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Abstract

Background: Our objective was to characterize the relationship of anemia and hemoglobin concentrations with
cross-sectional cognitive functions and changes in cognitive functions over 2 years in a large sample of Chinese
middle aged and elderly.

Methods: Ten thousand nine hundred eighteen adults aged 45 years or older participating in the China Health and
Retirement Longitudinal Study (CHARLS) were used for cross-sectional analyses and 9324 were used for longitudinal
analysis. Cognitive functions were assessed by memory recall (episodic memory), mental status (TICS), and global
cognitive function at baseline survey (Visit 1) and first follow-up survey (Visit 2). The lower the cognitive test score,
the worse the cognitive function. Anemia was defined as hemoglobin concentrations lower than 13 g/dl for men
and lower than 12 g/dl for women. Adjusted multivariate regression analyses were used to explore the relationships
of different cognitive domains with anemia and hemoglobin concentration.

Results: Overall, the prevalence of anemia was 12.86% and the mean hemoglobin concentration was 14.37 ± 2.20 g/dl.
After adjusting for socio-demographic and health-related covariates, the cross-sectional association between anemia
and global cognitive function [β (95%CI) = − 0.49(− 0.69~ − 0.29)], episodic memory [β (95%CI) = − 0.14(− 0.23~ − 0.05)],
and TICS [β (95%CI) = − 0.23(− 0.38~ − 0.08)] were significant and did not differ by gender. The hemoglobin
concentration was also associated with global cognitive function among the whole sample (P < 0.05 for all). The
longitudinal analyses showed global cognitive function and episodic memory were associated with anemia
independent of covariates (P < 0.05 for all). Sensitivity analyses further provided significant results showing the
association between anemia and cognition decline (P < 0.05).

Conclusion: There was a cross-sectional and longitudinal association between anemia and accelerated decline
in cognitive functions in Chinese middle-aged and elderly. This suggests that anemia and low hemoglobin
concentrations are independent risk factors of cognitive decline.
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Background
With the intensification of aging all over the world and
increased life expectancies, cognitive decline as the main
precursor of dementia has become a serious human, social,
and economic burden among the middle-aged and elderly
than before [1] .Although cognitive decline can be
observed in the normal aging process, the different trajec-
tories of age-related cognitive decline between individuals
suggests there is subject-specific risk of cognitive impair-
ment and dementia development along with pathological
aging [2]. Concerns of cognitive decline commonly mani-
fest in healthy older adults [3], and have been estimated to
appear in approximately from 25 to 50% of the
community-dwelling older adults [4]. Progressive decline
of cognitive function is an early risk factor for dementia
[5], and is the primary clinical manifestation of Alzheimer’s
disease (AD) [6]. Thus, increasing researches have exam-
ined the possible modifiable risk factors of rapid cognitive
decline and to prevent the incidence of dementia or AD.
Among medical conditions accompanying with the

cognitive decline in the process of pathological aging,
anemia is an important concern. Studies examining the
effect of anemia on cognitive decline were mainly
motivated by some specific samples such as the hospi-
talized elderly [7], those with end-stage renal disease
[8], heart failure [9], malignancy [10] and the fingdings
indicated that anemia was highly associated with cogni-
tive impairement. In addition, among the general
community-dewelling older adult population, amemia
was also found to be a indenpendant risk factor of
cognitive decline. For example, results from two meta-
analyses reported anemia (defined as hemoglobin con-
centrations lower than 13 g/dl for men and lower than
12 g/dl for women [11]) was associated with the global
cognitive decline as well as the incidence of dementia
and the reduction of executive functions [12, 13].
Moreover, epidemiological evidence indicates that low
hemoglobin concentrations were associated with in-
creased risk of incident Alzheimer disease (AD). For
instance, the incidence of cognitive decline and Alzhei-
mer’s disease is considered to be increased about two-
fold amongst patients with anemia [14]. Evidence also
existed that the incident dementia 3 years later was as-
sociated to anemia among older persons aged 75–95
years [15]. Consistent with anemia, low hemoglobin
concentration was also reported to be associated with
cognitive impairment and some specific cognitive dom-
ians inversely [16–18]. However, there were still some
literatures which found that anemia was not signifi-
cantly associated with cognitive decline after adjusting
for potential confounding factors. Tamura M et al
found the association between anemia and cognitive de-
cline was no longer significant after adjusting for multi-
covariates, such as age, race, gender, education, region,

kidney function, diabetes, hypertension, hyperlipidemia,
coronary heart disease, stroke, depressive symptoms,
tobacco and alcohol use, health status, and C-reactive
protein level in a 19,701 community-dwelling adults
sample [19]. Lucca et al found no-significant relation-
ship between anemia and cognitive decline after adjust-
ing for some health problems such as hypertension,
diabetes, heart failure, myocardial infarction, respiratory
failure, and neurologic disorders [20]. The diverse study
samples (e.g., age, income, education, and geographic
location), specific study designs, different analytical
methods, and adjustment for confounders may partly
account for these controversial findings. So, it is still
necessary to further explore the relationship between
anemia and cognitive decline because identification of
individuals at risk for rapid cognitive decline is a funda-
mental prerequisite for the early intervention of demen-
tia or AD [21]. Besides, the lack of studies regarding
risk of anemia and its association with cognitive func-
tioning on large community-dwelling elderly samples,
particularly in China, was also motivated this research.
In order to provide more evidence for explaining the re-

lationship between anemia and cognitive decline, we
sought to identify this relationship with better consider-
ation of wider lifespan containing middle aged adults and
possible confounders using a national representative
sample - China Health and Retirement Longitudinal Study
(CHARLS). We hope a large sample both including the
middle-aged and the elder adults may complete the gaps
in the prior literature to improve the understanding of the
anemia-cognition association. We hypothesize that
anemia is associated with cognitive impairment cross-
sectionally. We also hypothesize that the anemia is asso-
ciated with cognitive decline after 2 years follow-up
independent of potential confounders. Besides, we sup-
pose that lower hemoglobin concentration is associated
with poor cognitive performance in a linear trend. Cogni-
tive funtion has abundant domains, especially the per-
formance on episodic memory task attracted most
interests. And we will include and evaluate these cognitive
domians and make full evalutions of the relationship be-
tween anemia and cognition performance. Considering
different definitions of anemia by gender and the fact that
women are more vulnerable to anemia than men, we add-
itionally sought to estimate the gender-specific effects on
this relationship. We believe this issue is important be-
cause identification of reversible causes and mechanisms
of cognitive decline could help developing useful interven-
tion approaches to prevent the adults’ cognitive decline.

Methods and measurements
Study sample
The current study was originated from the China Health
and Retirement Longitudinal Study (CHARLS), a nationally
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representative cohort study of longitudinal survey with par-
ticipants aged 45 years or older and run by the National
School for Development (China Center for Economic Re-
search) at Peking University (PKU). The sampling method
of the CHARLS has been described in detail elsewhere [22].
The baseline survey (Visit 1) was conducted in 2011–2012
and the second follow-up survey (Visit 2) was conducted in
2013. Information was gathered using face-to-face
computer-assisted personal interview (CAPI). The cohort
contained 17,707 respondents with the respondent rate
above 80%.
Cognitive assessment was first performed at baseline

survey (Visit 1). After excluding those have missing
values of cognitive assessment (N = 1667) and those
without hemoglobin assessment (N = 6117), the eligible
participants enrolled in the analytic cohort for cross-
sectional analysis were 10,918. Then, the cognitive as-
sessment was re-performed at second follow-up survey
(Visit 2) and severed as the outcome for longitudinal
analyses. Among the 10,918 participants of baseline, 973
dropped out from Visit 2 and 621 missed the cognitive
assessments, leaving 9324 participants in the analytic co-
hort for longitudinal analyses. The informed consents
were obtained from all participants and this study was
approved by the biomedical ethics committee of Beijing
University.

