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ABSTRACT

URPOSE: To explore the impact of varying hemoglobin levels on mortality, function, and cognition in
representative population of older persons.
ETHODS: Participants in this prospective cohort study included 1 744 men and women, aged 71 years
r older, from a random household sample living in Durham and surrounding counties in North Carolina.
emoglobin levels were obtained from participants at baseline in 1992. Functional status was measured at

he 4-year follow-up interview using Katz and instrumental activities of daily living. Cognition was
easured using the Short Portable Mental Status Questionnaire (SPMSQ). Death was determined by search

f the National Death Index, and all deaths through 2000 are included.
ESULTS: Using World Health Organization (WHO) criteria, the prevalence of anemia was 24%. There
as a strong racial difference with an odds ratio, adjusted for age, education, estimated glomerular
ltration rate and comorbidity of 3.0 (95% CI, 2.3-3.9) in African Americans compared with Caucasians.
he risk ratio for 8-year mortality was 1.7 (95% CI, 1.5-2.0) for anemic subjects (P � .0001) and did not
iffer by sex or race. Anemia was strongly associated with poorer physical function (P � .0001) and
ognitive function (P � .0001), and predicted decreases in both over a 4-year period.
ONCLUSIONS: In an elderly community-based population, anemia is more prevalent in African Amer-
cans and is independently associated with increased mortality over 8 years for both races and sexs. Anemia
lso is a risk factor for functional and cognitive decrease. © 2006 Elsevier Inc. All rights reserved.

KEYWORDS: Aging; Elderly; African American; Anemia
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lthough numerous studies have examined the effect of
nemia on the chronically ill, the magnitude of risk associ-
ted with anemia in the elderly remains largely unknown.
s the American population ages, this often underdiagnosed

nd undertreated condition will increasingly impact the
ealth of our nation. According to the 1996 National Health
nterview Survey, a national household survey of the civil-
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es of the Elderly; in part by grant 5 P60 AG-11268 from the National
nstitute on Aging, NIH, Claude D. Pepper Older Americans Independence
enters; and Grant 2002-0269, The John A. Hartford Foundation Center of
xcellence.
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enter for the Study of Aging, Box 3003, Duke University Medical Center,
urham, NC 27710.
: cohen015@mc.duke.edu.

ront matter © 2006 Elsevier Inc. All rights reserved.
ed.2005.08.027
an noninstitutionalized population, the prevalence of ane-
ia in those aged over 65 years is 2.3%.1 This conservative
easure of anemia would translate to over 800 000 com-
unity-dwelling elderly Americans currently suffering

rom anemia, with numbers climbing to over 1.8 million by
he year 2050.2 The true prevalence in the geriatric com-
unity is likely much higher, given that anemia frequently

s not diagnosed or reported to the patient.3 Recent data
rom the noninstitutionalized U.S. population assessed in
he third National Health and Nutrition Examination Survey
1988-1994) revealed an anemia prevalence of 11.0% in
en and 10.2% in women aged 65 years and older.4 In the

eriatric literature there is a wide range of anemia preva-
ence, from 2.9% to 61% in elderly men and 3.3% to 41%
n elderly women.5
The diversity in the reported prevalence of anemia
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ay be due to differences in the characteristics of the
lderly populations studied and, in part, to study meth-
dology.5,6 The majority of studies use the World Health
rganization (WHO) definition of anemia (hemoglobin
alues 12.0 g/dL for women and 13.0 g/dL for men).
lthough this definition has been
idely used in the geriatric liter-

ture, it is based on hemoglobin
alues from studies that did not
nclude subjects aged �64
ears.7-10 Recent studies have
uestioned the use of this tradi-
ional method for determining
nemia by examining the rela-
ionship between hemoglobin
evels and the risk of clinically
elevant outcomes in the geriat-
ic population.11-12

To improve the diagnosis and
reatment of anemia, it is essential
hat appropriate clinical criteria
uch as mortality, function, and
ognition be used to appropriately
efine anemia in the geriatric population. These criteria
ust be studied in populations that are sufficiently diverse

nd representative of the general elderly population. Our
tudy was conducted in a racially diverse, community-
welling elderly population followed over 8 years with the
urpose of answering the following four questions. At what
emoglobin concentration is optimal survival seen in men
nd women? Are there racial differences in the relationship
f anemia with mortality? Is anemia associated with an
ncrease in mortality beyond 5 years? Is anemia associated
ith a decrease in cognition as well as function?

