Ministry of Health, and Institute of Nutrition and Food Safety, China Centers for Disease
Control. Subjects gave informed consent for participation.

High-Sensitivity C-Reactive Protein (hs-CRP)

Blood (12mL) was collected by venipuncture after an overnight fast. Whole blood was
immediately centrifuged and plasma and serum samples were frozen and stored for analysis.
Hs-CRP was measured using the immunoturbidmetric method (Hitachi 7600 automated
analyzer) with Denka (Seiken, Japan) reagents. This assay has a range of 0.1-320 mg/L and
a coefficient of variation <7.0% across assays. All samples were processed in a national lab
in Beijing, awarded a medical laboratory accreditation certificate (1SO 15189:2007).
Moderate elevations in CRP were defined as values between 3-10mg/L and were compared
to a reference group with hs-CRP <3 mg/L, since values above this 3 mg/L cut-point are
associated with high risk of future cardiovascular events (Pearson et al., 2004)

Urbanicity Scale

Urbanicity was defined using a 12-component index capturing community-level physical,
social, cultural, and economic environments designed and validated for the CHNS (Jones-
Smith and Popkin, 2010). This scale represents a broad-based measure of the elements of
modernization that have potential health effects. Components (Table 1) capture
heterogeneity in presence/absence or number of facilities within the community, facility
characteristics, access to media or infrastructure, and the average proportion of individuals
and households having a specific education or income level. The variables measuring the
proportion of households were obtained from the CHNS household responses and the
remaining variables were derived from the CHNS community-level survey provided to
community officials. As described by Jones-Smith and Popkin (2010), scoring distributions
were variable across components so the median value component value was set as half the
total points and each of the components were scaled to 0-10. Each component was then
weighted equally in the overall index and added together for an overall maximum possible
score of 120. This scale has been validated for content validity, reliability (a=0.85-0.89
across all study years), and stability across study years (r=0.90-0.94).
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We first examine whether total urbanicity score is associated with the likelihood of moderate
inflammation. Based on the non-linearity of the association between urbanization and
inflammation, we categorized the total urbanicity scale scores (range: 30.4-106.6) into
tertiles representing low (<59.0), medium (59.0-82.2) and high (>82.3) urbanization levels.
In a second set of analyses, we explore how each specific component of the scale relates to
the risk of elevated CRP since China's rapid urbanization has been characterized by
considerable spatial and temporal variability in environmental and social changes. Scores for
each component were standardized to facilitate comparison between components and the
presented odds ratios represent a 1-standard deviation change in the urbanicity component
score.

Anthropometry

Covariates

Two trained health workers collected weight, height, and waist circumference following
standard protocols. Weight was measured without shoes and in light clothing to the nearest
0.1 kg on a calibrated beam scale. Height was measured without shoes to the nearest 0.2 cm
using a portable stadiometer and averaged across all repeated measures for analyses. BMI
was calculated as kg/m2. Overweight and obesity were defined using the China-specific cut-
points of 24 kg/m? and 28 kg/m2, respectively (Working Group on Obesity in China, 2004).
Waist circumference was measured midway between the lowest rib and the iliac crest using
a non-elastic tape. High waist circumference was defined using Asia-specific cut-points of
>80cm for women and >90cm for men (Alberti et al., 2006).

