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ABSTRACT
Objectives: We examined the level of agreement
between biomedical and self-reported measurements
of hypertension and diabetes in a Chinese national
community sample, and explored associations of the
agreement and possible contextual effects among
provinces and geographic regions in China.
Design: Secondary analysis of a cohort sample.
Setting and participants: Community samples were
drawn from the national baseline survey of the China
Health and Retirement Longitudinal Study (CHARLS,
2011–2012) through multistage probability sampling,
which included households with members 45 years of age
or above with a total sample size of 17 708 individuals.
Outcome measures: Sensitivity, specificity and κ were
used as measurements of agreements or validity; variance
of validity measures among provinces and communities
was estimated using random-effects models.
Results: Self-reports for hypertension and diabetes
showed high specificity (96.3% and 98.3%,
respectively) but low sensitivity (56.3% and 61.5%,
respectively). Agreement between self-reported data and
biomedical measurements was moderate for both
hypertension (κ 0.57) and diabetes (κ 0.65), with
respondents who were older, of higher socioeconomic
status, better educated and who had hospital
admissions in the past 12 months showing stronger
agreements than their counterparts. Large and
significant variations in the sensitivity among provinces
for hypertension, and among communities for both
hypertension and diabetes, could neither be attributed
to the effects of respondents’ characteristics nor to the
contextual effects of city–village differences.
Conclusions: As a considerable number of people in
the overall sample were unaware of their conditions,
self-reports will lead to an underestimation of the
prevalence of hypertension and diabetes. However, in
more developed communities or provinces, self-
reported data can be a reliable estimate of the
prevalence of the two conditions. Further investigations
of contextual effects at provincial and community levels
could highlight public health strategies to improve
awareness of the two conditions.

INTRODUCTION
Hypertension and diabetes are two major
chronic conditions that contribute consider-
ably to the burden of disease.1 Reliable
prevalence estimates based on biomedical
measurements of both diseases are essential
for research on the determinants of health
and for the planning and implementation of
public health policy aimed at prevention.
Given the high costs and low efficiency of
clinical diagnosis in survey studies, much of
the epidemiological investigation of hyper-
tension and diabetes has been and, particu-
larly at the national level, will likely continue
to be, based on self-reported data.2

Strengths and limitations of this study

▪ The results of the present study, with a response
rate of over 80%, are based on the latest national
cohort (China Health and Retirement
Longitudinal Study, CHARLS) undertaken with
international collaborators in accordance with
internationally acceptable standards.

▪ This is the first study in China to use advanced
multilevel modelling to examine potential context
effects, such as provincial and community
effects, to increase the reliability and generalis-
ability of the findings.

▪ The reliability of the data could be affected by
the fact that the three measurements of blood
pressures were taken within a single physical
examination rather than by way of multiple mea-
surements over time, and that only one glycated
haemoglobin test for diabetes was used in the
CHARLS baseline survey.

▪ Also, there were missing blood sample data from
about one-third of the eligible participants.
However, the statistical power in the estimates of
validity measures and associations are less likely
affected in the large sample analyses.
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To use self-reported data with confidence, a number
of studies have attempted to assess the accuracy of self-
reported data using test characteristics such as sensitivity,
specificity and κ coefficients. However, their approaches
and results vary.3–14 Criterion standards for the presence
of diseases have been inconsistent, such as biomedical
measurements from physical examinations or medical
records, and data have been collected in different ways:
through mailed self-report questionnaires, telephone-
based interviews and face-to-face interviews, using a
variety of questionnaire instruments. The characteristics
of the cohorts used in these studies also varied widely,
and many of the research results on this topic seem to
have been based on small, unrepresentative samples.
Almost all studies on the sensitivity and specificity of

self-reporting for non-communicable diseases, such as
hypertension and diabetes, have been carried out in
Western Europe and North America, but health service
surveys have become critical sources of data in develop-
ing countries, too. Recent studies in China15 16 have pro-
vided sensitivity estimates equivalent to ‘awareness of
disease’ for diabetes and hypertension. However, at the
time of this research, few studies had looked at the
factors associated with increased health awareness
among diabetes or evaluated the validity of self-reported
hypertension, and no studies had analysed national-level
data to look specifically for between-region variations in
people’s levels of awareness regarding these two
conditions.
Although previous reports found relatively low overall

awareness rates regarding hypertension in developing
countries,17 high awareness rates were observed in some
studies conducted, particularly in developed regions of
China.18 Since the management of non-communicable
diseases has become part of China’s policy agenda and
part of the large-scale reform of China’s national health
system in recent years, it is more important than ever to
understand the extent to which self-reported cases
reflect actual, diagnosable cases of disease in China and
to understand how differing levels of disease awareness
might be accounted for by variations in geographic
region or by other factors.
The analysis presented here, using data from the

China Health and Retirement Longitudinal Study
(CHARLS), estimates the validity of self-reported hyper-
tension and diabetes in a nationally representative
sample of China’s ageing population. We seek not only
to determine the respondents’ characteristics associated
with increased validity of self-reported hypertension and
diabetes, but also to explore the variation in the validity
of such data between different geographic regions in
China by using multilevel models.19