Cognitive assessment
Similarly to the cognitive assessments used in the
American Health and Retirement Study, three cognitive
domains measuring the dimensions of orientation and
attention, word recall, and visuospatial abilities were
used and measured both at Visit 1 and Visit 2 by trained
examiners [23]. The first was memory recall based on a
respondent’s ability to immediately repeat ten Chinese
nouns in random order just read to him/her (immediate
recall) and to recall the same list of nouns 5 minutes
later (delayed recall) [24]. The average of immediate and
delayed recall scores formed a single episodic memory
score that ranged from 0 to 10. Episodic memory repre-
sents one’s memory for autobiographical events [25].
The second was mental status based on some compo-
nents of the mental status questions of the Telephone
Interview of Cognitive Status (TICS) battery- a well-
established measure to capture one’s mental status or in-
tactness [26]. The measurements were carried out by
asking the participants to answer the following questions
- serial 7 subtractions from 100 (up to five times), nam-
ing today’s date (day, week, month, year, and season),
self-rated memory, and to redraw a picture shown to
him/her. The right answers were summed up to a single
TICS score that ranges from 0 to 11. The TICS score
has been previously used to describe one’s orientation/
attention abilities and visuospatial ability [27, 28]. The

last was an overall measurement of respondent’s cogni-
tive function that aggregated the above two measure-
ments of episodic memory and TICS score into a single
global cognitive function score ranging from 0 to 21.
The global cognitive function was considered to be the
primary interest outcome. This cognitive assessment has
been used in previous publications [27–31].

Blood measurement and Anemia definition
The blood sample was collected on all eligible partici-
pants every two investigations, so the blood-related vari-
ables analyszed in the present analysis was obtained
from the baseline survey during 2011–2012. Blood sam-
ple were collected after an overnight fast by medically-
trained staff at centralized locations [the district Centers
for Disease Control (CDC) for urban areas, and the
county CDC stations or the town/village health centers
for rural areas]. Venous blood was obtained for the
complete blood counts (CBC) test, including hemoglobin
concentrations (g/dl) and mean corpuscular volume
(MCV, fl), and measured on automated analyzers avail-
able at centralized locations. Other fresh venous blood
samples were immediately separated into plasma and
buffy coat and stored frozen at − 20 °C before trans-
ported to the Chinese Centers for Disease Control in
Beijing within 2 weeks. The transported blood sample
was placed in a deep freezer and stored at − 80 °C for
the detection of other blood biochemical, such as serum
creatinine, glucose, blood lipid, and C-reactive protein
(CRP). The detection procedures were performed at the
Youanmen Center for Clinical Laboratory of Capital
Medical University. The serum creatinine was measured
by rate-blanked and compensated Jaffe creatinine
method. The blood lipids including total cholesterol and
high density lipoprotein cholesterol were measured by
enzymatic colormetric test. And the C-reactive protein
was measured by immunoturbidimetric assay. According
to the World Health Organization criteria, anemia was
defined as hemoglobin concentrations lower than 13 g/dl
for men and lower than 12 g/dl for women [11].

Other covariates
Potential covariates including demographic variables and
health-related factors were assessed at the baseline sur-
vey, mainly including age, gender, education, cigarette
smoking, alcohol drinking, and comorbidities. Education
level was categorized as five mutually exclusive groups:
illiterate, elementary school, middle school, high school,
and graduate or above). Marital status was categorized
into married, divorced, widowed and never married.
Smoking status and alcohol consumption were catego-
rized as “former”, “current”, and “never”. Body mass
index (BMI) was derived from direct height and weight
basing on the standard formula: kg/m2. Hypertension
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was determined as self-reported physician diagnosis,
medication use, or systolic blood pressure ≥ 140 mmHg,
or diastolic blood pressure ≥ 90mmHg. Diabetes was de-
fined as self-reported physician diagnosis, medication
use, fasting glucose≥126 mg/dl, or non-fasting glucose
≥200 mg/dl. Abdominal adiposity was defined as abdo-
men circumference equal to or greater than 90 cm for
men and equal to or greater than 80 cm for women. The
dyslipidemia was defined as triglyceride equal to or
greater than 200 mg/dl, or cholesterol equal to or greater
than 240 mg/dl, or high-density lipoprotein equal to or
greater than 40mg/dl, or low density lipoprotein equal
to or greater than 160 mg/dl. Chronic pain was assessed
by asking the participants if they often suffered from
pain, and only those with moderate or severe pain were
classified as suffering from chronic pain. The glomerular
filtration rate (GFR, reflects renal function) was esti-
mated using the Cockcroft-Gault equation [32]. Depres-
sive symptoms were assessed by the Center for
Epidemiologic Studies Short Depression Scale (CES-D
10) [33]. Considering cognitive condition can be influ-
enced by some clinical status, we also collected the his-
tory of comorbidities, including heart problems, stroke,
cancer, liver disease, chronic lung disease, renal disease
and other diseases, based on self-reporting and medicine
use [10, 34, 35].

Statistical analysis
Baseline characteristics of the study sample were pre-
sented across anemia and non-anemia groups. The com-
parisons between two groups were conducted by χ2-test
or Wilcoxon rank sums tests for categorical variables,
and Student’s t-test for continuous variables. Age-
adjusted comparison of each cognitive domain was done
using the analyses of covariance (ANCOVA). Multivari-
ate regression analyses were conducted to assess the re-
lationship of anemia or low hemoglobin concentrations
with cognitive function measured at Visit 1 and the rela-
tionship of anemia with cognitive decline measured at
Visit 2. The cognitive decline was estimated as the dif-
ference score of cognitive performance measured at Visit
2 and Visit 1. Regression coefficient (β) and 95% confi-
dence interval (CI) were then computed with the global
cognitive function, episodic memory, and TICS score be-
ing the outcome in regression models, separately.
Considering cognitive function was a highly age-

dependent assessment, the initial statistical model
(Model 1) was used to estimate the raw association be-
tween anemia and cognitive function only adjusted for
age. The second statistical model (Model 2) was adjusted
for demographic and health-related factors, including
education, marital status, BMI, cigarette smoking, alco-
hol consumption, C-reactive protein, total cholesterol,
high density lipoprotein cholesterol on the basis of

Model 1. The third statistical model (Model 3) consisted
of stepped entry of disease-related factors, including
chronic pain and related comorbidities on the basis of
Model 2. Given that hemoglobin concentration can be
influenced by renal function and high mean corpuscular
volume (MCV) level [36, 37], we additionally adjusted
estimated GFR and MCV in model 3 in an attempt to
adjust for their confounding effects.
In view of the complicated association between anemia

and cognitive performance, three sensitivity analyses
were conducted to further confirm the relationship on
the basis of Model 3. Firstly, considering the unbalanced
distribution of baseline covariates between anemia and
non-anemia participants, we applied the propensity
score methodology- defined as the conditional probabil-
ity of being treated when given the covariates, to control
the influence of covariates [38]. Therefore, the bias of es-
timates can be reduced. We matched anemic partici-
pants at baseline survey 1:4 to non-anemic participants
using Mahalanobis metric matching within a caliper
width of 0.2 of the standard deviation of the logit of the
propensity score [39]. After matching, we applied pro-
pensity score as the covariate and estimated the associ-
ation between anemia and cognitive function on the
basis of model 3. Secondly, participants who had low (<
80) or high (> 100) MCV were excluded to eliminate the
impact of microcytic or macrocytic anemia. Thirdly, par-
ticipants who had low BMI (< 18.5 kg/m2), indicating
underweight individuals according to the WHO, were
excluded to eliminate the impact of malnutrition [40].
Due to the different definitions of anemia by gender,

we decided to present all results stratified by gender and
explore whether there was gender-specific difference in
regards to the relationship of anemia and cognitive
decline. In order to take consideration of the complex
survey design and the differential response rates of
CHARLS, all statistical processes were performed using
relevant PROC SURVEY procedures in SAS (version 9.4,
SAS Institute Inc., Cary, NC, USA) Reported p values
were two sided, and a predetermined level of P < 0.05
was considered statistically significant.