Additional demographic variables that could influence the association between community-
level measures of urbanicity and inflammation-- income, education, physical activity level,
high fat diet, illness history, and current smoking-- were included in analysis. Income was
derived from total household income and measured in yuan. Education was defined as the
highest current level at the time of the survey, categorized into completion of less than
primary, primary, secondary, and post-secondary education. Physical activity was reported
using a detailed 7-day physical activity recall instrument. Leisure activities were assigned
Metabolic Equivalent (MET) values using the Compendium of Physical Activity (Ainsworth
et al., 2000), previously validated for use in China (Ng et al., 2009) and dichotomized into
active (vs. non-active). Active was defined as =27 METSs per week of leisure activity,
equivalent to =1 hour per week of moderate-intensity exercise such as brisk walking.
Dietary fat intake was derived from individual-level 24-hour recalls taken on three
consecutive days. Macronutrient values were estimated from the 2002/2004 Chinese Food
Composition Table and diets were considered high fat if 30% or more of the total daily
energy intake was derived from fat (Popkin et al., 2002). Participants' self-reported
infectious illness history over the 4 weeks preceding the survey was included in the model as
a dichotomous variable (any symptoms vs. no symptoms) since differences in pathogen
exposure could mediate the association between community-level urbanicity and individual
inflammation. Smoking was included as a dichotomous variable based on whether
participants were currently smoking at the 2009 survey. Region (North vs. South) was
included as a covariate due differences in health indicators and longevity by region in China
(Chen et al., 2013).
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Statistical methods

Results

We tested for differences in individual-level variables across low, medium, and high
urbanicity separately for men and women using ANOVA tests for continuous outcomes and
chi-square tests for categorical outcomes. Multilevel logistic models controlling for the fixed
effect of age and the random effect of community were used to test for associations between
measures of urbanicity and its components and moderate inflammation. Intraclass
correlation coefficients of CRP within communities were estimated using the mixed model
variance components. We tested whether the odds of elevated CRP differed across low,
medium, and high urbanicity controlling for the fixed effects of age and income and the
random effects of community. Initial model specification identified significant effect
modification by sex and all models were subsequently stratified by sex. Similarly, there was
evidence for significant effect modification by age and an interaction term between age
strata and urbanicity was included in the sex-stratified models. Next, we examined whether
this association between urbanization and elevated CRP differed across the components of
urbanization, to identify what aspects of urbanization place individuals at risk for
inflammation. The 12 urbanicity scale components were tested in separate models
controlling for the fixed effect of age and random effect of community, stratified by sex,
with interaction terms between the components and age strata. In the final set of models,
previously identified individual-level risk factors for elevated CRP, overweight, high waist
circumference, high fat diets, low physical activity, infectious illness symptoms, smoking,
income, and education (Kushner et al., 2006), were added to these component models in
groups (sociodemographic, obesogenic, and pathogenic) to test whether their inclusion
attenuated the association between urbanization components and elevated CRP. These
models control for the fixed effects of the previously mentioned individual-level risk factors,
region and the random effect of community. All models were specified to provide an
estimate of the slope with urbanicity for each age strata (18-39.99, 40-60, >60 years). We
calculated and plotted the predicted probability of moderate inflammation with increasing
urbanicity for each of the age strata in both the minimally and fully-adjusted models to more
clearly illustrate model results.

All analyses were conducted in Stata version 12 (College Park, Texas).

Sample Descriptives

Mean CRP levels increased significantly with age in both men and women. Younger men
(aged 18-40 years) had higher CRP levels than younger women (1.39+ 1.67mg/Lvs.
1.08+1.62mg/L, p<0.001, respectively). Conversely, older men (>60 years) had lower mean
CRP levels than older women (2.05£2.05mg/L vs. 2.27+2.14mg/L, p=0.01, respectively).
There were no significant differences between middle-aged men and women (1.72+1.91
mg/L vs 1.63+1.92mg/L, p=0.16).

Individual-level risk factors previously shown to be associated with moderate elevations of
CRP --overweight, obesity, and high waist circumference-- significantly increased across
urbanicity tertiles in men but not women (Table 2). In both sexes, household income, highest
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level of education completed, and participation in leisure time physical activity were higher
and the prevalence of smoking lower with greater urbanicity. The percent of variance in
CRP between communities, estimated from the multilevel model without covariates, was
1.4% for men and 3.0% for women.