METHODS
Data
Data for this study are drawn from the national baseline
survey of CHARLS, a 10-year, up-to-date follow-up study

run by the National School for Development (China
Center for Economic Research). This nationally repre-
sentative longitudinal survey was conducted between
June 2011 and March 2012, and includes 17 708 indivi-
duals. Samples of households with members 45 years of
age or above were chosen through multistage probability
sampling, but non-community-based individuals or those
in collective dwellings, such as military bases, schools,
dormitories or nursing homes, were excluded. A total of
435 villages and urban communities from 28 provinces
were selected so that the survey could include a mix of
urban and rural settings, as well as a wide variety
of levels of economic development. The respondent rate
of CHARLS is 80.5%, with an 8.8% refusal, 8.2% inabil-
ity to contact sample residents and 2% other reasons.
The included information is from three sources: (1) a
questionnaire administered through face-to-face inter-
views in the sampled household; (2) a physical examin-
ation carried out by trained interviewers in the
household and (3) laboratory blood tests after the inter-
view at designated local healthcare institution. The inter-
view used a computer-assisted personal interview
approach by trained interviewers, to minimise inter-
viewer bias. Detailed information about the CHARLS
sampling procedure and data quality management has
been published previously.20 21

Self-reported data on hypertension and diabetes were
obtained by the question, ‘Have you been diagnosed
with hypertension/diabetes by a doctor?’. Blood pres-
sure was measured three times (approximately 45 s
apart) on a single occasion, using an electronic monitor
(Omron model HEM-7112), as part of the physical
examination. The average of these blood pressure read-
ings was used to determine each respondent’s blood
pressure level. Hypertension was defined as a systolic
blood pressure ≥140 mm Hg and/or a diastolic blood
pressure ≥90 mm Hg and/or current use of antihyper-
tensive medication, following the WHO guideline.22

Blood samples provided estimates of glycated haemoglo-
bin (HbA1c), which were obtained using a boronate
affinity high-performance liquid chromatography assay.
The diagnostic criterion for diabetes in our study was
defined as HbA1c values ≥6.5%.23 Although HbA1c may
not be the most widely used screening test, it has been
suggested as an alternative means of screening for dia-
betes and has been used this way in many surveys.23

Biomedical measurements corrected for current medica-
tion use are referred to in the remainder of this paper
simply as ‘biomedical measurements’.

Statistical methods
To assess the difference in prevalence estimates based
on the data collection method used, the prevalence of
hypertension and diabetes was calculated according to
self-reported information, as well as according to the
results of biomedical measurements obtained from the
CHARLS. To assess the accuracy of self-reported data,
sensitivity, specificity and κ coefficients were each
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calculated with SAS software V.9.2. Results of the bio-
medical measurements were treated as reference or the
‘gold standard’ for a diagnosis of hypertension or dia-
betes. Sensitivity was defined as the percentage of
respondents who self-reported having hypertension/dia-
betes among those with diagnosed hypertension/dia-
betes. This value is thus equivalent to ‘hypertension/
diabetes awareness’. Specificity was defined as the per-
centage of individuals who self-reported not having
hypertension/diabetes among those with ‘normal’ or
‘healthy’ biomedical measurements. As the κ coefficient
takes into account the agreement occurring by chance,
and since it is a more robust measure than simple
percent agreement, we calculated it to determine the
degree of agreement between self-reported question-
naire data and biomedical measurements.7 The κ coeffi-
cients can be divided into four grades, namely ≤0.40
(poor-to-fair agreement), 0.41∼0.60 (moderate agree-
ment), 0.61∼0.80 (substantial agreement) and 0.81∼1.0
(excellent agreement).
A 95% CI was calculated for sensitivity and specificity

estimates across different subgroups. To determine
which participant characteristics independently pre-
dicted the likelihood of correctly self-reporting the
condition, multivariate logistic regression analysis was
considered. Because the multistage sampling design of
the CHARLS produces samples with respondents nested
within 435 communities (neighbourhoods in urban and
villages in rural areas) and communities nested within
28 provinces, the outcomes of interest are inherently
geographically clustered. Hence we used a multilevel
logistic model in which respondents were at level 1, com-
munities at level 2 and provinces at level 3. Such a
model can examine associated factors with the outcome
in its fixed part of parameters, and decompose total vari-
ance into different levels in its random part of para-
meters to measure the clustering effects if they exist.
The model can be simplified to a two-level model if the
variation, in this case between provinces, is not signifi-
cant. Second order predictive/penalised quasi-likelihood
estimation,19 as implemented within MLwiN software
V.2.3, was used to examine associated factors for sensitiv-
ity and specificity whenever appropriate. Participants
with missing data on a particular variable were listwise
excluded from that analysis, although the fraction of
missing values on relevant variables is very small in
CHARLS (<0.2%). The analyses were carried out separ-
ately for participants with and without a diagnosis in
order to examine sensitivity and specificity, respectively.
Independent variables were derived from question-

