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ABSTRACT
Objective  This study aims to identify the association 
between diabetes diagnosis, health outcomes, insurance 
scheme, and the quality of county-level primary care in a 
cohort of older Chinese adults.
Design and setting  Data from the China Health and 
Retirement Longitudinal Study, a nationally-representative 
panel survey of people aged 45 and over in China.
Participants  Among participants with valid diabetes-
related and hypertension-related medical history and 
biomarkers (n=8207), participants with diabetes (n=1318) 
were identified using biomarkers and self-reported 
medical history. Individual models were run using 
complete case analysis.
Results  Among 1318 individuals with diabetes in 2011, 
59.8% were unaware of their disease status. Diagnosis 
rates were significantly higher among participants with 
more generous public health insurance coverage (OR 
3.58; 95% CI 2.15 to 5.98) and among those with other 
comorbidities such as dyslipidemia (OR 2.88; 95% CI 2.03 
to 4.09). After adjusting for demographics, individuals 
with more generous public health insurance coverage 
did not have better glucose control at 4 years follow-up 
(OR 0.55; 95% CI 0.26 to 1.18) or fewer inpatient hospital 
admissions at 4 years (OR 1.29; 95% CI 0.72 to 2.33) 
and 7 years follow-up (OR 1.12; 95% CI 0.62 to 2.05). 
Individuals living in counties with better county-level 
primary care did not have better glucose control at 4 years 
follow-up (OR 0.69; 95% CI 0.01 to 33.36), although they 
did have fewer inpatient hospital admissions at 4 years 
follow-up (OR 0.03; 95% CI 0.00 to 0.95). Diabetes 
diagnosis was a significant independent predictor of both 
better glucose control at 4 years follow-up (OR 13.33; 
95% CI 8.56 to 20.77) and increased inpatient hospital 
stays at 4 years (OR 1.72; 95% CI 1.20 to 2.47) and 7 years 
(OR 1.82; 95% CI 1.28 to 2.58) follow-up.
Conclusions  These findings suggest that participants 
with diabetes are often diagnosed concurrently with 
other comorbid disease conditions or after diabetes-
related complications have already developed, thus 
leading to worse health outcomes in subsequent years 
despite improvements in health associated with better 

primary care. These findings suggest the importance 
of strengthening primary care and insurance coverage 
among older adults to focus on diagnosing and treating 
diabetes early, in order to prevent avoidable health 
complications and promote healthy aging.

INTRODUCTION
China’s unprecedented economic growth in 
recent decades has accompanied great strides 
in population health, including marked 
decreases in infant mortality and infectious 
diseases as well as increases in life expec-
tancy.1 Alongside these demographic and 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ We used data from the China Health and Retirement 
Longitudinal Study (CHARLS), a nationally-
representative panel survey of people aged 45 and 
over in China, which contains valuable information 
on participant demographics, household character-
istics, regional characteristics, medical history, and 
health behaviours, and enables a unique linkage of 
these variables to patient biomarkers and health 
outcomes.

	⇒ We created a unique county-specific measure of the 
quality of hypertension-related primary care among 
the CHARLS cohort, allowing us to assess the rela-
tionship between the quality of county-level primary 
care and diabetes-related health outcomes.

	⇒ Our analysis was limited by the lack of biomarkers in 
2018, corresponding to the fourth wave of CHARLS, 
that would have made it possible to assess glucose 
control for the study cohort at 7 years follow-up.

	⇒ Because we were interested in a discrete subsample 
of participants with diabetes in the CHARLS cohort 
for our analysis, our results are not generalisable to 
the broader Chinese population, although they are 
applicable to a geographically and demographically 
diverse group of older adults with diabetes in China.
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epidemiological transitions, however, there has been a 
simultaneous increase in the prevalence and incidence 
of various non-communicable diseases (NCDs). Mortality 
and morbidity in China are now most frequently asso-
ciated with NCDs,2 3 including a significant and rising 
disease burden due to diabetes. Studies within the past 
decade estimate that more than half of China’s adult 
population has diabetes or pre-diabetes,4 5 representing 
over 500 million people. This number is projected to 
rise given China’s ageing population and the increasing 
prevalence of risk factors for diabetes.6 7 In addition to 
mortality and morbidity related directly to diabetes, this 
chronic disease is a risk factor for a wide range of macro-
vascular and microvascular complications associated with 
excess mortality in China.8

The rising burden of diabetes in China has occurred 
alongside major health system reforms. A substantive 
overhaul to the national health insurance and financing 
system started with pilots in the early 2000s, which estab-
lished three basic health insurance schemes: New Coop-
erative Medical Insurance (NCMI) for rural residents, 
Urban Resident Medical Insurance (URMI) for unem-
ployed or informally employed urban residents and 
Urban Employee Medical Insurance (UEMI) for formally 
employed urban residents. As a whole, UEMI is the most 
generous among the three insurance schemes, as the 
service benefit packages offered by NCMI and URMI 
focus on paying for inpatient hospital care with less favor-
able cost-sharing structures.9 10 Although these reforms 
have brought improvements to the Chinese healthcare 
system,11 12 major issues remain. These issues include a 
lack of system-wide integration for the management of 
chronic diseases and over-utilization of tertiary health 
facilities due to factors such as the mistrust of primary care 
providers, who often have fewer years of formal medical 
training compared with hospital-based practitioners.13–15