Results
General description
A total of 10,918 participants (4999 men and 5919 women)
with a mean age of 59.2 (SD = 9.66) years ((58.81 ± 9.36
years in non-anemia group and 61.31 ± 11.26 in anemia
group) were eligible for the final cross-sectional study.
Study sample selection is described in Fig. 1. The mean
hemoglobin concentration was 14.37(SD = 2.20) g/dl
(range = 5.40~27.87 g/dl). 1404 (12.86%) were characterized
as anemic (11.1% for men and 14.25% for women). The
mean score of global cognitive function was 10.37 (SD =
4.32), the TICS was 7.22 (SD = 3.03), and the episodic
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memory was 3.79(SD = 1.51). Compared to the participants
without anemia, the anemic ones were more likely to be
women and older. In addition, those with anemia were also
more likely to have lower education level, lower BMI,
hypertension, to be alcohol users, and suffer from depressed
than the non-anemic ones. Table 1 displayed the character-
istics of study sample according to anemia status.
For the entire sample, the mean score of global cogni-

tion measured at baseline survey was 9.36 (SD = 4.46) in
the anemia group, which was significantly lower than the
non-anemia group [mean (SD) =10.52(4.28), P < 0.001].
Those with anemia also had lower score on episodic
memory [mean (SD): 3.54(1.51) vs 3.85(1.51), p < 0.001]
and TICS [mean (SD): 6.71(3.10) vs 7.29(3.01), P < 0.001].
The anemic ones had lower performance on the cross-
sectional cognitive function as well as longitudinal cogni-
tive function without gender specific difference. These de-
tails are shown in Fig. 2.

Cross-sectional relationship between anemia and
cognition
Adjusted cross-sectional associations between cognition
and anemia are displayed in Table 2. After adjusting for
age (Model 1), anemia was cross-sectionally associated

with lower cognitive scores on three cognitive measures
among the entire sample. After adjusting for additional
socio-demographic (Model 2) and health-related vari-
ables (Model 3), the cognitive measures were also signifi-
cantly associated with anemia. However, when further
estimated the association for men and women separ-
ately, only global cognitive function and episodic mem-
ory were consistently associated with anemia without
being affected by the study sample. Women with anemia
showed significantly worse performance on TICS, while
men did not. These results are presented in Table 2.
When it comes to hemoglobin concentration, Fig. 3

shows a slight but significant linear relationship be-
tween global cognitive function and hemoglobin based
on the entire sample (r = 0.120, P < 0.001). The regres-
sion analyses also showed that higher hemoglobin con-
centration were associated with better cognitive
performance [β (95%CI) =0.038(0.002, 0.074), P = 0.039
for model 1; β (95%CI) = 0.037(0.005, 0.069), P = 0.022
for model 2; β (95%CI) = 0.042(0.011, 0.074), P = 0.011
for model 3]. However, when it refers to specific cogni-
tive measures, the episodic memory and TICS score
showed no significant relationship with hemoglobin
concentration (all P > 0.05).

Fig. 1 Flow chart of patients through the study
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Longitudinal relationship between anemia and cognition
There were 923 participants who did not return for Visit
2 and 621 did not complete any follow-up cognitive as-
sessment, leaving 9324 participants for the longitudinal
analyses. After making adjustments for baseline

cognitive function and age, the decline of global cogni-
tive function, episodic memory and TICS score were sig-
nificantly associated with anemia. The significant
associations between anemia and TICS score can be
found after adjusting for demographic characters (Model

Table 1 Baseline participant characteristics by anemia statusa, CHARLS (Visit 1, 2011-2012y, N = 10,918)

Variable Total (N = 10,918) Non-anemia (N = 9513) Anemia (N = 1404) p-valueb

Age (years), mean (SD) 59.13 (9.66) 58.81 (9.36) 61.31 (11.26) < 0.0001

Male, %(n) 45.79 (4999) 46.72 (4444) 39.53 (555) < 0.0001

Hemoglobin (g/dL), mean (SD) 14.37 (2.20) 14.82 (1.93) 11.27 (1.24) < 0.0001

Alcohol consumption, %(n) 0.0026

Never 30.67 (3349) 31.13 (2961) 27.64 (388)

Occasional 7.72 (843) 7.83 (745) 6.98 (98)

Current 61.60 (6726) 61.04 (5807) 65.38 (918)

Smoking status, %(n) < 0.0001

Never 61.01 (6661) 60.20 (5727) 66.45 (933)

Occasional 9.13 (997) 9.19 (874) 8.76 (123)

Current 29.86 (3260) 30.61 (2912) 24.79 (348)

Marital status, %(n) 0.0643

Married 88.64 (9678) 88.84 (8451) 87.32 (1226)

Divorced 0.64 (70) 0.69 (66) 0.28 (4)

Widowed 9.99 (1091) 9.74 (927) 11.68 (164)

Single 0.72 (79) 0.73 (69) 0.71 (10)

Education, %(n) < 0.0001

Illiterate 28.60 (3132) 27.83 (2647) 34.54 (485)

Elementary school 40.91 (4467) 40.65 (3867) 42.66 (599)

Middle school 19.88 (2171) 20.47 (1947) 15.95 (224)

High school 10.01 (1093) 10.56 (1005) 6.27 (88)

Graduate or above 0.50 (55) 0.49 (47) 0.57 (8)

BMI degree, %(n) < 0.0001

Underweight 5.93 (552) 5.28 (426) 10.29 (126)

Normal weight 53.04 (4933) 52.36 (4228) 57.55 (705)

Overweight 30.05 (2795) 30.89 (2494) 24.49 (300)

Obesity 10.98 (1021) 11.48 (927) 7.67 (94)

CES-D 10, mean (SD) 8.61 (6.42) 8.53 (6.39) 9.20 (6.56) 0.0003

Hypertension, %(n) 4.53 (495) 4.76 (453) 2.99 (42) 0.0029

Diabetes, %(n) 15.18 (1657) 15.18 (1444) 15.17 (213) 0.9936

Abdominal Adiposity, %(n) 45.46 (4963) 46.16 (4391) 40.74 (572) < 0.0001

Suffering chronic pain, %(n) 25.95 (2829) 25.69 (2441) 27.62 (387) 0.1242

Dyslipidemia,%(n) 44.09 (4814) 45.29 (4308) 36.04 (506) < 0.0001

Hs-CRP (mg/l),median (IQR) 1.06 (0.55~2.27) 1.07 (0.58~2.26) 0.94 (0.51~2.43) 0.6475

Mean corpuscular volume, mean (SD) 90.56 (8.58) 91.22 (7.76) 86.11 (11.93) < 0.0001

Hdl Cholesterol (mg/dl), mean (SD) 50.93 (15.16) 50.72 (15.07) 52.33 (15.68) < 0.0001

eGFR, mean (SD) 92.54 (23.51) 92.61 (22.88) 92.11 (27.38) 0.3577

Hs-CRP High-sensitivity of C-reactive protein, eGFR Estimated glomerular function rate, CES-D 10 10-item Center for Epidemiologic Studies Depression Scale score
Notes: a Anemia was defined as hemoglobin concentrations lower than 13 g/dl for men and lower than 12 g/dl for women;
bcompared between anemia and non-anemia group
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1) and health-related factors (Model 2). But after adjust-
ing for the disease-related factors (model 3), the associ-
ation between anemia and TICS score was no longer
significant. In contrast, the association between anemia
and TICS score was not significant in any analytical
model among the women. However, the global cognitive
function and episodic memory were associated with
anemia consistently with stepwise adjusting for covari-
ates among all analytical sample. These results are pre-
sented in Table 3.

