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Abstract
Aims—To classify the different types of anemia among moderately to severely disabled women
living in the community and examine the relationship between types of anemia and mortality.

Methods—We studied anemia in 688 women, ≥65 years, in the Women's Health and Aging Study
I, a population-based study of moderately to severely disabled older women living in the community
in Baltimore, Maryland. Anemia was defined by World Health Organization criteria. Causes of
anemia were classified as due to nutritional deficiencies (iron, folate, and B12 deficiencies), anemia
of chronic inflammation, anemia with renal disease, and unexplained anemia.

Results—147 of 688 (21.4%) women were anemic (hemoglobin <12 g/dL). Of the 147 anemic
women, 22 (15.0%) had anemia due to nutritional causes, 45 (30.6%) had anemia due to chronic
inflammation, 29 (19.7%) had anemia and renal disease, and 51 (34.7%) had unexplained anemia.
The proportions of those who died over five years among non-anemic women and women with
anemia due to nutritional causes, chronic inflammation, renal disease, and unexplained anemia were
26.1%, 18.2%, 38.6%, 64.3%, and 33.3%, respectively (p<0.0001). Compared with non-anemic
women, those with anemia and renal disease (HR 1.99, 95% CI 1.18-3.35, p=0.009) and anemia of
chronic inflammation (HR 1.69, 95% CI 1.00-2.84, p=0.05) had higher risk of death.

Conclusions—Anemia is common among moderately to severely disabled older women living in
the community, and about one-third of the anemia is unexplained. Anemia with renal disease and
anemia of chronic inflammation are associated with a higher mortality.
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Introduction
Anemia is common in older adults, and the prevalence of anemia increases with advancing age
(1,2). In the third National Health and Nutrition Examination Survey (1988-1994) (NHANES
III), overall, 11.0% of men and 10.2% of women aged 65 and older were anemic, and the
prevalence of anemia was greater than 20% among those aged 85 and older (3). Anemia has
been associated with a wide spectrum of adverse outcomes among older adults (4), including
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reduced quality of life (5,6), depression (7), decreased muscle strength (8), increased disability
(9), higher risk of Alzheimer disease (10), and increased all-cause mortality (11-13). Anemia
has also been linked with congestive heart failure (14) and impaired cognitive function (15).
The reduction of oxygen-carrying capacity of the blood that occurs with anemia may account
for fatigue, cardiovascular complications, and impaired physical performance (4).

Among adults ≥65 years in NHANES III, about one third of anemia was due to anemia of
chronic inflammation or chronic renal disease, one third was due to nutrient deficiencies, and
one third was unexplained anemia (3). The anemia of chronic inflammation, also known as the
anemia of chronic disease, is commonly associated with conditions such as infections, cancer,
autoimmune disease, organ transplant rejection, and chronic kidney disease (16). Deficiencies
in iron, folate, and vitamin B12 may contribute to a substantial proportion of anemia in older
adults. Iron deficiency anemia is the most common type of nutritional anemia among older
adults and is often associated with occult blood loss (17). Folate and vitamin B12 are essential
for the synthesis of DNA (18). After excluding iron and vitamin deficiencies, kidney disease,
and chronic morbid conditions, alone or in combination, about one-third of the anemia in aging
in NHANES III was unexplained (3). Another recent study conducted among residents in a
skilled nursing facility showed that one-third of anemia in these older adults remained
unexplained from a pathophysiological standpoint (19). The prevalence and types of anemia
among older people in population-based studies is not well understood, and the relationship
between the types of anemia and mortality has not been described in older adults. We
characterized the prevalence and types of anemia and the relationship between types of anemia
and mortality among older moderately to severely disabled women living in the community in
the Women's Health and Aging Study I.

Methods
Subjects in this study were women, aged 65 and older, who participated in the Women's Health
and Aging Study I (WHAS I), a population-based study designed to evaluate the causes and
the course of physical disability in older women living in the community. WHAS I was
recruited from an age-stratified random sample of women aged 65 years and older selected
from Medicare enrollees residing in 12 contiguous zip code areas in Baltimore (20). Women
were screened to identify self-reported physical disability that was categorized into four
domains by report difficulty with tasks in the following areas: (1) mobility, (2) upper extremity
function, (3) higher functioning household management, and (4) self-care. WHAS I enrolled
the one-third most disabled women aged 65 and older, which were those with disability in two
or more domains. Baseline examinations were conducted from 1992 to 1995 (20). Of the 1409
women who met study eligibility criteria, 1002 agreed to participate in the study in 1992. There
were no major differences in sociodemographic or reported health characteristics between
eligible participants and those who declined to participate (20). Standardized questionnaires
were administered in the participant's home by trained interviewers. Two weeks later, a trained
registered nurse conducted an examination of each study participant in her home, using a
standardized protocol that included physical performance measures and a directed physical
examination. Medical diagnoses such as osteoarthritis, diabetes, congestive heart failure,
stroke, angina, cancer, and Parkinson's disease were determined using disease-specific
algorithms and adjudication (20). The diagnosis of hypertension was based upon self-report.

