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ABSTRACT
Objectives To identify the prevalence of anaemia
among older adults in China by sociodemographic and
geographical regions, and cross-sectionally examine
the associations between anaemia and several geriatric
outcomes.
Design Cross-sectional study.
Setting and participants Participants were 6656 older
adults aged at least 60 years with haemoglobin data from
the 2015 to 2016 wave of the China Health and Retirement
Longitudinal Study.
Methods We examined the prevalence of anaemia by
sociodemographics (age, sex, residence, education,
marital status) and geographical regions, adjusting for age.
We investigated the associations between anaemia and
geriatric conditions.
Results The prevalence of anaemia was 20.6% among
adults ≥60 years and was higher at advanced ages, among
those who were females, living in rural areas, and those
who were unmarried. The southern region of China had a
higher burden of anaemia than the north. Anaemic adults
had a higher age-adjusted prevalence of falls, activities
of daily living (ADL) disability, instrumental ADL disability,
lower extremely functional limitation, upper extremely
functional limitation, low gait speed, low grip strength and
low self-reported memory.
Conclusions Anaemia affected approximately one
in five older adults in China, particularly in those with
disadvantaged sociodemographics, and anaemia was
associated with a higher burden of geriatric conditions.
Huge geographical disparities of anaemia prevalence
between northern and southern regions reflected the
dietary variations in different regions. Efforts on preventing
anaemia and reducing regional disparities of anaemia
were needed to improve older adults’ health in China.

BACKGROUND
Anaemia is a medical syndrome of insufficient haemoglobin or amount of red blood
cells.1 2 In 2013, an estimated 27% of the
world’s population had anaemia with developing regions carrying a disproportionately
heavy share of the burden.3 Over 90% of
anaemia cases occurred in low-income and
middle-income countries.3 The majority
of studies on anaemia have focused on

Strengths and limitations of this study
►► This study was the first to report the prevalence of

anaemia and the geographical disparities of anaemia prevalence in China using a nationally representative sample.
►► This study was unable to describe the trend of
anaemia prevalence over time and the causal relationship between anaemia and geriatric outcomes
because a cross-sectional study design was used.
►► Interview bias may not be fully prevented.
►► Lack of serum iron data in blood tests.
►► Self-reported measures may provide underestimated results.

children and women of reproductive age
(15–49 years) because anaemia during early
childhood and pregnancy led to an array of
adverse outcomes including low birth weight,
developmental delay and maternal mortality
and morbidity.4 5 In contrast, anaemia among
older adults—a group that is growing at an
unprecedented pace globally—has been
studied much less extensively. Findings from
US studies have shown that anaemia was prevalent among older adults and associated with
disability, decreased physical performance
and cognitive decline.2 However, very limited
investigations have been conducted in less
developed regions. Population ageing is a
global phenomenon. In 2015, over two-thirds
of the world’s population aged 60 years or
older residing in developing countries.6
China has the largest ageing population in
the world. The number of adults aged 60 years
and over in China is estimated to increase
from 209 million in 2015 to 492 million in
2050.6 Additionally, the number of oldest old
(≥80 years) is projected to quadruple from
22.6 million in 2013 to 90.4 million in 2050.7
The ageing of the population will increase the
number of older adults with anaemia, which
could potentially lead to a large increase in
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OBJECTIVES
In this study, we used the China Health and Retirement
Longitudinal Study (CHARLS), a nationally representative cohort of the community-dwelling Chinese population, to (1) identify the prevalence of anaemia among
older adults in China by sociodemographic and geographical regions, and (2) cross-sectionally examine the associations between anaemia and several geriatric outcomes.

METHODS
Data and study participants
Data were from the 2015 to 2016 wave of CHARLS, a cohort
study comprising a nationally representative sample of
middle-aged and older adults from 28 provinces in China.
The response rate of 80.5% produced 17 708 Chinese
residents aged 45 years or above were enrolled at baseline
(2011–2012). Of 19.5% non-respondents, 8.8% refused
to respond, 8.2% lost contact with interviewers, and 2.0%
were due to other reasons (eg, residents were incapable
of participation because of health-related or interview-
related reasons).8 All participants gave informed consent.
Further details about the study design and data quality
management have been previously documented.8 We
only had access to the deidentified data set downloaded
from the CHARLS project website (http://
charls.
pku.
edu.cn/en). We used the Strengthening the Reporting
of Observational Studies in Epidemiology cross sectional
checklist when writing our report.9
A total of 6656 adults aged at least 60 years and had
data on haemoglobin were included in the present study;
older adults with missing data on age, haemoglobin or
sampling weight were excluded (n=3692). Compared
with participants included in the analytical sample, those
excluded persons were older, slightly more likely to be
female, live in rural areas, and have lower education
levels, and had worse health conditions (disability, slow
gait speed, and grip strength (see online supplemental
table S1)).
Patient and public involvement
This research was done without patient involvement.
Patients were not invited to comment on the study design
and were not consulted to develop patient-
relevant
outcomes or interpret the results. Patients were not
2

