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Anemia and risk of dementia in older

adults
Findings from the Health ABC study

ABSTRACT
Objective: To determine whether anemia is associated with incident dementia in older adults.

Methods: We studied 2,552 older adults (mean age 76.1 years; 38.9% black; 51.8% female)
participating in the Health, Aging, and Body Composition study and free of dementia at baseline.
We defined anemia using WHO criteria (hemoglobin concentration <13 g/dL for men and <12 g/
dL for women). Dementia diagnosis was determined by dementia medication use, hospital re-
cords, or a change in Modified Mini-Mental State (3MS) score of more than 1.5 SD from mean.
Discrete time Cox proportional hazard regression models were used to examine the hazard for
developing dementia associated with anemia.

Results: Of 2,552 participants, 392 (15.4%) older adults had anemia at baseline. Over 11 years
of follow-up, 455 (17.8%) participants developed dementia. In the unadjusted model, those with
baseline anemia had an increased risk of dementia (23% vs 17%, hazard ratio = 1.64; 95%
confidence interval 1.30, 2.07) compared to those without anemia. The association remained
significant after adjusting for demographics, APOE ¢4, baseline 3MS score, comorbidities, and
renal function. Additional adjustment for other anemia measures (mean corpuscular volume, red
cell distribution width), erythropoietin, and C-reactive protein did not appreciably change the
results. There was no interaction by sex and race on risk of developing dementia.

Conclusion: Among older adults, anemia is associated with an increased risk of developing
dementia. Findings suggest that further study of anemia as a risk factor for dementia and a target
for intervention for cognitive health is warranted. Neurology® 2013;81:528-533

GLOSSARY

3MS = Modified Mini-Mental State; Cl = confidence interval; CRP = C-reactive protein; DM = diabetes mellitus; GFR =
glomerular filtration rate; Health ABC = Health, Aging, and Body Composition study; HR = hazard ratio; HTN = hypertension;
MCV = mean corpuscular volume; Ml = myocardial infarct; RDW = red cell distribution width; REALM = Rapid Estimate of
Adult Literacy in Medicine.

Anemia is common in community-dwelling adults aged 65 years and older, with prevalence
estimates between 9.2% and 23.9% in the United States when WHO criteria are applied.'”
In older adults, anemia is associated with morbidity and mortality,*” and a few recent studies
suggest that anemia or abnormal hemoglobin concentrations are associated with an increased risk
for dementia and rapid cognitive decline among the elderly.*'” However, evidence from previous

studies is inconclusive, in part due to methodologic limitations including cross-sectional design,

12-14,16

which does not allow for assessment of etiologic associations. Moreover, the few existing

)9,15

longitudinal studies rely on relatively short follow-up (average approximately 3 years)”'* and have

811 or lacking racial or

limited generalizability (e.g., measuring cognitive function only in women
ethnic diversity). Prior studies are also limited in adjustment of potential confounders such as

stroke, cardiovascular risk factors, erythropoietin, mean corpuscular volume (MCV), and red cell
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distribution width (RDW) that might be asso-
ciated with the mechanism linking anemia to
incident dementia.

We sought to determine the association
between anemia and risk of dementia in the pro-
spective Health, Aging, and Body Composition
(Health ABC) study. The Health ABC study
consists of a relatively large and diverse cohort fol-
lowed over 11 years with broad assessment of risk
factors that allows us to evaluate the relationship
between anemia and incident dementia while ad-
justing for numerous potential confounders,
including those that have previously been
reported to be related to dementia and anemia.

METHODS Study population. Participants were enrolled in
the ongoing Health ABC study beginning in 1997, a prospective
cohort of 3,075 community-dwelling white and black older adults
aged 7079 years and living in Memphis, Tennessee, or Pittsburgh,
Pennsylvania. To identify potential participants, a random sample
of white and all of the black Medicare-eligible elders within desig-
nated zip code areas were designated as potential participants.
Exclusion criteria included reported difficulties performing mobil-
ity-related activities of daily living or walking a quarter of a mile or
climbing 10 steps without resting. In year 3 of the study (1999—
2000), blood samples were obtained on 2,552 participants that
included measures of anemia. This first anemia assessment is con-

sidered the baseline for our analysis.

Standard protocol approvals, registrations, and patient
consents. This study was approved by the institutional review
boards of the University of Pittsburgh and the University of Ten-
nessee, Memphis, and that of the coordinating center, the Univer-
sity of California, San Francisco. All participants signed an
informed written consent, approved by the institutional review

boards at the clinical sites.

