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Abstract.
Background: Evidence has emerged that anemia is associated with dementia, but data on the relationships of red blood cell
distribution width (RDW) with dementia and cognitive function in older adults are sparse.
Objective: We sought to investigate the associations of RDW with dementia and global cognitive performance among
rural-dwelling Chinese older adults and further to examine their associations by anemia status.
Methods: This population-based cross-sectional study included 5,115 participants (age ≥ 65 years, 57.0% women) in the
baseline examination (March-September 2018) of the Multimodal Interventions to Delay Dementia and Disability in rural
China (MIND-CHINA). We collected data through face-to-face interviews, clinical examinations, and laboratory tests. Global
cognitive function was evaluated using the Mini-Mental State Examination (MMSE). We defined dementia, Alzheimer’s dis-
ease (AD), and vascular dementia (VaD) following the respective international criteria. Data were analyzed using multinomial
logistic and general linear regression models.
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Results: Of all participants, 300 were diagnosed with dementia, including 195 with AD and 95 VaD. The multiple-adjusted
odds ratio of dementia associated with quartiles of RDW were 1.45 (95%CI: 0.87–2.44), 1.00 (reference), 1.77 (1.07–2.93),
and 2.28 (1.40–3.72). Similar J-shaped patterns existed for the association of RDW with odds ratio of AD and VaD. Anemia was
not significantly associated with dementia. The J-shaped associations of RDW with dementia and subtypes were statistically
evident only among participants without anemia. There was an inverted J-shaped relationship between RDW quartiles and
�-coefficients of MMSE score.
Conclusion: There is a J-shaped association between RDW level and likelihood of dementias among rural-dwelling Chinese
older adults, especially among people without anemia.

Keywords: Alzheimer’s disease, anemia dementia, elderly, population-based study, red cell distribution width

INTRODUCTION

Dementia affects over 50 million people world-
wide, and nearly 60% of all dementia patients live
in low- and middle-income countries (LMICs) [1].
Notably, the number of people with dementia is
projected to increase faster in LMICs than in high-
income countries in the coming decades [1, 2]. Since
the 1990s the prevalence of dementia in China has
increased steadily in all age groups from 60 years of
age [3]. The total annual expenditure for dementia
in China was estimated at US$168 billion [4]. The
prevalence of dementia was notably higher in the
rural than urban communities [5]. Given that there
is currently no curative therapy available for demen-
tia, identifying modifiable risk factors is crucial for
preventive and therapeutic interventions to delay the
onset of dementia and slow cognitive decline.

The red blood cell distribution width (RDW) is
a simple parameter that reflects the heterogeneity
of circulating erythrocyte volume [6]. It is routinely
calculated by the overwhelming majority of hema-
tologic analyzers according to red blood cell (RBC)
volume and mean corpuscular volume (MCV). A nor-
mal RDW suggests homogeneous RBC size, whereas
an elevated RDW indicates heterogeneous RBC size,
known as anisocytosis. RDW in combination with
MCV can used for differential diagnosis of anemia
[7]. An elevated RDW is often related to anemia due
to nutrient deficiency (e.g., iron, vitamin B12, and
folic acid) and sideroblastic anemia, and a normal
RDW is often related to anemia from chronic dis-
ease, thalassemia heterozygosity, and aplastic anemia
[8]. Studies have shown that an increased RDW is
associated with mortality [9], diabetes [10], cardio-
vascular disease [11], stroke [12], and other chronic
health conditions [13]. The association of RDW with
adverse health outcomes may depend on anemia or
hemoglobin levels [14]. Of note, the cross-sectional

data from the Chicago Health and Aging Project
found that elevated RDW was associated with demen-
tia, especially among non-anemic participants [15].
In addition, evidence has been accumulating over
the last decade that anemia or low hemoglobin is
related to cognitive impairment and dementia among
older adults [16, 17]. However, most population-
based studies of anemia and dementia have been
conducted among high-income countries. In particu-
lar, the relationship of abnormal RDW with dementia
and cognitive function as well as the interplay of
increased RDW and anemia in cognitive aging has
yet to be explored among LMICs.