naires and were included in the fixed part of models as
both associated factors with and adjustment for the like-
lihood of sensitivity and specificity. Variables at respond-
ent level included age in years, gender, education
(organised into three levels: no formal education,
primary education only, secondary education and
higher) and hospital admission in the past 12 months.
Annual household spending was used as the measure of

economic status and categorised into three levels: low
(household spending of <¥1000/year), moderate
(¥1000–¥5000) and high (¥5000 or more). According to
National Bureau of Statistics of China, community type,
a community-level variable, was categorised into city,
village and others, which consisted of combined urban–
rural areas, town centre areas, combined town-township
areas, township centre areas and special districts.

RESULTS
Study population
Among the 17 708 respondents in the CHARLS cohort,
the percentages of people younger than 50, over 50, and
60 years of age or above, were 24.4%, 35.9% and 39.6%,
respectively, with a median age of 58 years (25th and
75th centile: 51–65 years). The cohort was 52.1% female
and 47.9% male. Among rural respondents, 33.8%
lacked formal education, and 42.2% had never gone
beyond elementary school, whereas among urban resi-
dents, only 9.9% lacked formal education and only
25.4% had not continued their education beyond elem-
entary school. Of the people in the CHARLS cohort, 9%
had at least one hospital admission during the past
12 months, 13 610 (76.9%) had anthropometric data
collected as part of the study and 11 546 (65.2%) sup-
plied blood samples. Characteristics of the cohort
sample are summarised in table 1.

Prevalence, sensitivity, specificity and κ coefficient
The prevalence of hypertension was 38.5% according to
biomedical test and 24.0% according to the self-reported
data, which indicated that self-reporting led to an under-
estimation of hypertension by 38%. Likewise, the preva-
lence of diabetes was 6.9% according to the biomedical
data and 5.8% according to self-report, which indicated
an underestimated prevalence of diabetes by 16% from
self-reported data. The overall sensitivity of self-reported
hypertension and diabetes was 56.3% and 61.5%,
respectively. The difference in sensitivity between sub-
groups for each of the interested factors was significant
to varying degrees (table 2). The overall specificities of
self-reported hypertension and diabetes were high,
96.3% and 98.3%, with no significant difference
between subgroups of interested factors (table 2). The
overall κ coefficient of self-reported hypertension was
0.57 and of diabetes, 0.65. The difference in κ coeffi-
cient between subgroups of interested factors was signifi-
cant to varying degrees (table 2). Individuals in the
lowest economic group had the lowest sensitivity of self-
reporting for both conditions, 45.7% for hypertension
and 39.2% for diabetes. Individuals <50 years of age had
the next lowest sensitivity of self-reported hypertension
(49.4%) and the third lowest for diabetes (54.9%). In
contrast, individuals living in a city or having had a hos-
pital admission in the past 12 months or coming from
good economic conditions had higher sensitivity of self-
reported hypertension than their counterparts. A similar
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pattern was presented for self-reported diabetes, too. It
was noticed that female individuals had higher sensitivity
of self-reported hypertension but lower sensitivity of self-
reported diabetes than males.

Respondent characteristics associated with sensitivity
The partial effects of respondents’ characteristics on the
sensitivity of self-reported hypertension based on analysis
of a multilevel multivariate logistic model are presented
in table 3. The results further confirmed that individuals
aged ≥50 years, living in city areas, having had a hospital
admission in the past 12 months and being in good eco-
nomic status, are strongly and independently associated
with having more accurately self-reported hypertension
than their counterparts. For self-reported diabetes, age
and community type were not associated factors. Female
participants with higher levels of education were also
more likely to accurately self-report hypertension than
were their respective counterparts.
The parameter estimates of the random part in the

model without adjusting for independent variables
(table 3) suggested that variations in the sensitivity of
self-reported hypertension between communities and
provinces were statistically significant, and remained so
even after controlling for a range of individual factors,
as well as the contextual effects of city–village differ-
ences. To examine provincial effects, we calculated the
residuals from the model without independent variables
for all 28 provinces in the sample and produced a ‘cater-
pillar plot’ (figure 1) that showed provincial effects
ranked in order, as well as the 95% CIs for each value.