More than half of people with diabetes in China are 
unaware of their diagnosis, and even among those who 
are aware of their diagnosis, the level of control and 
management of diabetes is often inadequate.4 5 Subop-
timal diagnosis, treatment, and control of diabetes in 
China, aside from contributing to significant mortality 
and morbidity, also represent a major economic burden 
due to lost productivity16 and inefficient healthcare 
expenditures.17 18 Studies in other countries have shown 
that early diagnosis and management of diabetes yield 
net value (monetary gains that outweigh the cost of treat-
ment),19 better patient outcomes, and better quality of 
life.20 Better management and integration of patients 
with chronic diseases within a primary care setting has 
been associated with improved health outcomes and 
cost savings,21 and significant changes in the provision 
of primary care and outpatient management in China 
may address existing urban–rural disparities in diabetes-
related outcomes and complications.8 22 Ideally, people 
with diabetes would receive screening and diagnosis early 
in the disease process, followed by consistent manage-
ment in a primary care or outpatient setting. Robust 

primary care should lead to better health outcomes, more 
efficient healthcare utilization, and fewer diabetes-related 
complications. Previous research has demonstrated that 
in China, both the initial diagnosis of diabetes5 and subse-
quent management and control of diabetes4 appear to be 
inadequate, and the underlying factors for these findings 
are still largely unknown. Our retrospective analysis uses 
a large panel survey of older adults in China to iden-
tify demographic and behavioral factors associated with 
diabetes diagnosis, and we additionally seek to clarify the 
relationship between these participants’ diabetes diag-
nosis status, the quality of primary care in their county 
of residence, and their diabetes-related health outcomes 
and health utilization in later years.

METHODS
Data source
We used data from the baseline, third, and fourth waves 
of the China Health and Retirement Longitudinal Study 
(CHARLS), a nationally-representative panel survey of 
people aged 45 and over in China,23 based on a multi-
stage, stratified, random sample drawn at the county, 
neighbourhood, and household levels. The baseline wave 
of CHARLS was fielded in 2011–2012, the third wave in 
2015, and the fourth wave in 2018. The survey contains 
information about demographics, income and assets, 
health status, medical history, health behaviors, and 
health spending. Biomarkers are collected every other 
wave beginning with the baseline wave. Therefore, data 
from the baseline and third waves contain biomarkers 
relevant to our analysis.

Our analysis used Version D of the Harmonised 
CHARLS dataset collated by the Gateway to Global Aging 
Data, which harmonises some variable definitions in the 
CHARLS dataset with those found in other surveys such 
as the Health and Retirement Study. Included partici-
pants were present in the baseline wave, completed ques-
tions about their household geographical region and 
diabetes medical history, and had fasting plasma glucose 
measurements and glycosylated hemoglobin (HbA1c) 
levels; n=9920 (figure 1).

Health status measures
We defined diabetes to align with previous studies of 
CHARLS conducted by Zhao et al5 on the prevalence 
and diagnosis of diabetes. We defined participants with 
diabetes as those who had one or more of: (1) self-reported 
diabetes diagnosis; (2) fasting plasma glucose ≥126 mg/
dL; or (3) HbA1c concentration ≥6.5% (48 mmol/mol). 
We defined diabetes diagnosis status as whether partic-
ipants had a self-reported diabetes diagnosis, regardless 
of their biomarker levels. We defined diabetes control 
for participants with a self-reported diabetes diagnosis 
as HbA1c level ≤7% (53 mmol/mol) or fasting plasma 
glucose ≤130 mg/dL.24 25

We defined participants with hypertension as those 
who had one or more of: (1) self-reported hypertension 
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diagnosis; (2) mean systolic blood pressure  ≥140 mm 
Hg; or (3) mean diastolic blood pressure  ≥90 mm Hg. 
We coded systolic blood pressures greater than 230 mm 
Hg as missing values (n=15). We defined hypertension 
control for participants with a self-reported hypertension 
diagnosis as mean blood pressure measurements below 
140/90 mm Hg.26

Demographic measures
Demographic measures were defined in accordance with 
prior analyses.5 We assessed household resources using 
the log of per capita total household expenditures (PCE) 
grouped into terciles. We categorised education as illit-
erate, literate without formal education, formal primary 
school education, and formal middle school education or 
above. We used self-reported urban or rural hukou (house-
hold) status rather than urban or rural residency because 
hukou status establishes eligibility for specific health insur-
ance schemes. We stratified body mass index (BMI) into 
four intervals, that is, <23, 23–25, 25–30, and ≥30 kg/m2.27

Additionally, we used the community delineator to 
generate a set of indicator variables describing each 
participant’s province and county of residence, the latter 
encompassing qu (urban district) and xian (county). 
These indicator variables were equal to one if the 

participant resided in a given province or county and zero 
otherwise. We categorised participants’ public health 
insurance status into UEMI, URMI, NCMI and other 
reported insurance schemes.

Measure of hypertension-related primary care
We used hypertension-related metrics to measure the 
quality of primary care in each county. Counties actively 
investing in primary care and management of chronic 
diseases under China’s essential health services program 
are likely to conduct regular surveillance screening to 
identify and treat patients with NCDs such as hyperten-
sion, resulting in a higher proportion of patients with 
hypertension under control after adjusting for other 
observable characteristics of the individuals in that county.

We defined our measure of the quality of hypertension-
related primary care in each county as the county average 
of residuals derived from a linear regression model of 
hypertension control based on observable individual-level 
covariates. This measure serves to capture the variation in 
county-level performance in hypertension control after 
accounting for individual characteristics. This variable is 
labelled as ‘primary care’ in our tables and figures, with a 
higher average residual representing counties where resi-
dents are more likely to have hypertension under control. 
For detailed methods, please refer to online supplemental 
appendix A.

Statistical methods
Point estimates of diabetes prevalence in 2011 among 
the cohort of participants and among demographic 
subgroups were obtained. These estimates were compared 
with published findings from Zhao et al5 as a robustness 
check. We also estimated the percentage of undiagnosed 
participants with diabetes among the subset of partici-
pants (n=1318) with diabetes and among demographic 
subgroups.