Therefore, in this population-based cross-sectional
study of older adults living in the rural communities
in China, we sought 1) to evaluate the associations of
RDW and anemia with dementia and global cognitive
function; and 2) to explore whether their association
varied by anemia status.

MATERIALS AND METHODS

Study design and participants

This is a cross-sectional population-based study.
The participants were derived from the Multimodal
Interventions to Delay Dementia and Disability in
rural China (MIND-CHINA), an ongoing project
within the World-Wide FINGERS Network [18].
MIND-CHINA aims to test the effects of mul-
tidomain interventions on cognitive decline, onset
of dementia, and disability among rural-dwelling
elderly people. In March-September 2018, we per-
formed the baseline assessments that targeted adults
who were aged 60 years or older and living in
the rural communities of Yanlou Town, Yanggu
County in western Shandong province, China [19].
In this study, we excluded people who were aged
60–64 years because our study focused on late-onset
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Fig. 1. Flowchart of the study participants. RDW, red cell distribution width; DSM-IV, Diagnostic and Statistical Manual of Mental Disorders,
4th Edition; MMSE, Mini-Mental State Examination; AD, Alzheimer’s disease; VaD, vascular dementia.

dementia. There were 5,246 participants aged ≥ 65
years completed the baseline survey. Of these, 131
were excluded due to missing data on the diagnoses
of dementia status (n = 126) and RDW (n = 5), leaving
5,115 (97.5%) participants for the current analysis.
For the analysis involving global cognitive perfor-
mance, we further excluded 221 persons who had
missing information on the Mini-Mental State Exam-
ination (MMSE) score, leaving 4,894 participants in
the analytical sample (Fig. 1). There were no signifi-
cant differences between participants in the analytical
sample (n = 5,115) and those who were excluded
(n = 131) with regard to age (mean age 71.8 ver-
sus 71.4 years, p = 0.483), sex (women 57.0% versus
62.6%, p = 0.204), and education (illiteracy 40.5%
versus 48.9%, p = 0.054).

The MIND-CHINA Study was conducted in accor-
dance with the Declaration of Helsinki and approved
by the Ethics Committee at Shandong Provincial Hos-
pital in Jinan, Shandong. Written informed consents
were obtained from all participants, or in the case of
cognitively impaired persons, from informants (usu-
ally a family member).

Data collection

Data were collected by trained medical staff
through face-to-face interviews, clinical examina-
tions, neuropsychological tests, and laboratory tests
in the local township health center, following the

structured questionnaire [19]. We collected data
on socio-demographics (sex, age, and education),
health-related behavioral factors (e.g., alcohol use
and smoking), medical history (e.g., stroke, coro-
nary heart disease (CHD), hypertension, diabetes,
and dyslipidemia), use of medications, and func-
tional assessments. Height and weight were measured
in light clothes without shoes. Body mass index
(BMI) was calculated as weight (kilograms) divided
by height (meters) squared (kg/m2). We measured
arterial blood pressure on the right upper arm twice
after a 5-min rest in a sitting position with an
electronic sphygmomanometer (Omron HEM-7127J;
Omron Corporation, Kyoto, Japan). Peripheral blood
samples were collected after an overnight fast by
experienced nurses. Serum glucose, total cholesterol,
triglycerides, creatine, and other biochemical mark-
ers were measured with an automatic biochemical
analyzer in the clinical laboratory of Yanlou Town
Hospital using the enzymatic methods. Genomic
DNA was extracted from peripheral blood leukocytes
and APOE genotype was determined by multiplex
polymerase chain reaction assay.

Measurements of RDW and hemoglobin and
definition of anemia

Fasting peripheral venous blood samples were
collected in a tube with 2 mL ethylenediaminete-
traacetic acid (EDTA). Complete blood count (CBC)
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parameters, including MCV, RDW, and hemoglobin
concentrations, were assayed with a Mindray BC-
6800 automated hematology analyzer (Mindray
Medical International Ltd, Shenzhen, CHN) in the
laboratory of Yanlou Town Hospital. MCV was a
measure of the average size of circulatory RBCs [20].
RDW was calculated by dividing the standard devi-
ation (SD) of RBC volume by the MCV [21]. The
normal calibration reference of RDW in the labo-
ratory was 11.0%–14.5% and the cut-off value for
abnormal RDW was set at 14.5%. However, the nor-
mal reference might slightly vary by different ethnical
groups and geographical areas. Anemia was defined
as hemoglobin < 13 g/dl for men and < 12 g/dl for
women according to the World Health Organization
(WHO) criteria [22].