The sensitivity of self-reported hypertension in Guizhou,
Guangdong, Guangxi, Yunnan, Hubei and Sichuan,
were significantly lower than the overall average (resi-
duals fell below the zero line), and they showed accurate
self-reporting of hypertension at rates of 25.6%, 39.4%,
39.5%, 41.3%, 44.5% and 46.8%, respectively. In con-
trast, the sensitivity of self-reported hypertension in
Beijing, Zhejiang and Anhui, were significantly above
average (residuals fell above the zero line) with accurate
hypertension self-reporting rates of 85.7%, 68.0% and
69.5%, respectively. Although accurate hypertension self-
reporting rates were higher in Shanghai, Tianjin and
Heilongjiang, at 85.0%, 74.5% and 72.2%, respectively,
the wide CIs for these values overlapped with the zero
line because small sample sizes in these provinces led to
large SEs for their estimated residuals. A map was
created showing the accuracy of self-reported hyperten-
sion (equivalent to ‘awareness of hypertension’) in pro-
vinces of China (figure 2), which indicates that
provinces in northern regions have more accurate hyper-
tension self-reports than those in the southwest region
of the country. To explore possible sources of variation
among provinces, we further examined the difference
among three officially defined economic zones in
China: the Eastern zone, which consists of 11 provinces;
the Central zone, which consists of 8 provinces; and the
Western zone, which consists of 12 provinces. The
Eastern zone is economically most advanced, and the
Western zone is the least economically developed, with
distinct policy and geographic circumstances. Although
not reported in tables, an adjusted model analysis

Table 1 Characteristics of the Cohort, China Health and Retirement Longitudinal Study, 2011–2012

Total % (N=17 708)

Physical examination

participants % (N=13 610)

Blood samples test

participants % (N=11 546)

Age (years)

<50 24.42 23.05 22.84

50–59 35.90 36.16 36.58

≥60 39.68 40.79 40.59

Sex

Male 47.88 46.89 46.49

Female 52.12 53.10 53.50

Education

No formal education 27.21 28.34 28.75

Primary education 39.38 40.77 40.51

Secondary education and above 33.41 30.89 30.74

Hospital admission

Yes 9.06 8.77 9.06

No 90.94 91.23 90.94

Economic status

<1000 13.55 14.40 13.54

¥1000–4999 35.83 37.77 37.02

≥5000 42.51 41.62 42.99

Not clear 8.11 6.22 6.45

Community type

City 15.41 11.87 11.60

Others 28.60 28.78 28.55

Village 55.99 59.35 59.86
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Table 2 Sensitivity, specificity and κ coefficients of self-reported hypertension and diabetes compared with biomedical data, China Health and Retirement Longitudinal

Study, 2011–2012

Hypertension Diabetes

Variables

Sensitivity %

(95% CI)

Specificity %

(95% CI) κ (95% CI)

Sensitivity %

(95% CI)

Specificity %

(95% CI) κ, (95% CI)

Overall 56.3 (55.0 to 57.7) 96.3 (95.9 to 96.7) 0.57 (0.55 to 0.58) 61.5 (58.1 to 64.8) 98.3 (98.1 to 98.6) 0.65 (0.62 to 0.68)

Age (years)

<50 49.4 (45.8 to 53.0) 96.9 (96.2 to 97.6) 0.54 (0.50 to 0.58) 54.9 (46.1 to 63.8) 98.7 (98.2 to 99.1) 0.59 (0.51 to 0.66)

50–59 57.6 (55.3 to 60.0) 96.6 (96.0 to 97.2) 0.59 (0.57 to 0.62) 62.6 (57.1 to 68.0) 98.4 (98.0 to 98.8) 0.66 (0.61 to 0.71)

≥60 57.4 (55.6 to 59.2) 95.4 (94.6 to 96.2) 0.52 (0.50 to 0.55) 62.7 (57.8 to 67.6) 98.1 (97.7 to 98.5) 0.65 (0.61 to 0.7.0)

Sex

Male 53.6 (51.5 to 55.6) 96.4 (95.8 to 97.0) 0.54 (0.52 to 0.57) 63.4 (58.3 to 68.6) 98.7 (98.4 to 99.0) 0.67 (0.63 to 0.72)

Female 58.7 (56.9 to 60.5) 96.2 (95.6 to 96.7) 0.58 (0.57 to 0.60) 60.0 (55.5 to 64.5) 98.0 (97.7 to 98.4) 0.63 (0.59 to 0.66)

Education

No formal education 53.1 (50.7 to 55.5) 95.6 (94.7 to 96.4) 0.51 (0.49 to 0.54) 53.6 (47.0 to 60.1) 98.2 (97.7 to 98.7) 0.57 (0.52 to 0.63)

Primary education 57.2 (55.1 to 59.3) 96.5 (95.8 to 97.1) 0.58 (0.55 to 0.60) 66.9 (61.6 to 72.2) 98.4 (98.0 to 98.8) 96.36 (0.64 to 0.73)

Secondary education and above 59.0 (56.4 to 61.5) 96.6 (96.0 to 97.3) 0.61 (0.58 to 0.63) 61.9 (56.1 to 67.7) 98.4 (98.0 to 98.8) 0.66 (0.61 to 0.71)

Hospital admission

Yes 70.1 (66.2 to 73.9) 94.6 (92.8 to 96.3) 0.66 (0.62 to 0.70) 76.2 (68.8 to 83.6) 97.6 (96.6 to 98.6) 0.76 (0.70 to 0.82)