ETHODS

ubjects
ubjects were participants in the Duke Established Popula-

ions for Epidemiologic Studies of the Elderly, a component
f the four-site National Institute on Aging study.13-15 This
tudy was approved by the Duke institutional review board,
nd informed consent was obtained from each participant
nd proxy. The study enrolled 4162 participants aged 65
ears or older who were selected in a random household
ample of a five-county area including and adjacent to
urham, NC in 1986.
African Americans were oversampled (54% of sample)

o allow for comparison by race. Participants were contacted
nnually. In 1992, at the sixth annual contact, 2569 inter-
iews were conducted, functional status and cognition were
easured, and blood samples permitting determination of

emoglobin levels were obtained on 1744 participants.
lood was not obtained from those who refused, from those
ho were unable to give consent because of cognitive

mpairment, when there were technical difficulties in the

CLINICAL SIGNIF

● Anemia is 3-fold
African American

● For both races a
equally and ind
with mortality o

● Anemia is associ
and cognitive fu
ther functional
and physical) ov
lood draw, or from those who had moved from the in- t
erson interview area. Those unable or refusing to give
lood tended to be older and more impaired than those who
ave blood.16 Forty-three of the participants had incomplete
nterview data and were not included in the final analysis. In
996, a follow-up in-person interview was conducted, and

functional status and cognition
were again determined. Mortality
status was obtained on all 1701
remaining participants 8 years af-
ter initial blood draw.

Measures
Information on demographic char-
acteristics was obtained at entry
into the study. At the sixth annual
interview, when the blood draw
occurred, height and weight were
measured, and body mass index
(BMI; kg/m2) was calculated.
Blood was obtained from partici-
pants by venipuncture. Hemoglo-
bin was measured using a Coulter

ounter. Kidney function was determined using the esti-
ated glomerular filtration rate (GFR) in mL/min/1.73 m2

nits based on the Modification of Diet in Renal Disease
MDRD) study.17 At this and the follow-up interview 4
ears later, we obtained information on smoking status,
lcohol use, hospitalization, institutionalization, and health
tatus. Information was gathered on 5 physical health con-
itions including heart attack, hypertension, diabetes, stroke
nd cancer. A simple weighted summary score, the health
ndex, was developed to provide a snapshot of medical
tatus based on the presence of these selected chronic phys-
cal health conditions.18 Two measures of functional status
ere obtained at each interview and included Katz (basic
ersonal maintenance tasks, such as toileting and bathing),
ange 0-5, and instrumental activities of daily living (ability
o function in society, such as shopping and handling
oney) range 0-5. Cognition was measured using the Short
ortable Mental Status Questionnaire (SPMSQ), a test mea-
uring orientation, personal history, remote memory and
alculations, range 0-10.19 Anemia was defined by the
HO criteria: hemoglobin concentration 12.0 g/dL for
omen and 13.0 g/dL for men. Death was determined by

earch of the National Death Index, and all deaths as of
ecember 31, 2000 are included in the current analyses.

tatistical Analysis
ifferences in baseline characteristics between anemics and
onanemics were determined using chi-squared tests and t
ests, for categorical and continuous independent variables,
espectively. Unadjusted and adjusted logistic regression
nalyses were conducted to examine the association be-
ween anemia and race. All multivariate analyses were ad-
usted for age, education, BMI, estimated GFR, as a con-

CE

common in elderly
Caucasians.

enders, anemia is
dently associated
8-year period.

