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Abstract

Background: Anemia is associated with poorer sleep in children, and clinically, anemia is linked to insomnia. However, the association
between anemia and insomnia in older adults is understudied.

Methods: We examined the cross-sectional association between anemia and insomnia in 1,053 adults (71.4 = 10.6 years) in the Baltimore
Longitudinal Study of Aging. Participants were classified as nonanemic, non-iron-deficient anemic, or iron-deficient anemic based on
hemoglobin, ferritin, transferrin saturation, and mean cell volume. Insomnia symptoms were evaluated by the Women’s Health Initiative
Insomnia Rating Scale (WHIIRS). A total score (range 0-20) was generated, and participants were also classified as having 0, 1, or 2+
symptoms.

Results: Overall, 10.5% of participants had non-iron-deficient anemia, 0.9% had iron-deficient anemia, and 88.5% had no anemia. Due
to its low prevalence, the iron-deficient anemic group was dropped from analyses. In models adjusted for demographics, number of medical
conditions, and Center for Epidemiologic Studies Depression Scale score, non-iron-deficient anemic individuals had significantly higher
WHIIRS total scores, indicating greater insomnia severity, compared to those without anemia (predicted adjusted mean WHIIRS of 7.24 [95%
confidence interval (CI): 6.40-8.08] vs 5.92 [95% CI: 5.65-6.19]). They also had twice the risk of reporting >2 insomnia symptoms (vs 0
symptoms; relative risk ratio = 2.20, 95% CI: 1.25-3.89).

Conclusions: Results suggest that individuals with non-iron-deficient anemia are more likely to experience insomnia symptoms than those
who are nonanemic. These results may have implications for insomnia treatment or the identification of underlying frailty in individuals with
sleep problems.
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Anemia, defined as low circulating hemoglobin, is associated with of anemia is recommended as part of the clinical assessment of
poor cognitive outcomes and mortality (1,2). Insomnia occurs fre- insomnia patients (11).

quently in older adults and is associated with depression and cogni- Despite this, the research literature on the association of anemia
tive decline (3-5). An association between iron-deficient anemia and status with insomnia in older adults is sparse. Insomnia could be
poor sleep has been identified in children (6-10) and consideration a cause, a consequence, or a marker of anemia, and the nature of
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this association could have important clinical implications. Although
a few studies have examined anemia and sleep in adults (12-14),
to our knowledge, only two have investigated anemia and insom-
nia in community-dwelling older adults (13,14). In the English
Longitudinal Study of Ageing, older men and women in the mid-
dle tertile of insomnia symptom frequency were more likely to have
anemia; both insomnia frequency and shorter sleep duration were
associated with lower hemoglobin in men only (13). A second study,
in older South Koreans, found insomnia prevalence to be higher in
those with a lifetime history of anemia (14).

A link between anemia and insomnia in older adults could have
important implications for the treatment of each condition; ane-
mia may be a modifiable contributor to insomnia, and vice versa.
Alternatively, positive findings could suggest an underlying medical
morbidity, frailty, or other factor driving both anemia and insomnia.
We hypothesized that community-dwelling older adults in the United
States with anemia (both iron-deficient and non-iron-deficient ane-
mia) would have more severe insomnia symptoms compared to
those without anemia.

Methods

Participants

Participants were enrolled in the Baltimore Longitudinal Study of
Aging (BLSA), a prospective observational study administered by
the Intramural Research Program of the National Institute on Aging
(15). The present study is a cross-sectional study within a continu-
ous enrollment cohort. All data for this article were collected over a
10-year period from 2004 to 2014. Based on age, participants have
study visits every 1-4 years, at which they complete cognitive, func-
tional, and other health measures (15). Data from the most recent
visit to the BLSA Clinical Research Unit in Baltimore, MD with the
sleep, clinical, and medical variables of interest in this study were
used. Of the 1,105 BLSA participants aged 50 and older who met
these criteria, 29 were excluded because they did not fit in an anemia
category (n = 29, details below), and an additional 13 were excluded
because they were missing responses on one or more insomnia scale
items. Although there were 1,063 individuals with either iron-defi-
cient anemia or non-iron-deficient anemia, we ultimately dropped
the 10 individuals with iron-deficient anemia from our main analy-
ses due to the low prevalence of that condition, leaving a final sample
of n = 1,053 for these analyses.

Iron Status and Anemia

Participants underwent blood draws on the morning of the first day of
the clinic visit after a 10-hour overnight fast. Blood samples were pro-
cessed the same day they were collected. Iron measures obtained from
morning fasting samples included ferritin, a measure of iron stores (16);
serum iron; total iron-binding capacity, a measure of open binding sites
on the iron transport molecule transferrin (17); and transferrin satu-
ration ([serum iron/total iron-binding capacity] x 100%) (17). Other
iron-related measures included mean cell volume and hemoglobin.

