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OBJECTIVE

To investigate the geographic variation in diabetes prevalence and detection in
China.

RESEARCH DESIGN AND METHODS

Self-report and biomedical data were collected from 98,058 adults aged ‡18 years
(90.5% response) from 162 areas spanning mainland China. Diabetes status was
assessed using American Diabetes Association criteria. Among those with diabe-
tes, detection was defined by prior diagnosis. Choropleth maps were used to
visually assess geographical variation in each outcome at the provincial level.
The odds of each outcome were assessed using multilevel logistic regression, with
adjustment for person- and area-level characteristics.

RESULTS

Geographic visualization at the provincial level indicated widespread variation in
diabetes prevalence and detection across China. Regional prevalence adjusted for
age, sex, and urban/rural socioeconomic circumstances (SECs) ranged from 8.3%
(95% CI 7.2%, 9.7%) in the northeast to 12.7% (11.1%, 14.6%) in the north. A clear
negative gradient in diabetes prevalencewas observed from 13.1% (12.0%, 14.4%)
in the urban high-SEC to 8.7% (7.8%, 9.6%) in rural low-SEC counties/districts.
Adjusting for health literacy and other person-level characteristics only partially
attenuated these geographic variations. Only one-third of participants living with
diabetes had been previously diagnosed, but this also varied substantively by
geography. Regional detection adjusted for age, sex, and urban/rural SEC, for
example, spanned from 40.4% (34.9%, 46.3%) in the north to 15.6% (11.7%,
20.5%) in the southwest. Compared with detection of 40.8% (37.3%, 44.4%) in
urban high-SEC counties, detection was poorest among rural low-SEC counties at
just 20.5% (17.7%, 23.7%). Person-level characteristics did not fully account for
these geographic variations in diabetes detection.

CONCLUSIONS

Strategies for addressing diabetes risk and improving detection require geograph-
ical targeting.
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Studies have reported that the preva-
lence of diabetes in China ranges from
9.7% (92.4 million adults) (1) to 11.6%
(113.9 million adults) (2), depending on
the diagnostic criteria used (3,4). Some
researchers have cited China’s rapid ur-
banization as a key driver (5–7). How-
ever, there has been little investigation
into the spatial patterning of the epi-
demic across China’s socioeconomically
and topographically diverse landscape.
Previous efforts have been limited to
comparisons of small groups of prov-
inces (8) or differences between regions
crudely defined as north and south
(9,10). These approaches are insuffi-
cient for identifying drivers of spatial
heterogeneity in diabetes risk and de-
tection, which could be explained, for
example, by geographic variation in so-
ciodemographics, health literacy, and
use of health care. Decision makers re-
quire information about geographical
variation in diabetes risk and detection
efforts at the micro- (e.g., villages,
towns) and macroscale (e.g., counties/
districts, provinces, regions) level to
cost-effectively target local resource al-
location and other preventive health
policies that address diabetes and re-
lated health inequities (11).
The purpose of this study was to in-

vestigate and identify potential drivers
of geographic variation in diabetes prev-
alence and detection across China. The
questions addressed in this study were
as follows:

1. To what extent do the odds of having
diabetes and the odds of being diag-
nosed with diabetes depend on
where a person lives in China?

2. How much of the geographic varia-
tion in diabetes and the diagnosis
of diabetes is attributable to differ-
ences in urbanization and socioeco-
nomic circumstances (SECs)?

3. To what degree can geographic vari-
ation in diabetes and diagnosed di-
abetes be attributed to differences
in health illiteracy and other person-
level risk factors?

RESEARCH DESIGN AND METHODS

Data and Sampling
The data analyzed in this study came
from the China Noncommunicable Dis-
ease Surveillance 2010, a nationally rep-
resentative health survey of 109,023
adults aged$18 years. It was conducted

between August and December 2010 us-
ing the National Disease Surveillance
Point (DSP) system, which comprises
162 urban districts and rural counties
randomly selected from all 7 geograph-
ical regions (northeast, north, east,
south, southwest, northwest, and cen-
tral) and 31 provinces, municipalities,
and autonomous regions in mainland
China. The DSP system covers 7% of
the population, and previous work has
demonstrated its national representa-
tiveness (12). The survey was adminis-
tered by the National Center for Chronic
and Noncommunicable Disease Control
and Prevention and Rui-Jin Hospital af-
filiated with the Shanghai Jiao-Tong Uni-
versity School of Medicine. The ethics
committee of the China Center for Dis-
ease Control and Prevention approved
the study, and written informed consent
was obtained from all participants be-
fore data collection.

At each data collection site, partici-
pants were selected through a complex,
multistage probability sampling design.
Within each DSP, four subdistricts were
selected, with probability proportional
to size. Within each subdistrict, three
neighborhood communities or adminis-
trative villages were selected propor-
tional to size. Within each community
or village, all households were listed,
and 50 were randomly selected. Only
one person from each household was
selected at random using a Kish selec-
tion table (13). All participants were ci-
vilian, noninstitutionalized adults. Only
those living at their residence for a period
of$6monthswere eligible toparticipate.
When an individual was ineligible, re-
fused, or unavailable, a replacement
household was selected from the initial
list minus those households previously
selected. These replacements ensured a
sufficient sample size and representative-
ness of the data across the country.

Data collection was performed by
trained staff located within examination
centers at health stations or community
clinics near participants’ homes. A ques-
tionnaire including sociodemographics,
medical history, lifestyle-related factors,
and health service use was administered
by trained interviewers. Blood samples
were collected from all participants fol-
lowing an overnight fast of at least 10 h.
Further information on the survey is
available elsewhere (2). Details on data
collected for the measures used in this

study are provided herein. A total of
98,658 individuals participated in the
survey, with an overall response rate
of 90.5% and a replacement rate of
9.25%. Six hundred participants with
missing values of interest were ex-
cluded, leaving a sample size of 98,058.