Sensitivity analysis
After propensity score matching, there were 1404 anemia
and 3804 non-anemia participants left in the first situation
of sensitivity analysis. The sample characteristics between
anemia and non-anemia groups were post-balanced. The
cross-sectional association between three cognitive mea-
sures and anemia remained significant after propensity
score matching, excluding subjects who had abnormal
mean corpuscular volume, as well as excluding the sub-
jects who had low BMI. However, in the longitudinal
analysis, except for the TICS score, the other two mea-
sures- global cognitive function and episodic memory
were consistently significantly associated with anemia in
all three sensitivity analyses. Details are shown in Table 4.

Discussion
In this large representative sample of middle-aged and
older Chinese, we found an independently association

between anemia and baseline cognitive decline as well
cognitive decline measured 2 years later after adjusting
for a range of socio-demographic and health-related co-
variates. Besides, the global cognitive function was also
found to have a linear relationship with hemoglobin
concentration and the results showed the lower the
hemoglobin concentrations, the worse the performance
of cognitive function. Furthermore, the poor perform-
ance of episodic memory was found to be associated
with anemia both cross-sectionally and longitudinally
without gender difference and independent of covariates
in this study.
The findings of our research are consistent with previ-

ous literatures which demonstrated the association be-
tween anemia and cognitive decline in the general
population. For example, a research from the Athero-
sclerosis Risk in Communities (ARIC) study with a sam-
ple of 13,133 general participants (mean age 57 years
and 56% women) found anemia was associated with par-
tial cognitive domains- digit symbol substitution test
(DSST) and global Z-score. However, this significant re-
lationship was cross-sectional, not prospective. More-
over, they also were unable to find the linear association
between hemoglobin level and worse cognition in either
cross-sectional or longitudinal analyses [17]. Another
prospective cohort study included 1744 community-
dwelling participants (mean age 78 years and 65%
women) found anemia was strongly associated with poor
cognitive function, which has been measured by the

Fig. 2 Age-adjusted comparison of Cognitive measures between anemic and non-anemic groups by gender. The mean value of Cognitive Test
Scores measured at baseline survey (2011-2012y) between anemia and non-anemia group is illustrated separately for global cognition, episodic
memory, and TICS among the total sample (Panel a), among men (Panel b), and among women (Panel c). The mean value of Cognitive Test
Scores re-measured at follow-up survey (2013y) between anemia and non-anemia group is illustrated separately for global cognition, episodic
memory, and TICS among the total sample (Panel d), among men (Panel e), and among women (Panel f). *** means p < 0.0001; **
means p < 0.001
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Table 2 Gender-stratified relationship of baseline cognitive measures with anemiaa and hemoglobin, CHARLS (Visit 1, 2011-2012y,
N = 10,918)

Outcome variable Analytic
Model

Alld Male Female

β (95%CI) p-value β (95%CI) p-value β (95%CI) p-value

Anemiab

Global Cognition Model1 − 0.65(− 0.87, − 0.42) < 0.001 − 0.63(− 0.96, − 0.30) 0.003 − 0.73(− 1.03, − 0.42) < 0.001

Model2 − 0.45(− 0.64, − 0.25) < 0.001 − 0.33(− 0.64, − 0.03) 0.030 − 0.55(− 0.81, − 0.29) < 0.001

Model3 −0.49(− 0.69, − 0.29) < 0.001 − 0.40(− 0.71, − 0.10) 0.010 − 0.56(− 0.82, − 0.29) < 0.001

Episodic Memory Model1 − 0.20(− 0.29, − 0.11) < 0.001 − 0.21(− 0.35, − 0.08) 0.002 − 0.19(− 0.31, − 0.07) 0.002

Model2 − 0.14(− 0.23, − 0.06) 0.001 − 0.14(− 0.27, − 0.01) 0.033 − 0.15(− 0.26, − 0.03) 0.012

Model3 − 0.14(− 0.23, − 0.05) 0.002 −0.14(− 0.28, − 0.01) 0.037 −0.14(− 0.25, − 0.02) 0.023

TICS Model1 −0.28(− 0.44, − 0.11) 0.001 −0.22(− 0.47, 0.02) 0.076 −0.37(− 0.59, − 0.15) 0.001

Model2 −0.16(− 0.30, − 0.02) 0.028 −0.03(− 0.25, 0.19) 0.787 −0.26(− 0.45, − 0.07) 0.007

Model3 −0.23(− 0.38, − 0.08) 0.002 −0.11(− 0.33, 0.12) 0.360 −0.33(− 0.52, − 0.13) 0.001

Hemoglobin Concentration (g/dL)c

Global Cognition Model1 0.038(0.002, 0.074) 0.039 0.08(0.03, 0.13) 0.001 0.02(−0.04, 0.07) 0.545

Model2 0.037(0.005, 0.069) 0.022 0.04(−0.01, 0.09) 0.080 0.04(−0.01, 0.09) 0.060

Model3 0.042(0.011, 0.074) 0.011 0.05(0.01, 0.10) 0.036 0.04(−0.01, 0.09) 0.068

Episodic Memory Model1 0.012(−0.002, 0.026) 0.083 0.02(−0.01, 0.04) 0.059 0.01(− 0.01, 0.03) 0.482

Model2 0.012(−0.002, 0.026) 0.082 0.01(−0.01, 0.03) 0.262 0.01(− 0.01, 0.03) 0.146

Model3 0.012(−0.002, 0.026) 0.087 0.01(−0.01, 0.03) 0.269 0.01(− 0.01, 0.03) 0.182

TICS Model1 −0.004(− 0.030, 0.023) 0.788 0.03(− 0.01, 0.07) 0.077 −0.02(− 0.06, 0.01) 0.211

Model2 0.001(− 0.022, 0.025) 0.908 0.01(− 0.03, 0.04) 0.622 −0.01(− 0.03, 0.03) 0.924

Model3 0.008(− 0.016, 0.031) 0.517 0.02(− 0.02, 0.05) 0.325 0.01(− 0.03, 0.04) 0.862

BMI Body mass index, MCV Mean corpuscular volume, eGFR Estimated glomerular function rate, CI Confidence interval, TICS Telephone Interview of
Cognitive Status.
Notes:a Anemia was defined as hemoglobin concentrations lower than 13g/dl for men and lower than 12g/dl for women;
bThe dichotomous anemia being the independent variable;
cThe continuous hemoglobin concentration (g/dL) being the independent variable;
dWhen analyzed for the whole sample, gender was included as covariate for model 1 to model 3;
Model 1 adjusted for age;
Model 2 adjusted for age, education level, marital status, BMI, cigarette smoking status, alcohol consumption, C reactive protein, total cholesterol, high density
lipoprotein cholesterol;
Model 3 adjusted for age, education level, marital status, BMI, cigarette smoking status, alcohol consumption, C reactive protein, total cholesterol, high density
lipoprotein cholesterol, chronic pain, MCV, eGFR and associated comorbidities (cancer, kidney, stroke, heart, lung, hypertension, diabetes );

