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ABSTRACT

Objectives To investigate potential geographical and
socioeconomic patterning of allostatic load (AL) in China.
Design Multilevel longitudinal study of the 2010 Chronic
Disease Risk Factor Surveillance linked to the National
Death Surveillance up to 31 December 2015.

Setting All 31 provinces in China, not including Hong
Kong, Macao or Taiwan.

Participants 96 466 > 18 years old (women=54.3%).
Exposures Person-level educational attainment and mean
years of education in counties.

Outcome AL was measured using clinical guidelines for
nine biomarkers: body mass index; waist circumference;
systolic blood pressure; diastolic blood pressure; fasting
blood glucose; total cholesterol; triglycerides; high-
density lipoprotein cholesterol; low-density lipoprotein
cholesterol.

Results Multilevel logistic regressions adjusted for sex,
age, marital status, person-level education, county mean
years of education and urban/rural reported ORs of 1.22
(95% Cl 1.08 to 1.38) for 5-year all-cause mortality
(n=3284) and 1.20 (1.04-1.37) for deaths from non-
communicable diseases (n=2891) among people in

AL quintile 5 (high) compared with quintile 1 (low). The
median rate ratio estimated from unadjusted multilevel
negative binomial regression showed AL clustered
geographically (province=1.14; county=1.12; town=1.11;
village=1.14). After adjusting for aforementioned
confounders, AL remained higher with age (rate ratio 1.02,
95% Cl 1.02 to 1.02), higher in women compared with
men (1.17,1.15 to 1.19), lower among singletons (0.83,
0.81 to 0.85) and widowers (0.96, 0.94 to 0.98). AL was
lower among people with university-level compared with
no education (0.92, 0.89 to 0.96), but higher in counties
with higher mean education years (1.03, 1.01 to 1.05).A
two-way interaction suggested AL was higher (1.04, 1.02
to 1.06) among those with university-level compared with
no education within counties with higher mean years of
education. Similar results were observed for alternative
constructions of AL using 75th and 80th percentile cut-
points.

Conclusions AL in China is patterned geographically.
The degree of association between AL and person-level
education seems to be dependent on area-level education,
which may be a proxy for other contextual factors that
warrant investigation.

Strengths and limitations of this study

» Multilevel longitudinal analysis of a large, represen-
tative national sample.

» Nine biomarkers were used to construct three indi-
cators of allostatic load.

» Linkage to routinely collected, representative, na-
tional death surveillance.

» Study lacked repeated measurements of biomarkers
to examine change.

» Study was limited to 5years and some biomarkers
were not available.

INTRODUCTION

Evolving epidemiological understandings
of how environmental exposures ‘get under
the skin’ for some people more than others,
and especially among marginalised and
socioeconomically disadvantaged groups,
are increasingly recognising the concept
of ‘allostatic load’ (AL).!? AL refers to the
neurophysiological costs humans can accu-
mulate over time as a result of dysregulations
in multiple physiological systems in response
to repeated exposures of psychological, phys-
ical and environmental stress.” * An example
of a stressor is unfavourable employment
conditions.” Many studies have hypothesised
or demonstrated links between AL and a
range of health outcomes including depres-
sion and Alzheimer’s disease,6 cardiovas-
cular diseases,” chronic fatigue syndrome,®
sleep problems,” depressive symptoms'’ and
all-cause mortality.'" Some epidemiological
studies have linked allostatic load with area-
level deprivation'? and related factors such as
green space"” and perceptions of neighbour-
hood quality."*

Some studies have already documented
association between allostatic load and
person-level indicators of socioeconomic
circumstances."” Scant attention, until very
recently,'® has been paid to investigating
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potential interactions between person and area-level

indicators of socioeconomic circumstances on AL. On

one hand, it might be hypothesised that the impact of
low personal socioeconomic circumstances on the devel-

opment of AL might be compounded by living in a

socioeconomically disadvantaged area (the ‘deprivation

amplification’ hypothesis)."” In such a scenario, were that
person able to move to a more affluent area, perhaps the
impact of their personal socioeconomic disadvantage
might be lessened (the ‘pull up/pull down’ hypothesis).'®

The aforementioned recent study'® found evidence for

these hypotheses in a multicohort study wherein AL was

higher among residents of socioeconomically disadvan-
taged areas and, especially, for those with low person-level
socioeconomic circumstances.