Outcome Variables
Participants were asked, “Have you ever
been told by a doctor or other health-
care professional that you had diabetes?”
Positive responses identified diag-
nosed diabetes, although a large pro-
portion of those living with diabetes
were expected to be undiagnosed. To iden-
tify undiagnosed participants, those
responding negatively to the question-
naire item were provided with a stan-
dard 75-g glucose solution, and their
plasma glucose levels were measured
at 0 and 2 h after administration. Each
blood specimen was collected using a
vacuum collection tube containing anti-
coagulant sodium fluoride and centri-
fuged onsite within 2 h of collection.
Plasma glucose was measured within
24 h in a local hospital laboratory with a
glucose meter using hexokinase or glu-
cose oxidase. Details on the oral glucose
tolerance test and glucosemeasurements
are explained elsewhere (2). Diabetes
was defined according to American Dia-
betes Association 2010 criteria: 1) a self-
reported previous diagnosis by health
professionals, 2) fasting plasma glu-
cose $126 mg/dL, 3) 2-h glucose $200
mg/dL, or 4) HbA1c concentration of
$6.5% (4). This information was used
to create two outcome variables. The
first outcome was whether a person was
living with diabetes as identified by
a self-reported physician diagnosis or
detection through a blood specimen.
The second was whether a person living
with diabetes had been previously di-
agnosed by a physician. Because the
definition of diabetes through blood
sampling is not unequivocal, a second
set of these variables was constructed
based on alternative criteria (3) used in
another study (1) for comparison.

Geographical Variables
The multilevel sampling strategy used in
the survey enabled investigation of di-
abetes prevalence and detection across
geographical areas of various scales.
Only one participant in each household
was surveyed. All participants were
nested at the most local level within
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1,933 villages, which were clustered
within 644 towns, 161 districts/counties
(the DSPs), and 31 provinces. Provinces
were also nestedwithin seven regions of
China: 1) south, Guangdong, Guangxi,
and Hainan; 2) north, Beijing, Tianjin, He-
bei, Shanxi, and Inner Mongolia; 3) east,
Shanghai, Shandong, Jiangsu, Anhui,
Jiangxi, Zhejiang, and Fujian; 4) central,
Hubei, Hunan, and Henan; 5) southwest,
Chongqing, Sichuan, Guizhou, Yunnan,
and Tibet; 6) northwest, Shaanxi, Gansu,
Ningxia, Xinjiang, and Qinghai; and 7)
northeast, Heilongjiang, Jilin, and Liaoning.
In addition to classifications of scale, a
number of characterizations of areas
were also investigated. DSPs were differ-
entiated according to whether they were
urban (districts) or rural (counties). Census
2010 data were used to identify the mean
number of years of education among res-
idents of each DSP, expressed in tertiles.
These variables were cross classified to
afford relatively straightforward com-
parisons of diabetes prevalence and de-
tection between and within urban and
rural areas according to their SECs.

Person-Level Explanatory Variables
The survey contained detailed person-
level information that was likely to be
relevant for explaining geographic vari-
ation in diabetes prevalence and detec-
tion. Sociodemographic measures
included age, sex, employment status,
educational qualifications, and marital
status. BMI was derived from objectively
measured height and weight and dichot-
omized into normal versus overweight or
obese (BMI .24 kg/m2) (14).
Responses to multiple questions in

the survey concerned with knowledge
and willingness to modify the consump-
tion of salt were used to construct a
composite indicator of health literacy
and proactive attitude toward health-
related behavioral change. Health liter-
acy was derived from cross classifying
responses to the questions, “Do you
think eating too much salt will affect
your health?” and “Which of the follow-
ing diseases do you think could be
caused by eating too much salt?” Partic-
ipants who answered yes to the first
question and correctly identified hyper-
tension for the second were classified as
health literate. Participants who be-
lieved that too much salt was bad for
health but did not identify hypertension
for the second question were classified

as health semiliterate, and those re-
sponding negatively to the first question
were automatically classified as health il-
literate. This variable was bisected by re-
sponses to two further questions: “If you
know eating too much salt could harm
your health, are you willing to cut down
on salt?” and “Are you trying to cut down
on salt now?” Participants who were will-
ing to cut downorwere attempting to cut
down their salt consumption at the time
were classified as proactive or willing to
change. All others were classified as un-
willing to change their health behavior.

The final categories in this composite vari-
able were as follows: 1) illiterate, unwill-
ing to change; 2) semiliterate, unwilling to
change; 3) literate, unwilling to change; 4)
illiterate, proactive or willing to change;
5) semiliterate, proactive or willing to
change; and 6) literate, proactive or will-
ing to change.

No comprehensive information on
the use of primary health care was avail-
able for all participants and, as such,
several variables were used to infer
this potentially important determinant
of diabetes awareness. The survey

Figure 1—Choropleth maps of diabetes prevalence (A) and detection (B) across Chinese prov-
inces by DSPs. Quintiles were used to define map strata. Map coverage corresponds to DSPs
only. Red indicates less favorable SECs.
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asked, “How often do you go for a rou-
tine health checkup (not including doc-
tor consultations when ill)?” Responses
to this question were categorized as
never, .2 years, 1–2 years, 6–12
months, and 0–6 months. Minor psychi-
atric morbidity was taken into account
because of the association between psy-
chosocial stress and health (15), which
can operate directly through behavioral
pathways, such as dietary intake (16).
Minor psychiatric morbidity wasmeasured
using the General Health Questionnaire

(17). A binary variable was constructed
using a cut point of 4 (out of 12) on the
General Health Questionnaire, which
has been shown elsewhere as identify-
ing clinically significant minor psychiat-
ric morbidity in the Chinese population
(18,19). A count indicator of the number
of unhealthy lifestyles each partici-
pant was engaged in was constructed
according to published guidelines (20–
22), including measures of 1) insuffi-
cient participation in physical activity,
2) consumption of too much red meat,

3) insufficient fruit and vegetable in-
take, 4) alcohol binge drinking, and 5)
cigarette smoking.