ith lower physical
and predicts fur-

e (both cognitive
-year period.
ICAN
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nd g
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ver an

ated w
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declin
inuous variable, hospitalization, institutionalization, and
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ealth condition. Kaplan-Meier curves were used to exam-
ne the 8-year survival by anemic status, separately, by sex
nd race. Cox-proportional hazards model were used to
xamine the adjusted risk-ratios for survival separately by
nemic status and by race, and for the whole sample. Cox
roportional hazards models were are also used to examine
isk for survival by the hemoglobin levels for men and
omen. This analysis was done to obtain the possible op-

imum hemoglobin level for survival. In addition, we ex-
mined baseline activities of daily living (ADL), instrumen-
al activities of daily living (IADL), and SPMSQ by anemic
tatus, sex, and race using a nonparametric Wilcoxon test.
hanges in Katz ADL, IADL, and cognition from baseline

o 4 years later were examined by anemic status, sex and
ace using t tests. We also examined the change in function
nd cognition, separately, by anemic status, sex and race,
sing analysis of co-variance and adjusting for all the above
ovariates. Using full sample and change in Katz ADL,
ADL, and cognition as the dependent variable, in 3 sepa-
ate models, we examined the interaction of anemic status
y sex and anemic status by race after adjusting for
ovariates.

ESULTS
aseline characteristics of the study participants are shown

n Table 1. Participants consisted of 1744 community-
welling men and women aged 71 to 102 years. The mean
� SD) age of the total sample was 78 (� 5.42) years, and
5% were female. Using WHO criteria, the prevalence of
nemia was 24%. It was age related; 17% (65-74), 25%
75-79), 32% (�80), P �.0001, but not sex related. Two

Table 1 Baseline Characteristics of the Study Population be A

Characteristic
No Anemia (n � 1
Number (%) or Me

Female 854 (65)
African American 624 (47)
Age

65-74 493 (37)
75-79 405 (31)
�80 420 (32)

Education 569 (43)
�9
9-12 508 (39)
�12 241 (18)

Hospitalized in past year 256 (19)
Currently institutionalized 66 (5)
Body mass index 25.93 � 4.52
Health index

Mild 244 (19)
Moderate 527 (40)
Severe 534 (41)

Glomerular filtration rate* (GFR) 56.1 (13.0)
(mL/min/1.73 m2)

Anemia was defined using World Health Organization criteria as a h
*Calculated using abbreviated MDRD Study equation based on age, s
undred eighty women (33%) and 146 men (31%) met
riteria for anemia, P � .73. Those with anemia were older,
ore likely to be African American, to have been hospital-

zed in the past year, to have lower estimated GFR, and to
ave lower education levels.

The average hemoglobin level among Caucasians was
3.60 g/dL, compared with 12.76 g/dL among African
mericans. Both races had similar decreases in hemoglobin

Hg) concentrations with advancing age. Caucasians aged
5 to 80 years had an average Hg of 13.75 g/dL, whereas
hose over age 80 had an average of 13.16 g/dL (P � .001).
frican Americans had an average hemoglobin concentra-

ion of 12.91 and 12.41 in those aged 65 to 80 and over 80,
espectively (P � .001). Using WHO criteria, the preva-
ence of anemia among African Americans was 33.6%,
ompared with only 13.8% in Caucasians, P � .0001. The
nadjusted odds ratio (OR) for anemia in African Ameri-
ans was 3.2 (95% CI, 2.5-4.1). The odds ratio remained
tatistically significant after adjustment for age, education,
MI, estimated GFR, hospitalization, institutionalization,
nd health condition (OR 3.0; 95% CI, 2.3-3.9).

Status

D
Anemia (n � 426)
Number (%) or Mean � SD P Value

280 (66) .73
312 (73) �.0001

100 (23)
131 (31)
195 (46) �.0001
249 (58)

116 (27)
61 (14) �.0001

127 (30) �.0001
27 (6) .29

25.47 � 4.51 .07

76 (18)
152 (36)
191 (46) .21
51.5 (17.3) �.0001

in level �13 g/dL for men and �12 g/dL for women.
e and serum creatinine.