On the other hand, the experience of a person with
low personal socioeconomic circumstances living within a
context of affluence may have a negative impact on their
AL (the ‘relative deprivation’ hypothesis).'? As people
make cognitive comparisons, those with low person-level
socioeconomic circumstances may make negative self-
appraisals of their disadvantage to a referent group. These
relative disadvantages can be internalised as unjust and
arouses emotions of anger, envy and resentment,” the
result being exposure to chronic psychosocial stress that
can wear a person down over time.”' Our earlier study®
provided some indirect evidence for this hypothesis in
China in which a contingency of association between
body mass index (BMI; a biomarker commonly used in
the construction of AL indicators) and personal educa-
tional attainment was observed across strata of the mean
years of education within counties. In counties with fewer
mean years of education, higher personal education was
associated with higher BMI on average. By contrast, in
counties with higher mean years of education, higher
personal education was associated with lower BMI on
average.

Building on this previous work, our aim was to test these
competing hypotheses with respect to AL. To achieve this
aim, we addressed the following objectives:

1. We constructed a measure of AL;

2. We validated the AL indicator as a predictor of all-
cause and cause-specific mortality;

3. We examined the socioeconomic patterning of AL
with respect to person and area-level educational at-
tainment; and

4. We tested the sensitivity of our findings with respect to
two alternative constructions of AL.

MATERIALS AND METHODS

Patient and public involvement

This study is an analysis of two linked sources of secondary
health data. Patients were not involved in the design or
conduct of this study.

Participants
The China Chronic Disease and Risk Factors Surveillance
(CCDRES) is a nationwide cross-sectional study repeated

every 3years. It is designed to measure the epidemiology
of chronic disease and associated risk factors in a nation-
ally representative sample of the general population. It
is presided over by the National Center for Chronic and
Non-communicable Disease Control and Prevention,
Chinese Center for Disease Control and Prevention
(China CDC).

This study makes use of the 2010 CCDRFS, which was
approved by the China CDC ethics committee. The 2010
CCDRFS was conducted between August and December
2010 using the National Disease Surveillance Point (DSP)
system. The DSP system includes a random selection of
161 urban districts and rural counties (DSPs) across the
31 provinces, municipalities and autonomous regions in
mainland China.

Participants were selected by a multistage probability
sampling design. Four subdistricts were selected with
probability proportional to size within each DSP, followed
by three neighbourhood communities or administra-
tive villages selected proportional to size within each
subdistrict. A total of 50 households were randomly
selected within each community or village from lists of
all households available. A single adult (aged >18years)
was selected at random from each household using a Kish
selection table. The final sample was 98 058 respondents
from 1933 villages, 644 towns of 161 counties in all 31
provinces.

A questionnaire and face-to-face
administered to every respondent by trained staff to
collect demographic, social and health data. Objec-
tive measures of height, weight, waist circumference
and blood pressure were all performed by trained
staff within examination centres at health stations or
community clinics nearby participants’ homes. Labora-
tory tests were conducted for the following biomarkers:
fasting blood glucose and blood lipids (total choles-
terol, triglycerides, and high-density and low-density
lipoprotein cholesterol) B