No 54.7 (53.3 to 56.2) 96.4 (96.0 to 96.8) 0.55 (0.54 to 0.57) 58.7 (55.0 to 62.4) 98.4 (98.2 to 98.7) 0.62 (0.59 to 0.66)

Economic status

<1000 45.7 (42.2 to 49.1) 95.8 (94.7 to 97.0) 0.45 (0.41 to 0.49) 39.2 (28.1 to 50.3) 98.8 (98.2 to 99.4) 0.46 (0.35 to 0.57)

¥1000–4999 55.2 (53.1 to 57.4) 96.4 (95.7 to 97.0) 0.55 (0.53 to 0.58) 59.4 (53.6 to 65.1) 98.3 (97.9 to 98.7) 0.62 (0.57 to 0.67)

≥5000 62.6 (60.5 to 64.7) 96.1 (95.5 to 96.8) 0.63 (0.61 to 0.65) 66.9 (62.4 to 71.5) 98.3 (97.9 to 98.7) 0.7 (0.66 to 0.73)

Not clear 51.9 (47.1 to 56.8) 97.7 (96.5 to 98.9) 0.54 (0.48 to 0.59) 61.5 (46.3 to 76.8) 98.2 (97.2 to 99.2) 0.61 (0.48 to 0.74)

Community type

City 67.6 (64.3 to 70.9) 96.8 (95.6 to 98.0) 0.65 (0.62 to 0.69) 69.4 (62.2 to 76.5) 97.1 (96.2 to 98.1) 0.69 (0.63 to 0.76)

Others 56.0 (53.5 to 58.5) 96.7 (95.9 to 97.4) 0.56 (0.54 to 0.59) 61.2 (55.4 to 67.0) 98.4 (98.0 to 98.9) 0.66 (0.61 to 0.71)

Village 53.6 (51.8 to 55.4) 96.0 (95.5 to 96.0) 0.54 (0.52 to 0.56) 58.2 (53.1 to 63.3) 98.5 (98.2 to 98.8) 0.61 (0.57 to 0.66)

Ning
M
,etal.BM

J
Open

2016;6:e009836.doi:10.1136/bm
jopen-2015-009836

5

O
p
e
n
A
c
c
e
s
s



indicated that incidences of self-reported hypertension
in the Eastern and Central zones of China were more
accurate than those in the Western zone (OR=1.53, 95%
CI 1.07 to 2.09; OR=1.57, 95% CI 1.09 to 2.25). In fact,
provinces with highly accurate self-reported hyperten-
sion were mostly located in the Eastern zone (Beijing,
Zhejiang, Shanghai and Tianjin) or in the Central zone
(Anhui, Heilongjiang). In contrast, provinces with the
lowest self-reported hypertension were located in the
Western zone (Guizhou, Guangxi, Yunnan and
Sichuan).
For self-reported diabetes, variance estimates in the

random part of the model without covariates (table 3)
suggested that variations in the accuracy of diabetes self-
reporting between communities were statistically signifi-
cant, while those between provinces were not. As was the
case in the full model adjusted for respondent character-
istics, the estimate of between-community variance and
its SE was 0.598 (0.209) with p<0.01, while the between-

province variance and SE was 0.197 (0.124) with p>0.05.
The intracommunity correlation was calculated as 19.5%
((0.197+0.598)/(0.197+0.598+3.29)), which was higher
than the calculation of the hypertension as 8.6%.
Because there appeared to be no significant variation
between provinces, no further examination by economic
zone was carried out, and we reduced our covariate
adjustment model down to the two-level model pre-
sented in table 3. The intracommunity correlation was
then recalculated as 0.191 (0.779/(0.779+3.29)), indicat-
ing that 19.1% of the residual variation in the accuracy
of people’s self-reported diabetes could be attributed to
unobserved community characteristics.

Respondent characteristics associated with specificity
The overall specificity of self-reported cases of both,
hypertension and diabetes, was high. The results in
table 3 suggest that no respondent characteristic was sig-
nificantly associated with more accurate reporting

Table 3 Respondent characteristics associated with the sensitivity and specificity of self-reports in multilevel logistic

regression modelling, presented by OR and its 95% CI, China Health and Retirement Longitudinal Study, 2011–2012

Hypertension OR (95% CI) Diabetes OR (95% CI)

With condition

(sensitivity)

Without condition

(specificity)

With condition

(sensitivity)

Without condition

(specificity)

Model without covariates
Level 3: province 0.218 (0.072)** 0.176 (0.083)* 0.192 (0.121) 0.063 (0.070)

Level 2: community 0.193 (0.039)** 0.283 (0.112)* 0.641 (0.208)** 0.618 (0.207)**

Model with covariates
Fixed part

Age (years)

<50 1 1 1 1

50–59 1.54 (1.28 to 1.86)** 0.88 (0.64 to 1.20) 1.56 (0.95 to 2.56) 0.80 (0.51 to 1.26)

≥60 1.62 (1.35 to 1.95)** 0.66 (0.48 to 0.91)* 1.59 (0.96 to 2.63) 0.66 (0.42 to 1.04)