Statistical Analysis
Choropleth maps were produced
within a geographic information system
(ArcGIS version 10 software) to visually
examine geographical variation in the
prevalence and detection of diabetes
across China at the provincial level (n =
31). Data illustrated in the choropleth
maps were median prevalence and

Table 1—Descriptive statistics by geographic region

Geographic region

South North Northeast East Central Southwest Northwest

Participants (n) 13,128 13,938 11,989 13,823 20,991 8,388 15,801

Diabetes prevalence
n (%) 1,461 (11.1) 2,185 (15.7) 1,181 (9.9) 1,972 (14.3) 2,852 (13.6) 1,155 (13.8) 1,431 (9.1)
95% CI 10.6, 11.7 15.1, 16.3 9.3, 10.4 13.7, 14.9 13.1, 14.1 13.0, 14.5 8.6, 9.5

Diabetes detection†
n (%) 495 (33.9) 920 (42.1) 409 (34.6) 689 (34.9) 905 (31.7) 189 (16.4) 296 (20.7)
95% CI 31.5, 36.3 40.1, 44.2 32.0, 37.4 32.9, 37.1 30.1, 33.5 14.3, 18.6 18.7, 22.9

Urban DSPs, highest SEC tertile‡
n (%) 4,577 (34.9) 4,231 (30.4) 2,600 (21.7) 3,689 (26.7) 7,642 (36.4) 2,000 (23.8) 1,100 (7.0)
95% CI 34.1, 35.7 29.6, 31.1 21.0, 22.4 26.0, 27.4 35.8, 37.1 22.9, 24.8 6.6, 7.4

Female sex
n (%) 7,195 (54.8) 7,669 (55.0) 6,566 (54.8) 7,416 (53.6) 11,407 (54.3) 4,478 (53.4) 8,476 (53.6)
95% CI 54.0, 55.7 54.2, 55.8 53.9, 55.7 52.8, 54.5 53.7, 55.0 52.3, 54.5 52.9, 54.4

Aged $60 years
n (%) 2,591 (19.7) 2,857 (20.5) 2,390 (19.9) 2,622 (19.0) 5,023 (23.9) 1,711 (20.4) 2,641 (16.7)
95% CI 19.1, 20.4 19.8, 21.2 19.2, 20.7 18.3, 19.6 23.4, 24.5 19.5, 21.3 16.1, 17.3

Health literate and proactive or
willing to change

n (%) 3,545 (27.0) 5,345 (38.3) 3,798 (31.7) 4,694 (34.0) 7,387 (35.2) 1,818 (21.7) 2,847 (18.0)
95% CI 26.3, 27.8 37.5, 39.2 30.9, 32.5 33.2, 34.8 34.5, 35.8 20.8, 22.6 17.4, 18.6

Never had a health check
n (%) 8,966 (68.3) 9,206 (66.0) 8,919 (74.4) 10,227 (74.0) 11,229 (53.5) 5,724 (68.2) 12,218 (77.3)
95% CI 67.5, 69.1 65.3, 66.8 73.6, 75.2 73.2, 74.7 52.8, 54.2 67.2, 69.2 76.7, 78.0

Minor psychiatric morbidity
n (%) 1,572 (11.9) 1,400 (10.0) 1,884 (15.7) 2,145 (15.5) 1,828 (8.7) 846 (10.1) 1,710 (10.8)
95% CI 11.4, 12.5 9.6, 10.6 15.1, 16.4 14.9, 16.1 8.3, 9.1 9.5, 10.7 10.3, 11.3

Overweight or obese
(BMI $24 kg/m2)

n (%) 6,001 (45.7) 8,149 (58.5) 5,332 (44.5) 6,823 (49.4) 9,720 (46.3) 2,676 (31.9) 5,510 (34.9)
95% CI 44.9, 46.6 57.6, 59.3 43.6, 45.5 48.5, 50.2 45.6, 47.0 30.9, 32.9 34.1, 35.6

Met all health guidelines
n (%) 2,914 (22.2) 2,551 (18.3) 2,469 (20.6) 2,775 (20.1) 4,504 (21.5) 1,338 (16.0) 1,952 (12.4)
95% CI 21.5, 22.9 17.7, 19.0 19.9, 21.3 19.4, 20.8 20.9, 22.0 15.2, 16.8 11.8, 12.9

No education
n (%) 5,168 (39.4) 4,902 (35.2) 5,593 (46.7) 4,944 (35.8) 9,007 (42.9) 3,491 (41.6) 9,734 (61.6)
95% CI 38.5, 40.2 34.4, 36.0 45.8, 47.5 35.0, 36.6 42.2, 43.6 40.6, 42.7 60.8, 62.4

Employed
n (%) 8,811 (67.1) 8,591 (61.6) 8,947 (74.6) 9,298 (67.3) 13,384 (63.8) 5,375 (64.1) 12,367 (78.3)
95% CI 66.3, 67.9 60.8, 62.4 73.8, 75.4 66.5, 68.0 63.1, 64.4 63.0, 65.1 77.6, 78.9