Urbanicity and CRP

Increasing urbanicity was associated with a greater probability of elevated CRP in both men
and women, but the effects differed across age strata (Figure 1). Younger men (18-40) were
significantly more likely to have higher odds of moderate inflammation at middle and high
levels of urbanicity (OR: 1.69, 95% CI: 1.08-2.64 and OR: 1.78, 95% CI: 1.14-2.77,
respectively) than at low urbanicity. The pattern was less consistent and not statistically
significant at older ages. Conversely, overall urbanicity score was associated with the odds
of moderate inflammation in women over 40. Women aged 40-60 had higher odds of
elevated CRP at high urbanicity (OR: 1.38, 95%CI: 1.04-1.83) while women over 60 had
higher odds of elevated CRP at middle (OR 1.47, 95% CI 1.05-2.07) and high (OR 1.43,
95% CI (1.04-1.97) urbanicity.

Urbanicity Components and CRP

As with the overall models of urbanicity and elevated CRP, men and women showed
different patterns in the association between urbanicity components and inflammation by
age (Figure 2). We saw three main patterns in the association of urbanicity components and
inflammation in men in the unadjusted models, depicted in Figure 2 (solid lines). In general,
younger men had a higher probability of inflammation with increasing urbanization while
older men either showed declines in the probability of moderately elevated CRP with age
(shown for housing, but also seen for population density, education, communication, health
services, diversity, modern markets, and social services) or less steep positive increases in
risk of inflammation with increasing urbanization (shown for economics, but also seen in
sanitation and traditional markets). A third pattern, with no age interaction in the association
between the component and inflammation, was found and plotted for the transportation
component. In the age-adjusted multilevel logistic models (Table 3, Model 1a), improved
housing infrastructure, greater access to traditional food and fuel markets, and greater
community-level economic activity were associated with higher odds of moderate
inflammation in younger men (aged 18-40).

In contrast, the probability of moderate inflammation tended to decrease with increasing
urbanization component scores in younger women and increase in older women. We found
three main patterns of association (Figure 2, solid lines) in women in the unadjusted models.
As shown for the housing component, the probability of moderate inflammation for younger
women was lower than older women and declined with increasing urbanization. A similar
pattern was found for the education, communication, and diversity components. For several
other components -- transportation (shown in Figure 2), density, sanitation, and traditional
markets—younger women had a marginally higher probability of inflammation at the lowest
level of urbanization, but nonetheless showed declines with increasing urbanization, in
contrast to older women who had an increased probability of elevated CRP with increasing
urbanization. In three components, economics (shown in Figure 2), modern markets, and
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social services, the probability of inflammation increased for younger women as well as
older women. Health services (not shown) evidenced a different pattern than any other
component, showing a positive association only in women over 60. In age-adjusted
multilevel logistic models (Table 3, Model 1b), the odds of inflammation were significantly
higher with increasing transportation and diversity scores in younger women; with
increasing sanitation, housing, communication, economics, diversity, and modern market
scores in middle-aged women (40-60); and with increasing education, communication,
traditional market, and economics scores in women over 60.

Do individual-level risk factors explain component-CRP association?—
Controlling for individual-level risk factors (sociodemographic, obesogenic and pathogenic;
Supplemental Table 1) that may mediate the association between community-level
components of urbanization and individual inflammation had little attenuating effect on the
associations between housing, traditional markets, or economic activity and moderately
elevated CRP in younger men (Figure 2 dashed lines; Table 3, Model 2a). Each component
remained a significant independent predictor of CRP.

The situation in women was more complicated (Figure 2 dashed lines). Controlling for
sociodemographic risk factors (Supplemental Table 2) attenuated the effects of all
components in younger women and communication in older women. Additionally
controlling for obesogenic risk factors attenuated the effects of sanitation, communication,
and diversity in women aged 40-60 and the effects of education, traditional markets, and
economics in women over 60. Education, housing quality, economics and modern markets
remained significant independent predictors of elevated CRP in the middle age group (40—
60 years) after controlling for all sociodemographic, obesogenic and pathogenic risk factors
(Table 3, Model 2b).