Sex

Male 1 1 1 1

Female 1.42 (1.25 to 1.61)** 0.70 (0.48 to 1.01) 0.94 (0.64 to 1.38) 0.68 (0.49 to 0.95)*

Education

No formal education 1 1 1 1

Primary education 1.3 (1.12 to 1.51)** 1.05 (0.79 to 1.39) 1.79 (1.16 to 2.77)** 1.07 (0.72 to 1.58)

Secondary education and

above

1.3 (1.08 to 1.56)** 1.01 (0.69 to 1.48) 1.34 (0.81 to 2.22) 1.10 (0.68 to 1.78)

Hospital admission

Yes 1.73 (1.41 to 2.12)** 0.89 (0.70 to 1.13) 2.10 (1.26 to 3.49)** 0.72 (0.45 to 1.15)

No 1 1 1 1

Economic status

<1000 1 1 1 1

¥1000–4999 1.42 (1.19 to 1.69)** 1.15 (0.82 to 1.62) 2.22 (1.21 to 4.06)** 0.68 (0.40 to 1.15)

≥5000 1.72 (1.43 to 2.07)** 1.06 (0.77 to 1.46) 2.94 (1.61 to 5.38)** 0.73 (0.43 to 1.24)

Not clear 1.07 (0.82 to 1.40) 2.01 (1.02 to 3.95)* 2.39 (0.95 to 6.02) 0.68 (0.33 to 1.40)

Community type

City 1.57 (1.25 to 1.97)** 1.18 (0.75 to 1.86) 1.70 (0.98 to 2.96) 0.49 (0.30 to 0.80)**

Others 1.08 (0.91 to 1.28)* 1.22 (0.91 to 1.64) 1.08 (0.69 to 1.69) 0.91 (0.60 to 1.38)

Village 1 1 1 1

Random part†

Level 3:province 0.145 (0.052)** 0.175 (0.082)* – –

Level 2: community 0.163 (0.037)** 0.245 (0.108)* 0.779 (0.217)** 0.647 (0.207)**

Significant differences are indicated as *p<0.05, **p<0.01.
†Estimate and SE in logit scale.
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except for age group, where elderly people were more
likely to erroneously report the absence of hypertension
than those younger than 50 years of age. As figure 3
shows, only two provinces indicated significant variation
in the specificity of self-reported data (ie, they did not
overlap the horizontal line at zero): the specificity of
self-reported data in Anhui (92.5%) was significantly
below average, while the specificity of self-reported data
from Guangxi (99.7%) was significantly above average.

The specificity of self-reported diabetes was slightly
higher than that of hypertension. Of all participants
without diabetes, 98.3% accurately reported an absence
of the condition. Multivariate analyses showed that men
and village residents had slightly more accurate report-
ing than their counterparts (table 3).

DISCUSSION
Although self-reports tend to underestimate the preva-
lence of hypertension and diabetes, our study showed
moderate agreement between participants’ question-
naire responses and their biomedical measurements for

Figure 1 Plot of province residuals with 95% CIs for

sensitivity of self-reported hypertension, China Health and

Retirement Longitudinal Study, 2011–2012 (sequencing from

left to right: Guizhou, Guangdong, Guangxi, Yunnan, Hubei

and Sichuan tagged by ‘-’; Anhui, Zhejiang and Beijing tagged

by ‘×’; Heilongjiang ,Tianjin and Shanghai tagged by ‘△’.

Three separate colours—red, black and green—indicating

provinces located in the Eastern zone, Central zone and

Western zone, respectively).

Figure 3 Plot of province residuals with 95% CIs for

specificity of self-reported hypertension, China Health and

Retirement Longitudinal Study, 2011–2012 (Anhui tagged by

‘-’; Guangxi tagged by ‘×’. Three separate colours—red, black

and green—indicating provinces located in the Eastern zone,

Central zone and Western zone, respectively).

Figure 2 Map showing the

estimated awareness rates of

hypertension in each province of

China, China Health and

Retirement Longitudinal Study,

(CHARLS) 2011–2012. The

colour from light to dark indicates

four categories: category 1 (light

blue): 25.6–50.0%; category 2:

50.1–58%; category 3: 58.1–

66.0% and category 4 (dark

blue): 66.1–85.7%. Three colours

are used to mark the edge of

provinces—red, black and green

—indicating provinces located in

the Eastern zone, Central zone

and Western zone, respectively.

Tibet, Ningxia and Hainan were

not included in CHARLS and are

left as blank on the map.
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both conditions among Chinese people. And yet, while
most respondents with normal measurements classified
themselves correctly, nearly half of all respondents with
abnormal measurements did not report their conditions.
Individuals’ age, community type, hospital care in the
last year and economic status are factors associated with
accurate self-reports of both conditions.