Living as a couple
n (%) 1,483 (11.3) 1,084 (7.78) 1,322 (11.0) 1,579 (11.4) 2,028 (9.7) 928 (11.1) 1,354 (8.6)
95% CI 10.8, 11.8 7.3, 8.2 10.5, 11.6 10.9, 12.0 9.3, 10.1 10.4, 11.8 8.1, 9.0

†Numerator = number of participants diagnosed with diabetes within a particular region; denominator = number of participants living with diabetes
within the same region. ‡Numerator = number of participants living in an urban DSP classified as high SEC within a particular region; denominator =
total population within the same region.
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detection estimates with 95% CIs calcu-
lated fromunadjusted logistic regressions
containing the province as a fixed effect.
Strata were defined by quintiles of prev-
alence or detection, with lower preva-
lence and higher detection considered
more favorable.
Cross tabulations and descriptive sta-

tistics were used to explore patterns
among diabetes prevalence, detection,
and each explanatory variable. Multi-
level logistic regression (23) was used
to investigate geographical and social
correlates of diabetes risk and the
odds of a person living with diabetes
having already been diagnosed. For
each outcome variable, an “empty”
model was fitted initially to investigate
geographic variation across multiple
scales. Random intercepts were used
to account for the clustering of partici-
pants within villages (level 2), towns
(level 3), DSPs (level 4), and provinces
(level 5). Variances at each level were
converted into median odds ratios
(MORs). An MOR .1 indicates the ex-
tent to which geographical variables
play an important role in understanding
variation in the odds of reporting a par-
ticular outcome (24).
In an attempt to explain geographic

variation in each binary outcome, age-
and sex-adjusted models were fitted.
Geographic region and the cross classi-
fication between urban/rural and area-
level SECs were then introduced into the
models. The prevalence of diabetes at
the DSP level was additionally fitted
as a potential predictor of detection,
given the plausibility that levels of
knowledge and detection-related activ-
ities by local health services may be
higher in areas where the prevalence
of diabetes is greater. Person-level
health and sociodemographic variables
were then fitted sequentially to exam-
ine whether they could provide further
explanatory value. All fixed-effects pa-
rameters were exponentiated to odds
ratios with 95% CIs. Median values
with 95% CIs were predicted from the
multilevel models to report differences
in the absolute risk of diabetes and di-
agnosis across explanatory variables. All
statistical analyses were conducted us-
ing MLwIN version 2.30 software (25).

RESULTS

Figure 1 illustrates the geographical var-
iation in prevalence and detection of

diabetes at the provincial level, strati-
fied into quintiles. In the lowest quintile
for diabetes prevalence were Tibet,
Qinghai, Yunnan, Guizhou, Ningxia,
Shaanxi, and Hunan, whereas Jilin, Bei-
jing, Hebei, and Guangdong were in the
highest prevalence quintile. In contrast,
provinces in the highest detection quin-
tile were Qinghai, Ningxia, Hebei, Bei-
jing, and Jilin, but those in the lowest
were Tibet, Yunnan, Guizhou, Guangxi,
Hainan, Guangdong, and Fujian. Visual
comparisons between Fig. 1A and B sug-
gest that aside from Beijing, Hebei, and
Jilin, provinces with more successful de-
tection of diabetes were not necessarily
those with a greater disease burden. It is
notable that Qinghai and Ningxia were
in the lowest quintile for prevalence and
highest quintile for detection. In con-
trast, Tibet, Yunnan, and Guizhou were
in the lowest prevalence quintile and
lowest detection quintile. Guangdong
was in the highest prevalence quintile
but lowest detection quintile. Although
providing no explanatory information,
these choropleth maps illustrate the
marked geographic variation in diabetes
prevalence and detection across China
at the provincial level.

Substantive regional variation in the
prevalence and detection of diabetes is
reported in Table 1, with the highest
prevalence in the north and the lowest
in the northeast and northwest. Supple-
mentary Table 1 shows the small differ-
ence in estimates across regions made
by the choice of diabetes definition. Ur-
ban high-SEC DSPs were most prevalent
in the south, north, and central coun-
ties/districts. Participants in the south-
west, northwest, and east reported the
least health literacy and willingness or
proactive attitude toward behavioral
change, whereas those in the northwest
and northeast weremost likely to report
never having a health check. Cross tab-
ulations also showed that health

literacy tended to be more evident in
socioeconomically advantaged partici-
pants. Minor psychiatric morbidity was
higher in the northeast and east than in
other regions, whereas the north had the
highest prevalence of overweight and
obesity. Only 12.4% of participants in
the northwest met all health behavioral
guidelines, but 61.6% reported no edu-
cational qualifications. Both employ-
ment and the proportion living as a
couple were lowest in the north.

MORs from empty multilevel logistic
regressions showed a twofold geo-
graphic variation in diabetes prevalence
and detection across China. This varia-
tion partitioned across micro- and mac-
roscale geographies (Table 2). Diabetes
prevalence varied more at the village
and DSP level, although variation at
the provincial and town level were also
not trivial. Variation in the detection of
diabetes was greatest at the DSP, pro-
vincial, and village levels but very small
between towns. In additional analyses,
MORs $2 were calculated at the DSP
level for binary expressions of each can-
didate risk factor, revealing important
subregional geographical variation that
could potentially explain the spatial
patterning of diabetes prevalence and
detection (Supplementary Table 2).
Geographic variation was especially no-
table for the odds of a participant having
no educational qualifications (MOR
2.64), low health literacy (MOR 2.69),
and at least one health check within 6
months before the survey (MOR 2.79).