To identify factors associated with diabetes diagnosis 
status (that is, participants with a self-reported existing 
diabetes diagnosis) for participants with diabetes in 2011, 
we fitted a logit model with community and individual-
level explanatory variables to assess for covariates that 
were significantly associated with diabetes diagnosis. 
To explore factors associated with health outcomes, we 
conducted binomial logit regressions to examine diabetes 
control at 4 years follow-up and inpatient hospital stays in 
the past year at 4 years and 7 years follow-up. All regres-
sion models were adjusted for the quality of county-level 
primary care, which was our main predictor of interest; a 
vector of individual-level factors including age, sex, educa-
tion, log PCE, public health insurance scheme, BMI, 
current smoking status, and self-reported histories of 
hypertension, heart problems, stroke, dyslipidemia, liver 
disease, kidney disease; and province-level fixed effects. 
Finally, to assess for any additional effects of diabetes diag-
nosis status on health outcomes, we reran those models 
while including diabetes diagnosis status as our second 
main predictor of interest. Complete case analysis was 

Figure 1  Participant cohort inclusion flow chart. BMI, 
body mass index; CHARLS, China Health and Retirement 
Longitudinal Study; HbA1c, glycosylated hemoglobin.
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used for all models. All analyses were conducted using 
Stata SE V.17.28

Patient and public involvement
Participants were not involved in the conceptualization, 
design, or conduct of this study. Participants were not 
directly recruited for this study. Results from this study 
will be disseminated via the CHARLS study website along-
side other studies that have used data from CHARLS.

RESULTS
Diabetes prevalence and diabetes diagnosis status
Sample descriptive statistics, diabetes prevalence, and 
the percentage of undiagnosed diabetes among those 
with diabetes are shown in table 1. In our sample of 8207 
participants, 16.1% (n=1318) had diabetes, and among 
these participants, 59.8% (n=788) of them were undiag-
nosed. Table  1 also reports these point estimates strati-
fied by primary care quartile, age, sex, education, log 
PCE, hukou status, and public health insurance scheme. 
We found a very high percentage of participants with 
diabetes who were undiagnosed among all demographic 
strata, with more than half undiagnosed participants 
with diabetes in almost every subgroup except among 
those with the most generous insurance coverage, UEMI 
(37.4%), and among those with an urban hukou (48.1%). 
Fortunately, average diagnosis rates are increasing over 
time for patients with all levels of insurance coverage 
(online supplemental appendix B).

Factors associated with diabetes diagnosis at baseline
The likelihood of having a diabetes diagnosis was signifi-
cantly higher among those with UEMI health insurance 
(OR 3.58; 95% CI 2.15 to 5.98), which is the most generous 
of China’s public health insurance schemes (table  2). 
Diabetes diagnosis did not differ significantly based on 
the quality of county-level primary care. Diabetes diag-
nosis was also significantly associated with having a prior 
diagnosis of hypertension, heart problems, dyslipidemia, 
or kidney disease.

Retrospective cohort analyses
Table  3 presents the ORs for diabetes control in 2015. 
After adjusting for individual characteristics, neither 
residing in a county with better primary care nor having 
more generous insurance coverage was significantly asso-
ciated with diabetes control at 4 years follow-up. However, 
a prior diagnosis of hypertension, dyslipidemia, or kidney 
disease was significantly associated with diabetes control 
in 2015. After including diabetes diagnosis in the regres-
sion, hypertension and dyslipidemia were no longer 
significant independent predictors of diabetes control. 
Instead, having a diabetes diagnosis at baseline was signifi-
cantly associated with diabetes control at 4 years follow-up, 
suggesting that the effect of prior diagnoses of hyperten-
sion and dyslipidemia on diabetes control is through the 

impact of these comorbidities on the increased likelihood 
of having a concurrent diabetes diagnosis.

The results of our binomial logit regressions exam-
ining inpatient hospital admissions in 2015 and 2018 
are presented in table  4. After adjusting for individual 

Table 1  Descriptive statistics, diabetes prevalence, and 
diabetes diagnosis status among the study cohort in the 
baseline wave of CHARLS

Participant 
cohort, % 
(n=8207)

Diabetes 
prevalence 
among 
participant 
cohort, % 
(n=8207)

Undiagnosed 
diabetes 
among those 
with diabetes, 
% (n=1318)

Total 16.06 59.79

Primary care*

 � Lowest quartile 25.34 14.86 67.96

 � Second quartile 25.53 15.51 62.77

 � Third quartile 25.22 16.72 52.02

 � Highest quartile 23.91 17.23 57.4

Insurance

 � NCMI 84.32 15.32 63.33

 � URMI 4.25 20.25 54.55

 � UEMI 8.31 20.57 37.4

 � Other 3.12 17.57 61.9

Age

 � 45–59 50.43 14.23 62.65

 � 60–69 31.59 18.4 54.09

 � 70–79 14.59 17.38 62.98

 � 80+ 3.39 15.83 68.18

Sex

 � Male 46.75 15.77 64.3

 � Female 53.25 16.32 55.96

Education

 � Illiterate 29.82 15.82 61.24

 � Literate 18.48 16.74 61.42

 � Primary 22.21 15.63 56.14

 � Other 29.49 16.2 59.95

Log PCE†

 � First tercile 28.68 15.68 63.69

 � Second tercile 28.73 15.82 62.47

 � Third tercile 28.61 17.04 54

Hukou

 � Urban 17.33 19.9 48.06

 � Rural 82.67 15.25 63

*Here, primary care indicates our proxy measure for the quality of 
primary care in a given patient’s county of residence by predicting 
hypertension control status among individuals residing in that county, 
controlling for individual-level covariates. Please refer to the text.
†Log of per capita total household expenditures.
CHARLS, China Health and Retirement Longitudinal Study; NCMI, 
New Cooperative Medical Insurance; UEMI, Urban Employee Medical 
Insurance; URMI, Urban Resident Medical Insurance.
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characteristics, residing in a county with better primary 
care was significantly associated with fewer inpatient 
hospital stays at 4 years follow-up, although this association 