Sensitivity and specificity
When comparing our findings to those of other studies,
it is important to bear in mind that the cohort character-
istics, study methodologies and results vary widely
among them.7 For example, previous studies3 5 6 8 10 24

showed that using biomedical measurements as refer-
ence would reveal a range in the sensitivity of self-
reported hypertension from 34.5% to 83.9%, a range in
specificity from 90.0% to 98.0% and a trend where
higher sensitivity of self-reported hypertension corre-
lated with the lower specificity of such self-reports.
In comparison with a comparable study in the USA,6

which used data from the 2006 and 2008 Health and
Retirement Study, and showed that hypertension self-
reports had a sensitivity of 83.9% and a specificity of
92%, our study presented a much lower sensitivity of
56.3% and a higher specificity of 96.3%. After raising
the threshold values for systolic and diastolic blood pres-
sure from the current definition of 140/90 mm Hg to
the 160/95 mm Hg value, the sensitivity of the self-
reported hypertension in our study increased markedly
from 56.3% to 76.4%, and its specificity decreased
slightly from 96.3% to 94.9%. These changes suggest
that a considerable proportion of people with blood
pressure between 140/90 and 160/95 mm Hg were not
aware of their condition, and the validity of self-reported
hypertension cases may depend, at least in part, on the
proportion of people with mild hypertension. It is worth
mentioning that the diagnostic criteria for hypertension
changed in 1999 from 160/95 to 140/90 mm Hg.
Nonetheless, some medical staff may continue to use the
old, higher cut-off value (160/95 mm Hg) in their diag-
noses and thereby wrongly classify current hypertensive
patients as not having the disease.5

A study in Taiwan3 also provides an interesting case of
comparison for our study. It included a substantial
elderly population of illiterate individuals and those
lacking formal education. The accuracy of self-reported
hypertension in our study was greater than that in
Taiwan, with a sensitivity, specificity and κ coefficient of
56.3%, 96.3% and 0.57, respectively, in comparison to
Taiwan values of 49.4%, 95.3% and 0.41, respectively. In
contrast, the accuracy of self-reported diabetes in our
study was lower than that in Taiwan, with the three mea-
sures at 61.5%, 98.3% and 0.65, in comparison to
85.2%, 98.3% and 0.86 in Taiwan, respectively. It is
important to note that the diagnostic criterion for dia-
betes in our study was defined as HbA1c values ≥6.5%.
This is lower than the criterion used in the Taiwan study,
where it was defined as ≥7.0%. Using an HbA1c

threshold of 6.5% is quite common in studies involving
diabetes diagnosis.12 14 When raising the threshold
values of HbA1c from the definition used in our study
of 6.5% to the 7.0%, the sensitivity and κ coefficient of
diabetes self-reports in the CHARLS data set would
increase markedly to 71.5% and 0.70%, and the specifi-
city would decrease slightly from 98.3% to 98.0%,
respectively. Even with these adjustments, the accuracy
of self-reported diabetes in our study would still be lower
than that in the Taiwan study. The reason for this is not
clear, but one possible explanation is that the different
socioeconomic conditions of sampled areas in these two
studies may have impacted their results. As observed in
our analysis, better economic conditions correlated with
more accurately self-reported information. Our findings
also supported other previous research indicating that
the accuracy of self-reported diabetes tends to be higher
than that of hypertension.3 5 13 In other studies that
used biomedical measurements as reference,3 5 12–14 the
accuracy of self-reported diabetes varied in sensitivity
from 67.1% to 83.9%, and varied in specificity from
96.0% to 99.6%. They all showed an overall correlation
between higher sensitivity and lower specificity.
Compared to these previous studies, the accuracy of self-
reported diabetes in our study is relatively low.
The κ coefficient of paradoxes was known, that is,

high agreement but low κ, or lack of predictability,25

which could only be traced to certain conditions,26 such
as a substantial imbalance in the fourfold table’s mar-
ginal totals, or used in rare diseases. We felt that our
data did not have either condition, and hence resulted
in proper use of the measure.

Associates with sensitivity and specificity
As in previous studies,3 5 8 our research showed that
factors associated with more accurate self-reported data
were older age, female sex, recent utilisation of medical
services, higher levels of education and better economic
conditions.
An early study of the accuracy of self-reported hyper-

tension in China was carried out in 2004.24 This study
reported the sensitivity of hypertension self-reports
among people ≥50 and ≥60 years of age was 33.8% and
39.9%, respectively. Our study was conducted 7 years
later, in 2011, and produced corresponding age-based,
self-reported hypertension sensitivity estimates of 57.6%
and 57.4%. Thus, we can say that the awareness of
hypertension among elderly Chinese people appears to
have improved significantly in recent years with a rela-
tively stable sensitivity observed among those ≥50 years
of age. A possible explanation for this could be that
elderly people tend to have more frequent contacts with
healthcare systems, in general. As a result, they might be
better informed about their chronic conditions than
younger individuals, who may only rarely use health ser-
vices, are. Our results also confirmed the findings of pre-
vious studies indicating that individuals who had used
healthcare recently are more likely to self-report their
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conditions correctly.3 5 9 These findings may contribute
to the implementation of China’s national primary
healthcare programme at the community level, where
individual health records are taken as mandatory, and
citizens are entitled to receive free health check-ups,
including blood pressure monitoring.16 However the
sensitivity of hypertension self-reports in younger age
groups appeared to be lower and to increase with age.
This finding is consistent with many published
studies.5 8 Our findings suggest that young and
middle-aged Chinese people—the working age popula-
tion—were less aware of their hypertensive conditions.
This destabilises the validity of self-reported hyperten-
sion prevalence rates and suggests that hypertension esti-
mates may actually fluctuate widely in response to public
awareness programmes up until high levels of awareness
are attained in the population at large.9