Adjusting for age, sex, region, and ur-
ban SEC cross classification explained
94% of the provincial variation in diabe-
tes prevalence and between 22.3% and
37.4% of the variation at other geo-
graphical levels (Table 3, model 1). Com-
pared with the south, diabetes was
more common in the north, east, and
southwest. A clear negative gradient in
diabetes prevalence was observed from

Table 2—Random effects from empty multilevel logistic regression models

Geographic scale Province DSP Town Village

Diabetes prevalence
n 31 161 644 1,933
Variance (SE) 0.056 (0.023) 0.121 (0.020) 0.065 (0.012) 0.131 (0.012)
MOR (95% CI) 1.25 (1.10, 1.35) 1.39 (1.31, 1.46) 1.28 (1.21, 1.33) 1.41 (1.37, 1.45)

Diabetes detection
n 31 161 644 1,887
Variance (SE) 0.144 (0.053) 0.197 (0.036) 0.044 (0.024) 0.100 (0.031)
MOR (95% CI) 1.44 (1.21, 1.61) 1.53 (1.40, 1.64) 1.00 (1.00, 1.00) 1.35 (1.21, 1.47)
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Table 3—Geographical and social correlates of the odds of having diabetes: fixed- and random-effects parameters estimated
from multilevel logistic regression

Model 1 Model 2

Median % (95% CI) Odds ratio (95% CI) Median % (95% CI) Odds ratio (95% CI)

Fixed effects
Region (reference: south) 9.1 (7.8, 10.7) 1 8.9 (7.8, 10.2) 1
North 12.7 (11.1, 14.6)* 1.45 (1.15, 1.84)* 11.2 (9.9, 12.8)* 1.29 (1.05, 1.59)*
Northeast 8.3 (7.2, 9.7) 0.90 (0.71, 1.15) 7.9 (6.8, 9.1) 0.88 (0.70, 1.09)
East 12.0 (10.4, 14.0)* 1.36 (1.07, 1.72)* 11.3 (9.9, 12.7)* 1.29 (1.05, 1.59)*
Central 10.9 (9.6, 12.2) 1.21 (0.97, 1.51) 10.1 (9.0, 11.3) 1.14 (0.94, 1.38)
Southwest 11.6 (9.7, 13.9)* 1.30 (1.00, 1.70)* 12.4 (10.5, 14.5)* 1.44 (1.14, 1.83)*
Northwest 9.0 (7.7, 10.4) 0.98 (0.77, 1.25) 8.9 (7.8, 10.2) 0.99 (0.80, 1.23)

Urbanization 3 SEC (reference: urban, high SEC) 13.1 (12.0, 14.4) 1 10.6 (9.7, 11.7) 1
Urban, moderate SEC 11.7 (10.5, 13.1) 0.88 (0.76, 1.03) 11.0 (9.9, 12.1) 1.03 (0.88, 1.20)
Urban, low SEC 10.5 (9.2, 11.9)* 0.78 (0.65, 0.92)* 10.4 (9.2, 11.7) 0.97 (0.82, 1.16)
Rural, high SEC 9.7 (8.3, 11.1)* 0.71 (0.61, 0.82)* 9.0 (7.8, 10.3)* 0.82 (0.71, 0.96)*
Rural, moderate SEC 9.3 (8.4, 10.2)* 0.68 (0.59, 0.78)* 9.3 (8.5, 10.3)* 0.86 (0.74, 1.00)
Rural, low SEC 8.7 (7.8, 9.6)* 0.63 (0.54, 0.74)* 9.4 (8.5, 10.4) 0.87 (0.75, 1.02)

Sex 3 age-group (reference: male 3 18–29 years) 4.6 (4.1, 5.3) 1 4.9 (4.3, 5.5) 1
Male 3 30–39 years 7.7 (7.1, 8.5)* 1.71 (1.49, 1.96)* 7.4 (6.7, 8.1)* 1.54 (1.34, 1.77)*
Male 3 40–49 years 12.9 (12.0, 13.8)* 3.03 (2.68, 3.43)* 12.0 (11.2, 12.9)* 2.65 (2.34, 3.01)*
Male 3 50–59 years 16.7 (15.7, 17.9)* 4.12 (3.64, 4.66)* 15.9 (14.9, 16.9)* 3.67 (3.24, 4.16)*
Male 3 60+ years 20.1 (18.9, 21.3)* 5.13 (4.55, 5.80)* 18.6 (17.4, 19.7)* 4.44 (3.90, 5.05)*
Female 3 18–29 years 3.5 (3.0, 4.0)* 0.74 (0.63, 0.87)* 3.9 (3.4, 4.5)* 0.80 (0.67, 0.94)*
Female 3 30–39 years 4.6 (4.1, 5.0) 0.98 (0.85, 1.13) 4.7 (4.2, 5.2) 0.96 (0.82, 1.11)
Female 3 40–49 years 8.1 (7.6, 8.8)* 1.82 (1.60, 2.06)* 7.6 (7.0, 8.2)* 1.60 (1.41, 1.83)*
Female 3 50–59 years 15.5 (14.6, 16.5)* 3.77 (3.34, 4.26)* 13.9 (13.0, 14.8)* 3.13 (2.75, 3.56)*
Female 3 60+ years 23.0 (21.7, 24.2)* 6.13 (5.44, 6.91)* 20.6 (19.3, 21.8)* 5.04 (4.42, 5.74)*

Health literacy (reference: illiterate,
unwilling to change) d d 9.1 (8.5, 9.7) 1

Semiliterate, unwilling to change d d 8.6 (7.9, 9.3) 0.94 (0.86, 1.03)
Literate, unwilling to change d d 10.4 (9.7, 11.1) 1.16 (1.07, 1.25)*
Illiterate, proactive or willing to change d d 9.3 (8.7, 10.0) 1.03 (0.96, 1.10)
Semiliterate, proactive or willing to change d d 9.8 (9.1, 10.5) 1.09 (1.00, 1.18)*
Literate, proactive or willing to change d d 11.2 (10.6, 11.8) 1.26 (1.18, 1.35)*