interview was

Allostatic load

Three AL indicators were constructed from nine
biomarkers of the cardiometabolic system. These
biomarkers were BMI, waist circumference, systolic blood
pressure, diastolic blood pressure, fasting blood glucose,
total cholesterol, triglycerides, high-density lipoprotein
cholesterol and low-density lipoprotein cholesterol. All of
these biomarkers were continuous variables. The primary
AL indicator was constructed by summing biomarker data
that were dichotomised with clinical guidelines applied
to derive relevant cut-points (l=highrisk; O=nothigh
risk). Two secondary AL indicators were calculated using
the 75th percentile and 80th percentile as cut-points to
re-dichotomise each of the biomarkers for purposes of
checking the consistency of results across different defi-
nitions. Table 1 reports the cut-points for each biomarker
used in the three AL indicators.
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Table 1 Biomarkers used to summarise allostatic load and
corresponding cut-point
Clinical Quartile Quintile
Biomarkers used guideline* analysis analysis
BMI >28 >26.2 >26.8
Waist circumstance  >85 (Male) >90 (Male) >92 (Male)
(em) >80 >86 (Female) >87.6
(Female) (Female)
Systolic blood >140 >144 >149
pressure (mm Hg)
Diastolic blood >90 >88 >90.5
pressure (mm Hg)
Fasting blood >7.0 >5.88 >6.03
glucose (mmol/L)
TC (mmol/L) >5.18 >4.75 >4.94
TG (mmol/L) >1.70 >1.59 >1.77
LDL-C (mmol/L) >3.37 >2.77 >2.92
HDL-C (mmol/L) <1.04 <0.89 <0.84
(Lowest)t (Lowest)t

*High risk of al the nine biomarkers were defined according to the
latest clinical guideline for Chinese.

THigh risk of HDL-C was defined as a value equal to or less than
the 25th or 20th percentile.

BMI, body mass index; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total
cholesterol; TG, triglycerides.

Socioeconomic variables

Education was selected as the socioeconomic variable on
which to focus as it is less vulnerable to reporting bias
and less prone to reverse causation than alternatives
like income.?* ® Education was measured for each indi-
vidual respondent using questionnaire data to inform
the highest attainment up to that point (none/less than
primary school, primary school, secondary school, univer-
sity). The mean number of years of education was also
measured for counties using census data (mean=9, low=5,
high=13). The combination of these variables afforded
opportunities to examine AL among people across
different combinations of personal educational attain-
ment and the level of education among the people with
whom they live nearby. The county was suitable for the
areal unit of analysis as it is sufficiently large and hetero-
geneous to allow for ‘off-diagonal’ cases to be identified,
wherein people with lower educational attainment may
be resident in areas with higher mean years of education
and vice versa.

Mortality

Each indicator of AL was tested with respect to all-cause
and cause-specific mortality. Mortality variables were
identified based on previous studies for purposes of vali-
dating associations: all-cause mortality; mortality from
non-communicable diseases (NCDs). AL was also tested
with respect to a range of mortality causes that are not

plausibly related for purposes of falsification: infectious
diseases; injuries.

The aforementioned causes of death, where appli-
cable, were identified using ICD-10 codes in the national
mortality surveillance 2011 to 2015 linked to the 2010
CCDREFS. Linkage was conducted where possible with
the National ID, unique 18 numbers for each individual
in China. The ID number was initially used to scan for
a mortality record. For all the remaining participants,
which included those without a National ID or those
not matched in the first step, some basic demographic
characteristics such as name, sex, age and address infor-
mation were jointly used to identify mortality records. In
order to guarantee the quality of the data linkage, two
researchers conducted both of the aforementioned steps
independently. The consistency of the results from each
independent researcher were then checked. A total of
3365 from the 98 058 participants were found to have died
between 2011 and 2015. The annual mortality of these
participants were close to the corresponding national
mortality.

Confounding

Variables previously found to be correlated with AL and
indicators of socioeconomic circumstances were taken
into account. These include the age, sex and marital
status of each respondent, as well as whether they lived in
an urban or rural county.

Data analysis

Cross-tabulations, means and medians were used to
describe sample characteristics and distributions of each
AL variable. Multilevel logistic regressions adjusted for
confounding were used to confirm higher odds of all-
cause and NCD-related mortality with each AL variable.
These models took into account clustering of respon-
dents within villages, towns, counties and provinces.
Further models were then fitted for mortality from inju-
ries and infectious diseases as negative control outcomes
for purposes of falsification since these causes of death
are less plausibly related to AL.