Primary measurements. Erythropoietin and anemia measures
such as hemoglobin concentrations, MCV, and RDW were mea-
sured at baseline. Anemia was defined using the WHO criteria of
hemoglobin concentrations below 12 g/dL for women and below
13 g/dL for men.'®

Cognitive function was assessed at years 1, 3, 5, 8, 10, and 11
with a global test, the Modified Mini-Mental State (3MS) examina-
tion."” Incident dementia was determined by prescribed dementia
medications (i.e., galantamine, rivastigmine, memantine, donepe-
zil, and tacrine), hospital records, or a race-stratified decline in 3MS

score of more than 1.5 SD from baseline mean.

Covariates Possible covariates included baseline self-reported age,
race, sex, and education (categorized as < high school, high school,
or > high school). Literacy was measured with the Rapid Estimate of
Adult Literacy in Medicine (REALM) test.” REALM scores were
categorized by reading level (0-6th, 7th-8th, and =9th grade).”!
Depressive symptoms were assessed using the 20-item Center for
Epidemiologic Studies—Depression Scale.”* Body mass index (kg/m?)
was calculated from direct height and weight measurements at base-
line. Hypertension (HTN) and diabetes mellitus (DM) were deter-
mined using self-report, medication use, and verification of hospital
records by an adjudicator according to prescribed algorithms. History
of stroke and myocardial infarct (MI) were based on self-report, clinic
data, and medication use. Glomerular filtration rate (GFR) was

estimated at baseline using the Cockeroft-Gault equation.® APOE
genotype was determined by the 5'-nuclease assay** in the Human
Genetics laboratory at the University of Pittsburgh and participants
were coded as €4 carriers or noncarriers. Serum concentrations of
C-reactive protein (CRP) were measured in duplicate by ELISA on
the basis of purified protein and polyclonal anti-CRP antibodies.

Statistical analyses. We first performed bivariate analyses to
investigate baseline demographic and health-related characteristics
between the group with anemia and the group without anemia.
We used x* analysis for categorical variables and F test for continuous
variables. Time to dementia was coded as first record of diagnosis or
censored from observation at the end of the period for which data
were available. We used Kaplan-Meier survival curves to plot the
survival curve for incident dementia by presence of anemia. Discrete
time Cox proportional hazard regression models were used to exam-
ine the hazard for developing dementia associated with anemia.

To investigate whether other concurrent conditions could
explain the association, we assessed the relationship within 4 differ-
ent models. Model 1 made adjustments for age, race, sex, and edu-
cation. Model 2 adjusted for APOE €4, 3MS score, and all factors
adjusted in model 1. Model 3 added comorbidities (stroke, HTN,
DM, and MI), renal function (GFR), and all factors adjusted in
model 2. Finally, model 4 included other anemia measures (MCV,
RDW), erythropoietin, CRP, literacy, and all factors adjusted for in
model 3. We also tested for an interaction between race and anemia,
and in a sensitivity analysis, we evaluated the association between
anemia and change in 3MS over the follow-up period using linear
mixed-effects models. All analyses were conducted using SAS statis-
tical software, version 9.2 (SAS Institute Inc, Cary, NC), and were
2-tailed with the statistical significance level set at p < 0.05.

RESULTS Of 2,552 participants, 393 (15.4%) older
adults had anemia at baseline. Mean age was 76.1
(SD 2.8) years, 1,322 (51.8%) were female, and 994
(38.9%) were black. Over the 11 years of follow-up,
455 (17.8%) participants developed incident demen-
tia. Participants with anemia were more likely to be
older, black, and male, and have an APOE €4 allele,
less education, lower REALM and 3MS score, and
history of HTN, DM, and MI (p < 0.05 for all).
Participants with anemia also had higher levels of
RDW, erythropoietin, and CRP, and lower levels of
MCYV and GFR (p < 0.05 for all) (table 1).

Older adults who had anemia at baseline were more
likely to develop dementia (n = 89, 22.7%) compared
to those who did not have anemia (n = 366, 17.0%)
(p = 0.007) (figure). In the unadjusted Cox propor-
tional hazard models, those with baseline anemia had
an increased risk of dementia (unadjusted hazard ratio
[HR] = 1.64; 95% confidence interval [CI] 1.30,
2.07) compared to those without anemia. Table 2
shows the HR of dementia for subjects with anemia
after adjustment for different potential confounders.
The direction and strength of the association between
anemia and incident dementia remained even after
adjustment for potential confounders including those
previously associated with anemia and dementia (mod-
els 1-4). After adjusting for age, race, sex, education,
literacy, APOE €4 status, 3MS score, comorbidities
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[ Table 1 Baseline characteristics by anemia among the 2,552 participants® ]