Time since health check (reference: never) d d 9.6 (9.1, 10.1) 1
.2 years d d 9.4 (8.6, 10.2) 0.97 (0.89, 1.05)
1–2 years d d 10.4 (9.6, 11.2) 1.09 (1.01, 1.17)*
6–12 months d d 11.3 (10.4, 12.3) 1.20 (1.10, 1.30)*
0–6 months d d 11.2 (10.4, 12.1) 1.19 (1.10, 1.28)*

Minor psychiatric morbidity (reference: no) d d 9.8 (9.4, 10.3) 1
Yes d d 10.8 (10.1, 11.6) 1.11 (1.05, 1.18)*

Weight status (reference: normal) d d 7.4 (7.0, 7.8) 1
Overweight or obese d d 14.0 (13.3, 14.7) 2.03 (1.95, 2.12)*

Number of unhealthy lifestyles (reference: 0) d d 9.5 (8.9, 10.1) 1
1 d d 9.8 (9.3, 10.3) 1.04 (0.98, 1.10)
2 d d 10.0 (9.4, 10.6) 1.06 (0.99, 1.13)
$3 d d 10.8 (10.1, 11.6) 1.16 (1.07, 1.26)*

Highest educational qualification (reference: none) d d 10.1 (9.5, 10.7) 1
Primary d d 10.1 (9.5, 10.7) 1.00 (0.95, 1.05)
Secondary d d 9.5 (8.8, 10.1) 0.93 (0.87, 0.99)*
University d d 9.3 (8.5, 10.2) 0.92 (0.83, 1.01)

Economic status (reference: employed) d d 9.4 (8.9, 9.9) 1
Housewife/husband d d 10.9 (10.0, 11.7) 1.17 (1.08, 1.28)*
Retired d d 12.2 (11.3, 13.2) 1.34 (1.24, 1.45)*
Unemployed/student/other d d 10.8 (10.1, 11.6) 1.17 (1.10, 1.24)*

Couple status (reference: living with another person) d d 10.3 (9.6, 11.0) 1
Living alone d d 9.9 (9.4, 10.4) 0.95 (0.89, 1.01)

Random effects
Variance among provinces (SE) 0.003 (0.007) ,0.001 (,0.001)
MOR (provinces) 1.05 ;1
PCV (provinces) (%) 94.6 ;100

Variance among DSPs (SE) 0.094 (0.016) 0.088 (0.014)
MOR (DSPs) 1.34 1.33
PCV (DSPs) (%) 22.3 27.3
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urban high SEC to rural low SEC. Adjust-
ing for health literacy and other person-
level characteristics attenuated this
gradient, but regional variation remained
substantial, as did variation at the DSP,
town, and village levels (model 2). In-
creased health literacywas positively asso-
ciatedwith diabetes prevalence regardless
of willingness or proactive attitude toward
behavioral change. The odds of having
diabetes was also more common among
those who had a more recent health
check or minor psychiatric morbidity,
were overweight or obese, had three or
more unhealthy lifestyle factors, and
were unemployed.
Contrasting findings were reported

for those living with diabetes and their
odds of being diagnosed (Table 4). De-
tection was lower in the southwest and
northwest than in the south but were
higher in the north (model 3). The
odds of being diagnosed were substan-
tively lower in rural low-SEC DSPs but
were not associated with the local prev-
alence of diabetes. Adjustment for these
geographical characteristics explained
79.2% of the provincial and 39.6% of
the DSP-level variation in diagnoses. Ad-
justing for person-level characteristics
(model 4) had little impact on the re-
gional variation but did attenuate the
SEC gradient in urban DSPs. The odds
of being diagnosed in a rural moderate-
or low-SEC DSP, however, remained
very low. Diagnosis was positively asso-
ciated with health literacy combined
with a proactive attitude or willingness
to change; among those who were
unwilling to change, health literacy
was not associated with diagnosis. Par-
ticipants with a recent health check,
experiencing minor psychological
morbidity, or not employed were more
likely to have been diagnosed. Lifestyles,
educational qualifications, and weight
status were not associated with a

diagnosis of diabetes. These person-
level characteristics accounted for a
further 8% of the provincial variation
in diagnoses. Supplementary Tables 3
and 4 show that these associations
were largely similar, regardless of the
definition of diabetes used.

CONCLUSIONS

Consistent with many other countries
around the world, the prevalence of di-
abetes in China is high (1,2), and the
potential consequences of ineffective
prevention and management are
daunting (26). With a country of China’s
enormously varied geography, demo-
graphics, and SECs, data on how the
epidemic is spatially distributed are re-
quired to allocate resources equitably
and efficiently. Previous spatially orien-
tated work in this regard has been lim-
ited by comparisons across singular and
coarse geographic scales, for example,
higher prevalence in northern (6.41%)
than southern regions (4.83%) (9,10).
The current study is the first in our
knowledge to use nationally representa-
tive surveillance data to demonstrate a
more nuanced, multilevel geography of
the diabetes epidemic in China. Within
the northern region, for example, diabe-
tes prevalence ranged from 9.1% in the
northwest and 9.9% in the northeast to
15.7% in the north. Systematic variation
in the prevalence of diabetes was ob-
served across multiple geographical lev-
els below the regional level, including
provinces, counties/districts (DSPs),
towns, and villages. This highlights a
key strength of the study: the multilevel
analysis of a large source of nationally
representative data using objective and
biomedical outcome measures as well
as a linkage of study participant informa-
tion to place-based data from the 2010
census. The results imply that strategies
for allocating health-care resources

exclusively by large-scale regional classi-
fications risk being inefficient. Investing
in a multilevel geographical perspective
provides the necessary information for
eliminating spatial inequities in diabetes.