Not surprisingly, our study showed that self-reports for
both diseases tend to be more valid among those living
in urban areas or cities than in rural areas or villages.
This could be due to the fact that China’s cities have
better economic resources and healthcare accessibility
than its countryside areas. Socioeconomic factors may
also influence the quality and quantity of healthcare
received by those living in rural areas, particularly if they
have insufficient medical services available and lack of
health knowledge regarding self-care due to their gener-
ally lower education levels. One previous study showed
that the rate of accurate hypertension self-reporting
between the ages of 15 and 69 years in Shanghai was
85.5%, which closely matches our finding that this
figure was 85%, and it suggests that reliably valid
hypertension self-reports can be attained in large and
developed Chinese cities.18At the same time, raising
awareness, diagnosing and treating early, creating pro-
grammes for disease screening and increasing education
around hypertension are all still needed in rural areas.

Variation among provinces and among communities
The study found a considerably large variation in aware-
ness of hypertension among provinces, ranging from
25.6% in Guizhou to 85.7% in Beijing, and a much
higher awareness of hypertension in the Eastern zone of
China than in the Central and Western zones. Even after
adjusting for the contextual effects of urban–rural differ-
ences and individual characteristics, variations in the
awareness rates for both diseases between communities
were still significant. Such variations may be attributed to
unobserved contextual factors in communities of partici-
pants, such as level of health education, performance of
healthcare institutions, accessibility of healthcare
resources and the degree of economic development
within the community, etc. The much higher variance
among communities in the awareness of diabetes than
that of hypertension could be attributable to the context-
ual effects of community characteristics that were far
more apparent in the accuracy of diabetes self-reports,
which may be due to the fact that the accessibility and

affordability of diabetes diagnosis is much more strongly
influenced by community environment. This finding also
implies that, in developed communities or provinces,
especially in Eastern China, self-reported information
might be reliably used for hypertension surveillance.

STUDY LIMITATIONS
Our study had several potential limitations. First, it
relied on three biomedical measurements taken during
a single physical examination instead of using multiple
measurements over longer time intervals. This may have
led to biased estimates of the prevalence of hyperten-
sion. Second, the HbA1c test is an imperfect standard
for ascertaining the presence of diabetes. Although
HbA1c is increasingly used to screen and diagnose dia-
betes in clinical settings, further follow-up tests are typic-
ally used to confirm these diagnoses.14 Third, of the
people in the CHARLS cohort, 23.1% of the intervie-
wees had missing anthropometric measurements, and
35% did not provide blood samples. Although the
overall response rate of 80.5% was reasonably good, the
response rate of 76.9% and 65% for the two outcome
measures, respectively, could potentially have caused a
selection bias in the data. Women are more likely to get
physical examinations and to have blood samples taken,
whereas younger men are less likely to do so. It is pos-
sible that younger men were more likely to be working
than were women, and thus were less likely to complete
these aspects of the CHARLS. It is important to also
note, however, that many of our study’s potential limita-
tions were mitigated by the fact that CHARLS intervie-
wees are fairly evenly distributed in terms of many of
their background characteristics and the quality of our
study was guaranteed by the stringent quality control
implemented in every stage of CHARLS.20 Finally,
elderly residents of nursing homes were excluded in the
CHARLS baseline data. This is unlikely to cause a major
problem, however, because the fraction of nursing home
residents is very small in China,20 with an estimate of
1.5% among elderly population.27

CONCLUSION
The results of this study suggest that the agreement of
self-reported data with biomedical measurements is
moderate for both diabetes and hypertension among
the population over 45 years of age and older in China.
Although the awareness of those conditions among indi-
viduals is positively associated with older people, living
in cities, better education and higher economic status—
the large variation in the awareness of the two condi-
tions between communities and provinces cannot be
explained by those characteristics. Further research
should try to explore the contextual effects at both com-
munity and provincial levels, which may generate evi-
dence for developing effective intervention strategies to
further improve the population’s awareness regarding
these conditions in China.
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As a considerable number of people were unaware of
their conditions, and the degree of inaccuracy in self-
reporting varied between subgroups, self-reported data
are likely leading to an underestimation of the preva-
lence of the two diseases in China. They might also bias
the observed associations between self-reported diseases
and the characteristics of individuals. However, in devel-
oped communities or provinces, self-reported data can
be a reliable source for the prevalence of the two
conditions.
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