Table 2 Risk Ratios for Mortality

Variable
Unadjusted RR
(95% CI)

Adjusted* RR
(95% CI)

Anemic vs nonanemic 1.7 (1.5-2.0) 1.4 (1.2-1.6)
Anemic women 1.9 (1.6-2.3) 1.4 (1.2-1.8)
Anemic men 1.5 (1.2-1.9) 1.3 (1.0-1.7)
Anemic Caucasians 1.8 (1.4-2.4) 1.3 (1.0-1.6)
Anemic African Americans 1.7 (1.4-2.1) 1.4 (1.2-1.8)

*Adjusted for age, education, BMI, GFR, hospitalization, institu-
nemia

318)
an � S

emoglob
tionalization and health condition.
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There was a statistically significant increase in mortality
mong the entire sample of anemic participants compared
ith nonanemic participants, relative risk (RR) 1.4; 95% CI,
.1-1.6, which persisted after breakdown by sex (Table 2).
igure 1 shows survival curves among men and women
ith and without anemia over a period of 8 years. There was
o sex difference in survival among anemic participants (P

.3173), however both men and women with anemia were
ore likely to die than their nonanemic counterparts

women P � .0001, men P � .0027). Despite the marked
ifference in anemia prevalence by race, survival analysis
ndicated that the average survival over 8 years did not

igure 1 Survival by sex. Survival over 8 years by sex and ane
.0027), women (P � .0001).

igure 2 Survival by race. Survival by race and anemia status

onanemic (P � .4813).
iffer significantly by race among anemic (P � .5549) or
onanemic (P � .4893) participants (Figure 2). Table 2
hows the adjusted risk ratios for death at 8 years among
frican Americans with anemia (RR 1.7; 95% CI, 1.4-2.1)

ompared with Caucasians with anemia (RR 1.8; 95% CI,
.4-2.4). The adjusted relative risk of death did not differ
ignificantly among African Americans with anemia com-
ared with Caucasians with anemia (RR 0.85; 95% CI,
.6-1.2).

Figure 3 reveals the percent survival by hemoglobin
oncentration in women and men. Those with intermediate
emoglobin concentrations had the highest survival,

atus. Sex difference (P � .3173), anemia vs nonanemia: men (P

8 years. No difference by race whether anemic (P � .5549) or
mia st
over
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hereas the lowest survival rates were found in the extreme
oncentrations. The survival differences between hemoglo-
in concentrations were statistically significant in women (P
0001) but not in men (P � .0950). The highest percent
urvival at 8 years occurred in women with hemoglobin
oncentrations between 13.0 and 14.0 g/dL and in men with
emoglobin concentrations between 14.0 and 15.0 g/dL.

Table 3 shows the unadjusted and adjusted risk ratios for
ll-cause mortality by specific hemoglobin concentrations in
oth men and women. Those women with hemoglobin con-
entrations 12.0 g/dL had higher risks of mortality at 8 years
n the unadjusted analysis when compared with women
hose hemoglobin levels were between 12.0 and 13.0 g/dL.
fter controlling for baseline characteristics, those women
ith hemoglobin concentrations between 10.0 and 11.0
/dL maintained a higher risk of mortality (RR 2.1; 95% CI,
.5-3.1), however, those women with hemoglobin concen-
rations between 11.0 and 12.0 g/dL did not have a statis-
ically significant increase in mortality. In the unadjusted
nalyses, men with hemoglobin levels between 10.0 and
1.0 g/dL suffered a statistically significant increase in
ortality at 8 years compared with men whose levels were

igure 3 Survival by hemoglobin concentration. Top panel is
omen, bottom panel men. Survival is over 8 years. P values for
verall differences: women (P �.0001), men (P � .0950).
etween 13.0 and 14.0 g/dL, but not in the adjusted model
Table 3 Adjusted and Unadjusted Mortality by Hemoglobin
Levels in Men and Women

Hemoglobin
(g/dL)