Multilevel negative binomial regressions were then
used to examine geographical clustering and correlates
of each AL outcome variable. Although the AL vari-
ables were counts, tests showed signs of overdispersion
rendering a Poisson regression less appropriate. These
models also took into account clustering of respon-
dents within villages, towns, counties and provinces. Null
models (model 1) were fitted initially to examine variance
components and calculate median rate ratios.”® Covari-
ates were then added in the following sequence: (model
2) sex, age, marital status and urban/rural; (model
3) model 2+person-level education; (model 4) model
2+county-level mean years of education; (model 5) model
2+person-level education and county-level mean years of
education. A sixth model was then estimated based on
model 5, with the addition of a two-way interaction term
between the person-level education and county-level
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mean years of education variables. All the data clean and
primary analysis were conducted in SAS software (V.9.3).
All modelling was conducted in MLwiN V.2.30 software.
Statistical significance was set at two-tailed p values less
than 0.05.

RESULTS

A total of 1592 respondents were excluded due to one
or more missing biomarker values for purposes of consis-
tency in measuring AL. Excluded respondents were
similar to the 96466 retained in the sample in terms
of sex (p=0.4519) and age (p=0.0939). The remaining
respondents in the sample were resident in 1927 villages
and 644 towns across 161 counties and in all 31 provinces
of China.

Correlation coefficients were calculated to test how
closely each of the AL variables aligned with each other.
Between AL1 (clinical cut-points) and AL2 (75th percen-
tile cut-points), the correlation coefficient was 0.85
(p<0.001). The correlation coefficients between AL1 and
AL3 (80th percentile cut-points) and AL2 and AL3 were
0.86 (p<0.001) and 0.94 (p<0.001), respectively.

Approximately 54.3% of these participants were women,
77.7% were under 60 years old, 81.3% were married,
60.3% were from rural counties and 8.3% had educa-
tion attainment at university (table 2). AL tended to be
higher among men compared with women, higher with
age, lower with higher educational attainment, higher
among people who were widowed compared with those
who were married and higher among those resident in
urban compared with rural counties.

A total of 3284 of the 96466 respondents died by 31
December 2015. The number of deaths by category was
2891 from NCDs, 264 from injuries and 103 from infec-
tious diseases. Women and younger respondents had lower
odds of all-cause and cause-specific mortality (table 3).
Respondents who were widowed had higher odds of
all mortality outcomes compared with those who were
married. The odds of all-cause and NCD-related mortality
were higher among respondents in rural compared with
urban counties. A university-level education was associ-
ated with lower odds of all mortality outcomes. Higher
mean years of education within the county of residence
were associated with lower odds of injury-related mortality
only. Respondents in the fifth quintile (high) compared

Table 2 Sample characteristics and mean and median allostatic load variables

AL2 (75th percentile cut- AL3 (80th percentile cut-

ALA1 (clinical cut-points) point) point)
Median (P25, Median (P25, Median (P25,
N (%) P75) Mean (SE) P75) Mean (SE) P75) Mean (SE)

Total 96466 2(1,3) 1.89(1.63) 2(1,3) 2.17(1.86) 1(0,3) 1.76 (1.71)
Sex

Man 44108 (45.7) 1(1,93) 1.75(1.48) 2(1,3) 215(1.74) 1(0,9) 1.71 (1.58)

Woman 52358 (54.3) 2(1,93) 2.02(1.73) 2(1,3) 219(1.97) 1(0,3) 1.79 (1.80)
Age group

18-44 41378 (42.9) 0,2 1.39(1.39) 1(0,2) 156 (1.61) 1(0,2) 1.23 (1.44)

45-59 33588 (34.8) 1, 3) 215(1.68) 2(1,4) 249(1.90) 2(1,3 2.03 (1.76)

60+ 21500 (22.3) (1, 4) 245(1.69 3(1,4 2.84(1.91) 21,49 2.34 (1.80)
Education
attainment

None 13325 (13.8) 2(1,3) 217 (1.69) 21,4 243(1.92) 2(1,3) 2.00 (1.78)