Some studies have reported a lower
prevalence of diabetes in rural com-
pared with urban areas (2,9,10). Few,
however, investigated heterogeneity
within urban and rural areas according
to SECs. One study approximated eco-
nomic development using data on the
provincial gross domestic product per
capita, reporting higher diabetes preva-
lence in developed urban (12%) and ru-
ral (12%) areas and in underdeveloped
urban areas (10.4%) but lower preva-
lence in underdeveloped rural areas
(5.8%) (1). By contrast, diabetes preva-
lence in the current study was slightly
lower in rural than in urban areas, re-
gardless of themean years of education.
An individual’s level of education was
not associated with the odds of having
diabetes in this study. Although it is un-
clear what mechanisms link provincial
gross domestic product per capita with
diabetes, previous research has argued
strongly for a causal relationship be-
tween education and health outcomes
(27). The lack of a pattern in this study
does not refute that relationship but
does suggest that the socioeconomic pat-
terning of diabetes, considered among
many as a so-called “disease of affluence”
in developing countries, is as much in
transition as China’s urban environment
(7,11). Spatiotemporal modeling of finer-
scale time-series surveillance data are
needed to monitor the shifting epidemi-
ology of diabetes incidence, and health
more generally, toward the socioeco-
nomic gradient commonly seen in North
American and western European coun-
tries (28,29).

Monitoring the prevalence of diabe-
tes is, however, of little value if people

Table 3—Continued

Model 1 Model 2

Median % (95% CI) Odds ratio (95% CI) Median % (95% CI) Odds ratio (95% CI)

Variance among towns (SE) 0.045 (0.01) 0.039 (0.009)
MOR (towns) 1.22 1.21
PCV (towns) (%) 30.8 40.0

Variance among villages (SE) 0.082 (0.011) 0.078 (0.011)
MOR (villages) 1.31 1.31
PCV (villages) (%) 37.4 40.5

PCV, proportional change in variance in model compared with the empty model. *P , 0.05.
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Table 4—Geographical and social correlates of the odds of being diagnosed with diabetes (i.e., detection): fixed- and random-
effects parameters estimated from multilevel logistic regression

Model 1 Model 2

Median % (95% CI) Odds ratio (95% CI) Median % (95% CI) Odds ratio (95% CI)

Fixed effects
Region (reference: south) 30.8 (25.4, 36.9) 1 31.6 (26.1, 37.8) 1
North 40.4 (34.9, 46.3)* 1.53 (1.04, 2.24)* 40.1 (34.6, 45.5)* 1.44 (1.02, 2.05)*
Northeast 34.9 (29.6, 41.2) 1.21 (0.82, 1.78) 33.8 (28.0, 39.8) 1.11 (0.78, 1.58)
East 34.5 (29.2, 40.3) 1.18 (0.81, 1.72) 34.3 (29.4, 40.3) 1.14 (0.81, 1.60)
Central 30.0 (25.9, 34.5) 0.97 (0.68, 1.38) 28.6 (24.8, 32.8) 0.86 (0.62, 1.19)
Southwest 15.6 (11.7, 20.5)* 0.42 (0.27, 0.64)* 16.0 (12.3, 20.5)* 0.41 (0.28, 0.62)*
Northwest 21.6 (17.3, 26.8)* 0.62 (0.42, 0.92)* 21.5 (17.4, 26.1)* 0.59 (0.41, 0.85)*

Urbanization 3 SEC (reference: urban, high SEC) 40.8 (37.3, 44.4) 1 35.5 (32.4, 38.8) 1
Urban, moderate SEC 32.4 (28.6, 36.5)* 0.70 (0.56, 0.87)* 32.7 (28.9, 36.6) 0.88 (0.71, 1.10)
Urban, low SEC 28.3 (24.1, 32.9)* 0.58 (0.44, 0.75)* 29.8 (25.5, 34.9) 0.77 (0.59, 1.01)
Rural, high SEC 30.6 (25.7, 35.9)* 0.64 (0.51, 0.81)* 30.1 (25.4, 35.4) 0.78 (0.61, 1.00)
Rural, moderate SEC 24.5 (21.5, 27.8)* 0.47 (0.38, 0.58)* 26.2 (23.1, 29.6)* 0.64 (0.52, 0.80)*
Rural, low SEC 20.5 (17.7, 23.7)* 0.38 (0.30, 0.47)* 22.9 (20.0, 26.3)* 0.54 (0.43, 0.68)*

County diabetes prevalence (reference: low) 32.6 (29.6, 35.5) 1 32.3 (29.4, 35.1) 1
Moderate 30.1 (27.2, 33.3) 0.89 (0.74, 1.07) 29.4 (26.6, 32.3) 0.88 (0.73, 1.06)
High 28.2 (24.9, 32.0) 0.82 (0.65, 1.02) 27.8 (24.5, 31.6) 0.81 (0.65, 1.01)

Sex (reference: male) 29.9 (27.7, 32.4) 1 30.4 (28.2, 32.7) 1
Female 30.5 (28.3, 32.9) 1.03 (0.95, 1.12) 29.3 (27.1, 31.4) 0.95 (0.86, 1.04)

Age-group (reference: 18–29 years) 16.3 (13.5, 19.9) 1 16.7 (13.7, 20.4) 1
30–39 years 21.7 (18.9, 25.1)* 1.43 (1.09, 1.87)* 22.7 (19.7, 26.0)* 1.47 (1.12, 1.93)*
40–49 years 26.6 (24.3, 29.1)* 1.86 (1.46, 2.37)* 26.8 (24.5, 29.4)* 1.83 (1.43, 2.34)*
50–59 years 32.6 (30.3, 35.2)* 2.49 (1.97, 3.16)* 32.4 (30.2, 34.8)* 2.39 (1.87, 3.06)*
60+ years 35.1 (32.7, 37.7)* 2.78 (2.20, 3.51)* 33.5 (31.1, 35.9)* 2.51 (1.95, 3.22)*