Assessment of cognitive function and diagnosis
of dementia and subtypes

Cognitive function was assessed by trained med-
ical staff from the Department of Neurology,
Shandong Provincial Hospital. A neuropsychologi-
cal test battery was used to assess cognitive function,
including subjective cognitive complaints, global
cognitive function, and cognitive subdomains (e.g.,
memory, information-processing speed, executive
function, and language). The main neurocognitive
assessment battery included AD8, MMSE, auditory
verbal learning test, the Digit Span test, Category Ver-
bal Fluency Test, Trail Making Test, and the clock
drawing task. We used the MMSE test to evaluate
global cognitive function [23].

A 3-step procedure was followed for the diag-
nosis of clinical dementia and main subtypes of
dementia. In brief, clinicians and trained junior
interviewers conducted routine clinical examination
and comprehensive assessments for each partici-
pant following the structured questionnaires. The
assessments included health-related factors, med-
ical history, a neurocognitive assessment battery,
Activities of Daily Living (ADLs), and the Clinical
Dementia Rating Scale (CDR) from participants or
participant’s informants. Then, the neurologists spe-
cialized in dementia diagnosis and care reviewed all
of the data collected from the clinical examination,
questionnaire survey, and neurocognitive testing, and
made a preliminary diagnosis for participants who
were suspected to have dementia based on the sur-
vey, clinical examination, MMSE test, and ADLs.
Out of the 5,115 participants, around 5.5% were sus-
pected to have dementia by the neurologists through

carefully reviewing all the records, and additionally
around 9.5% had incomplete data for the assess-
ment of dementia status. Finally, these persons were
contacted by neurologists to conduct the second inter-
view and reassess their medical history, cognitive
status, ADLs, and whenever available, neuroimag-
ing data. If the participants were not able to take
the interview due to severe cognitive impairment or
not available for the face-to-face interviews (about
13%), the neurologists interviewed their family mem-
bers, neighbors, or village doctors (who provide
primary care services to local residents). Based on
all the assessments, a diagnosis of dementia was
made according to the criteria outlined in the Diag-
nostic and Statistical Manual of Mental Disorders,
4th Edition (DSM-IV) [24]. In case of uncertainty,
a senior neurologist was consulted and discussed,
and a consensus diagnosis of dementia was reached.
The diagnosis of dementia was further categorized
into different subtypes according to the respective
diagnostic criteria. Alzheimer’s disease (AD) was
diagnosed according to the National Institute on
Aging-Alzheimer’s Association (NIA-AA) criteria
for probable AD [25]. Vascular dementia (VaD) was
diagnosed using the National Institute of Neuro-
logical Disorders and Stroke and the Association
Internationale pour la Recherche et l’Enseignement
en Neurosciences (NINDS-AIREN) criteria [26].

Assessment of covariates

We considered demographic features, lifestyle fac-
tors, and health conditions as potential confounders.
All variables were assessed, defined, and categorized
following the standard approaches, as previously
described [19]. In brief, education was categorized
into illiteracy (no formal schooling), primary school
(1–5 years), and middle school or above (≥ 6 years).
Smoking status was categorized into current, former,
or never smoking. Alcohol consumption was defined
as drinking alcoholic beverage at least once a month
in the past 12 months based on participants’ response
to the question “In the past 12 months, have you had
any alcoholic drinks?” and “How often did you drink
alcohol?”.