Discussion

Like previous research looking at urban vs. rural differences in inflammation in China (Ye et
al., 2007; Zhao et al., 2010) and other developing countries (McDade et al., 2008; Yajnik et
al., 2008), we found that adults living in more urban communities were more likely to have
moderate inflammation than those living in less developed communities. However, unlike
much previous research that has focused on a single governmentally- or geographically-
defined dichotomous measure of urban/rural location, we used a multicomponent measure
that reflects both the physical environments and also the social contexts that accompany
urbanization (Jones-Smith and Popkin, 2010). This multidimensionality is particularly
important in China given the rapidity and non-uniformity of urbanization (Gong et al., 2012;
Li et al., 2012) and concerns that an urbanrural dichotomy is unlikely to capture the
continuum of living conditions and health outcomes experienced by individuals living in
different communities (Dahly and Adair, 2007; McDade and Adair, 2001; Van de Poel et al.,
2009).

We found considerable heterogeneity in the association between community-level measures
of urbanicity and its components and inflammation across sex and age strata in Chinese
adults that was not completely explained by individual risk factors. Increasing levels of

Health Place. Author manuscript; available in PMC 2015 July 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Thompson et al.

Page 9

urbanicity, measured through the overall urbanicity index score or through its individual
components, were independently associated with greater odds of elevated CRP in younger
men but not in those aged 40 or older. Conversely, greater levels of urbanicity were
associated with greater odds of elevated CRP in women over 40 but not among younger
women. Women appeared to be more sensitive to the individual components of urbanization
than men. Many of the components were associated with a lower probability of moderately
elevated CRP in younger women, but a greater probability of inflammation in women 40
and older. These components remained independently associated with CRP in adjusted
models in middle-aged women but not in younger (18-40 years) or older (>60 years)
women. The attenuation of many of the components with the inclusion of education and/or
obesogenic factors in younger and older women suggests that, for these age groups at least,
increasing weight and waist circumferences accompanying urban lifestyles may underlie the
association between urbanization and inflammation. On the other hand, the persistent
influence of urbanicity components when controlling for individual-level sociodemographic,
obesogenic, and pathogenic risk factors in younger men and women aged 40-60 suggests
that elements of the community environment may directly or indirectly place individuals at
risk for inflammation.

Unlike much previous work on neighborhoods and health that has used aggregated
individual-level data, such as average household income, as a proxy for social and physical
environmental characteristics (Gallo et al., 2012; Holmes and Marcelli, 2012; Petersen et al.,
2008), we examined these social and physical characteristics of communities directly. We
hypothesized that three main pathways —obesogenic, pathogenic, and psychosocial stress—
would link the social and physical environments captured in our urbanization components to
the process of inflammation in Chinese adults. More specifically, we hypothesized that some
components of urbanization, such as greater access to markets and improved transportation
infrastructure, would be associated with greater risk of inflammation, since these
environmental changes are associated with the consumption of high-fat, high-energy
Western diets, reduced physical activity, and subsequent visceral adiposity, a main source of
pro-inflammatory cytokines. Conversely, we hypothesized that others, such as higher
economic development, improved housing quality or availability of health services, would
be associated with lower risk of inflammation since individuals would be exposed to fewer
of the environmental pathogens that activate the inflammatory response and/or receive
increased treatment for infectious illnesses or underlying pro-inflammatory conditions like
diabetes or hypertension. Finally, we hypothesized that increasing population density and
income diversity would serve as markers of pyschosocial stress and would increase the risk
of inflammation through activation of the stress response.

While we found that a number of components were significantly associated with
inflammation -- including housing conditions, sanitation, community economic and
educational levels, transportation and communication infrastructure, and access to traditional
and modern markets, the direction of these associations differed from our theoretical
expectations and previous empirical research in the United States and other Western
countries. Unlike a number of previous studies documenting significant inverse associations
between CRP and individual and community income and education level (Gallo et al., 2012;
Nazmi and Victora, 2007; Petersen et al., 2008; Pollitt et al., 2007), we found that

Health Place. Author manuscript; available in PMC 2015 July 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Thompson et al.