Fig. 3 The relationship between Cognitive measures and hemoglobin concentration (g/dL). Panel a presents the relationship of Global Cognition
with hemoglobin concentration among the whole sample (r = 0.120, P < 0.001). Panel b presents the relationship of Episodic Memory with
hemoglobin concentration among the whole sample (r = 0.045, P < 0.001); Panel c presents the relationship of TICS with hemoglobin
concentration among the whole sample (r = 0.114, P < 0.001)
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Short Portable Mental Status Questionnaire (SPMSQ)
[41] . In addition, one study with 180 elderly persons
(mean age 71.5 years and 62.2% women) found that
anemic persons had lower Mini-Mental State Examin-
ation (MMSE) scores than those non-anemic ones, and
concluded that anemia may impair the cognitive func-
tions in the elderly [42]. The significant association be-
tween lower hemoglobin concentrations and cognitive
decline found in this study was also in line with previous
findings. One study from Rush Memory and Aging
Study reported that low hemoglobin concentrations were
associated with worse performance on semantic memory

and perceptual speed [43]. Another study from the same
sample reported that lower hemoglobin levels were not
only associated with a more rapid global cognitive de-
cline, but also associated with an increased hazard for
developing AD [44]. Previous studies together with the
present study have proved that anemia or low
hemoglobin concentration were associated with poor
cognitive performances. Sensitivity analyses after exclud-
ing participants with low or high MCV as well as those
with low BMI did not change the significant relationship
between anemia and cognitive decline. This might sug-
gest the relationship between anemia and cognitive

Table 3 Gender-stratified longitudinal relationship between cognitive measures and anemiaa, CHARLS (Visit 2, 2013y, N = 9324)

Outcome
variable

Analytic
Model

Allb Male Female

β (95%CI) p-value β (95%CI) p-value β (95%CI) p-value

Global Cognition Model1 −0.62(−0.87, −0.38) < 0.001 −0.92(− 1.29, − 0.55) < 0.001 −0.50(− 0.84, − 0.17) 0.003

Model2 − 0.39(− 0.61, − 0.18) < 0.001 −0.59(− 0.92, − 0.25) 0.001 −0.30(− 0.58, − 0.02) 0.039

Model3 − 0.24(− 0.43, − 0.04) 0.019 −0.50(− 0.81, − 0.19) 0.002 −0.09(− 0.35, 0.17) 0.496

Episodic Memory Model1 −0.25(− 0.35, − 0.15) < 0.001 −0.27(− 0.43, − 0.11) 0.001 −0.23(− 0.36, − 0.10) 0.001

Model2 − 0.19(− 0.28, − 0.09) < 0.001 −0.19(− 0.34, − 0.04) 0.013 −0.18(− 0.31, − 0.06) 0.003

Model3 − 0.16(− 0.26, − 0.07) 0.001 −0.18(− 0.33, − 0.03) 0.017 −0.15(− 0.27, − 0.03) 0.016

TICS Model1 − 0.26(− 0.44, − 0.08) 0.004 −0.45(− 0.71, − 0.18) 0.001 −0.21(− 0.45, 0.04) 0.099

Model2 −0.13(− 0.29, 0.03) 0.117 − 0.26(− 0.51, − 0.01) 0.039 −0.07(− 0.27, 0.14) 0.542

Model3 −0.04(− 0.19, 0.11) 0.634 − 0.23(− 0.47, 0.01) 0.053 0.08(− 0.12, 0.27) 0.444

BMI Body mass index, MCV Mean corpuscular volume, eGFR Estimated glomerular function rate, CI Confidence interval, TICS Telephone Interview of
Cognitive Status
Notes:a Anemia was defined as hemoglobin concentrations lower than 13 g/dl for men and lower than 12 g/dl for women; All analytical models were conducted
with the Cognitive Test Scores of Visit 2 as the outcome and the dichotomous anemia as the independent variable;
bWhen analyzed for the whole sample, gender and was included as covariate for model 1 to model 3;
Model 1 adjusted for age and baseline hemoglobin concentration;
Model 2 adjusted for age, education level, marital status, BMI, cigarette smoking status, alcohol consumption, C reactive protein, total cholesterol, high density
lipoprotein cholesterol, and baseline hemoglobin concentration;
Model 3 adjusted for age, education level, marital status, BMI, cigarette smoking status, alcohol consumption, C reactive protein, total cholesterol, high density
lipoprotein cholesterol, chronic pain, associated comorbidities (cancer, kidney, stroke, heart, lung, hypertension, diabetes), MCV, eGFR, and baseline
hemoglobin concentration;

Table 4 Sensitivity analyses of the relationship between Cognitive measures and Anemiaa

Methods Outcome
variable

Cross-sectional analyses Longitudinal analyses

β (95%CI) p-value β (95%CI) p-value

1:4 PSM Global Cognition −0.47(− 0.69, − 0.25) < 0.001 −0.22(− 0.44, − 0.01) 0.038

Episodic Memory −0.14(− 0.24, − 0.05) 0.004 −0.15(− 0.25, − 0.05) 0.003

TICS −0.22(− 0.38, − 0.05) 0.009 −0.04(− 0.21, 0.12) 0.590

80 <MCV < 100 Global Cognition −0.48(− 0.71, − 0.24) < 0.001 −0.31(− 0.54, − 0.08) 0.009

Episodic Memory −0.13(− 0.23, − 0.03) 0.014 −0.14(− 0.25, − 0.03) 0.016

TICS −0.20(− 0.37, − 0.03) 0.023 −0.10(− 0.27, 0.08) 0.266

BMI≥ 18.5 Global Cognition −0.42(− 0.63, − 0.21) < 0.001 −0.22(− 0.42, − 0.02) 0.030

Episodic Memory −0.13(− 0.22, − 0.04) 0.005 −0.15(− 0.25, − 0.06) 0.002

TICS −0.17(− 0.32, − 0.02) 0.031 −0.03(− 0.19, 0.12) 0.653

BMI Body mass index, MCV Mean corpuscular volume, eGFR Estimated glomerular function rate, CI Confidence interval, PSM Propensity Scoring Matching, TICS
Telephone Interview of Cognitive Status
Notes:a Anemia was defined as hemoglobin concentrations lower than 13 g/dl for men and lower than 12 g/dl for women; All sensitivity analyses were conducted
with the Cognitive Test Scores as the outcome and the baseline dichotomous anemia as the independent variable; All the analyses were adjusted for age,
education level, marital status, BMI, cigarette smoking status, alcohol consumption, C reactive protein, total cholesterol, high density lipoprotein cholesterol,
chronic pain, MCV, eGFR and associated comorbidities (cancer, kidney, stroke, heart, lung, hypertension, diabetes);
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decline could not influenced by iron deficiency, vitamin
deficiency, or nutritional deficiency. Furthermore, the
method of propensity score matching can perfectly
balance the distribution of covariates between different
target groups [45]. Thus, the significant association be-
tween anemia and cognition decline after propensity
score matching indicated the influence of anemia on
cognitive decline was independent of socio-demographic
or health-related factors.
The relationship between anemia and cognitive decline