Primary 28783(29.8) 2(1,93) 1.95(1.63) 2(1,3) 2.22(1.86) 1(0,3 1.81 (1.71)

Secondary 46374 (48.1) 1(1,93) 1.82(1.61) 2(1,3) 2.11(1.85 1(0,3) 1.70 (1.69)

University 7984 (8.3) 1(0, 2 1.62(1.51) 2(0,3) 1.88(1.77) 1(0,2) 1.49 (1.59)
Marital status

Single 8442 (8.7) 1(0, 2 1.12(1.21) 1(0,2) 1.24 (1.45) 1(0,1) 0.96 (1.28)

Married 78437 (81.3) 2(1,3) 1.93(1.63) 2(1,3) 2.22(1.87) 1(0,3) 1.80 (1.71)

Divorced 3552 (3.7) 2(1,3) 1.87(1.59) 2(1,3) 2.14(1.84) 1(0,3) 1.73 (1.68)

Widowed 6035 (6.3) 2(1.4) 246 (1.70) 3(1,4) 278(1.92) 21,93 2.30 (1.80)
Residence

Urban 38316(39.7) 2(1,93) 2.02(1.68) 2(1,4) 2.34(1.93) 2(0,3) 1.91 (1.77)

Rural 58150 (60.3) 1 (1, 3) 1.81(1.58) 2(1,3) 2.06 (1.81) 1(0,3) 1.66 (1.65)
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Table 3 Association between all-cause and cause-specific mortality with allostatic load (defined using clinical cut-points of

nine biomarkers)

Model 1 (all-cause)

Model 2 (NCD)

Model 3 (infectious)

Model 4 (injury)

OR (95% Cl)

Fixed effect
Constant
Sex (ref: man)
Woman
Age
Age?
Marital status (ref: married)
Single
Divorced
Widowed
Residence (ref: urban)
Rural
Education (ref: none)
Primary
Secondary
University
Area-level mean years of education
Allostatic load (ref: 1st quintile-0)
2nd quintile-1
3rd quintile-2
4th quintile-3
5th quintile-4-9
Random effects

Variance between provinces (SE)
(n=31)

MOR (median OR)

Variance between counties (SE)
(n=161)

MOR (median OR)

Variance between towns (SE)
(n=644)

0.023 (0.018 to 0.030)

0.660 (0.601 to 0.725)"
1.061 (1.057 to 1.065)"
1.000 (1.000 to 1.000)

1.141 (0.907 to 1.435)
1.151 (0.935 to 1.417)
1.192 (1.071 to 1.328)*

1.492 (1.222 to 1.822)*

0.899 (0.815 to 0.992)*
0.692 (0.615 to 0.778)*
0.448 (0.347 to 0.578)
1.018 (0.949 to 1.093)

*

1.088 (0.965 to 1.226)
1.084 (0.960 to 1.224)
1.126 (0.988 to 1.284)
1.219 (1.075 to 1.382)*

0.094 (0.034)*

1.340
0.092 (0.022)*

1.336
0.093 (0.023)*

0.019 (0.015 to 0.024)

0.702 (0.635 to 0.776)"
1.071 (1.065 to 1.078)*
1.000 (1.000 to 1.000)

1.163 (0.900 to 1.503)
1.042 (0.827 to 1.313)
1.183 (1.058 to 1.323)*

1.523 (1.238 to 1.875)*

0.895 (0.807 to 0.993)*
0.664 (0.586 to 0.753)*
0.455 (0.346 to 0.599)*
1.037 (0.964 to 1.115)

1.096 (0.963 to 1.248)
1.080 (0.947 to 1.232)
1.122 (0.976 to 1.289)
1.195 (1.044 to 1.368)"

0.076 (0.030)*

1.301
0.098 (0.024)*

1.348
0.102 (0.025)*

0.001 (0.000 to 0.002)

0.648 (0.405 to 1.037)
1.039 (1.019 to 1.059)*
1.001 (1.001 to 1.001)*

0.662 (0.190 to 2.304)
1.519 (0.579 to 3.984)
0.920 (0.505 to 1.677)