disappeared by 7 years follow-up. Insurance coverage 
was not an independent predictor of inpatient hospital 
stays at 4 years or 7 years follow-up. Diabetes diagnosis 
was itself an independent predictor of increased inpa-
tient hospital stays at 4 years and 7 years follow-up. As a 
robustness check, we added diabetes control at baseline 
as an additional predictor in case of confounding due to 
participants whose diabetes was under control, which may 
make them less likely to be hospitalized for a diabetes-
related health crisis (online supplemental appendix C). 
In this supplemental analysis, diabetes diagnosis was an 
independent predictor of increased inpatient hospital 
stays at 4 years and 7 years follow-up. Neither residing in a 
county with better primary care nor having better insur-
ance coverage was significantly associated with inpatient 
hospital stays at 4 years and 7 years follow-up.

DISCUSSION
Consistent with prior analyses, we found that the majority 
of participants with diabetes in the CHARLS cohort were 
undiagnosed at baseline in 2011. We also observed large 
urban–rural differences: 48.1% of urban residents were 
undiagnosed compared to 63.0% of rural residents, and 
37.4% of UEMI-covered participants were undiagnosed 
compared to 63.3% of NCMI-covered participants. These 
rates are consistent with previous studies pointing to large 
disparities in healthcare outcomes and quality between 
China’s urban and rural populations.8 29 30

We found that the quality of hypertension-related 
primary care within a participant’s county of residence 
was not significantly associated with diabetes diagnosis, 
suggesting that even locales with relatively good hyper-
tension control did not adequately identify participants 
with diabetes. Participants who did have a diabetes diag-
nosis were more likely to be well-insured urban residents 
under the UEMI scheme and to have comorbid medical 
conditions. Taken together, these findings suggest that, 
particularly for rural residents, diabetes diagnosis often 
occurs in the setting of existing diagnosed comorbidities, 
likely as an incidental finding during the management of 
other health conditions, or when diabetes-related compli-
cations have already developed.

Hypertension-related primary care was not signifi-
cantly associated with diabetes control at 4 years 
follow-up. Better county-level primary care was, 
however, associated with fewer inpatient hospital stays 
at 4 years follow-up, though this effect disappeared by 
7 years follow-up. There was no significant association 
between insurance scheme and either diabetes control 
or inpatient hospital stays, suggesting that insurance 
coverage impacts diabetes-related health outcomes 
almost entirely through its effect on diabetes detection 
and diagnosis. We find that diabetes diagnosis is itself a 
significant independent predictor of both subsequent 
diabetes control and inpatient hospital admissions. 
Together, these findings suggest that diabetes diag-
nosis is more likely for those with more severe disease 

Table 2  Factors associated with diabetes diagnosis among 
participants with diabetes in the baseline wave of CHARLS

Diabetes diagnosis (n=1198)*

OR 95% CI

Primary care 5.72 0.40 to 81.96

Insurance

 � NCMI

 � URMI 1.23 0.66 to 2.26

 � UEMI 3.58 2.15 to 5.98

 � Other 1.06 0.49 to 2.32

Age

 � 45–59

 � 60–69 1.18 0.87 to 1.60

 � 70–79 0.91 0.59 to 1.40

 � 80+ 0.85 0.38 to 1.86

Female 1.31 0.93 to 1.84

Education

 � Illiterate

 � Literate 1.12 0.75 to 1.69

 � Primary 1.30 0.87 to 1.95

 � Other 0.90 0.59 to 1.36

Log PCE

 � First tercile

 � Second tercile 1.12 0.79 to 1.60

 � Third tercile 1.12 0.77 to 1.64

BMI

 � <23

 � <25 1.17 0.81 to 1.69

 � <30 1.23 0.88 to 1.73

 � ≥30 1.20 0.68 to 2.12

Current smoker 0.79 0.55 to 1.14

Hypertension 1.49 1.12 to 1.99

Heart problems 1.68 1.16 to 2.41

Stroke 0.98 0.51 to 1.88

Dyslipidaemia 2.88 2.03 to 4.09

Liver disease 1.12 0.58 to 2.14

Kidney disease 2.49 1.46 to 4.25

Bold values indicate odds ratios with 95% confidence intervals 
that do not include the null value (OR = 1).
*Here, the sample size is smaller than the total number of 
participants with diabetes because not all participants had a 
complete set of covariates for inclusion in the regression.
BMI, body mass index; CHARLS, China Health and Retirement 
Longitudinal Study; NCMI, New Cooperative Medical Insurance; 
PCE, per capita total household expenditures; UEMI, Urban 
Employee Medical Insurance; URMI, Urban Resident Medical 
Insurance.

https://dx.doi.org/10.1136/bmjopen-2021-059756
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or comorbid medical conditions, such that even for 
patients with adequate glucose control, participants 
with a diabetes diagnosis remain at risk of becoming 
seriously ill and requiring an inpatient hospital stay. 