seems to be mediated by inadequate cerebral oxygen
delivery and inadequate cerebral oxygenation, which may
reflect the impaired cerebral perfusion and cerebral func-
tion [46, 47]. Low concentrations of hemoglobin or an-
aemia can contribute chronic brain hypoxia and reduced
aerobic capacity, thus increasing the risk of dementia or
cognitive decline [48]. From the clinical point of view,
brain ischemia is a known risk factor of cognitive dysfunc-
tion and dementia [49]. Animal models showed that
erythropoietin receptors were localized in the brain and
play a role in neuroprotection [50, 51]. The decreased
erythropoietin levels, which could be induced by hypoxia,
may increase the risk of neuronal degeneration in certain
cognitive pathways. Besides, the appropriate higher
hemoglobin concentration level means adequate oxygen
delivery. So, as we found in the analysis, the higher
hemoglobin concentration levels were slightly associated
with better cognitive performance. Moreover, observa-
tional studies have reported that the use of erythropoiesis
stimulating agents can improve the cognitive functions
among patients with anemia [52–54].
Episodic memory is an important component in the

measurement of the cognitive function. It’s a kind of
declarative memory which belongs to long-term memory
and presents a cognitive system that enables an individ-
ual to record, store, and retrieves information about per-
sonal experiences and the temporal and spatial contexts
of those experiences [55]. The decline of episodic mem-
ory is the hallmark feature of early stages of AD [56]. In
the processes of episodic memory decline, a vast cerebral
network is involved, such as decreased in white and gray
matter volumes, neuronal numbers and size, reduced ef-
ficiency of synaptic contacts, and decreased in the con-
centrations of neurotransmitters [57]. Although these
changes may increase the risk of developing AD, they
can also remain stable for many years or even revert to a
cognitively normal state over time. This modifiable char-
acteristic makes the slight cognitive change a promising
target in the prevention of dementia.
Consistent with other prospective analyses which have

found significant longitudinal associations between
anemia and cognitive decline, our research also showed
that anemia was associated with the longitudinal cogni-
tive decline 2 years later [15, 17, 44]. In addition, the

results showed women and men shared the same risk of
cognitive decline, especially the episodic memory decline
when they were anemic. The absence of gender differ-
ence was also consistent with prior studies [19, 58].
However, given the TICS score was measured only by
some components of TICs battery, the observed associ-
ation between anemia and lower TICS score was less
significant among the men and the women. The signifi-
cant association between anemia and cognitive decline
among middle-aged and the elderly indicated that re-
gardless of age and gender, there needs to be early inter-
vention in regards to anemia to prevent pathological
cognitive decline.
Some strengths of the present study deserve to be

mentioned. First, the sample size of CHARLS was rela-
tively large and the participants were from 150 county
units, containing extensive areas and diverse population,
having a very good representativeness of the Chinese
population. To the best of our knowledge, this is the first
try to test the association between anemia and specific
cognitive domains in Chinese population. The results
provide supplementary evidences to further investigate
the underlying relationship between anemia and cogni-
tive decline. Besides, the sample was relatively younger
(mean age 59.13 years) than in other studies and the
positive results provided more useful information indi-
cating that not only the elderly, but also the middle aged
adults were faced with the threat of anemia when aging.
Secondly, we have comprehensively measured a broad
range of potential confounders known to affect the
hemoglobin concentrations and the cognitive function
(including inflammatory markers, renal function and the
comorbidities assessed in the baseline of our study) and
were adequately adjusted in our step-wise analyses.
Thirdly, apart from the dichotomous anemia variable,
the continuous hemoglobin levels were also used in this
study to further explore the relationship with anemia
and the results showed lower hemoglobin was associated
with worse cognitive function. Utilizing both dichotom-
ous and continuous measures was a better way to
characterize the relationship between anemia and cogni-
tive function. Lastly, we conducted three kinds of sensi-
tivity analyses to take different potential conditions into
consideration to make full use of information of the
data. The results were stable and convincible.
Meanwhile, certain limitations of our study should also

be taken into consideration. The iron, vitamin B12,
plasma homocysteine, folic acid and thyroid hormone
levels are important indicators to estimate anemia, but
the lack of assessment of these variables in CHARLS
made us unable to specify the subtype of anemia or ad-
just them in this study. In addition, the hemoglobin con-
centrations were just detected once at baseline, so we
cannot consider the change of hemoglobin during
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longitudinal analysis. Besides, just one-time assessment
of hemoglobin concentration may not be an accurate
estimate of an individuals’ typical concentration levels, it
would be better if there were more times assessments of
hemoglobin concentration. Although the episodic mem-
ory and intact mental status can be used to represent
the majority domains of cognitive functions, according
to the definition of cognitive function from the Oxford
dictionary - “the mental action or process of acquiring
knowledge and understanding through thought, experi-
ence, and the sense” [59], the cognitive domain of men-
tal status and intactness measured in our study were
relatively limited (just measured by some components of
TICs battery), this may be the main reason that there
were less significant findings observed for this cognitive
domain.

Conclusions
In conclusion, our study has found that anemia was asso-
ciated with poor cognitive performance both cross-
sectionally and longitudinally among Chinese middle-aged
and elderly without gender specific difference. The lower
hemoglobin concentrations were associated with linear
cognitive decline. Anemia is relatively common and con-
cealed disease among adults and has been neglected for a
long time. In this case, effective intervention strategies for
anemia should be implemented early to prevent its poten-
tial risk for cognitive decline. In future studies, more rep-
resentative and large community-based cohorts with
longer follow-up are needed to explore more modifiable
risk factors to age-related cognitive decline, thus targeted
multi-domain prevention approaches can benefit more
middle-aged and elderly people.

Abbreviations
CES-D 10: 10-item Center for Epidemiologic Studies Depression Scale score.;
eGFR: Estimated glomerular function rate; Hs-CRP: High-sensitivity of
C-reactive protein;

Acknowledgements
We thank Professor Zhao Yaohui and his colleagues for their work. We also
thank the CHARLS research team, the field team, and every respondent in
the study for their contributions. It is their effort that provides the valuable
dataset for us to do meaningful researches. Besides, we appreciate the
valuable assistance of Professor Yangxin Huang for advice on the statistical
analysis and the assistance with manuscript revising, Mr. Dong Zhu for
providing writing assistance, and Dr. Mingming Yan for proofreading the
article. We thank all colleagues and friends who have given their valuable
assistance about this study.

Authors’ contributions
QT and YP contributed the central idea. QT analyzed data and wrote the
original draft. FZ contributed the interpretation of results. MM Yan and WR
Lu helped the data analyses. SY contributed the manuscript revision. YP and
FA made the proofreading and finalized the manuscript. All authors read and
approved the final manuscript.

Funding
This study was founded by the Behavioral and Social Research division of the
National Institute on Aging (NIA) of the National Institute of Health in the
United States (grant numbers 1-R21-AG031372–01, 1-R21-AG033675-01A1,

1-R01-AG037031–01 and 1-R01-AG037031-03S1); the Management Science
Division of the National Natural Science Foundation of China (grant number
70773002, 70910107022, 71130002), Beijing Representative Office of the
World Bank (contract number 7145915), Knowledge for Change Program of
the World Bank Group (contract number 7159234) and Peking University.
The Behavioral and Social Research division of the National Institute on
Aging (NIA) of the National Institute of Health in the United States (grant
numbers 1-R21-AG031372–01, 1-R21-AG033675-01A1, 1-R01-AG037031–01
and 1-R01-AG037031-03S1) and the Management Science Division of the
National Natural Science Foundation of China (grant number 70773002,
70910107022, 71130002), Beijing Representative Office of the World Bank
(contract number 7145915), Knowledge for Change Program of the World
Bank Group (contract number 7159234) provided research grant and the
design of the study. Peking University participated the data collection,
analysis, and interpretation in writing the manuscript.