0.923 (0.418 to 2.038)

1.154 (0.672 to 1.982
1.013 (0.535 to 1.919
0.500 (0.115to0 2.171
0.849 (0.634 to 1.137,

— = = =

1.097 (0.614 to 1.960)
0.731 (0.380 to 1.406)
0.875 (0.440 to 1.740)
0.998 (0.520 to 1.917)

1.248 (0.472)*

2.903
0.792 (0.362)*

2.337
0.136 (0.572)

0.004 (0.002 to 0.006)

0.339 (0.254 to 0.451)*
1.010 (0.998 to 1.022)
1.000 (1.000 to 1.000)

1.060 (0.605 to 1.856)
1.944 (1.177 t0 3.212)*
1.305 (0.820 to 2.076)

1.095 (0.753 to 1.593)

0.887 (0.612 to 1.285
0.843 (0.560 to 1.270
0.384 (0.164 to 0.904
0.809 (0.708 to 0.924)*

*

)
)
)
)

0.989 (0.688 to 1.421)
1.130 (0.772 to 1.652)
1.130 (0.738 to 1.729)
1.236 (0.819 to 1.866)

0.000 (0.000)

1.000
0.000 (0.000)

1.000
0.149 (0.138)

MOR (median OR) 1.338 1.356 1.422 1.445
Variance between villages (SE) 0.057 (0.026)* 0.031 (0.028) 4.166 (0.867)" 0.000 (0.000)
(n=1927)

MOR (median OR) 1.256 1.183 7.007 1.000
*P<0.05.

with the first quintile (low) of AL had 1.22 (1.08 to 1.38)
and 1.20 (1.04 to 1.37) odds of all-cause and NCD-related
mortality, respectively. There was no convincing evidence
of association between AL and mortality from injuries or
infectious diseases. Similar findings were observed for
these mortality outcomes and the AL indicators derived
using 75th and 80th percentiles (online supplementary
tables 1-4).

The variance components model (table 4, model 1)
reported geographical variation in AL between provinces
(median rate ratio: 1.144), counties (1.119), towns (1.105)

and villages (1.141). AL was higher among women (rate
ratio 1.132, 95% CI 1.121 to 1.143) and with age (1.015,
1.015 to 1.015) (model 2). AL was lower among single-
tons (0.827, 0.808 to 0.847) and widowers (0.956, 0.937
to 0.975) compared with respondents who were married.
Respondents living in rural areas tended to have lower
AL than their urban-based counterparts (0.924, 0.887 to
0.963).

Adding person-level education (model 3) led to
a minor attenuation of the difference between men
and women and had negligible impact on the other
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Figure 1 Mean allostatic load (AL) with respect to personal
education and county education.

parameters. Respondents with university-level education
had lower AL compared with their peers without educa-
tional qualifications (0.935, 0.910 to 0.961). Substituting
the county-level mean years of education for the person-
level educational attainment variable also attenuated the
difference between men and women (model 4). It also
revealed higher AL in counties with higher mean years
of education (1.042, 1.026 to 1.058). These associations
for person-level educational attainment and county-level
mean years of education persisted when both variables
were included simultaneously (model 5). A two-way
interaction term indicated respondents with university-
level compared with no educational qualification had
higher AL when living in counties with higher mean
years of education (model 6). A scatterplot of mean AL
with respect to person-level educational attainment and
county-level mean years of education illustrates this inter-
action (figure 1). Similar results were observed for these
socioeconomic variables, including the two-way interac-
tion, for the other AL variables derived using 75th and
80th percentiles as cut-points (online supplementary
tables 5-6).