Hypertension was defined as systolic blood pres-
sure (SBP) ≥140 mm Hg or diastolic blood pressure
(DBP) ≥ 90 mm Hg or current use of antihyperten-
sive drugs. Diabetes was defined as a fasting blood
glucose ≥ 7.0 mmol/L, having a self-reported history
of physician’s diagnosis of diabetes or current use of
blood glucose-lowering agents or insulin injection.
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Dyslipidemia was defined as having one of the
following criteria: 1) serum total cholesterol level
≥ 6.22 mmol/l, 2) serum LDL-C level ≥ 4.14 mmol/l,
3) serum triglycerides level ≥ 2.27 mmol/l, 4) serum
HDL-C level < 1.04 mmol/l, or 5) current use of
lipid-regulating medications [27]. The estimated
glomerular filtration rate (eGFR) was calculated with
the CKD-EPI creatinine equation. Impaired renal
function was defined as eGFR < 60 ml/min/1.73 m2

[28]. Coronary heart disease and stroke were ascer-
tained by a self-reported physician’s diagnosis of
stroke and clinical and neurological examination. The
15-item Geriatric Depressive Scale (GDS-15) was
used to assess depressive symptoms [29]. The pres-
ence of depressive symptoms was defined as having
a GDS-15 score ≥ 5 [30].

Statistical analysis

We reported frequencies (%) for categorical vari-
ables and mean (SD) for continuous variables.
Characteristics of study participants by quartiles of
RDW were compared by using chi-squared test for
categorical variables and one-way analysis of vari-
ance (ANOVA) for continuous variables. Multiple
binary and multinomial logistic regression analy-
ses were performed to estimate the odds ratio and
95% confidence interval (CI) of dementia and sub-
type dementias associated with RDW and anemia.
RDW was categorized into quartiles, with the sec-
ond quartile being used as the reference group,
because the restricted cubic Spline regression anal-
ysis suggested a nonlinear (J-shaped) relationship
between RDW levels and odds ratio of dementia.
We performed multivariable general linear regres-
sion analyses to estimate �-coefficient and 95% CI
of MMSE score associated with RDW among partic-
ipants. We reported the main results from two models:
model 1 was adjusted for age, sex, and education; and
model 2 was additionally adjusted for alcohol use,
smoking, BMI, hypertension, diabetes, dyslipidemia,
impaired renal function, APOE �4 allele, history of
coronary heart disease and stroke, and the presence
of depressive symptoms. However, because a pre-
vious study suggested that the association of RDW
with dementia was evident mainly among people
without anemia [15], we also performed stratified
analysis by anemia. IBM SPSS Statistics for Win-
dows, Version 22.0 (IBM Corp, Armonk, NY, USA)
was used for all the analyses, except the restricted
cubic spline regression analysis where the R pack-
age for Windows (version 4.0.2, R Foundation for

Statistical Computing, Vienna, Austria) was used. A
two-tailed p < 0.05 was considered to be statistically
significant.

RESULTS

Characteristics of study participants

Table 1 summarizes the characteristics of the study
participants by quartiles of RDW. The mean age of the
5,115 participants was 71.7 (SD = 5.5; range, 65–99)
years, 40.5% were illiteracy, and 56.9% were women.
Of those, 300 (5.9%) were diagnosed with demen-
tia, including 195 (3.8%) with AD and 95 (1.9%)
with VaD. The mean RDW was 13.6% (SD = 0.9;
range, 11.0%–29.5%). 492 participants (9.6%) had
abnormal RDW (RDW > 14.5%).

As RDW quartile increased, prevalence of anemia
progressively increased from 12.8% in the first quar-
tile and 15.0% in the second quartile to 34.1% in the
fourth quartile (p for trend < 0.001). Overall, partici-
pants in the higher quartiles of RDW were older, more
likely to be male and have a lower BMI, less likely to
have hypertension, and more likely to have impaired
renal function compared to those with lower quartiles
of RDW (p < 0.05). With increase in RDW quar-
tile, the mean MMSE score decreased, CDR score
increased, and the prevalence of dementia, AD, and
VaD increased (p < 0.05) (Table 1).

Associations of anemia and red cell distribution
width with dementia and subtypes

Of all 5,115 participants, 1,038 were defined with
anemia, resulting in the overall prevalence of anemia
being 20.3% in the total sample. Anemia was not sig-
nificantly associated with the odds ratio of dementia,
AD, and VaD (Table 2).