invited to contribute to the writing or editing of this document for readability or accuracy.
Haemoglobin
Fasting blood samples were collected by trained nurses in
a township hospital or a local office of the China Center
for Disease Prevention and Control. We defined anaemia
as a haemoglobin level less than 120 g/L for women and
less than 130 g/L for men.
Sociodemographics
We included basic demographic information such as age
(60–64, 65–69, 70–74, 75–79 and 80+ years) and sex (male
or female). Residence (rural or urban) was recorded
based on the types of respondents’ locations according to
the standardised classification from the National Bureau
of Statistics (downtown, rural–urban fringe, town centres,
rural–town fringe, special areas, rural centre and village).
Participants living in rural centres and villages were
merged into the rural category and the rest residence
types were classified into the urban category. Education
was categorised by the respondents’ highest education
level (illiterate, can read, elementary school, middle
school and high school or above). Marital status was
classified into two categories (married/living together
vs others) due to the small sample sizes of separated,
divorced, widowed and never married categories. Body
mass index (BMI) (kg/m2) was calculated as body weight
(kg) divided by standing height (m) squared and classified into underweight (BMI <18.5), normal weight (BMI
18.5–23.9), overweight (BMI 24.0–27.9) and obese (BMI
≥28.0). Geographical regions were classified into nine
regions (Northwest, Northern, Southwest, Southcentral,
East, Central, South, Northeast, Southeast) according to
the locations of 28 provinces in China and the urbanisation rate of each region was 50.4%, 61.9%, 49.4%, 54.7%,
72.4%, 53.4%, 62.7%, 61.7% and 65.6% in 2016, respectively (see online supplemental table S2).
Geriatric outcomes
General health (excellent, very good, good, fair or poor),
memory, falls in the previous year were self-reported. Self-
reported memory was measured using the question, ‘How
would you rate your memory at present?’ There were five
possible responses: excellent, very good, good, fair, or
poor. Disability in activities of daily living (ADL; dressing,
bathing, eating, getting into or out of bed and toileting)
and instrumental ADL (IADL; preparing hot meals, doing
household chores, shopping, managing assets and taking
medication) were self-reported. Participants were asked,
‘Do you have any difficulty in performing the task?’.
Those who answered, ‘I have difficulty but can still do it’,
‘Yes, I have difficulty and need help’, or ‘I cannot do it’
were considered as ADL/IADL disability. Usual gait speed
was assessed by using the average of two-timed talk tests
over a 2.5-m course. Low gait speed was defined as a usual
gait speed <0.6 m/s for both men and women.10 Grip
strength was measured as the maximum of four readings
Wang Y, et al. BMJ Open 2020;10:e038147. doi:10.1136/bmjopen-2020-038147
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health expenditures. Ongoing anaemia prevention and
treatment programmes in China have focused on children and pregnant women, with little attention given
to older adults. A comprehensive picture of the epidemiology of anaemia in China would identify subgroups
of Chinese older adults with high anaemia prevalence,
provide insights into potential sociodemographic and
geographic disparities in anaemia, and enhance our
understanding of potential risk factors for, and consequences of, anaemia among Chinese older adults.
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Statistical analysis
We estimated the prevalence of anaemia in the overall
sample and by demographics including age, sex, residence
location, education, marital status, BMI and geographical
region. We used the χ2 test to examine the association of
each demographic characteristic with anaemia. We identified the prevalence of anaemia by geographical regions,
adjusting for age using multinomial logistic regression.
Age-
adjusted prevalence was estimated at the overall
mean age (68 years old). Predicted prevalence was estimated at the weighted mean age in each region. We used
multivariable logistic regression to assess the associations
between demographics and anaemia.
We identified the relative frequency of falls, disability,
functional limitation, gait speed, grip strength, self-rated
general health and self-rated memory by anaemia status
(yes or no). We used logistic regression to determine
each association, adjusting for age. We accounted for the
multistage probability sampling design of the CHARLS
by specifying the sampling weight (correcting for nonresponse and sampling-frame errors) and primary sampling
unit parameters. All tests were two sided with a significance level of p<0.05. Analyses were performed using
Stata V.15.0.
RESULTS
Prevalence of anaemia
The prevalence of anaemia was 20.6% (95% CI 19.4% to
21.9%) among Chinese adults aged ≥60 years (table 1).
The prevalence of anaemia increased steeply with age.
Less than 15% of persons aged 60–64 years had anaemia,
while over one-third of those aged ≥80 years had anaemia.
We observed a higher prevalence of anaemia among older
adults who were women, lived in rural areas, had a lower
level of education, and were not married. Approximately
27% of persons with no formal education had anaemia,
whereas slightly over 10% of persons with at least a high
school diploma had anaemia. The prevalence of anaemia
was hugely different among older adults in different
BMI categories. The prevalence of anaemia was 40.1%,
25.6%, 13.3% and 8.0% among underweight, normal
weight, overweight and obese older adults, respectively.
In the multivariable logistic regression model, older age,
female, lower education level and lower BMI persisted
to be associated with higher odds of anaemia (table 2).
There was a substantial geographical variation in anaemia
prevalence among older adults in China (figure 1). The
prevalence of anaemia ranged from approximately fourfold from 8.5% in the Northeast region to 35.4% in the
Southcentral region.
Associations between anaemia and geriatric outcomes
After adjustment for age, the prevalence of falls was
significantly higher among older adults with anaemia
Wang Y, et al. BMJ Open 2020;10:e038147. doi:10.1136/bmjopen-2020-038147