Given that better county-level primary care is associ-
ated with fewer inpatient hospital stays despite no asso-
ciation with glucose control, we propose that though 
improvements in hypertension-related primary care 

Table 3  Factors associated with diabetes control among participants with diabetes in the third wave (2015) of CHARLS

Diabetes control* (n=750)† Adding diagnosis status

OR 95% CI OR 95% CI

Primary care 1.21 0.04 to 35.43 0.69 0.01 to 33.36

Insurance

 � NCMI

 � URMI 1.37 0.59 to 3.18 1.26 0.47 to 3.37

 � UEMI 1.11 0.57 to 2.17 0.55 0.26 to 1.18

 � Other 0.57 0.16 to 2.02 0.61 0.15 to 2.52

Diabetes diagnosis 13.33 8.56 to 20.77

Age

 � 45–59

 � 60–69 0.93 0.63 to 1.37 0.91 0.58 to 1.44

 � 70–79 0.73 0.40 to 1.33 0.91 0.45 to 1.83

 � 80+ 1.29 0.38 to 4.38 1.46 0.35 to 6.09

Female 1.29 0.82 to 2.02 1.17 0.70 to 1.95

Education

 � Illiterate

 � Literate 1.26 0.74 to 2.15 1.20 0.65 to 2.22

 � Primary 1.15 0.68 to 1.92 0.95 0.53 to 1.73

 � All else 1.02 0.60 to 1.75 0.89 0.49 to 1.64

Log PCE

 � First tercile

 � Second tercile 1.28 0.81 to 2.01 1.23 0.72 to 2.09

 � Third tercile 1.27 0.78 to 2.07 1.21 0.68 to 2.15

BMI

 � <23

 � <25 1.29 0.79 to 2.11 1.36 0.77 to 2.40

 � <30 1.08 0.68 to 1.72 1.21 0.71 to 2.07

 � ≥30 0.71 0.33 to 1.52 0.80 0.35 to 1.84

Current smoker 0.81 0.50 to 1.32 0.97 0.55 to 1.69

Hypertension 1.61 1.10 to 2.35 1.37 0.88 to 2.12

Heart problems 0.92 0.57 to 1.47 0.70 0.41 to 1.19

Stroke 0.87 0.38 to 1.99 0.76 0.30 to 1.95

Dyslipidaemia 1.81 1.17 to 2.78 1.18 0.73 to 1.93

Liver disease 1.82 0.80 to 4.13 1.75 0.66 to 4.64

Kidney disease 2.69 1.34 to 5.39 2.31 1.05 to 5.10

Bold values indicate odds ratios with 95% confidence intervals that do not include the null value (OR = 1).
*Diabetes control is defined for participants with a self-reported diabetes diagnosis as HbA1c ≤7% (53 mmol/mol) or fasting plasma 
glucose ≤130 mg/dL.
†Here, the sample size is smaller than the total number of participants with diabetes because not all participants had a complete set of 
covariates for inclusion in the regression.
BMI, body mass index; CHARLS, China Health and Retirement Longitudinal Study; HbA1c, glycosylated haemoglobin; NCMI, New 
Cooperative Medical Insurance; PCE, per capita total household expenditures; UEMI, Urban Employee Medical Insurance; URMI, Urban 
Resident Medical Insurance.
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may keep individuals out of the hospital for comorbid 
conditions, it is still not adequately addressing diabetes 
control and management.

Finally, we were interested in a brief back-of-the-
envelope comparison of healthcare spending among 
participants across primary care quartiles and insurance 

Table 4  Factors associated with inpatient hospital stays among participants with diabetes in the third wave (2015) and fourth 
wave (2018) of CHARLS

Hospital stay in 2015 
(n=1023)*

Adding diagnosis 
status

Hospital stay in 2018 
(n=941)* Adding diagnosis status

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Primary care 0.04 0.00 to 1.14 0.03 0.00 to 0.95 7.31 0.28 to 192.55 7.10 0.26 to 190.24

Insurance

 � NCMI

 � URMI 1.48 0.71 to 3.07 1.48 0.71 to 3.08 1.66 0.79 to 3.47 1.56 0.74 to 3.29

 � UEMI 1.50 0.84 to 2.67 1.29 0.72 to 2.33 1.31 0.73 to 2.36 1.12 0.62 to 2.05

 � Other 1.21 0.46 to 3.13 1.18 0.45 to 3.08 1.19 0.47 to 3.02 1.17 0.45 to 3.01

Diabetes 
diagnosis

1.72 1.20 to 2.47 1.82 1.28 to 2.58

Age

 � 45–59

 � 60–69 1.05 0.71 to 1.55 1.06 0.72 to 1.56 1.37 0.95 to 1.97 1.38 0.95 to 1.99

 � 70–79 1.82 1.10 to 3.01 1.89 1.14 to 3.14 1.27 0.75 to 2.17 1.34 0.78 to 2.30

 � 80+ 1.53 0.57 to 4.09 1.56 0.58 to 4.19 1.68 0.53 to 5.35 1.77 0.55 to 5.67

Female 0.85 0.56 to 1.29 0.84 0.55 to 1.28 0.87 0.58 to 1.31 0.85 0.56 to 1.28

Education

 � Illiterate

 � Literate 1.57 0.97 to 2.54 1.57 0.97 to 2.56 1.03 0.64 to 1.67 1.03 0.63 to 1.68

 � Primary 0.88 0.52 to 1.47 0.85 0.50 to 1.42 0.94 0.57 to 1.53 0.89 0.54 to 1.47

 � All else 1.05 0.62 to 1.77 1.05 0.62 to 1.78 0.94 0.57 to 1.54 0.93 0.57 to 1.53

Log PCE

 � First tercile

 � Second tercile 1.16 0.75 to 1.79 1.11 0.71 to 1.72 0.81 0.54 to 1.23 0.79 0.52 to 1.20

 � Third tercile 1.01 0.64 to 1.61 0.97 0.61 to 1.55 0.80 0.52 to 1.25 0.79 0.51 to 1.24

BMI

 � <23

 � <25 1.29 0.82 to 2.03 1.30 0.82 to 2.05 1.11 0.71 to 1.75 1.12 0.71 to 1.77

 � <30 0.95 0.61 to 1.47 0.95 0.61 to 1.48 1.07 0.70 to 1.63 1.07 0.70 to 1.64

 � ≥30 1.06 0.54 to 2.10 1.08 0.54 to 2.13 0.99 0.50 to 1.95 1.03 0.52 to 2.03

Current smoker 0.71 0.45 to 1.11 0.74 0.47 to 1.17 0.79 0.51 to 1.22 0.82 0.53 to 1.27