Characteristics

Age, y 76.5 (2.9)
Black 228 (58.0)
Female 171 (43.5)
Education < high school 128 (32.7)
APOE =4 122 (32.3)
3MS score 87.5(9.01)
Stroke 35(8.9)
Myocardial infarction 69 (17.6)
Hypertension 258 (65.7)
Diabetes 120 (30.6)
Glomerular filtration rate, mL/min 63.0 (22.83)
Depression 19 (4.8)
Body mass index, kg/m? 27.2(4.7)
Mean corpuscular volume, fL 88.2 (7.04)
Red cell distribution width, % 14.3 (1.98)
Erythropoietin, mlU/mL 21.1 (16.15)
C-reactive protein, pg/mL 3.4(4.7)
REALM score <6th grade 83 (21.1)

Anemia® (n = 393)

No anemia (h = 2,159) p Value
76.0 (2.8) 0.002
766 (35.5) <0.0001
1,151 (53.3) 0.0003
463 (21.5) <0.0001
558 (27.4) 0.05
90.7 (8.05) <0.0001
173 (8.0) 0.55
277 (12.8) 0.01
1,293 (59.9) 0.03
507 (23.5) 0.003
71.4 (20.30) <0.0001
80 (3.7) 0.29
27.3(5.3) 0.73
91.1 (4.90) <0.0001
13.4 (1.04) <0.0001
13.2 (6.87) <0.0001
2.8(4.5) 0.02
232 (10.7) <0.0001

Abbreviations: 3MS = Modified Mini-Mental State; REALM = Rapid Estimate of Adult Literacy in Medicine.

2Values are mean (SD) or n (%).

b Anemia was defined using the WHO criteria (hemoglobin concentrations below 12 g/dL for women and below 13 g/dL for men).

(stroke, HTN, DM, and MI), renal function (GFR),
anemia measures (MCV, RDW), erythropoietin, and
CRP, the results remained statistically significant
(adjusted HR = 1.49; 95% CI 1.11, 2.00) (table 2).
When hemoglobin level was considered as a continuous
variable in the fully adjusted models, the association was

also significant (B = —0.12, p value = 0.02).
There were no interactions between anemia and
sex or race on risk of developing dementia (p >
0.10 for both).

In a sensitivity analysis, we evaluated the relation-
ship between anemia and change in cognition over

[ Figure Kaplan-Meier survival function of time to dementia diagnosis by baseline anemia ]
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Anemia was defined using the WHO criteria (hemoglobin concentrations below 12 g/dL for women and below 13 g/dL for men).
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[ Table 2 Cox proportional hazard ratios for time to dementia by baseline anemia® ]
Model HR (95% CI)
Unadjusted 1.64 (1.30, 2.07)
Model 1: demographics (age, sex, education, and race) 1.41(1.12, 1.80)
Model 2: model 1 + APOE =4 and 3MS score 1.47 (1.14,1.88)
Model 3: model 2 + comorbidities (stroke, HTN, DM, and MI) and renal function (GFR) 1.39 (1.07, 1.80)

Model 4: model 3 + anemia measures (MCV and RDW), erythropoietin, C-reactive protein, and literacy 1.49 (1.11, 2.00)

Abbreviations: 3MS = Modified Mini-Mental State; Cl = confidence interval; DM = diabetes mellitus; GFR = glomerular
filtration rate; HR = hazard ratio; HTN = hypertension; MCV = mean corpuscular volume; Ml = myocardial infarction;

RDW = red cell distribution width.

2 Anemia was defined using the WHO criteria (hemoglobin concentrations below 12 g/dL for women and below 13 g/dL for men).

time. The results were consistent with our survival
models. Anemia was significantly associated with

decline in 3MS (B = —0.19, p = 0.02).

DISCUSSION 1In this prospective study of 2,552 older
adults without baseline dementia, participants with
anemia had a 41% higher risk of developing dementia
over 11 years than those without anemia after adjust-
ing for age, race, sex, and education. The association
was still substantial and significant after adjusting for
potential confounders, including comorbidities and
other markers of red cell health.

These results are consistent with findings from 2
prior prospective cohort studies. One found that ane-
mia was associated with a 2-fold increased hazard for
developing dementia over 3 years among 1,139 older
adults.” The other study found participants with ane-
mia had a 60% increased hazard for developing Alz-
heimer disease dementia over 3.3 years among 881
older adults.” Our study provides evidence that anemia
may be an important risk factor for developing demen-
tia. In comparison to the other studies, our study had a
larger sample size, much longer follow-up, and a diverse
population, and while there was not a significant inter-
action between race and anemia, it is important to note
the higher burden of anemia among black subjects as
this could be one factor associated with the higher bur-
den of dementia in this group.