Unadjusted RR
(95% CI)

Adjusted* RR
(95% CI)

Women
0-10 3.9 (2.6-6.0) 1.9 (1.2-3.0)
10-11 2.3 (1.7-3.3) 2.2 (1.5-3.1)
11-12 1.6 (1.2-2.1) 1.2 (1.0-1.8)
12-13 1.0 (reference) 1.0 (reference)
13-14 0.9 (0.7-1.2) 1.0 (0.7-1.3)
14-15 1.1 (0.8-1.6) 1.2 (0.9-1.7)
15-16 1.7 (1.1-2.6) 1.6 (1.0-2.5)
�16 3.9 (1.7-8.9) 4.1 (1.8-9.4)

Men
0-10 1.9 (0.8-4.8) 1.3 (0.5-3.3)
10-11 2.2 (1.1-4.1) 1.7 (0.9-3.3)
11-12 1.3 (0.7-2.3) 1.3 (0.7-2.4)
12-13 1.3 (0.9-1.8) 1.2 (0.9-1.7)
13-14 1.0 (reference) 1.0 (reference)
14-15 0.9 (0.6-1.3) 1.1 (0.7-1.4)
15-16 0.9 (0.6-1.3) 1.0 (0.7-1.4)
�16 0.8 (0.5-1.4) 0.9 (0.5-1.5)

*Adjusted for age, education, BMI, GFR, hospitalization, institu-
Table 4 Baseline Katz ADL, IADL and SPMSQ by Anemia
Group, Race and Sex

Variable No Anemia Anemia P Value*

Full sample
Katz ADL (0-5) 0.27 (0.86) 0.47 (1.14) .0001
IADL (0-7) 0.80 (1.44) 1.17 (1.68) .0001
SPMSQ (0-10) 1.58 (1.75) 2.03 (1.78) .0001

By sex
Katz ADL

Male 0.17 (0.67) 0.39 (1.14) .0313
Female 0.32 (0.95) 0.51 (1.14) .0007

IADL
Male 0.64 (1.39) 0.82 (1.54) .1880
Female 0.89 (1.46) 1.35 (1.73) .0001

SPMSQ
Male 1.48 (1.75) 1.80 (1.79) .0224
Female 1.63 (1.75) 2.15 (1.77) .0001

By race
Katz ADL

African
Americans

0.34 (0.98) 0.49 (1.18) .0807

Caucasians 0.20 (0.73) 0.43 (1.01) .0002
IADL

African
Americans

1.03 (1.57) 1.19 (1.70) .2138

Caucasians 0.61 (1.29) 1.10 (1.64) .0002
SPMSQ

African
Americans

2.18 (2.02) 2.28 (1.78) .1014

Caucasians 1.03 (1.23) 1.34 (1.58) .0425

Ranges: Katz ADL, 0-5; IADL, 0-7; SPMSQ, 0–10.

*P value based on nonparametric Wilcoxon test.
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RR 2.2; 95% CI, 1.1-4.1 and RR 2.0; 95% CI, 0.9-3.3,
espectively).

At baseline, there was more impairment in functional
tatus (both Katz ADL and IADL) and cognition among
hose with anemia (Table 4) than in those with no anemia.
he difference between the anemic and nonanemic groups

s statistically significant for baseline Katz and IADL, as
ell as cognition. Both anemic women and men had higher

evels of impairment compared to those with no anemia, but
omen had more impairment than men (Table 4). In both
en and women the difference in the impairment levels

etween the anemic and non-anemic groups is statistically
ignificant for Katz ADL and cognition, while IADL is
ignificant only in women. Although both Caucasians and
frican Americans with anemia had larger impairments

han nonanemics on ADL, IADL, and cognition, these dif-
erences are significant only in Caucasians (Table 4).