The restricted cubic spline regression analy-
sis suggested a nonlinear (J-shaped) association
between RDW levels and the likelihood of dementia
(pnon-linearity < 0.05). The nadir for the likelihood of
dementia estimated from the piecewise linear models
was at the RDW level of 13.4% (Fig. 2A). Similarly,
there was a J-shaped pattern of associations between
RDW level and odds ratio of AD and VaD (Fig. 2B,
C). We further analyzed RDW level by quartiles,
with the second quartile being the reference group.
When adjusting for multiple confounders, the odds
ratio of having dementia associated with the quar-
tiles of RDW were 1.45 (95% CI 0.87, 2.44), 1.00
(reference), 1.77 (1.07, 2.93), and 2.28 (1.40, 3.72),
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Table 1
Characteristics of the study participants by quartiles of red cell distribution width

Characteristics Total sample Red cell distribution width, quartiles

(n = 5,115) Lowest Second Third Highest pa

(< 13.1%) (13.1%–13.5%) (13.6%–14.0%) (> 14.0%)

No. of participants 1,309 1,386 1,248 1,172
Socio-demographic factors

Female, n (%) 2,917 (57.0) 772 (59.0) 786 (56.7) 733 (58.7) 626 (53.4) 0.020
Age (y), mean (SD) 71.8 (5.5) 71.1 (5.0) 71.4 (5.3) 71.7 (5.5) 73.0 (6.0) < 0.001
Education, n (%) 0.910

Illiteracy 2,070 (40.5) 524 (40.0) 550 (39.7) 507 (40.6) 489 (41.7)
Primary school 2,221 (43.4) 565 (43.2) 616 (44.4) 537 (43.0) 503 (42.9)
Middle school or above 824 (16.1) 220 (16.8) 220 (15.9) 204 (16.3) 180 (15.4)

Lifestyle factors
Alcohol consumptionb, n (%) 1,886 (37.3) 466 (36.1) 510 (37.4) 456 (36.8) 454 (39.0) 0.499
Smokingb, n (%) 0.426

Never 3,503 (68.6) 919 (70.3) 935 (67.6) 870 (69.8) 779 (66.6)
Former 567 (11.1) 134 (10.2) 156 (11.3) 133 (10.7) 144 (12.3)
Current 1,039 (20.3) 255 (19.5) 293 (21.2) 244 (19.6) 247 (21.1)

Genetic factors
APOE �4 alleleb, n (%) 784 (16.1) 203 (16.4) 214 (16.1) 172 (14.4) 195 (17.3) 0.270
Clinical factors

Body mass indexb (kg/m2), mean (SD) 24.8 (3.8) 24.7 (3.6) 25.0 (3.6) 25.0 (3.9) 24.6 (4.2) 0.010
Coronary heart disease, n (%) 1,121 (21.9) 282 (21.5) 277 (20.0) 296 (23.7) 266 (22.7) 0.116
Strokeb, n (%) 847 (16.6) 200 (15.3) 243 (17.6) 205 (16.4) 199 (17.0) 0.433
Hypertensionb, n (%) 3,409 (67.2) 928 (71.5) 932 (67.8) 817 (66.0) 732 (63.0) < 0.001
Diabetes mellitus, n (%) 725 (14.2) 207 (15.8) 203 (14.6) 164 (13.1) 151 (12.9) 0.119
Dyslipidemia, n (%) 1,216 (23.8) 326 (24.9) 350 (25.3) 284 (22.8) 256 (21.8) 0.126
Impaired kidney function, n (%) 514 (10.0) 96 (7.3) 135 (9.7) 129 (10.3) 154 (13.1) < 0.001
Anemia, n (%) 1,038 (20.3) 168 (12.8) 208 (15.0) 262 (21.0) 400 (34.1) < 0.001
GDS-15 score ≥ 5b, n (%) 463 (9.9) 137 (11.3) 117 (9.1) 121 (10.5) 88 (8.6) 0.127
ADLs disabilityb, n (%) 531 (10.8) 129 (10.3) 144 (10.7) 129 (10.8) 129 (11.7) 0.743
CDR score ≥ 0.5b, n (%) 2,515 (49.2) 620 (47.4) 653 (47.1) 616 (49.4) 626 (53.4) 0.006
MMSE scoreb, mean (SD) 20.6 (6.2) 20.9 (6.0) 20.9 (6.1) 20.6 (6.0) 19.7 (6.7) < 0.001
Dementia, n (%) 300 (5.9) 63 (4.8) 63 (4.5) 70 (5.6) 104 (8.9) < 0.001