We used the following cutoffs to indicate abnormal iron status:
ferritin <15 pg/L per World Health Organization guidelines (18),
transferrin saturation <16% (17,19), and mean cell volume <80 fL
(20). For iron deficiency, we required abnormal values for at least
two of these measures, an approach consistent with other studies
(21). However, because low ferritin is specific to iron deficiency (22),
we also categorized participants as iron-deficient anemic if they were
anemic with only low ferritin, even if they had normal transferrin

saturation and normal mean cell volume. Iron-deficient anemia was
defined as having both anemia and iron deficiency.

Recent studies support using lower hemoglobin cutoffs for
Black individuals (23,24). For non-Black individuals, we defined
anemia using hemoglobin cutoffs established by the World Health
Organization: <12 g/dL for women and <13 g/dL for men (25). We
categorized Black women with hemoglobin <11 g/dL and Black men
with hemoglobin <12 g/dL as anemic.

We categorized participants as having non-iron-deficient anemia
if they had ferritin 215 pg/L, transferrin saturation >16 %, mean cell
volume >80 fL, and anemia as defined above.

Based on these cutoffs, we categorized participants as not anemic,
non-iron-deficient anemic, or iron-deficient anemic. Anemia status
was considered missing if a participant had a missing hemoglobin
value or was determined to be anemic but had at least one of the
following: (1) one or more missing iron measures; (2) low transferrin
saturation but normal ferritin and normal mean cell volume; (3) low
mean cell volume but normal ferritin and transferrin saturation; (4)
abnormally high ferritin but abnormally low mean cell volume or
transferrin saturation (ie, signs of both iron overload and deficiency).

Insomnia Symptoms

Participants completed a version of the Women’s Health Initiative
Insomnia Rating Scale (WHIIRS) (26) as part of the BLSA interview.
They were asked to rate the frequency of several insomnia symptoms
over the prior month, including “have trouble falling asleep (within
30 minutes),” “wake up several times at night,
than you planned to,” and “have trouble getting back to sleep after
you woke up too early” (26). Participants responded using a 5-point

» »

wake up earlier

Likert-type scale (0 = “never”; 1 = “<1/week”; 2 = “1-2/week”;
3 = “3-4/week”; 4 = “S+/week”) (26). Sleep quality was assessed by

3«

asking about participants’ “typical night’s sleep” over the past month
(responses ranged from 0 = “very sound or restful” to 4 = “very rest-
less”) (26). The global WHIIRS score (ranging from 0 to 20) was
created by summing all five WHIIRS items, with higher scores repre-
senting greater insomnia severity (26). We also created a categorical
variable representing the number of insomnia symptoms endorsed (0
insomnia symptoms, 1 symptom, or >2 symptoms). Insomnia symp-
toms were considered present if they occurred at least three times
per week or if sleep quality was rated as “restless” or “very restless.”

Restless Legs Syndrome

We determined restless legs syndrome status based on questions
adapted from the Cambridge-Hopkins Questionnaire validated for
the diagnosis of restless legs syndrome (27). Participants were con-
sidered restless legs syndrome-negative if they responded “No” to
questions about “recurrent uncomfortable feelings or sensations”
in their legs and “a recurrent need to or urge to move” their legs.
They were deemed restless legs syndrome-positive if they answered
“Yes” to both of these questions, indicated they were more likely
to have the sensations while resting, reported obtaining relief from
the sensations when moving around or reported daily symptoms,
and responded “Yes” or “Don’t Know” to the question “Are these
feelings worse at night or in the evening than at other times of the
day?” Participants who did not fall into either category above were
categorized as missing restless legs syndrome status.

Other Measures
Demographic variables included age, sex, race/ethnicity (non-
Hispanic White; non-Hispanic Black; and other), and education.
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Height and weight were measured and body mass index was calcu-
lated (BMI; kg/m?). Smoking was classified as current or past smoker
in the past 10 years versus never smoker or quit >10 years ago.
Categories of alcohol consumption were 0 or <1 alcoholic beverage/
week, 1-7/week, or 8+/week over the past 12 months. Participants
reported whether a doctor or other health professional ever told
them that they had hypertension, heart attack or myocardial infarc-
tion, angina, diabetes, cancer, kidney disease, cirrhosis, hepatitis,
stroke, or a transient ischemic attack. The categories of heart attack
and angina were combined to form a variable for heart-related con-
ditions, and stroke and transient ischemic attack were combined to
form a stroke/transient ischemic attack variable. Participants were
classified as having 0, 1, or >2 chronic conditions. Participants also
completed the Center for Epidemiologic Studies Depression Scale
(CES-D) (28).