Page 10

community-level education, income, and housing quality were all associated with greater
odds of moderate inflammation in younger Chinese men and Chinese women over 40.
Further, we found no ameliorating effects of community-level health or social service
availability on individual-level risk of inflammation, despite previous hypotheses that access
to these services may underlie the inverse relationship between state- and census tract-level
income and CRP levels (Clark et al., 2012; Holmes and Marcelli, 2012).

A number of components previously linked to inflammation in urbanization and
neighborhood health research, including sanitation (McDade et al., 2008; Williams and
McDade, 2009), income diversity (Gallo et al., 2012; Nazmi and Victora, 2007; Petersen et
al., 2008), and education (Nazmi and Victora, 2007) were attenuated in the women in our
study when we controlled for individual-level sociodemographic and obesogenic risk
factors. Further controlling for pathogen burden had no additional attenuating effect. These
results suggest that some of the positive association we found between higher urban
component scores and inflammation is due to the high waist circumference, overweight,
and/or high fat diets that accompany urbanization. Changes in diet, physical activity, and
smoking have been proposed to underlie some of the associations between neighborhoods
and health outcomes (Diez Roux and Mair, 2010), and each has a direct and indirect,
through increased visceral adiposity, association with inflammation (Kushner et al., 2006).
These characteristics also differed with urbanicity in our study. Obesity, physical inactivity
and high intake of dietary fat remain more prevalent in towns and cities (versus rural areas)
in China, though they are becoming more common in rural areas with economic growth
(Gong et al., 2012; Popkin et al., 2012; Popkin and Du, 2003; Popkin et al., 2002).

A number of these associations between community-level urbanization and inflammation
persisted in the younger men and middle-aged women in our sample, however, even when
controlling for individual-level factors. That these community-level measures of education,
housing conditions, economics, and access to markets were significantly associated with
greater odds of inflammation after controlling for sociodemographic, obesogenic, and
pathogenic factors provides evidence that unmeasured facets of the urbanizing environment,
such as psychosocial and environmental stressors, remain important. In the United States,
residence in lower socioeconomic neighborhoods increases exposure to chronic stressors,
such as pollution, crowding, and social disorder (Cagney and Cornwell, 2010; Gallo et al.,
2012; Holmes and Marcelli, 2012). Such exposures may be pro-inflammatory, activating the
immune system, the hypothalamic-adrenal axis and sympathetic nervous system stress
responses (Evans and Kantrowitz, 2002; Segerstrom and Miller, 2004). Similar psychosocial
and environmental challenges are likely to accompany urban living in China and may
underlie the positive relationships we saw between urbanization components and
inflammation. Unfortunately, measures of neighborhood quality and psychosocial stress
were not collected in the 2009 wave of the CHNS, so we are unable to test these pathways
directly. Further research is needed to examine whether the association between urban
components and inflammation is mediated through individual perceptions of stress,
neighborhood quality, and/or social cohesion in China.

Urbanization in China has been characterized by pollution, social isolation, overcrowding,
changes in diet and physical activity, and inadequate infrastructures for providing water,
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waste and sanitation services (Gong et al., 2012; Li et al., 2012; Popkin and Du, 2003; Wen
et al., 2010). While each of the component scores increased across tertiles of overall
urbanicity so that housing quality, for example, remained better at higher levels of overall
urbanicity, longitudinal assessment of change in urbanicity components in the CHNS has
shown that not all components have improved over time in all communities. In some
communities at both lower and higher levels of urbanicity, losses were seen in health
infrastructure, access to modern and traditional markets, and transportation (Jones-Smith
and Popkin 2010). Reduced access to services and markets, increased population density,
and lower social cohesion may contribute to psychosocial stress in China (Wen et al., 2010),
thus increasing the risk of inflammation through immune and sympathetic nervous system
pathways. Self-rated health status, a measure of health-related quality of life, also differs
with urbanization in China. Adults rate their health best in mid-sized Chinese cities
compared to rural areas, smaller cities, and large cities, a finding attributed to the lower
stress-levels, better housing, and better environmental quality seen in middle-sized cities
(Sun et al., 2011).