Hypertension 1.68 1.17 to 2.43 1.59 1.10 to 2.30 1.37 0.96 to 1.95 1.29 0.90 to 1.85

Heart problems 1.57 1.02 to 2.40 1.47 0.95 to 2.26 1.62 1.06 to 2.49 1.52 0.99 to 2.33

Stroke 1.12 0.52 to 2.42 1.09 0.50 to 2.36 1.14 0.52 to 2.47 1.14 0.52 to 2.49

Dyslipidaemia 1.13 0.74 to 1.74 1.00 0.65 to 1.55 1.31 0.87 to 2.00 1.13 0.74 to 1.74

Liver disease 1.28 0.58 to 2.83 1.29 0.58 to 2.86 0.98 0.45 to 2.14 0.96 0.44 to 2.11

Kidney disease 1.51 0.83 to 2.76 1.39 0.76 to 2.55 1.23 0.64 to 2.37 1.15 0.60 to 2.22

Bold values indicate odds ratios with 95% confidence intervals that do not include the null value (OR = 1).
*Here, the sample size is smaller than the total number of participants with diabetes because not all participants had a complete set of 
covariates for inclusion in the regression.
BMI, body mass index; CHARLS, China Health and Retirement Longitudinal Study; NCMI, New Cooperative Medical Insurance; PCE, per 
capita total household expenditures; UEMI, Urban Employee Medical Insurance; URMI, Urban Resident Medical Insurance.
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scheme, presented in online supplemental appendix 
D. We summarize reported out-of-pocket spending as a 
portion of household income as proxied by PCE in 2011. 
Those in the highest primary care quartile and those with 
NCMI health insurance reported higher out-of-pocket 
spending as a fraction of household income. These differ-
ences ceased to be significant in 2015 and 2018, raising 
the question of whether health outcomes in later waves of 
CHARLS are related to higher baseline healthcare utili-
zation and spending or whether improved benefits for 
NCMI may have reduced financial barriers to care. The 
spending data available in CHARLS is based on self-recall; 
thus, total medical spending is likely underestimated 
since many participants are unaware or not informed of 
the total amount billed when they seek medical care. In 
future studies, examining the role of healthcare spending 
and healthcare utilization vis-a-vis public insurance 
coverage will help to provide further insight into whether 
and how earlier diagnosis, management, and control of 
diabetes in China yield net value for both patients and 
health systems.

A chronic disease diagnosis, such as for diabetes, should 
be followed by appropriate treatment and management 
to prevent avoidable hospitalizations and disease-related 
complications. The low diagnosis rate among participants 
with diabetes in the CHARLS cohort, and, counterintu-
itively, worse health outcomes (proxied by an inpatient 
hospital stay) among those diagnosed, suggest inadequate 
primary care or outpatient management of diabetes in 
China. These findings suggest that primary care provides 
relatively poor identification of at-risk patients and does 
not adequately address the insidious onset of diabetes; 
thus, individuals are often diagnosed with diabetes only 
when they experience severe symptoms or complica-
tions related to diabetes, or as incidental diagnoses in 
the setting of other comorbid medical conditions such 
as hypertension. Diagnosis later in the disease course of 
diabetes or in conjunction with other comorbid medical 
conditions is associated with more intractable disease and 
worse prognosis,20 31 which could explain the increased 
hospitalizations for participants with a diabetes diagnosis 
in 2011.

Our analysis was limited by the lack of biomarkers in 
2018, corresponding to the fourth wave of CHARLS, that 
would have made it possible to assess glucose control for 
the study cohort at 7 years follow-up. It is possible that with 
the ongoing implementation of health reforms in China 
designed to better integrate primary care and tertiary 
hospital systems, some of the areas of improvement that 
we noted are already being addressed. Additionally, 
because we were interested in a discrete subsample of the 
CHARLS cohort for our analysis, our results are not gener-
alizable to the broader Chinese population, although 
they can be interpreted as applicable to a geographically 
and demographically diverse group of older adults with 
diabetes in China.

CONCLUSIONS
Diabetes-related primary care is particularly important 
because poor screening and management of diabetes 
often leads to severe complications, with associated high 
morbidity and mortality.7 32 33 Our analyses of CHARLS 
data through 2018 highlight the importance of strength-
ening NCD management and control in China’s primary 
care system and health insurance schemes. Although 
diagnosis rates are improving on average for all insur-
ance schemes, CHARLS participants are most likely to 
be aware of their condition if they are covered by more 
generous health insurance (UEMI) or if they have 
other comorbid chronic conditions. Participants with 
a diabetes diagnosis are more likely to experience an 
inpatient hospitalization compared to observably similar 
participants who are as yet undiagnosed for their under-
lying diabetes condition, whether or not they reside in a 
county with relatively good hypertension-related primary 
care. These findings suggest that a diabetes diagnosis is 
proxying for more severe disease and that participants 
with diabetes are likely receiving diagnoses in the setting 
of other comorbid conditions or diabetes-related compli-
cations, thus explaining why they may be more likely to 
have better glucose control (because they are receiving 
treatment) yet also more likely to experience an inpa-
tient hospitalization. Given the aging population and 
the explosive increase of diabetes-related risk factors 
in China, the early diagnosis and treatment of diabetes 
among older adults is essential to improve patient health 
outcomes and prevent avoidable complications.

Acknowledgements  This analysis uses data or information from the Harmonised 
CHARLS dataset and Codebook, version D as of June 2021 developed by the 
Gateway to Global Aging Data. The development of the Harmonised CHARLS was 
funded by the National Institute on Aging (R01 AG030153, RC2 AG036619, R03 
AG043052). For more information, please refer to www.g2aging.org.