Alzheimer’s disease 195 (3.8) 43 (3.3) 41 (3.0) 47 (3.8) 64 (5.5)
Vascular dementia 95 (1.9) 18 (1.4) 20 (1.4) 20 (1.6) 37 (3.2)

ADLs, Activities of Daily Living; CDR, Clinical Dementia Rating Scale; GDS-15, 15-item Geriatric Depressive Scale; MMSE, Mini-Mental
State Examination; SD, standard deviation. ap value was for the test of differences among the quartile groups of RDW. bThe numbers of
people with missing values were 57 in alcohol consumption, 6 in smoking, 232 in APOE �4 allele, 30 in body mass index, 44 in hypertension,
6 in stroke, 447 in GDS-15 score, 214 in ADLs, 254 in CDR score, and 221 in MMSE score.

respectively (Table 2, Model 2). There was a similar
pattern of associations between RDW quartiles and
the odds ratio of AD and VaD, although the associ-
ation of the fourth quartile RDW with VaD was not
significant (Table 2).

There were no statistical interactions of RDW
quartiles with anemia on the likelihood of dementia
and subtypes (p for all interactions > 0.05). How-
ever, the results from the stratifying analysis by
anemia showed that the J-shaped association between
RDW levels and odds ratio of dementia, AD, and
VaD was statistically significant among participants
without anemia, but not among those with anemia
(Table 3).

Associations of anemia and red cell distribution
width with global cognitive performance

Anemia was significantly associated with a lower
MMSE score, even in model 2 when controlling for
multiple potential confounders (Table 4).

There was an inverted J-shaped association
between RDW level and MMSE score, even in model
2 when controlling for multiple potential confounders
(Table 4). The multivariable-adjusted �-coefficients
(95% CI) of MMSE score associated with quartile
of RDW were –0.05 (95% CI –0.42, 0.31), 0.00
(reference), –0.26 (–0.63, 0.11), and –0.92 (–1.30,
–0.54), respectively. Further stratified analysis by
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anemia suggested that the associations between RDW
levels and MMSE score were similar (data not
shown).

DISCUSSION

This large-scale population-based cross-sectional
study targets the rural community-dwelling older
people who have received no or limited education
in China. This study shows a J-shaped association
between RDW levels and the likelihood of dementia
and AD. Although anemia was not associated with
dementia in this population, we found that the J-
shaped association between RDW and the likelihood
of dementia and AD was evident mainly among peo-
ple without anemia. This implies that RDW could
reflect additional pathological processes in demen-
tia than being captured by anemia. Finally, we found
that anemia and elevated RDW were associated with
poorer global cognitive performance.

Anemia affected one-fifth of our study popula-
tion, which is consistent with previous reports [31].
We found that anemia was associated with poor
global cognitive performance assessed by MMSE,
which is consistent with previous reports from
population-based cross-sectional studies [32]. Pre-
vious studies have yielded conflicting results with
regard to the relationship between anemia and demen-
tia among older adults. The Sao Paulo Ageing
& Health Study found no cross-sectional associa-
tion between anemia and dementia among people
aged over 65 years with very low income [33],
which is in a good agreement with our cross-
sectional study. Given the cross-sectional nature
of these studies and the facts that anemia or low
hemoglobin is associated with increased morbid-
ity and mortality in older adults [34, 35], there is
a potential that selective survival related to both
anemia and dementia might, at least partly, con-
tribute to the null association. Indeed, longitudinal
population-based cohort studies do show an associa-
tion between anemia and an elevated risk of dementia.
For instance, the Rush Memory and Aging Project
of community-dwelling elders in the US found that
people with anemia had a 60% increased hazard
for AD dementia [17]. Thus, prospective cohort
studies are warranted to illuminate the relationship
between anemia and risk of dementia in elderly
people.