Approximately 75% of women also consented to phlebotomy performed during a separate visit
by a trained phlebotomist who followed a standardized protocol. A previous analysis has shown
that those who did not participate in the blood drawing had lower education and a higher
prevalence of frailty compared to those who participated in the blood drawing (21). Further
details on the methods and sampling design of the WHAS studies are published elsewhere
(20,22). Non-fasting blood samples were obtained by venipuncture between 9 AM and 2 PM.
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Processing, aliquoting, and freezing were carried out at the Core Genetics Laboratory of The
Johns Hopkins University School of Medicine following a standardized protocol. Blood
samples were delivered to Quest Diagnostics Laboratories (Teterboro, New Jersey) on the day
of blood drawing for complete blood count, folate, vitamin B12, and serum iron measurements.
Serum vitamin B12 and folate were measured by immunoassay (RIA) (23). Serum
erythropoietin was measured using enzyme-linked immunosorbent assay (ELISA) (EPO EIA,
ALPCO Diagnostics, Windham, NH). Serum selenium was measured by graphite furnace
atomic absorption spectrometry using a Perkin Elmer Analyst 600 with Zeeman background
correction (24). Serum interleukin (IL)-6 was measured using ELISA (Quantikine, R & D
Systems, Minneapolis, MN).

Anemia was defined as hemoglobin <12 g/dL. The types of anemia were defined using a
framework similar to Guralnik and colleagues (3), except for the definition of iron deficiency,
since the WHAS laboratory data did not include all the same indicators of iron status. Analyses
for the present study are limited to 688 women who had complete data available for
classification of anemias. Among women with hemoglobin <12 g/dL, iron deficiency anemia
was defined as serum ferritin <12 mg/L, folate deficiency anemia was defined as serum folate
<5.89 nmol/L, and anemia due to vitamin B12 deficiency was defined as serum B12 <200 pg/
mL. Among anemic women, the anemia of chronic inflammation was defined as serum iron
<60 ug/dL and serum ferritin >12 mg/L, and anemia due to renal disease was defined as
creatinine clearance <30 mL/min. Unexplained anemia was defined as anemia that was not
due to iron, folate, or vitamin B12 deficiencies or due to the anemia of chronic inflammation
or renal disease. Women were categorized as non-frail or frail according to a standardized,
validated definition of the frailty syndrome (25). Impaired cognition was defined as a Mini-
Mental State Examination score of less than 24, a generally accepted cut-off for abnormal
cognition (26). Vital status was determined on all women for whom baseline data on anemia
were obtained through follow-up telephone interviews with living subjects, interviews with
proxies, obituaries, and matching with the National Death Index from the baseline visit,
1992-1995 through the end of 2000. The Johns Hopkins University institutional review board
approved the study protocol, and written informed consent was obtained from all participants.

Cox proportional hazards models were used to examine the survival probability over five years
of follow-up for women by anemia status. Given differences in mean age of subjects across
types of anemia, age-adjusted survival curves were used to calculate survival times (27). Other
factors such as IL-6, selenium, and erythropoietin were not used for adjustment in survival
curves because these factors may be causally involved in anemia and mortality. The statistical
programs used were SAS (SAS Institute, Cary, NC).

Results
At baseline, 147 of 688 (21.4%) women were anemic. Of the 147 anemic women, 22 (15.0%)
had anemia due to nutritional causes, 45 (30.6%) had anemia due to chronic inflammation, 29
(19.7%) had anemia due to renal disease, and 51 (34.7%) had unexplained anemia (Figure 1).
Of the 29 women with anemia and renal disease, 14 met the criteria for anemia of chronic
inflammation. Demographic and medical characteristics, serum IL-6, erythropoietin, and
selenium concentrations, and the proportion of women who died over five years of follow-up
are shown in Table 1. Women with the anemia of chronic inflammation/renal disease were
older and a higher proportion of these women were black. The lowest level of education was
in the unexplained anemia group. Mean serum selenium concentrations were lowest among
women with the anemia of chronic inflammation/renal disease and highest among women who
were not anemic. Geometric mean erythropoietin levels were highest among women with the
anemia of chronic inflammation and lowest among those with renal disease. There were no
significant differences in the prevalence of major diseases between non-anemic women and
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women with the four types of anemia except for diabetes, which was most common among
women with anemia of chronic inflammation. The proportion of women with impaired
cognition did not differ significantly by anemia status. A higher proportion of frail women had
anemia with nutrient deficiencies and anemia with renal disease.