Statistical Analyses

We compared continuous participant characteristics by anemia sta-
tus using #-tests or Mann-Whitney U tests for normally distributed
and skewed variables, respectively, and categorical characteristics
with chi-squared or Fisher’s exact tests. To determine if continuous
covariates were related to insomnia, we conducted simple linear
regressions with continuous covariates as predictors and insomnia
variables as the outcomes. To determine if categorical covariates were
related to the WHIIRS insomnia score, we used the Kruskal-Wallis
or Wilcoxon rank sum test. Known potential confounders (e.g., age,
sex, depressive symptoms) were identified a priori or through their
known associations with anemia and insomnia in the literature (29).
We identified additional potential confounders if they differed by
anemia status and were associated with the WHIIRS insomnia score
at the p <.10 level.

We then fit regression models with anemia category as a pre-
dictor and WHIIRS insomnia score as the outcome. Model 1 was
unadjusted. In Model 2, we adjusted for age, sex, and race/ethnic-
ity. In Model 3, we additionally controlled for number of chronic
conditions, which included hypertension, heart attack/angina, diabe-
tes, cancer, kidney disease, cirrhosis, hepatitis, and stroke/transient
ischemic attack. Finally, Model 4 added depressive symptoms in
the form of CES-D score to Model 3. Restless legs syndrome may
mediate the association between anemia and insomnia. Therefore,
we conducted a sensitivity analysis with and without restless legs
syndrome symptoms. We report adjusted mean WHIIRS values for
the different anemia categories based on each of the linear models.

To examine the association between iron/anemia status and
number of insomnia symptoms, we performed a multinomial logistic
regression with anemia category as a predictor and 0, 1, or 2 or
more insomnia symptoms as an outcome. The coefficient yielded by
a multinomial logistic regression is the relative risk ratio, or RRR,
which in this case represents the relative risk of having a given num-
ber of insomnia symptoms versus 0 symptoms, comparing those in a
particular anemia category to those who are not anemic.

All statistical analyses were performed using Stata 12.1 (30).

Results

Overall, 10.5% of participants had non-iron-deficient anemia, 0.9 %
had iron-deficient anemia, and 88.5% had no anemia. Compared to
the nonanemic, the non-iron-deficient anemic group was older and
had lower BMI on average (Table 1). Compared to the nonanemic
(in which just under half were male, 65% were White, and 36%

had two or more chronic diseases), almost three-quarters of the non-
iron-deficient anemic group were male, about 84% were White, and
about 66% had two or more chronic diseases. There was a margin-
ally significant association between anemia status and restless legs
syndrome (p = .069): compared to 13% of the nonanemic group,
20% of the non-iron-deficient anemic group had restless legs syn-
drome. Of these variables that differed by anemia subcategory, race/
ethnicity, number of chronic diseases, and restless legs syndrome (in
sensitivity analyses) were retained as covariates due to their associa-
tion with the WHIIRS insomnia measure at the p <.10 level; age, sex,
and depressive symptoms were also included in the models because
they are known correlates of insomnia and/or anemia (29). Due to
the small sample size, we excluded the 10 individuals with iron-
deficient anemia from analyses.

After adjusting for demographic variables,adjusted mean WHIIRS
scores of non-iron-deficient anemic individuals (mean = 7.60, 95%
confidence interval [CI]: 6.78-8.42) were significantly higher than
those of nonanemic individuals (mean = 5.92, 95% CI: 5.65-6.19;
Table 2), and these scores remained significantly different after fur-
ther adjustment for number of chronic conditions (mean = 7.45,
95% CI: 6.61-8.30 vs mean = 5.94, 95% CI: 5.66-6.21). In addi-
tion, after further adjustment for depressive symptoms, non-iron-
deficient anemic participants still had significantly higher adjusted
mean WHIIRS scores than nonanemic individuals (mean = 7.24,
95% CI: 6.40-8.08 vs mean = 5.92,95% CI: 5.65-6.19). Results of
the sensitivity analysis with incremental adjustment for restless legs
syndrome did not change inferences; non-iron-deficient anemic par-
ticipants still had higher adjusted mean WHIIRS scores than those
without anemia (mean = 7.02, 95% CI: 6.11-7.94 vs mean = 5.61,
95% ClI: 5.32-5.90).