Contributors  Conceptualization, AZ, KE and JQ; methodology, AZ and KE; formal 
analysis, AZ; validation, AZ, KE and JQ; writing–original draft preparation, AZ and 
KE; writing–review and editing, AZ, KE and JQ; visualization, AZ; supervision, KE; 
guarantor, AZ.

Funding  Funding to support time allocated to this manuscript was provided by a 
Stanford Medical Scholars Research fellowship awarded in June 2020. All authors 
had full access to the data underlying the study and accept responsibility to submit 
for publication. Eggleston also gratefully acknowledges the financial support of 
the Stanford King Center on Global Development and a Shorenstein APARC faculty 
research award, for research on chronic disease control in developing Asia which 
informed this analysis.

Disclaimer  The funding source played no role in study design; in the collection, 
analysis and interpretation of data; in the writing of the report; or in the decision to 
submit the article for publication.

Competing interests  None declared.

Patient and public involvement  Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication  Not applicable.

Ethics approval  Ethical review and approval were waived for this study because it 
solely involved the secondary analysis of a deidentified dataset. Ethical approval for 
all the CHARLS waves was granted from the Institutional Review Board at Peking 
University. The IRB approval number for the main household survey, including 
anthropometrics, is IRB00001052-11015; the IRB approval number for biomarker 
collection, was IRB00001052-11014. During the fieldwork, each respondent who 
agreed to participate in the survey was asked to sign two copies of the informed 

https://dx.doi.org/10.1136/bmjopen-2021-059756
https://dx.doi.org/10.1136/bmjopen-2021-059756
www.g2aging.org


9Zhang A, et al. BMJ Open 2022;12:e059756. doi:10.1136/bmjopen-2021-059756

Open access

consent, and one copy was kept in the CHARLS office, which was also scanned 
and saved in PDF format. Four separate consents were obtained: one for the main 
fieldwork, one for the non-blood biomarkers and one for the taking of the blood 
samples, and another for storage of blood for future analyses.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data are available on reasonable request. All data 
relevant to the study are included in the article or uploaded as online supplemental 
information. Access to the data used for this study may be obtained from the 
CHARLS study website maintained by Peking University at http://charls.pku.edu.cn/​
index/en.html.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Adary Zhang http://orcid.org/0000-0002-4035-3148
Jianchao Quan http://orcid.org/0000-0002-8386-8512

REFERENCES
	 1	 Cook IG, Dummer TJB. Changing health in China: re-evaluating the 

epidemiological transition model. Health Policy 2004;67:329–43.
	 2	 Wang L, Kong L, Wu F, et al. Preventing chronic diseases in China. 

Lancet 2005;366:1821–4.
	 3	 Zhou M, Wang H, Zeng X, et al. Mortality, morbidity, and risk factors 

in China and its provinces, 1990-2017: a systematic analysis for the 
global burden of disease study 2017. Lancet 2019;394:1145–58.

	 4	 Xu Y, Wang L, He J, et al. Prevalence and control of diabetes in 
Chinese adults. JAMA 2013;310:948.

	 5	 Zhao Y, Crimmins EM, Hu P, et al. Prevalence, diagnosis, and 
management of diabetes mellitus among older Chinese: results from 
the China health and retirement longitudinal study. Int J Public Health 
2016;61:347–56.

	 6	 Flaherty JH, Liu ML, Ding L, et al. China: the aging giant. J Am 
Geriatr Soc 2007;55:1295–300.

	 7	 Ma RCW. Epidemiology of diabetes and diabetic complications in 
China. Diabetologia 2018;61:1249–60.

	 8	 Bragg F, Holmes MV, Iona A, et al. Association between diabetes 
and cause-specific mortality in rural and urban areas of China. JAMA 
2017;317:280–9.

	 9	 Tang S, Tao J, Bekedam H. Controlling cost escalation of healthcare: 
making universal health coverage sustainable in China. BMC Public 
Health 2012;12:S8.

	10	 Tang S, Ehiri J, Long Q. China’s biggest, most neglected health 
challenge: non-communicable diseases. Infect Dis Poverty 2013;2:7.

	11	 Liu G, Vortherms SA, Hong X. China’s Health Reform Update [online] 
Report No.: ID 2953210. Rochester, NY: Social Science Research 
Network, 2017. Available: https://papers.ssrn.com/abstract=2953210 
[Accessed 10 Feb 2020].

	12	 Yip WC-M, Hsiao WC, Chen W, et al. Early appraisal of China’s huge 
and complex health-care reforms. Lancet 2012;379:833–42.

	13	 Duckett J, Hunt K, Munro N, et al. Does distrust in providers affect 
health-care utilization in China? Health Policy Plan 2016;31:1001–9.

	14	 Eggleston K. Healing one-fifth of humanity [online]. Milken Institute 
Review. Available: http://www.milkenreview.org/articles/healing-one-​
fifth-of-humanity [Accessed 10 Feb 2020].

	15	 Liu Y. China’s public health-care system: facing the challenges. Bull 
World Health Organ 2004;82:532–8.

	16	 Hird TR, Zomer E, Owen A, et al. The impact of diabetes on 
productivity in China. Diabetologia 2019;62:1195–203.

	17	 Wang W, McGreevey WP, Fu C, et al. Type 2 diabetes mellitus in 
China: a preventable economic burden. Am J Manag Care 2009;15:9.

	18	 Yang W, Zhao W, Xiao J, et al. Medical care and payment for 
diabetes in China: enormous threat and great opportunity. PLoS One 
2012;7:e39513.

	19	 Eggleston KN, Shah ND, Smith SA, et al. The net value of health 
care for patients with type 2 diabetes, 1997 to 2005. Ann Intern Med 
2009;151:386–93.