Table 1 Prevalence of anaemia by sociodemographics
among 6656 adults age ≥60 years from the China Health
and Retirement Longitudinal Study, 2015
Demographic
Prevalence of
characteristics of anaemia %
the sample (%)
(95% CI)
Total

20.6 (19.4 to 21.9)

Age, years***
 60–64

36.3

14.9 (13.3 to 16.7)

 65–69

27.9

17.4 (15.4 to 19.7)

 70–74

18.1

23.0 (20.2 to 26.2)

 75–79

10.8

30.5 (26.1 to 35.2)

6.8

36.0 (30.3 to 42.0)

 Male

49.5

18.5 (16.8 to 20.2)

 Female

50.5

22.8 (21.0 to 24.6)

 Rural

75.7

24.7 (23.3 to 26.1)

 Urban

24.1

13.8 (11.9 to 16.0)

 Illiterate

29.7

28.2 (25.8 to 30.7)

 Can read

29.3

21.5 (19.3 to 24.0)

 Elementary school

22.4

19.5 (17.0 to 22.2)

 Middle school

12.6

14.4 (11.9 to 17.3)

 High school or
above

5.4

9.2 (6.0 to 13.9)

 Married/living
together

79.8

18.8 (17.5 to 20.2)

 Others

20.2

27.2 (24.2 to 30.3)

 80+
Sex***

Residence***

Education***

Marital status***

Body mass index, kg/m2***
 <18.5

7.5

40.1 (35.3 to 45.2)

 18.5–23.9

48.9

25.6 (23.7 to 27.5)

 24.0–27.9

29.3

13.3 (11.5 to 15.2)

 ≥28.0

13

8.0 (6.1 to 10.6)

The number of participants is unweighted. Percentage estimates
are weighted. P values were obtained by t-test for continuous
variables and χ2 test for categorical variables.
*P<0.05, **p<0.01, ***p<0.001, for comparing prevalence of
anaemia by each factor.

than those without (22.6% vs 17.5%, table 3). Anaemic
older adults had a significantly higher age-adjusted prevalence of disability and functional limitation than those
who were not anaemic. We also observed that older adults
with anaemia had a higher prevalence of slow gait speed
than those without (18.3% vs 15.2%). Similar results
were observed among elders with weak grip strength
compared with those without (12.5% vs 8.8%). Nearly
40% of anaemic older adults reported poor memory,
while only approximately one-third of non-anaemic older
adults had poor memory. Non-anaemic older adults had
3
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(two for each hand) by a handheld dynamometer. Weak
grip strength was defined as <26 kg for men and <16 kg
for women.11
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Anaemia
Socialdemographic factors OR (95% CI)

P value

Age, years
 60–64

Ref.

 65–69

1.21 (1.03 to 1.42)

Ref.
0.024

 70–74

1.62 (1.36 to 1.93)

<0.001

 75–79

2.06 (1.67 to 2.53)

<0.001

 80+

2.29 (1.79 to 2.94)

<0.001

Female versus male

1.32 (1.16 to 1.52)

<0.001

Urban versus rural

0.86 (0.73 to 1.01)

0.058

Education
 Illiterate

Ref.