In the multinomial logistic regression, participants who were
non-iron-deficient anemic were 2.75 times more likely to have 22
insomnia symptoms versus 0 symptoms compared to persons with-
out anemia, adjusting for demographics (RRR = 2.75, 95% CL
1.63-4.65, Table 3). This association was only slightly attenuated
after adjustment for number of chronic diseases (RRR = 2.39, 95%
CIL: 1.40-4.07) and depressive symptoms (RRR = 2.20, 95% CI:
1.25-3.89). Inferences remained the same after controlling for rest-
less legs syndrome in the sensitivity analysis.

Discussion

We found, in a sample of community-dwelling older adults aged
50 years and older, that non-iron-deficient anemia was associated
with a higher likelihood and greater severity of insomnia. This find-
ing is consistent with results from other studies of older adults,
namely the link between anemia and insomnia symptom frequency
observed in the English Longitudinal Study of Ageing (13), and the
association between lifetime anemia history and higher insomnia
risk reported in a South Korean sample (14); however, these prior
studies did not measure iron status when determining anemia status.

The mechanisms that might underlie a causal association
between non-iron-deficient anemia and insomnia are unclear.
Jackowska et al. (13) noted the association of both anemia and
insomnia to fatigue (31-33), implying that fatigue may mediate the
anemia-insomnia link. Fatigue, as a symptom of anemia (31), could
lead to insomnia-related complaints by reducing physical activity
(34,35) or by interfering with environmental cues (eg, bright light
exposure) that affect circadian rhythms and the timing of sleep (36).
Of course, the other direction—in which insomnia leads to fatigue
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Table 1. Demographic, Nutrition, and Health Characteristics of BLSA Sample (n = 1,053) by Anemia Status, n (%); Mean + SD, or Median
(25th %ile, 75th %ile)

Variable Not Anemic (z = 941) Non-Iron-Deficient Anemic (7 = 112) p Value
Age (median [25th %ile, 75™ %ile]) 70 (63, 78) 82 (75.5, 87) <.0001
Sex <.001
Female 506 (53.8) 29 (25.9)
Male 435 (46.2) 83 (74.1)
Race/ethnicity* (n = 1,048) <.001
White 606 (64.7) 94 (83.9)
Non-Hispanic Black 261 (27.9) 8(7.1)
Other 69 (7.4) 10 (8.9)
Education' (z = 1,052) 17.0 £ 2.6 16.7 £ 2.6 2495
Body mass index (kg/m?) (7 = 1,050) 27.8 5.0 26.3 3.9 .0003
Smoking (7 = 989) 113
Nonsmoking 846 (95.8) 105 (99.1)
Smoking 37 (4.2) 1(0.9)
Number of alcoholic drinks/wk (12 = 1,043) .160
0 or <1 394 (42.3) 52 (46.9)
1-7 371 (39.8) 47 (42.3)
8+ 167 (17.9) 12 (10.8)
Number of chronic conditions (7 = 1,017) <.001
0 241 (26.4) 2(11.4)
1 342 (37.5) 4(22.9)
2+ 329 (36.1) 9 (65.7)
CES-D (2 = 989) 4(1,7) 5(2,7) 2292
Restless legs syndrome (7 = 844) .069
Absent 659 (87.3) 71 (79.8)
Present 96 (12.7) 18 (20.2)
WHIIRS score 5(3,9) 7 (5, 10) <.0001

Notes: CES-D = Center for Epidemiologic Studies Depression Scale; WHIIRS = Women’s Health Initiative Insomnia Rating Scale. Percentages may not add up
to 100 due to rounding. Total 7 = 1,053 unless otherwise indicated.

*Other category includes Hispanic, Asian, American Indian/Alaska Native, Native Hawaiian/Other Pacific Islander, and two or more races. "Education values
are years of school completed.

Table 2. Adjusted Mean (SE) WHIIRS Scores* by Anemia Subcategory in Older Adults Aged 50+

Women’s Health Initiative Model 1 Model 2 Model 3 Model 4 Sensitivity
Insomnia Rating Scale (WHIIRS) (n=1,053) (n =1,048) (n=1,013) (n=953) Analysis (7 = 759)
Not anemic 5.92(0.14) 5.92(0.14) 5.94 (0.14) 5.92 (0.14) 5.61(0.15)
Anemic without iron deficiency 7.54 (0.40) 7.60 (0.42) 7.45(0.43) 7.24 (0.43) 7.02 (0.47)
Difference in adjusted means’ (95% CI) 1.63 (0.80-2.45) 1.68 (0.81-2.56) 1.52 (0.61-2.42) 1.32 (0.43-2.21) 1.41 (0.44-2.39)
p Value <.001 <.001 .001 .004 .005

Notes: Model 1: unadjusted. Model 2: adjusted for age, sex, and race/ethnicity. Model 3: adjusted for covariates in Model 2 + number of chronic diseases (0, 1,
2+). Model 4: adjusted for covariates in Model 3 + Center for Epidemiologic Studies Depression Scale. Sensitivity analysis: adjusted for covariates in Model 4 +
restless legs syndrome.