Availability of data and materials
The datasets supporting the conclusions of this article are publicly available
in the https://opendata.pku.edu.cn/dataverse/CHARLS.

Ethics approval and consent to participate
The China Health and Retirement Longitudinal Study (CHARLS) is an
ongoing nationally representative longitudinal cohort study of middle-aged
and elderly adults in China that is managed by the National School for
Development (China Center for Economic Research) at Peking University
(PKU). Consistent with the U.S. Health and Retirement Study (HRS) family of
surveys that study aging, the CHARLS is publicly available and de-identified.
The biomedical ethics committee of Beijing University approved the study
and informed consents was obtained from all participants.

Consent for publication
Not Applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Biliary-Pancreatic Surgery, Affiliated Tongji Hospital, Tongji
Medical College, Huazhong University of Science and Technology, Wuhan
430030, Hubei, China. 2Department of Epidemiology and Biostatistics and
State Key Laboratory of Environment Health, School of Public Health, Tongji
Medical College, Huazhong University of Science and Technology, 13
Hangkong Rd, Wuhan 430030, Hubei, China. 3Department of Nursing, The
Central Hospital of Wuhan, Tongji Medical College, Huazhong University of
Science and Technology, 26 Shengli Rd, Wuhan 430014, Hubei, China.

Received: 9 July 2018 Accepted: 10 October 2019

References
1. Organization WH. Dementia. a public health priority. Geneva: World Health

Organization—Alzheimer’s Disease International; 2012.
2. Lindenberger U. Human cognitive aging: corriger la fortune? Science.

2014;346:572–8.
3. Jessen F, Amariglio RE, van Boxtel M, Breteler M, Ceccaldi M, Chetelat G,

et al. A conceptual framework for research on subjective cognitive decline
in preclinical Alzheimer's disease. Alzheimers Dement. 2014;10:844–52.

4. Buckley RF, Saling MM, Frommann I, Wolfsgruber S, Wagner M. Subjective
Cognitive Decline from a Phenomenological Perspective: A Review of the
Qualitative Literature. J Alzheimers Dis. 2015;48(Suppl 1):125–40.

5. Kohler S, Allardyce J, Verhey FR, McKeith IG, Matthews F, Brayne C, et al.
Cognitive decline and dementia risk in older adults with psychotic
symptoms: a prospective cohort study. Am J Geriatr Psychiatry.
2013;21:119–28.

6. Kircher C, Wilson RS, Evans DA. Cognitive decline in incident Alzheimer
disease in a community population. Neurology. 2010;75:669–70.

7. Zamboni V, Cesari M, Zuccala G, Onder G, Woodman RC, Maraldi C, et al.
Anemia and cognitive performance in hospitalized older patients: results
from the GIFA study. Int J Geriatr Psychiatry. 2006;21:529–34.

Qin et al. BMC Geriatrics          (2019) 19:305 Page 11 of 13

https://opendata.pku.edu.cn/dataverse/CHARLS


8. Kurella M, Mapes DL, Port FK, Chertow GM. Correlates and outcomes of
dementia among dialysis patients: the Dialysis outcomes and practice
patterns study. Nephrol Dial Transplant. 2006;21:2543–8.

9. Zuccala G, Marzetti E, Cesari M, Lo Monaco MR, Antonica L, Cocchi A, et al.
Correlates of cognitive impairment among patients with heart failure:
results of a multicenter survey. Am J Med. 2005;118:496–502.

10. Mancuso A, Migliorino M, De Santis S, Saponiero A, De Marinis F. Correlation
between anemia and functional/cognitive capacity in elderly lung cancer
patients treated with chemotherapy. Ann Oncol. 2006;17:146–50.

11. Organization WH. Haemoglobin concentrations for the diagnosis of Anaemia
and assessment of severity. Geneva: World Health Organization; 2011.

12. Peters R, Burch L, Warner J, Beckett N, Poulter R, Bulpitt C. Haemoglobin,
anaemia, dementia and cognitive decline in the elderly, a systematic review.
BMC Geriatr. 2008;8:18.

13. Andro M, Le Squere P, Estivin S, Gentric A. Anaemia and cognitive performances
in the elderly: a systematic review. Eur J Neurol. 2013;20:1234–40.

14. Beghe CWA, Ershler WB. Prevalence and outcomes of anaemia in geriatrics:
a systemic review of the literature. Am J Med. 2004;116:35–109.

15. Atti AR, Palmer K, Volpato S, Zuliani G, Winblad B, Fratiglioni L. Anaemia
increases the risk of dementia in cognitively intact elderly. Neurobiol Aging.
2006;27:278–84.

16. Trevisan C, Veronese N, Bolzetta F, De Rui M, Maggi S, Zambon S, et al. Low
hemoglobin levels and the onset of cognitive impairment in older people:
the PRO.V.a. study. Rejuvenation Res. 2016;19:447–55.

17. Schneider AL, Jonassaint C, Sharrett AR, Mosley TH, Astor BC, Selvin E, et al.
Hemoglobin, Anemia, and cognitive function: the atherosclerosis risk in
communities study. J Gerontol A Biol Sci Med Sci. 2016;71:772–9.

18. Deal JA, Carlson MC, Xue QL, Fried LP, Chaves PHM. Anemia and 9-year
domain-specific cognitive decline in community-dwelling older women: the
Women's health and aging study II. J Am Geriatr Soc. 2009;57:1604–11.

19. Tamura M, Wadley VG, Newsome BB, Zakai NA, McClure LA, et al.
Hemoglobin concentration and cognitive impairment in the renal REasons
for geographic and racial differences in stroke (REGARDS) study. J Gerontol
A Biol Sci Med Sci. 2010;65:1380–6.

20. Lucca U, Tettamanti M, Mosconi P, Apolone G, Gandini F, Nobili A, et al.
Association of Mild Anemia with cognitive, functional, mood and quality of
life outcomes in the elderly: the “health and Anemia” study. PLoS One.
2008;3:e1920.

21. Norton S, Matthews FE, Barnes DE, Yaffe K, Brayne C. Potential for primary
prevention of Alzheimer's disease: an analysis of population-based data.
Lancet Neurol. 2014;13:788–94.

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

23. McArdle JJ, Smith JP, Willis R. Cognition and economic outcomes in the
health and retirement survey. NBER Work Paper Ser. 2011;2009:w15266.

24. McArdle JJ, Ferrer-Caja E, Hamagami F, Woodcock RW. Comparative
longitudinal structural analyses of the growth and decline of multiple
intellectual abilities over the life span. Dev Psychol. 2002;38:115–42.

25. McArdle JJ, Fisher GG, Kadlec KM. Latent variable analyses of age trends of
cognition in the health and retirement study, 1992-2004. Psychol Aging.
2007;22:525–45.

26. Brandt J, Spencer M, Folstein M. The telephone interview for cognitive
status. Neuropsy Neuropsy Be. 1988;1:111–7.

27. Lei X, Hu Y, McArdle JJ, Smith JP, Zhao Y. Gender differences in cognition
among older adults in China. J Hum Resour. 2012;47:951–71.

28. Wang T, Wu Y, Sun Y, Zhai L, Zhang D. A prospective study on the
association between uric acid and cognitive function among middle-aged
and older Chinese. J Alzheimers Dis. 2017;58:79–86.