Very few population-based studies have so far
examined the associations of RDW with cognitive
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Fig. 2. Associations of red cell distribution width (RDW) with dementia (A), Alzheimer’s disease (B), and vascular dementia (C), allowing
for nonlinear relationships. The model was adjusted for age, sex, education, alcohol use, smoking, APOE �4 allele, body mass index,
hypertension, diabetes mellitus, dyslipidemia, coronary heart disease, stroke, impaired renal function, and depressive symptoms. The solid
line shows odds ratio, and the shaded area shows 95% confidence interval.

function and dementia among older adults. A cross-
sectional data of the Chicago Health and Aging
Project (age ≥ 65 years) found that a higher RDW
concentration was associated with a greater likeli-
hood of dementia, notably among people without
anemia [15]. The community-based Osteoporotic
Fractures in Men study (age ≥ 65 years) in the US
showed that an elevated RDW was associated with
poorer cognitive function [36]. We revealed a J-
shaped association between RDW levels and the
odds ratio of dementia. The J-shaped pattern of
RDW-dementia association was in line with some
observational studies that examined the relation-
ships between RDW and adverse health outcomes
(e.g., neurological diseases and mortality) among
Asian populations. For instance, the cross-sectional
population-based study of people aged ≥ 45 years in
South Korea demonstrated a J-shaped relationship
between RDW and severity of leukoaraiosis [14]. In
addition, a J-shaped association between RDW and
all-cause mortality among patients with cardiovascu-
lar disease or stroke was reported in two large-scale
studies from mainland China [37] and Taiwan [38].
Our study extends the previous findings by showing
a J-shaped association of RDW with the likelihood of
cognitive aging among rural-dwelling Chinese older
adults. Of note, we found that the J-shaped relation-
ship was more evident among older adults with no
anemia than those with anemia. This is consistent
with the findings from a recent report of community-
dwelling, middle-aged, urban adults in Baltimore,
US, in which an elevated RDW was cross-sectionally
associated with poor cognitive performance mainly
among non-anemic individuals [39].

To the best of our knowledge, the relationship
between RDW and VaD has not been investigated

previously. Our study showed an overall J-shaped
association between RDW and odds ratio of VaD,
although the association of the fourth quartile of
RDW (versus the second quartile) with an increased
odds ratio of VaD was diluted and became statistically
non-significant when further controlling for multi-
ple potential confounders, possibly owing to limited
statistical power. Indeed, the association of greater
RDW with an increased odds ratio of VaD was in
accordance with the findings from the previous stud-
ies that showed an association of high RDW with
cerebrovascular disease [12, 38]. Future large-scale
prospective cohort studies are imperative to clarify
the relationship between RDW and VaD.

The mechanisms underlying the cross-sectional
association of RDW with dementia is not fully under-
stood and can only be speculated. Firstly, a high RDW
may cause hypoxia due to decreased deformability
of red blood cells [40]. Deficient oxygen trans-
port may trigger changes of cerebral blood flow,
hypoperfusion [41], and glucose hypometabolism
[42]. These conditions are subject to cerebrovascu-
lar lesions, accelerated amyloid-� protein deposition,
and blood-brain barrier disruption [43]. Secondly,
as an inflammatory biomarker, RDW is known to
be correlated with neuroinflammation and oxida-
tive stress [44], pathways that play an important
role in the pathogenesis of dementia and AD [45,
46]. Systemic inflammation contributes to hyperten-
sion, diabetes, cardiovascular disease, and stroke,
which are regarded as risk factors of dementia and
AD. Thirdly, an elevated RDW tends to be closely
related to iron deficiency anemia, which may facili-
tate cognitive decline through affecting the synthesis
of neurotransmitters and catecholamine metabolism
[47, 48]. Finally, an elevated RDW could be an
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indicator of megaloblastic anemia caused by diet and
nutrient deficiencies, such as vitamin B12 and folic
acid. Vitamin and folic acid deficiencies may lead to
homocysteine levels rising, which is considered as
an independent risk factor of cardiovascular diseases
and dementia [49].