*Higher WHIIRS scores indicate greater insomnia severity. "Difference in average WHIIRS total scores between anemia categories. Values may be slightly
different from calculated differences between the two anemia groups due to rounding.

Table 3. Association of Anemia Subtypes With Number of Insomnia Symptoms in Older Adults 50+ (Multinomial Logistic Regression)

>2 Insomnia Symptoms vs O Insomnia Symptoms

Model 1, RRR Model 2, RRR Model 3, RRR Model 4, RRR Sensitivity Analysis,
(95% CI), (n=1,053) (95% CI), (n=1,048) (95% CI), (n = 1,013) (95% CI), (n =953) RRR (95% CI), (n =759)
Not anemic 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Anemic without iron deficiency 2.65 (1.62-4.32) 2.75 (1.63-4.65) 2.39 (1.40-4.07) 2.20 (1.25-3.89) 2.60 (1.36-4.97)
p Value <.001 <.001 .001 .007 .004

Notes: RRR = relative risk ratio. Model 1: unadjusted. Model 2: adjusted for age, sex, and race/ethnicity. Model 3: adjusted for covariates in Model 2 + number
of chronic diseases (0, 1, 2+). Model 4: adjusted for covariates in Model 3 + Center for Epidemiologic Studies Depression Scale. Sensitivity analysis: adjusted for
covariates in Model 4 + restless legs syndrome.
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by limiting restorative sleep—also is possible. In addition, a recent
neuroimaging study in the BLSA linked both hemoglobin levels and
anemia status to cerebral blood flow in frontotemporal and other
brain regions (37), and another BLSA investigation linked shorter
sleep duration to cortical thinning in frontotemporal regions (38).
The overlapping brain regions in these studies may indicate a com-
mon pathway linking anemia and insomnia, but that is only specu-
lative at this time. Finally, it is plausible that insomnia is simply a
marker of the medical morbidity or frailty reflected by non-iron-
deficient anemia, and that disease burden drives the association
between anemia and insomnia. These possibilities all require further
examination.

The nature of the association between insomnia and non-iron-
deficient anemia could have important clinical implications. If
insomnia contributes to anemia, or vice versa, treatment of the con-
tributing condition may help relieve the resulting problem. If non-
iron-deficient anemia reflects medical morbidity or underlying frailty
as a cause of insomnia, then it may alert health practitioners to eval-
uate the underlying frailty or to the insomnia itself. If insomnia is
a marker of non-iron-deficient anemia, then identification of both
anemia and insomnia may reflect medical morbidity or frailty in the
older individual that needs to be addressed. Further observational
research in humans complemented by experimental work in animal
models is needed to clarify these associations.

This study has several strengths. To our knowledge, it is the
only study investigating the association between anemia and insom-
nia with a specific focus on community-dwelling U.S. older adults.
Further, we considered a number of potential covariates, including
restless legs syndrome in sensitivity analyses and showed the asso-
ciation between non-iron-deficient anemia and insomnia was inde-
pendent of these covariates. However, this study also has limitations.
First, the BLSA sample consists of highly educated, relatively healthy
older adults, so the prevalence of iron-deficient anemia is low com-
pared to other U.S. older adults (39). In fact, we dropped the few
(n = 10) individuals with iron-deficient anemia given limited statisti-
cal power to evaluate group insomnia symptoms. Second, only 112
out of 1,053 subjects (10.6%) of the sample had non-iron-deficient
anemia. Although we observed significant associations between non-
iron-deficient anemia and insomnia, replication of our findings in
larger samples with a greater proportion of people who have non-
iron-deficient anemia is needed. Third, sleep-related variables and
medical conditions were assessed by self-report as opposed to objec-
tive measures. Finally, the study’s cross-sectional nature prevents
us from establishing temporal relationships between anemia and
insomnia. Prospective studies that include greater numbers of iron-
deficient anemic individuals and that use objective sleep measures
(eg, polysomnography, actigraphy) are recommended.

In conclusion, we found that, compared to nonanemic individu-
als, those who were anemic (non-iron-deficient) had more severe
insomnia and a greater likelihood of having two or more insomnia
symptoms. Additional research is needed to elucidate the nature of
this association and develop appropriate clinical recommendations.
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