 Can read

0.94 (0.80 to 1.10)

0.429

 Elementary school

0.91 (0.75 to 1.09)

0.297

 Middle school

0.74 (0.58 to 0.94)

0.013

Ref.

 High school or above

0.53 (0.37 to 0.77)

0.001

 Married versus other

0.93 (0.79 to 1.08)

0.333

Body mass index, kg/m2
 <18.5

Ref.

Ref.

 18.5–23.9

0.66 (0.54 to 0.81)

<0.001

 24.0–27.9

0.37 (0.29 to 0.46)

<0.001

 ≥28

0.22 (0.17 to 0.31)

<0.001

P values were obtained by the logistic regression analysis for all
variables.

similar self-reported health compared with anaemic older
adults (54.6% vs 50.0%).
DISCUSSION
In this large, nationally representative sample of Chinese
older adults, we found that 20.6% of Chinese adults aged
60 years or over had anaemia. We observed a higher prevalence of anaemia at older ages and among those who
were females, lived in rural areas and were less educated.
We also observed substantial geographical heterogeneity
and rural–urban disparities in the prevalence of anaemia
in China. Besides, we found that older persons who were
anaemic had the excessive burden of adverse geriatric
outcomes, even after adjustment for chronological age.
We found that approximately one in five Chinese
older adults had anaemia. Our findings were in line
with previous studies conducted in developed countries,
showing that the prevalence of anaemia was higher at
older ages, among females, persons with unfavourable
socioeconomic status and in lower BMI groups.1 2 For
example, data from the National Health and Nutrition
Examination Surveys conducted in the USA showed that
the prevalence of anaemia is higher among 70–79 and
80–85 age groups and females.12 A cross-sectional study
4

conducted in Poland revealed that the prevalence of
anaemia was higher among older adults living in unmarried status and with a lower level of education.13
We observed substantial geographical disparities in the
prevalence of anaemia among Chinese older adults. The
prevalence of anaemia was almost threefold higher in
rural than in urban areas. Older adults living in southcentral and southwest areas (35.4% and 29.3%, respectively)
had a higher prevalence of anaemia than those residing in
east, southeast and northern regions (22.4%, 16.8% and
8.9%, respectively). There are some plausible explanations for these regional differences. First, a slow economic
growth rate may contribute to insufficient expenditures
in healthcare services in the central and western regions
of China. Older adults living in these areas may adopt
an unbalanced diet due to a lack of health information
and financial resources, which may lead to nutritional
deficiency and, in turn, an increase in the prevalence of
anaemia.14 Second, personnel shortages in the healthcare system may result in poor delivery of health services
to the ageing population and lead to a high burden of
non-
communicable and infectious diseases in central
and west regions of China.14 We also observed that older
adults living in the south had a substantially higher prevalence of anaemia than those living in the north. Different
dietary patterns between individuals living in the south
and north part of China may, at least partially, explain this
huge difference. Data from the China Health and Nutrition Survey showed that the serum ferritin concentrations
among persons living in northern regions were higher
than those living in the south.15 Iron deficiency has
been well established as a strong risk factor of anaemia
and serum ferritin concentrations.1 15 Red meat was the
primary contributor to the absorption of heme-
iron
in China.16 Therefore, older adults living in northern
regions of China may have high red meat consumption,
leading to a low prevalence of anaemia. The northsouth
disparities in the prevalence of anaemia highlighted the
importance of taking in an adequate amount of iron-
sufficient food or dietary supplements among older
adults to prevent anaemia.
We found that Chinese older adults with anaemia had
a higher burden of adverse geriatric outcomes, including
disability, functional limitation, slow gait speed, low grip
strength and poor self-rated memory than those without
anaemia.2 These results were echoed by Ruan et al’s
study in which anaemia was found to be associated with
frailty.17 A cohort study conducted in the USA showed
that anaemia was associated with a high risk of dementia
among adults aged 70 years or above.2 Additionally, a
cross-sectional study conducted in Europe demonstrated
that older adults with anaemia had a higher prevalence
of decreased renal function and functional iron deficiency than those without.18 Indeed, anaemia was often
of reciprocal causation with medical conditions in older
patients such as chronic kidney disease, malnutrition and
cardiovascular disease.19 20 Overall, anaemia evolving with
function decline of the immune system, metabolism and
Wang Y, et al. BMJ Open 2020;10:e038147. doi:10.1136/bmjopen-2020-038147
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neurological system accelerated vulnerability to adverse
clinical outcomes in the older population.21
Our study has several strengths. First, we are among the
first to report the prevalence of anaemia in China using
a nationally representative sample. A national anaemia
screening among older adults would provide thorough
surveillance for older adults to reduce mortality and the
risk of comorbidity and disability and improve the allocation of healthcare resources and nutritional supplementation. Moreover, nationwide anaemia surveillance would
identify subgroups of Chinese older adults with a high
burden of anaemia, enhance our understanding of potential risk factors, and implicate other developing countries
to take action to monitor and detect the anaemia status
among older adults. Second, this study is among the first
to reveal the geographical disparities of anaemia prevalence in China. These regional disparities are not fully
explained by unbalanced economic development and
the distributions of healthcare resources. Dietary patterns
such as a high amount of iron-sufficient food could also
contribute to the geographical disparities of anaemia
prevalence in China. Efforts on reducing anaemia prevalence in China such as providing dietary health education should be tailored to older adults and focus on
vulnerable groups. We acknowledged some limitations.
First, we were unable to describe the trend of anaemia
prevalence over time or illustrate the causal relationship between anaemia and geriatric outcomes because
we used a cross-sectional study design. Second, interview
bias may not be completely avoided. However, this bias is
Wang Y, et al. BMJ Open 2020;10:e038147. doi:10.1136/bmjopen-2020-038147