It is unclear why the association between RDW
and dementia was evident, especially among peo-
ple without anemia. At the beginning of abnormal
hematopoiesis, there is a mixture of normal erythro-
cytes and variable-sized erythrocytes in circulation.
A substantial increase in RDW levels may be prior to
decline in hemoglobin and the development of ane-
mia [50]. This means that an elevated RDW could
capture additional information about risk beyond
what anemia and hemoglobin may capture [9]. How-
ever, the association of greater RDW levels with
dementia was attenuated among older adults with
anemia, which is similar to the well-established rela-
tionships between RDW and mortality [51]. RDW
and anemia may share the same underlying mecha-
nisms of dementia, such as hypoxia, folic acid and
vitamin deficiencies, iron deficiency, and oxidative
stress [15]. Hence, the association of RDW with cog-
nitive aging can be diluted when developing anemia.

Our study was the first community-based study
to explore the relationship between RDW and ane-
mia and cognitive aging in rural-dwelling Chinese
older adults, in which comprehensive data were col-
lected following standard protocols. However, our
study has limitations. Firstly, we could not deter-
mine the causal relationship of RDW with cognitive
outcomes due to the cross-sectional design. How-
ever, our findings imply that elevated RDW may
be a biochemical marker for the dementias. Sec-
ondly, we were unable to explore in-depth the
potential neuropathological mechanisms underlying
the relationship between RDW and cognitive out-
comes owing to lack of relevant data (e.g., plasma
inflammatory markers, amyloid-�, and tau proteins).
Furthermore, RDW is associated with nutritional ane-
mia, and the lack of nutritional markers, such as
serum vitamin B12, folate, and iron parameters (e.g.,
serum iron, ferritin, binding capacity, and percent-
age saturation), prevents us from comprehensively
exploring the relationships between RDW, anemia,
and dementia. Finally, our study sample was selected
from one rural area of western Shandong province
where participants had no or limited education and
relatively low income. This should be kept in mind
when generalizing our research findings to other
populations.
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Table 4
Associations of the Mini-Mental State Examination test score with anemia and red cell distribution width:

the general linear regression model

Anemia and RDW No. of participants �-coefficient (95% confidence interval),
MMSE score

Model 1a Model 2a

Anemia
No 3,914 0.00 (Ref.) 0.00 (Ref.)
Yes 980 –0.65 (–0.99, –0.32) –0.55 (–0.89, –0.21)

RDW, quartilesb

Q1 1,259 –0.04 (–0.40, 0.32) –0.05 (–0.42, 0.31)
Q2 1,337 0.00 (Ref.) 0.00 (Ref.)
Q3 1,207 –0.19 (–0.56, 0.17) –0.26 (–0.63, 0.11)
Q4 1,091 –0.93 (–1.31, –0.55) –0.92 (–1.30, –0.54)

MMSE, Mini-Mental State Examination; RDW, red cell distribution width. aModel 1 was adjusted for age, sex,
and education; Model 2 was additionally adjusted for alcohol use, smoking, APOE �4 allele, body mass index,
hypertension, diabetes mellitus, dyslipidemia, coronary heart disease, stroke, impaired renal function, and depres-
sive symptoms. bThe cut-offs of RDW quartiles were < 13.1% (Q1), 13.1%–13.5% (Q2), 13.6%–14.0% (Q3), and
> 14.0% (Q4).

CONCLUSION

In summary, this population-based cross-sectional
study reveals a J-shaped association of RDW with
the likelihood of dementia and AD among older peo-
ple living in rural China, especially in people without
anemia. We also show that anemia or greater RDW is
associated with poorer global cognitive performance.
However, we found no cross-sectional association of
anemia with dementia and subtypes of dementia. Fur-
ther longitudinal studies are required to clarify the
potential causal relationship of RDW to dementia and
poor cognitive performance as well as to explore the
underlying biological mechanisms.
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