Health literacy (reference: illiterate, unwilling to change) d d 25.8 (23.4, 28.4) 1
Semiliterate, unwilling to change d d 27.2 (23.4, 31.1) 1.07 (0.88, 1.32)
Literate, unwilling to change d d 28.2 (25.3, 31.2) 1.13 (0.96, 1.34)
Illiterate, proactive or willing to change d d 26.3 (23.7, 29.0) 1.03 (0.89, 1.20)
Semiliterate, proactive or willing to change d d 31.2 (28.2, 34.6)* 1.31 (1.11, 1.54)*
Literate, proactive or willing to change d d 34.4 (32.1, 36.9)* 1.51 (1.32, 1.73)*

Time since health check (reference: never) d d 26.7 (24.8, 28.6) 1
.2 years d d 29.4 (26.1, 33.3) 1.15 (0.97, 1.36)
1–2 years d d 34.6 (31.3, 37.9)* 1.46 (1.26, 1.68)*
6–12 months d d 37.7 (34.0, 41.7)* 1.67 (1.43, 1.95)*
0–6 months d d 40.8 (37.2, 44.3)* 1.89 (1.64, 2.19)*

Minor psychiatric morbidity (reference: no) d d 30.6 (28.5, 32.9) 1
Yes d d 29.3 (27.4, 31.4)* 1.58 (1.40, 1.78)*

Weight status (reference: normal) d d 28.6 (26.7, 30.5) 1
Overweight or obese d d 38.7 (35.5, 42.0) 0.94 (0.86, 1.03)

Number of unhealthy lifestyles (reference: 0) d d 30.5 (27.9, 33.2) 1
1 d d 30.2 (28.1, 32.5) 0.99 (0.88, 1.11)
2 d d 30.1 (27.9, 32.7) 0.98 (0.86, 1.12)
$3 d d 27.1 (24.5, 30.2) 0.85 (0.72, 1.00)

Highest educational qualification (reference: none) d d 30.1 (28.0, 32.4) 1
Primary d d 29.4 (27.1, 31.8) 0.96 (0.86, 1.08)
Secondary d d 30.3 (27.2, 33.1) 1.00 (0.87, 1.15)
University d d 28.1 (24.5, 32.1) 0.91 (0.75, 1.10)

Economic status (reference: employed) d d 28.5 (26.5, 30.5) 1
Housewife/husband d d 29.7 (26.1, 33.5) 1.06 (0.89, 1.26)
Retired d d 33.0 (30.0, 36.3)* 1.24 (1.07, 1.43)*
Unemployed/student/other d d 30.9 (28.4, 33.8)* 1.13 (1.00, 1.27)*

Couple status (reference: living with another person) d d 31.0 (28.2, 34.0) 1
Living alone d d 29.6 (27.7, 31.5) 0.94 (0.83, 1.06)

Random effects
Variance among provinces (SE) 0.030 (0.019) 0.018 (0.016)
MOR (provinces) 1.18 1.14
PCV (provinces) (%) 79.2 87.5

Variance among counties/districts (SE) 0.119 (0.026) 0.122 (0.026)
MOR (counties/districts) 1.39 1.4
PCV (counties/districts) (%) 39.6 38.1
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living with the condition are not being di-
agnosed. People living with undiagnosed
diabeteswill not receive themedical atten-
tion that can reduce the risk of coronary
heart disease, stroke, renal failure, lower
limb amputations, and blindness (30). Un-
fortunately, like in many countries around
the world, a nontrivial proportion of peo-
ple living with diabetes in China has not
been diagnosed (31,32). Previous work
has suggested a north-south gradient,
with detection of 29.0% and 18.5%, re-
spectively (9). Results from the current
study suggest greater spatial heterogene-
ity in diabetes detection. Although only
one-third of participants living with diabe-
tes had been diagnosed, detection varied
from 42.1% in the north to only 16.4% in
the southwest. Detection was poorest
among rural communities with moderate
to low SECs. Crucially, detection was not
proportional to the underlying prevalence;
interventions to increase the diagnosis of
diabetes should not be exclusive to areas
of high prevalence. Much of the differ-
ence between urban/rural and area-level
SECs appeared to be explained by adjust-
ment for participant interactions with
health services and health literacy com-
bined with proactive attitudes. Health-
literate participants with no motivation
for change were less likely to be diag-
nosed. Although some bidirectionality of
the association is expected, this cannot be
explored fully with cross-sectional data,
but it is unlikely to be evident in those
with undiagnosed diabetes, as biomedical
assessments were provided to partici-
pants within the 3-month period after
the completion of face-to-face interviews.
It is possible that some residual con-

founding is also present, with detection
likely to be influenced by unmeasured
area-level characteristics, such as geo-
graphic access to health services. Such
phenomena may correlate with the

area-level measure of SECs used, but
to what extent remains uncertain. As
such, the development and exploration
of these types of area-level measures
across DSPs will be an important next
step for enhancing understanding of
geographic variation in diabetes preva-
lence and detection in China. The current
results suggest that integrated responses
incorporating both population-level and
individual-level approaches (33) toward
increasing public knowledge of diabetes,
enhancing access to routine health
checks, and encouraging proactive self-
risk assessment through noninvasive
screening tools (34,35) should be a key
priority for policymakers tasked with re-
ducing geographic inequality in diabetes
risk and detection in China.
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