not likely to be severe because all interviewers had been
rigorously trained at Peking University by CHARLS staff
members, and the computer-assisted person interviewing
technology was used. Third, we may not distinguish iron-
deficiency anaemia from general anaemia because the
CHARLS did not test the concentration of serum iron.
Finally, self-
reported health measures might provide
underestimated results because participants had relatively
better health conditions and more positive survival expectations. These self-
reported health measures were still
considered to be reliable because these measures have
been used extensively and provided consistent results in
previous research.22
In conclusion, approximately one in five older adults
in China had anaemia and substantial sociodemographic
and regional disparities exist. We also revealed that older
adults with anaemia had a higher burden of geriatric
outcomes than those without. Besides, we observed a
huge geographical disparities of anaemia prevalence in
China. This work suggests that early screening and intervention are important for preventing or postponing the
occurrence of poor outcomes and maintaining high life
quality. The study findings could also contribute to a
better understanding of China’s growing regional disparities in healthcare resources and highlight the importance
of prevention for and treatment of anaemia among the
older population. Given the paucity of data on anaemia
among Chinese older adults, our findings are critical for
further research aimed at determining the causal relation
between anaemia and health outcomes and identifying
5
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Figure 1 Age-adjusted prevalence of anaemia among adults aged ≥60 years by districts. Weighted prevalence was estimated
at the weighted median age in each district.
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Anaemia

Non-anaemia

% (95% CI)

% (95% CI)

Falls in previous
year***
ADL disability**

22.6 (19.8 to 25.4) 17.5 (16.0 to 18.9)

IADL disability***

29.0 (26.2 to 31.8) 23.7 (21.8 to 25.6)

Lower extremity
functional
limitation***

62.2 (59.0 to 65.5) 59.3 (57.1 to 61.4)

Upper extremity
functional
limitation***

26.7 (23.9 to 29.5) 22.4 (20.7 to 24.2)

23.7 (21.1 to 26.3) 20.3 (18.7 to 21.9)

Slow gait speed†,*** 18.3 (15.9 to 20.7) 15.2 (13.8 to 16.5)
Low grip
strength‡,***

12.5 (10.5 to 14.5)

8.8 (7.5 to 10.1)

Self-rated general health***
 Good and above

16.1 (13.6 to 18.7) 20.2 (18.7 to 21.7)

 Fair

50.0 (46.8 to 53.2) 54.6 (52.4 to 56.8)

 Poor and below

33.9 (30.9 to 36.9) 25.2 (23.4 to 27.0)

Self-rated memory***
 Good and above

12.9 (10.5 to 15.3) 14.0 (12.2 to 15.9)

 Fair
 Poor

47.8 (44.6 to 51.1) 52.9 (50.6 to 55.2)
39.3 (36.1 to 42.4) 33.1 (31.0 to 35.2)

Age-adjusted prevalence was estimated at the overall mean age
(68 years old). Predicted prevalence was estimated at the weighted
mean age in each region.
*P<0.05, **P<0.01, ***P<0.001 for comparing prevalence of
anaemia by each factor.
†Slow gait speed: <0.6 m/s.
‡Low grip strength: <16 kg for female and <26 kg for male.
ADL, activities of daily living; IADL, instrumental activities of daily
living.

physiological, psychological and social risk factors of
anaemia in China.
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