29. Li J, Cacchione PZ, Hodgson N, Riegel B, Keenan BT, Scharf MT, et al.
Afternoon napping and cognition in Chinese older adults: findings from the
China health and retirement longitudinal study baseline assessment. J Am
Geriatr Soc. 2017;65:373–80.

30. Sha T, Cheng W, Yan Y. Prospective associations between pulse pressure
and cognitive performance in Chinese middle-aged and older population
across a 5-year study period. Alzheimers Res Ther. 2018;10:29.

31. Zuo M, Gan C, Liu T, Tang J, Dai J, Hu X. Physical predictors of cognitive
function in individuals with hypertension: evidence from the CHARLS
Basline survey. West J Nurs Res. 2019;41:592–614.

32. Hallynck T, Soep HH, Thomis J, Boelaert J, Daneels R, Fillastre JP, et al.
Prediction of creatinine clearance from serum creatinine concentration
based on lean body mass. Clin Pharmacol Ther. 1981;30:414–21.

33. Qin T, Liu W, Yin M, Shu C, Yan M, Zhang J, et al. Body mass index
moderates the relationship between C-reactive protein and depressive
symptoms: evidence from the China health and retirement longitudinal
study. Sci Rep. 2017;7:39940.

34. Dublin S, Anderson ML, Haneuse SJ, Heckbert SR, Crane PK, Breitner JC,
et al. Atrial fibrillation and risk of dementia: a prospective cohort study. J
Am Geriatr Soc. 2011;59:1369–75.

35. Pulignano G, Del Sindaco D, Di Lenarda A, Tinti MD, Tarantini L, Cioffi G,
et al. Chronic renal dysfunction and anaemia are associated with cognitive
impairment in older patients with heart failure. J Cardiovasc Med.
2014;15:481–90.

36. Gamaldo AA, Ferrucci L, Rifkind J, Longo DL, Zonderman AB. Relationship
between mean corpuscular volume and cognitive performance in older
adults. J Am Geriatr Soc. 2013;61:84–9.

37. Hsu CY, McCulloch CE, Curhan GC. Epidemiology of anemia associated with
chronic renal insufficiency among adults in the United States: results from
the third National Health and nutrition examination survey. J Am Soc
Nephrol. 2002;13:504–10.

38. D'Agostino RB. Propensity score methods for bias reduction in the
comparison of a treatment to a non-randomized control group. Stat Med.
1998;17:2265–81.

39. Austin PC. Optimal caliper widths for propensity-score matching when
estimating differences in means and differences in proportions in
observational studies. Pharm Stat. 2011;10:150–61.

40. Organization WH. Appropriate body-mass index for Asian populations
and its implications for policy and intervention strategies. Lancet. 2004;
363:157.

41. Denny SD, Kuchibhatla MN, Cohen HJ. Impact of anemia on mortality,
cognition, and function in community-dwelling elderly. Am J Med. 2006;
119:327–34.

42. Terekeci HM, Kucukardali Y, Onem Y, Erikci AA, Kucukardali B, Sahan B, et al.
Relationship between anaemia and cognitive functions in elderly people.
Eur J Intern Med. 2010;21:87–90.

43. Shah RC, Wilson RS, Tang Y, Dong X, Murray A, Bennett DA. Relation of
hemoglobin to level of cognitive function in older persons.
Neuroepidemiology. 2009;32(1):40–6.

44. Shah RC, Buchman AS, Wilson RS, Leurgans SE, Bennett DA. Hemoglobin
level in older persons and incident Alzheimer disease: prospective cohort
analysis. Neurology. 2011;77:219–26.

45. Dehejia RH, Wahba S. Propensity score-matching methods for
nonexperimental causal studies. Rev Econ Stat. 2002;84:151–61.

46. Hare GM. Anaemia and the brain. Curr Opin Anaesthesiol. 2004;17:363–9.
47. Gottesman RF, Sojkova J, Beason-Held LL, An Y, Longo DL, Ferrucci L, et al.

Patterns of regional cerebral blood flow associated with low hemoglobin in
the Baltimore longitudinal study of aging. J Gerontol A Biol Sci Med Sci.
2012;67:963–9.

48. Son SJ, Lee KS, Na DL, Seo SW, Kim CH, Kim JH, et al. The effect of anemia
and white matter hyperintensities (WMH) on cognitive impairment in
patients with amnestic mild cognitive impairment (MCI). Arch Gerontol
Geriatr. 2012;55:251–6.

49. Neumann JT, Cohan CH, Dave KR, Wright CB, Perez-Pinzon MA. Global
cerebral ischemia: synaptic and cognitive dysfunction. Curr Drug Targets.
2013;14:20–35.

50. Maiese K, Li FQ, Chong ZZ. New avenues of exploration for erythropoietin.
JAMA. 2005;293:90–5.

51. Hasselblatt M, Ehrenreich H, Siren AL. The brain erythropoietin system and
its potential for therapeutic exploitation in brain disease. J Neurosurg
Anesthesiol. 2006;18:132–8.

52. Ehrenreich H, Hinze-Selch D, Stawicki S, Aust C, Knolle-Veentjer S, Wilms
S, et al. Improvement of cognitive functions in chronic schizophrenic
patients by recombinant human erythropoietin. Mol Psychiatry. 2007;12:
206–20.

53. Massa E, Madeddu C, Lusso MR, Gramignano G, Mantovani G. Evaluation of
the effectiveness of treatment with erythropoietin on anemia, cognitive
functioning and functions studied by comprehensive geriatric assessment
in elderly cancer patients with anemia related to cancer chemotherapy. Crit
Rev Oncol Hematol. 2006;57:175–82.

54. Castelli R, Deliliers GL, Colombo R, Moreo G, Gallipoli P, Pantaleo G.
Biosimilar epoetin in elderly patients with low-risk myelodysplastic
syndromes improves anemia, quality of life, and brain function. Ann
Hematol. 2014;93:1523–9.

Qin et al. BMC Geriatrics          (2019) 19:305 Page 12 of 13



55. Tulving E. Episodic memory: from mind to brain. Annu Rev Psychol. 2002;53:1–25.
56. McKhann GM, Knopman DS, Chertkow H, Hyman BT, Jack CR, Kawas CH,

et al. The diagnosis of dementia due to Alzheimer's disease:
recommendations from the National Institute on Aging-Alzheimer's
Association workgroups on diagnostic guidelines for Alzheimer's disease.
Alzheimers Dmentia. 2011;7:263–9.

57. Burke SN, Barnes CA. Neural plasticity in the ageing brain. Nat Rev Neurosci.
2006;7:30–40.

58. Hong CH, Falvey C, Harris TB, Simonsick EM, Satterfield S, Ferrucci L, et al.
Anemia and risk of dementia in older adults: findings from the health ABC
study. Neurology. 2013;81:528–33.

59. Cognition - definition of cognition in English from the Oxford dictionary,
Oxford University Press. http://www.oxforddictionaries.com/definition/
english/cognition, Accessed 4 Feb 2016.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Qin et al. BMC Geriatrics          (2019) 19:305 Page 13 of 13

http://www.oxforddictionaries.com/definition/english/cognition
http://www.oxforddictionaries.com/definition/english/cognition

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods and measurements
	Study sample
	Cognitive assessment
	Blood measurement and Anemia definition
	Other covariates
	Statistical analysis

	Results
	General description
	Cross-sectional relationship between anemia and cognition
	Longitudinal relationship between anemia and cognition
	Sensitivity analysis

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