Along with this heterogeneity in the association between urbanization components and
inflammation, we found significant sex- and age-differences in the associations between
urbanization and inflammation. Overall, more significant associations were found between
urbanization components and inflammation in women than men, which could reflect sex-
based differences in the work and home environments and lifestyles of men and women in
China (Fan, 2003) that place them at risk for inflammation. Previous research has
documented differences in overweight and the prevalence of the metabolic syndrome
(METS) in Chinese men and women by urban and rural residence, with urban men being at
greater risk of overweight and METs than urban women and the reverse in rural areas
(Weng et al., 2007). In our sample, patterns of overweight and high waist circumference
with urbanicity also vary by sex and age strata (data not shown). Men aged 18-40 years
have a significantly higher prevalence of overweight than younger women, particularly in
highly urban areas. Conversely, older women (>40 years) have a significantly higher
prevalence of high waist circumference than older men at all levels of urbanicity. These sex-
and age-based differences in pattering suggest that men and women are differentially
exposed to the components of urbanization during their life course; for example, younger
men may be more likely than older men to eat Western diets and have jobs that do not
require physical labor while middle-aged and older women may be less likely than younger
women to participate in leisure-time physical activity (Ng et al., 2009; Popkin 1999).

Age-related differences in exposure or sensitivity to residential neighborhoods may also
account for some of the differences we see in younger vs. older individuals. Previous
research suggests that older adults both have greater exposure to residential neighborhood
conditions, such as poor housing quality, exposure to environmental contaminants, and lack
of social cohesion, as they retire and center their activities within the home and also have
greater immune sensitivity to these aspects of neighborhood quality than younger adults
(Cagney and Cornwell, 2010; Williams and McDade, 2009). Alternatively, the documented
age patterns may stem from the cross-sectional nature of our analysis. The rapidity of
urbanization in China means that the current environment is not necessarily the most salient
for older individuals. Research in other developing contexts suggests that early life
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exposures may be important in shaping long-term patterns of inflammation (McDade et al.,
2009; Nazmi et al., 2010b). Longitudinal examination of exposure to changing urban
environments and the trajectory of inflammation across the life course is needed to better
identify the specific characteristics of urban environments that promote inflammation.

Despite the strengths of the multicomponent urbanicity index and our ability to examine
social and physical aspects of urbanization at the community-level in an important context,
this study has several limitations. First, biomarkers were first collected in the 2009 wave of
the CHNS and, consequently, we are limited to a CRP measurement at a single time point.
Although the majority of studies on inflammation rely on a single measure of CRP as a
marker of chronic inflammation, a single measure cannot rule out that an elevated CRP
value represents recovery from a recent illness rather than chronic elevations in baseline
inflammation. Serial measures are necessary to distinguish between these possibilities;
however, we limited our sample to those with CRP levels below 10mg/L, a commonly
accepted marker of acute illness, and controlled for the presence of any illness symptoms in
the preceding month in the adjusted models to mitigate the error introduced by the single
CRP measurement. Second, like other multilevel studies supporting a relationship between
place and health, we are limited in our ability to make causal interpretations by our cross-
sectional analysis (Daniel et al., 2008). Social and physical environments exert numerous
issues with confounding and endogeneity that cannot be addressed in cross-sectional
analysis (Daniel et al., 2008; Diez Roux and Mair, 2010). Third, and most important, we do
not have direct measures of environmental quality, such as measures of environmental fecal
contamination, water or air quality, or presence of pesticides, arsenic and other toxic
chemicals in the air, water or food sources, which characterize unhealthy Chinese
environments (Chen et al., 2013). While we are not able to measure these environmental
contaminants directly, a number of the components of the urbanicity scale, including the
housing quality, transportation infrastructure and sanitation components, were designed to
capture pollution indirectly. Our analysis represents an important first step in establishing
the contemporaneous associations between components of urbanization, individual risk
factors and inflammation that may help elucidate the environmental and biological pathways
linking place to inflammation in a developing country context.