	20	 Herman WH, Ye W, Griffin SJ, et al. Early detection and treatment 
of type 2 diabetes reduce cardiovascular morbidity and mortality: a 
simulation of the results of the Anglo-Danish-Dutch study of intensive 
treatment in people with screen-detected diabetes in primary care 
(ADDITION-Europe). Diabetes Care 2015;38:1449–55.

	21	 Chen Y, Ding H, Yu M. The effects of primary care chronic-disease 
management in rural China [online]. Report No.: 26100. National 
Bureau of Economic Research, 2019. Available: http://www.nber.org/​
papers/w26100 [Accessed 10 Feb 2020].

	22	 Zhou M, Astell-Burt T, Bi Y, et al. Geographical variation in diabetes 
prevalence and detection in China: multilevel spatial analysis of 
98,058 adults. Diabetes Care 2015;38:72–81.

	23	 Zhao Y, Hu Y, Smith JP, et al. Cohort profile: the China health 
and retirement longitudinal study (CHARLS). Int J Epidemiol 
2014;43:61–8.

	24	 American Diabetes Association. Glycemic targets: standards of 
medical care in diabetes-2020. Diabetes Care 2020;43:S66–76.

	25	 Jia W, Weng J, Zhu D, et al. Standards of medical care for type 2 
diabetes in China 2019. Diabetes Metab Res Rev 2019;35:e3158.

	26	 Joint Committee for Guideline Revision. 2018 Chinese guidelines 
for prevention and treatment of hypertension-a report of the revision 
committee of Chinese guidelines for prevention and treatment of 
hypertension. J Geriatr Cardiol 2019;16:182–241.

	27	 WHO Expert Consultation. Appropriate body-mass index for Asian 
populations and its implications for policy and intervention strategies. 
Lancet 2004;363:157–63.

	28	 StataCorp. Stata statistical software: release 17 2021.
	29	 Eggleston K, Ling L, Qingyue M, et al. Health service delivery in 

China: a literature review. Health Econ 2008;17:149–65.
	30	 Liu Y, Hsiao WC, Eggleston K. Equity in health and health care: the 

Chinese experience. Soc Sci Med 1999;49:1349–56.
	31	 Harris MI, Eastman RC. Early detection of undiagnosed diabetes 

mellitus: a US perspective. Diabetes Metab Res Rev 2000;16:230–6.
	32	 Gregg EW, Sattar N, Ali MK. The changing face of diabetes 

complications. Lancet Diabetes Endocrinol 2016;4:537–47.
	33	 Harding JL, Pavkov ME, Magliano DJ, et al. Global trends in 

diabetes complications: a review of current evidence. Diabetologia 
2019;62:3–16.

http://charls.pku.edu.cn/index/en.html
http://charls.pku.edu.cn/index/en.html
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-4035-3148
http://orcid.org/0000-0002-8386-8512
http://dx.doi.org/10.1016/j.healthpol.2003.07.005
http://dx.doi.org/10.1016/S0140-6736(05)67344-8
http://dx.doi.org/10.1016/S0140-6736(19)30427-1
http://dx.doi.org/10.1001/jama.2013.168118
http://dx.doi.org/10.1007/s00038-015-0780-x
http://dx.doi.org/10.1111/j.1532-5415.2007.01273.x
http://dx.doi.org/10.1111/j.1532-5415.2007.01273.x
http://dx.doi.org/10.1007/s00125-018-4557-7
http://dx.doi.org/10.1001/jama.2016.19720
http://dx.doi.org/10.1186/1471-2458-12-S1-S8
http://dx.doi.org/10.1186/1471-2458-12-S1-S8
http://dx.doi.org/10.1186/2049-9957-2-7
https://papers.ssrn.com/abstract=2953210
http://dx.doi.org/10.1016/S0140-6736(11)61880-1
http://dx.doi.org/10.1093/heapol/czw024
http://www.milkenreview.org/articles/healing-one-fifth-of-humanity
http://www.milkenreview.org/articles/healing-one-fifth-of-humanity
http://www.ncbi.nlm.nih.gov/pubmed/15500285
http://www.ncbi.nlm.nih.gov/pubmed/15500285
http://dx.doi.org/10.1007/s00125-019-4875-4
http://www.ncbi.nlm.nih.gov/pubmed/19747024
http://dx.doi.org/10.1371/journal.pone.0039513
http://dx.doi.org/10.7326/0003-4819-151-6-200909150-00003
http://dx.doi.org/10.2337/dc14-2459
http://www.nber.org/papers/w26100
http://www.nber.org/papers/w26100
http://dx.doi.org/10.2337/dc14-1100
http://dx.doi.org/10.1093/ije/dys203
http://dx.doi.org/10.2337/dc20-S006
http://dx.doi.org/10.1002/dmrr.3158
http://dx.doi.org/10.11909/j.issn.1671-5411.2019.03.014
http://dx.doi.org/10.1016/S0140-6736(03)15268-3
http://dx.doi.org/10.1002/hec.1306
http://dx.doi.org/10.1016/S0277-9536(99)00207-5
http://dx.doi.org/10.1002/1520-7560(2000)9999:9999<::AID-DMRR122>3.0.CO;2-W
http://dx.doi.org/10.1016/S2213-8587(16)30010-9
http://dx.doi.org/10.1007/s00125-018-4711-2

	Association between the quality of primary care, insurance coverage, and diabetes-­related health outcomes in a cohort of older adults in China: results from the China Health and Retirement Longitudinal Study
	Abstract
	Introduction﻿﻿
	Methods
	Data source
	Health status measures
	Demographic measures
	Measure of hypertension-related primary care
	Statistical methods
	Patient and public involvement

	Results
	Diabetes prevalence and diabetes diagnosis status
	Factors associated with diabetes diagnosis at baseline
	Retrospective cohort analyses

	Discussion
	Conclusions
	References