Anemic subjects had significant decrease in ADL and
ognition compared with those who were not anemic (Table
). Anemic women, but not men, had a larger significant
ecrease in ADL and cognition than those who were not
nemic. In both African Americans and Caucasians, there
re no statistical differences between the anemics and non-
nemics on Katz ADL, IADL, and cognition, even though
he anemics have a larger decrease. In analyses with the full

Table 5 Decrease of Katz ADL, IADL, SPMSQ by Anemia
Group, Race, and Sex

Variable No Anemia Anemia P Value*

Full sample
Katz ADL (0-5) 0.57 (1.29) 0.79 (1.45) .0241
IADL (0-7) 0.69 (1.51) 0.75 (1.58) .6100
SPMSQ (0-10) 1.04 (1.98) 1.40 (2.16) .0106

By sex
Katz ADL

Male 0.46 (1.14) 0.37 (1.13) .5245
Female 0.63 (1.35) 0.99 (1.54) .0041

IADL
Male 0.55 (1.41) 0.55 (1.29) .9864
Female 0.76 (1.56) 0.84 (1.70) .5631

SPMSQ
Male 0.97 (1.90) 0.91 (1.76) .7929
Female 1.07 (2.02) 1.66 (2.29) .0033

By race
Katz ADL

African
Americans

0.61 (1.31) 0.81 (1.46) .0840

Caucasians 0.54 (1.27) 0.75 (1.42) .1956
IADL

African
Americans

0.69 (1.55) 0.80 (1.68) .6596

Caucasians 0.69 (1.48) 0.61 (1.27) .4325
SPMSQ

African
Americans

1.28 (1.96) 1.49 (2.20) .1707

Caucasians 0.83 (1.97) 1.17 (2.04) .2498

Ranges: Katz ADL, 0-5; IADL, 0-7; SPMSQ, 0–10.
*P value based on t test.
ample, using analyses of covariance, there is a significant 1
nteraction of sex by anemic status, with decrease in Katz
DL and SPMSQ as the outcome in separate models.
omen showed higher levels of decrease on both outcomes

han men (adjusted mean decrease in women on Katz ADL
0.85 and adjusted mean decrease in men on Katz ADL �

.29; P � .0012; adjusted mean decrease in women on
PMSQ � 1.48 and adjusted mean decrease in men on
PMSQ � 0.29; P value for the difference � .0248). Race
y anemic status interaction was not significant for both the
utcomes. Interactions were not significant in the model
ith IADL as the outcome.

ISCUSSION
his study of 1744 community-dwelling persons aged 71
ears or older provides important information about the
mpact of anemia in an ethnically diverse population. The
revalence of anemia found in our patient population was
igher than that seen in other community-dwelling elderly
opulations of predominantly Norwegian ancestry and
igher than the prevalence recently reported from the
HANES III data.3,4,20,21 African Americans accounted for
4% of our patient population and had a significantly in-
reased prevalence of anemia compared with Caucasians.
ven after adjusting for significant social confounders and
ealth status, African Americans were over three times
ore likely to suffer from anemia than their Caucasian

ounterparts. There has been some debate as to whether
nemia criteria should be adjusted based on race, as several
rior studies have shown lower hemoglobin levels in Afri-
an Americans versus Caucasians across varying age
roups.22-26 However, there is a paucity of data evaluating
he clinical consequences of racial differences in anemia
revalence. This is the first study, to our knowledge, to
valuate whether or not this racial difference in prevalence
orrelates with increased mortality in the community-dwell-
ng elderly. African Americans who met the WHO criteria
or anemia did not have a significantly higher mortality rate
ver 8 years, when compared to Caucasians with anemia
fter controlling for significant differences in health condi-
ion and chronic disease burden. Thus, race does not inde-
endently increase the risk of mortality in elderly with
nemia. This is important because justification for race-
pecific criteria for anemia would depend on evidence of
dverse clinical outcomes at different hemoglobin levels.