Conclusion

In summary, we documented significant positive relationships between overall urbanicity
and inflammation in younger men and women aged 40-60. Components of the urbanizing
environment, including education, housing quality, access to markets, and community-level
socioeconomic status, had persistent effects on inflammation that differed by age and sex
even when controlling for a host of individual risk factors that have been proposed to
underlie the association between urbanization and chronic disease risk. These persistent
effects of local environments highlight the important role of place of residence on health
outcomes in a country undergoing rapid urbanization. Further, the age and sex differences
seen in the associations between physical and social components of the community and risk
of inflammation underscore the importance of understanding the effect of urban
environments in shaping individual vulnerability to poor health outcomes and for designing
community-level interventions. While further longitudinal research is needed to understand
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the effect of exposure to changing urban environments on the trajectory of inflammation
across the life course, these findings provide preliminary evidence that urbanicity is
associated with inflammation risk in even young adults. Our results suggest that
inflammation may become an increasingly important public health concern with continued
urbanization and environmental change in China and elsewhere in the developing world.
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Figure 1. Predicted probability of elevated CRP (3—-10mg/L) across tertiles of urbanization by

age strata and sex
*significant urbanicity effect within age strata, p<0.05.
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Table 1

Description of Urbanization Components®

Components

Description

Population Density
Education
Sanitation

Housing
Transportation
Communication
Health Infrastructure
Traditional Markets
Economic Activity
Diversity

Modern Markets

Social Services

Population per km?

Average highest attained level for adults

Auvailability of treated water and presence of excrement in public space

Auvailability of electricity, water, gas

Road types and availability of transit services

Media availability in the community and percent of households with electronics

Type, distance and number of health services (clinics, hospitals, pharmacies, etc) in the community
Types, distances and business hours of food and fuel markets

Daily wage for average male worker and % community engaged in nonagricultural labor
Community variance in education and income levels

Quantity of supermarkets and modern eating establishments

Auvailability of insurance and child care centers

aDescribed in $$Jones-Smith and Popkin, 2010$$$. Points were assigned based on the characteristics listed above with higher scores indicating

greater urbanization.
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Table 3

Urbanization components and odds of elevated CRP

Men Women
Model 1a: Ageand Model 2a: Individual Model 1b: Ageand Model 2b: Individual
Residence & Risk Factors b Residence Risk Factors b