Of the 688 women who had anemia status assessed at baseline, 198 women (28.8%) died during
the subsequent five years. The proportion of women who died was highest among those who
had anemia due to renal disease (Table 1). The age-adjusted survival curves of women by
anemia status are shown in Figure 2. In Cox proportional hazards regression with age as a time
scale, outcome as death (26), and non-anemic as the reference category, risk of mortality was
as follows: anemia with renal disease (HR 1.99, 95% CI 1.18-3.35, p=0.009), anemia of chronic
inflammation (HR 1.69, 95% CI 1.00-2.84. p=0.05), unexplained anemia (HR 1.32, 95% CI
0.80-2.19, p=0.28), and anemia with nutritional deficiencies (HR 0.79, 95% CI 0.29-2.14,
p=0.64).

Discussion
Anemia was present in over one-fifth of the women in this study population that represents
moderately-severely disabled older women living in the community. The prevalence of anemia
among women aged 65 years and older in WHAS I was higher than that reported for women
of similar age in NHANES III (10.2%) (3) and in the population-based InCHIANTI study
(11.5%) (8): this difference is likely due to the greater level of frailty, disability, and
comorbidity among women in WHAS I. In this respect, the women in the study are similar to
older women who are under medical care. Women with anemia were older, more likely to be
black, and had a lower level of education than non-anemic women, which is consistent with
previous observations (3,28).

Among anemic women, over one-half had anemia of chronic inflammation and/or renal disease
and over one-third had unexplained anemia. It is interesting to note that although women in
WHAS I were moderate to severely disabled and had higher levels of morbidity compared with
NHANES III and the InCHIANTI study, unexplained anemia accounted for about one-third
of all anemia in these three studies (3). Unexplained anemia is currently a diagnosis of
exclusion, and its pathogenesis remains obscure. Myelodysplastic syndrome and other
uncommon causes of anemia, such as thalassemia minor, multiple myeloma, hereditary
spherocystosis, autoimmune hemolytic anemia, and hypothyroidism could potentially
contribute to unexplained anemia, but these causes have a relatively low prevalence (3). Two
other potential causes of anemia that could contribute to unexplained anemia are low
testosterone levels or low selenium (24). The relationship between serum testosterone levels
and anemia among women in WHAS remains to be characterized. Low serum selenium seems
unlikely to be a substantial cause of anemia among women with unexplained anemia, as, in
the present study, mean selenium levels among women with unexplained anemia were nearly
comparable with women who were non-anemic.

Women with unexplained anemia had lower erythropoietin levels than women with anemia
due to nutrient deficiencies or chronic inflammation, but the erythropoietin levels were not as
low as those found in women who had renal disease. It is not known whether unexplained
anemia could be due to subclinical renal disease, and future research should be done to
determine whether proteinuria and microalbuminuria are associated with unexplained anemia.

Previous studies have shown that anemia is associated with increased mortality among older
adults (11,13), but less is known about the relationship between the types of anemia and
mortality. In age-adjusted analyses, when compared with non-anemic women, women with
anemia and renal disease had the highest risk of death, followed by women with anemia of
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chronic inflammation. Unexplained anemia was associated with about a 30% increased risk of
death but this did not reach statistical significance. The mortality rate among women with
nutritional deficiencies and anemia was lower than that among women without anemia, and
given the small numbers of women with nutritional deficiencies and anemia (22 women of
whom four died), this may have been related to a small sample size in this group. About half
of the group of women with anemia and renal disease also had chronic inflammation, and
inflammation is a strong predictor of mortality among older adults with renal disease (29).
Future work is needed to examine the relationship between types of anemia and mortality
among less disabled, community-dwelling men and women.

Serum IL-6 was highest among women with the anemia of chronic inflammation and was
lowest among non-anemic women. IL-6 is produced by macrophages and T lymphocytes and
plays a central role in inflammation by inducing the production of acute phase proteins (30).
IL-6 has been implicated as a key cytokine involved in the upregulation of hepcidin, a recently
discovered peptide hormone that is produced by the liver and regulates iron metabolism by
blocking iron absorption by the gut and release of iron from macrophages and the liver (31).
In humans, hepcidin levels can be increased by experimental challenge with lipopolysaccharide
(32) or IL-6 (33), but the relationship between hepcidin, anemia, and the low grade
inflammatory state among older people living in the community remains uncharacterized and
a major gap in knowledge.

In conclusion, the prevalence of anemia is high among older disabled women living in the
community, and about one-third of the anemia is unexplained. Women who had anemia with
renal disease and anemia of chronic inflammation were at significantly higher risk of death.
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Fig. 1. Classification of anemia among women in the Women's Health and Aging Study I

Semba et al. Page 8

Aging Clin Exp Res. Author manuscript; available in PMC 2009 March 5.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 2. Five-year survival of women in the Women's Health and Aging Study I by anemia status
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