The mechanisms linking anemia to incident demen-
tia are not clearly understood, although 4 hypotheses
have been previously proposed. First, the chronic brain
hypoxia associated with anemia may contribute to risk
of dementia.” Anemia has been associated with progres-
sion of white matter disease in older adults with high
blood pressure.”” A meta-analysis of population-based
studies yielded a significant association between white
matter hyperintensities and occurrence of all types of

dementia.?®

However, our results were robust to adjust-
ment for stroke and other cardiovascular risk factors.
Second, anemia due to chronic kidney disease may be
associated with dementia. Besides regulating red blood

cell production, erythropoietin receptors have been

localized in the brain” and seem to have a protective

28,29 and

effect in animal models of stroke and hypoxia,
lower erythropoietin levels may increase the risk of neu-
ronal degeneration. Animal studies have also found that
erythropoietin reduces tau phosphorylation® and pro-
tects against 3-amyloid—induced cell death.’**" In our
study, adjustment for serum erythropoietin as well as for
kidney function did not attenuate the results; however,
blood level measures may not reflect CNS penetration.
Third, anemia due to deficiency of micronutrients such
as iron and vitamin B12 may also be associated with
cognitive impairment and dementia. Deficiency of iron,
because it plays an important role in oxygen transport
and storage in the brain, may lead to cerebral hypoxia
and cognitive decline.”” In addition, vitamin B12 defi-
ciency has been associated with Alzheimer disease
dementia and vascular dementia.”> Given that iron
and vitamin B12 deficiency anemia are microcytic
and macrocytic anemia respectively and that adjustment
for MCV and RDW did not change our results, this
pathway is less likely. RDW can capture iron deficiency
early before MCV changes and help adjust for the pres-
ence of multiple nutritional deficiencies that would not
change the MCV. Finally, it is also possible that anemia
is a marker of poor health as other studies have dem-
onstrated that dementia is often associated with a range
of age-related health outcomes,® or there may be
another latent variable associated with both anemia
and dementia that is driving this association; thus, the
implications of these findings for dementia prevention
are not clear.

Our study has several strengths, including a prospec-
tive design with a long follow-up period and a relatively
large sample of community-dwelling older adults with-
out dementia at baseline. We were able to adjust for a
broad range of potential confounders, including those
that have previously been shown to be related to demen-
tia and anemia. In particular we adjusted for CRP to
potentially rule out anemia of chronic disease as a con-
tributor to dementia and adjusted for literacy and APOE
to control for the rate of cognitive decline modified by
cognitive reserve. There are also several limitations that
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should be taken into consideration when interpreting
these results. Dementia diagnosis in our study may be
less sensitive than diagnosis using structured clinical
interview. We also did not have information on type
of dementia and anemia.

Ovur findings support the hypothesis that anemia may
be a risk factor for incident dementia over time in a
cohort of dementia-free older adults, but in order to fur-
ther determine whether prevention strategies for demen-
tia should especially target hemoglobin levels in older
adults or should instead focus on improving general
health status, additional studies are needed to establish
the mechanisms of this association.
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Classification scheme requirements for therapeutic questions

A

@djustment for differences.

(CIass I. Arandomized, controlled clinical trial of the intervention of interest M
with masked or objective outcome assessment, in a representative

population. Relevant baseline characteristics are presented and substantially
equivalent among treatment groups or there is appropriate statistical

(Class II. A randomized, controlled clinical trial of the intervention of interest \
in a representative population with masked or objective outcome
assessment that lacks one criterion a-e in Class | or a prospective matched
cohort study with masked or objective outcome assessment in a
representative population that meets b-e in Class |. Relevant baseline
characteristics are presented and substantially equivalent among treatment
groups or there is appropriate statistical adjustment for differences. j
Class lll. All other controlled trials (including well-defined natural history
controls or patients serving as their own controls) in a representative

population where outcome is independently assessed or independently
derived by objective outcome measurements.

Class IV. Studies not meeting Class |, II, or lIl criteria including consensus or
expert opinion.
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articles and the editorial on the use of classification of levels of evidence published in Newurology.'”
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AAN classification of recommendations

(A = Established as effective, ineffective, or harmful (or established
as useful/predictive or not useful/predictive) for the given condition
) in the specific population. (Level A rating requires at least two

\ consistent Class | studies.)

(B = Probably effective, ineffective, or harmful (or probably :

useful/predictive or not useful/predictive) for the given condition in

the specific population. (Level B rating requires at least one Class |

:study or two consistent Class Il studies.) :
C = Possibly effective, ineffective, or harmful (or possibly

useful/predictive or not useful/predictive} for the given condition in

the specific population. {Level C rating requires at least one Class Il
study or two consistent Class |l studies.)

U = Data inadequate or conflicting; given current knowledge,
treatment (test, predictor) is unproven.
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