Urbanization
components by age oR® (95%Cl) OR (95%Cl) OR (95%Cl) OR (95%Cl)
strata
;gg’r‘;'a“"” Density 18-40 4 o3 [0.87123] 112 [0.91,1.36]  0.94 [0.781.13]  0.96 [0.78,1.19]
40-60 years 0.96 [0.851.08]  0.89 [0.781.02]  1.04 [093117]  1.06 [0.94,1.21]
60+ years 1.00 [0.87,1.14] 1 [0.861.17] 108 [0951.22] 095 [0.82,1.10]
Education 18-40 years 1.06 [0.88,1.28] 11 [0.88,1.36]  0.82 [0.66,1.03]  0.94 [0.73,1.21]
40-60 years 0.99 [0.88111] 095 [0.831.00] 111 [0991.23] 120"  [1.05,1.36]
60+ years 0.94 [0.82,1.08] 091 [0.77,1.08] 115" [101,130] 114 [0.98,1.33]
Sanitation 18-40 years 1.18 [0.991.40] 122 [0.991.51] 092 [077,1.11] 091 [0.73,1.13]
40-60 years 1.03 [0.92,1.16] 0.99 [0.87,1.13] 1.20"" [1.07,1.36] 11 [0.97,1.26]
60+ years 1.05 [091,1.20] 097 [0.83114] 114 [1001.29]  1.01 [0.87,1.17]
Housing 18-40 years 1.28"" [1.06,1.54]  1.37** [1.09,1.70]  0.92 [0.77,1.11] 098 [0.78,1.22]
40-60 years 0.96 [0.851.08] 092 [0.81,1.06] 120  [L071.36] 123"  [1.07,141]
60+ years 1.00 [0.87,1.15] 094 [0.801.10] 114 [L001.29] 103 [0.89,1.20]
;gg'r‘;p"”a“" n 18-40 1.07 [0.89,1.28] 108 [0.88132] 078" [0.650.94]  0.86 [0.69,1.08]
40-60 years 1.06 [0.951.19]  1.03 [0911.17] 11 [098123] 111 [0.98,1.26]
60+ years 1.07 [093,1.23] 107 [092,1.25]  1.08 [0951.24] 1 [0.87,1.16]
gga’:‘sm“”'ca“ on 18-40 1.06 [0.88,1.26]  1.04 [0.84127]  0.86 [0.71,1.04]  0.89 [0.71,1.11]
40-60 years 0.95 [0.841.08] 09 [0791.03]  119"*  [1051.34] 114 [1.00,1.30]
60+ years 097 [0.84111] 093 [0.80,1.08] 114" [100,1.30]  1.04 [0.91,1.20]
Z'g;';grg‘ﬁas”ucmre 18- 113 [0.95134]  1.16 [0.94143]  0.93 [0.77,1.12] 087 [0.70,1.08]
40-60 years 1.02 [091,1.15 101 [0.89,1.14]  0.96 [0.86,1.07]  0.98 [0.86,1.10]
60+ years 097 [0.84111] 096 [082112] 112 [097,1.28]  1.05 [0.91,1.22]
;ggf;“"”a' Markets 18-40 | o« [100,141] 124" [101,152]  0.88 [0.74,1.06]  0.93 [0.75,1.15]
40-60 years 097 [0.861.10] 094 [0.831.08]  1.09 [097,1.22] 113 [0.99,1.28]
60+ years 114 [099131] 118" [L01138] 118" [1L04136] 115 [0.99,1.33]
Sg;’r”somic Activity 18-40,  « [1.03149]  1.30° [1.07,1.64] 103 [0.851.25] 104 [0.83,1.31]
40-60 years 1.06 [0.94,1.19] 1.02 [0.90,1.16] 1.19™ [1.07,1.34] 123" [1.08,1.40]
60+ years 1.10 [0951.27] 105 [0.891.23] 115 [101131] 103 [0.89,1.19]
Diversity 18-40 years 112 [0.94,1.33] 1.2 [0.98,1.46] 0.79* [0.64,0.97] 0.84 [0.67,1.07]
40-60 years 1.03 [092117] 1 [0.88115] 114" [102128] 113 [0.99,1.28]
60+ years 0.98 [0.861.12]  0.96 [0.831.12]  1.09 [0961.23]  0.96 [0.83,1.10]
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Men Women
}'\/’e'gf;‘m Markets 18-40 4 19 [0.991.40]  1.23° [1.00150]  0.99 [0.82,120] 104 [0.83,1.29]
40-60 years 0.98 [0.87,1.10] 093 [0.821.06] 120"  [LO7,1.35] 123"  [1.08,140]
60+ years 1.00 [0.86,1.15]  0.95 081,111 11 [0.97,1.25] 104 [0.90,1.20]
f,’ggr':' Services 18-40 1.06 [0.89,1.26]  1.16 [0.95141]  1.03 [0.85126] 1.1 [0.88,1.38]
40-60 years 0.96 [0.86,1.08] 093 [0.82,1.06]  0.99 [0.881.11]  0.99 [0.87,1.12]
60+ years 0.95 [0.83,100] 09 [0.77,1.05] 105 [0.93119] 098 [0.85,1.12]

aModels specified to provide a slope for each age category and control for clustering by community.

bModels specified to provide a slope for each age category and control for overweight, high waist circumference, high fat diet, activity, smoking,

income, education, infectious illness symptoms, region, and clustering by community.

c L .
OR represent the effect of a 1-standard deviation increase in the component score for each age strata

*

*

p<0.05;

*
p<0.01
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