DISCUSSION

The purpose of our study was to examine two competing
hypotheses (‘deprivation amplification” and ‘rela-
tive deprivation’) relating to the socioeconomic and
geographical patterning of AL. Using a nationally repre-
sentative study with objectively measured biomarkers in
China, we found evidence clearly supporting neither
hypothesis. Instead, it was found that people tend to have
higher AL on average and with all other things being
equal if they had lower personal educational attainment,
which aligns with a wealth of research showing a socio-
economic gradient in health.”” But also higher AL was
found among people who lived in a county with higher
mean years of education, which is the opposite to that
found in other countries (eg, Portugal, Switzerland and
the UK).'® Furthermore, the difference in AL among
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persons with more compared with less personal educa-
tional attainment appeared to be amplified when living
in counties with higher mean years of education. This
expansion was a result of relatively slower growth rete of
AL among people with higher educational attainment
compared with those with lower educational attainment,
as area-level mean years of education grows.

While these results do not fit either hypothesis, they do
share a commonality; associations between health status
and measures of person-level socioeconomic circum-
stances are not independent of the contexts in which
people live. Higher person-level education may be more
likely to be obtained at institutions located within counties
where the mean years of education is already higher and
aid people in the mobilisation of resources concentrated
within those locations for their own gain. Many people
may get jobs and remain within those counties or move
to other areas with similarly highly educated communi-
ties. Others may move to counties with lower mean levels
of education and experience a relative increase in their
socioeconomic circumstances as a result. These relative
gains in status may endow increased levels of esteem,
power over local resources and other advantages that
translate into lower levels of stress and less AL compared
with less educated counterparts nearby, and also with
highly educated peers in counties with higher mean years
of education.

Meanwhile, within those counties with higher mean
years of education, people may in general have better
access to healthcare, food and resources, but may also be
more likely to experience some of the well-known nega-
tives associated with rapid urbanisation and economic
developmentin China, such as air pollution and increased
opportunities to consume unhealthy ‘westernised’ food.*
A high level of personal educational attainment does not
inoculate against these negative exposures. Indeed, at the
person level, educational attainment likely correlates with
income and occupational grade®* * that may increase
exposure to some of these negatives (eg, by making
‘western’ food more affordable) and compounding
others (eg, private cars replacing more active means of
transportation, such as the bicycle). With the county-level
mean years of education likely to be a proxy for many
of these contextual exposures, further research to better
understand how the dynamic urban form and various
intersecting components of the natural and built environ-
ment within China’s cities may be contributing to higher
AL is needed.

Some strengths of this research included the multi-
level analysis of a large nationally representative sample
with a high response rate (90.5%) and the use of nine
biomarkers to develop three AL variables with contrasting
definitions. Our testing of different AL variables reflected
a heterogeneous background literature with many studies
using clinical cut-points (eg,” *’) and others using alter-
native cut-points such as quantiles (eg,”! **). The results
across each of the AL variables in our study were consis-
tent regardless of the definition applied.

A further strength was the use of mortality data for
purposes of confirming associations found in other
studies of AL and risk of death from all causes and
NCD-related causes (eg,* **). There is heterogeneity in
the background literature here too, though, with some
previous work finding statistically significant associations
between AL and all-cause mortality but not with specific
causes (eg,”). Others have reported associations between
AL and all-cause and NCD-related mortality, and also
with deaths from infectious diseases (eg,?’?), which we
did not observe. One reason for these discrepancies may
be which biomarkers are available for the construction
of AL variables and which are not. Our study, like other
work (eg,‘%), lacked data on cortisol or other markers
of the neuroendocrine system. Putting to one side the
challenges of measuring cortisol in large samples such as
that analysed in this study, cortisol could be an important
omission given the central role that stress is hypothesised
to take in the concept of allostasis. Two related limita-
tions are that the biomarker data were cross-sectional and
the mortality follow-up was just Syears. Future research
that incorporates markers of the neuroendocrine system,
repeated biomarker measurement among the same indi-
viduals through time and a longer period of follow-up will
all help to build on our current study in useful ways.

In conclusion, this research suggests that while higher
educational attainment is associated with lower AL, the
magnitude of this association is contingent on the socio-
economic circumstances of the county in which people
are resident. This contingency does not reflect those
expected from the relative deprivation or deprivation
amplification hypotheses. Further work at a neighbour-
hood scale within China could help to shed new light on
these area-based dependencies in AL and socioeconomic
circumstances.
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