Two prior studies have shown that decreases in hemo-
lobin concentration are associated with increased mortality
ver 5 years in community-dwelling elderly persons.27,28

ur study followed both men and women over 8 years and
ound an overall increase in mortality of 40% in anemic
atients. Neither the prevalence nor the overall risk of death
iffered significantly among men and women. Our study
ttempted to identify the hemoglobin concentration at which
ptimal survival is obtained in the community-dwelling
lderly population. Optimal survival was obtained at a he-
oglobin concentration of 13.0-14.0 g/dL in women and
4.0-15.0 g/dL in men in an unadjusted analysis.



v
p
f
w
a
p
l
w
t
s
c
T
c
c
c
a
d
a
l
r
r
t
f
a
a
i
c
g
t
i
m
i
a
t
a
f
a
a
d
a
s
f

b
c
c
t
e
s
c
r
v
r
c
f

t
n
t

r
p
g
t
i
m
A
g

R

1

1

1

1

1

1

1

333Denny et al Anemia in Community-Dwelling Elderly
Recent studies have examined whether clinically rele-
ant outcomes such as mobility and function are better in
eople with hemoglobin levels above the WHO threshold
or anemia.11,12 A study by Chaves et al11 showed that
omen with a hemoglobin concentration between 13.0 g/dL

nd 14.0 g/dL had significantly lower mobility difficulty
revalence when compared with those with hemoglobin
evels of 12 g/dL. Penninx et al found that both men and
omen with hemoglobin concentrations above the WHO

hreshold for anemia had decreased muscle strength and a
ignificant decrease in physical performance over 4 years
ompared to persons with higher hemoglobin levels.12,29

he impact of anemia on cognition has likewise been of
onsiderable interest. Prior studies have suggested an asso-
iation between Alzheimer’s Disease and anemia and vas-
ular dementia and anemia in retrospective case-control
nalyses.30-32 Other studies, in patients with chronic renal
isease and cancer, also have suggested such an association
nd have indicated modest improvement in cognition fol-
owing treatment with erythropoietin, suggesting a direct
elationship.33-35 There have been no studies evaluating this
elationship in community-dwelling elderly. In our studies,
here is a clear association of anemia and both physical
unction and cognitive status. Moreover, the presence of
nemia predicts subsequent decrease in physical function
nd cognitive status. This impact is seen to a greater extent
n females than males but with no difference between Cau-
asians and African Americans. This is consistent with the
enerally greater prevalence of disability in older women
han in men.36 The greater decrease in cognition for women
s a bit surprising given the generally greater prevalence of
emory impairment in men in the community.37 This may

ndicate a particular sensitivity of women to the effects of
nemia than other causes of memory impairment. As was
he case for mortality, despite the greater prevalence of
nemia in African Americans, they appear to be no more
unctionally disadvantaged by it than Caucasians. The data
vailable to us did not allow us to address the relationship of
nemia to frailty, often considered a precursor to functional
ecrease. However, a recent study has shown that anemia is
ssociated with frailty in elderly women, lending further
upport to the potential role of anemia in the evolution to
unctional decrease.38

This study has several potential weaknesses that should
e acknowledged. Although our analyses were adjusted for
ommon chronic health conditions and baseline patient
haracteristics known to influence our measured outcomes,
here is a possibility that subclinical disease or other dis-
ases not measured (such as lung disease) may have them-
elves contributed to decreases in survival, function and
ognition. Clinical disease was determined by patient self-
eport, which is a source for potential bias; however, pre-
ious research has found self-report to be reasonably accu-
ate.39 We did not have information allowing assessment of
ause of anemia nor whether there had been any treatment

or anemia. Finally, subjects who refused blood draw tended
o be older and more impaired, thus causing a potential for
onresponse bias. If present, this bias would have underes-
imated the risk associated with lower hemoglobin levels.

By measuring clinically relevant outcomes in a large,
acially diverse, community-dwelling, randomly selected
opulation, our study is readily generalizable to our nation’s
rowing elderly population. We conclude that the propor-
ion of older persons who meet the WHO criteria for anemia
s substantial and that they are at an increased risk for
ortality and functional and cognitive decrease. African
mericans, despite a higher prevalence of anemia, are at no
reater risk than Caucasians for these adverse outcomes.
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