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Purpose: Falls are common among nursing home residents and have potentially severe
consequences, including fracture and other trauma. Recent evidence suggests anemia may be
independently related to these falls. This study explores the relationship between the use of
anemia-related pharmacotherapies and falls among nursing home residents.
Methods: Forty nursing homes in the United States provided data for analysis. All incidents of
falls over the 6-month post-index follow-up period were used to identify the outcomes of falls
($1 fall) and recurrent falls (.1 fall). Logistic regression was used to analyze the relationship
between falls and recurrent falls with each of the anemia pharmacotherapies after adjusting for
potential confounders.
Results: A total of 632 residents were eligible for analysis. More than half (57%) of residents
were identified as anemic (hemoglobin , 12 g/dL females, or ,13 g/dL males). Of anemic
residents, 50% had been treated with one or more therapies (14% used vitamin B12, 10% folic
acid, 38% iron, 0.3% darbepoetin alfa [DARB], and 1.3% epoetin alfa [EPO]). Rates of falls/
recurrent falls were 33%/18% for those receiving vitamin B12, 40%/16% for folic acid, 27%/14%
for iron, 38%/8% for DARB, 18%/2% for EPO, and 22%/11% for those receiving no therapy.
In the adjusted models, use of EPO or DARB was associated with significantly lower odds of
recurrent falls (odds ratio = 0.06; P = 0.001). Other significant covariates included psychoactive
medication use, age 75–84 years, age 85+ years, worsened balance score, and chronic kidney
disease (P , 0.05 for all).
Conclusion: Only half of the anemic residents were found to be using anemia therapy
(vitamin B12, folic acid, or iron). There is little evidence to support an association between
the use of vitamin B12, folic acid, or iron in reducing the rates of falls and recurrent falls
in nursing homes. Reduced odds of recurrent falls were observed for DARB or EPO users.
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Anemia is a common condition in the nursing home. Using World Health Organization
(WHO)1 criteria to define anemia (,12 g/dL for nonpregnant females and ,13 g/dL for
adult males), rates of anemia in the United States (US) were found to be 40%2 in one
nursing home, 48%3 in five nursing homes, 56%4 across 40 nursing homes, and 60%
in one nursing home chain.5 In Italy, De Maria et al6 reported an anemia prevalence
rate of 50% in a chart review of 441 female nursing home residents.
Anemia has been linked to increased rates of mortality in nursing homes. After adjusting for age, sex, functional disability, key conditions, and fall history, Kiely and Flacker7
showed that anemia in female residents was associated with a 1.98 relative risk
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of mortality. De Maria et al6 found that female nursing home
residents with the combined presence of heart disease and
WHO-defined anemia had a 3.35-times greater age-adjusted
risk of death compared to residents with an absence of either
condition. Van Dijk et al8 found that anemia predicted a 17%
increase in the adjusted odds of resident mortality, though
this relationship disappeared when activities of daily living
score was included. Berry et al9 found a 60% higher adjusted
risk of mortality following hip fracture in residents who had
anemia prior to the fracture.
Falls are common and have potentially serious consequences in the nursing home. In a review of sixteen epidemiologic reports, Rubenstein et al10 reported that the mean
fall incidence in long-term care facilities (1.5 falls per bed
per year, not age-adjusted) was approximately three times
the rate found in the community. Of these falls, 4% were
shown to result in fracture. Serious injuries such as head
trauma, soft-tissue injuries, and severe lacerations occurred
in a mean of 11% of all falls. Nursing home residents also
have a substantially higher rate of hip fracture and a higher
mortality rate after hip fracture than individuals in the
community.10
Empirical evidence suggests that anemia may be
independently related to falls among nursing home residents.
In a combined group of 36 nursing home residents and 109
community dwellers hospitalized for hip fracture, 30%
of anemic patients were found to have a history of falls
compared to only 13% in the nonanemic group (P = 0.028).11
Using an adjusted model, these authors found a 45%
decreased risk of falls for every 1.0 g/dL increase in Hb
(P = 0.005). Pandya et al4 observed that hemoglobin (Hb)
level was associated with subsequent falls (one or more falls
over the 6-month follow-up) and recurrent falls (two or more
falls over the same period); the adjusted risk for falls and
for recurrent falls were lower by 19% (P = 0.001) and 24%
(P = 0.001), respectively, for each incremental g/dL unit
increase of hemoglobin.4
Anemia in the nursing home may be due to one of several
potential causes. In one study of 60 anemic nursing home
residents,12 chart reviews revealed that anemia causes were
idiopathic (45%) or due to iron deficiency (23%), chronic
disease (13%), renal insufficiency (10%), or other reasons (8%). Anemia appears to be a frequent complication
of chronic kidney disease (CKD). This is mainly due to
inadequate production of endogenous erythropoietin, which
leads to decreased stimulation of the bone marrow to produce
red blood cells; anemia of CKD has been shown to develop
early and worsen with progressive renal insufficiency,
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particularly when glomerular filtration rate falls to 50% of
the normal range.13,14 In the elderly, vitamin B12 and folic
acid nutritional deficiencies are common pathological causes
of macrocytosis and are associated with the development of
associated macrocytic anemia.15 Other conditions such as
alcoholism may also be important causes of anemia in the
nursing home.
The decision to treat anemia in the long-term care setting
should be based on the risks versus benefits of treatment.16
Anemia treatment should be guided by appropriate evaluation
to determine the underlying cause. Directed therapies to treat
underlying causes of anemia include vitamin B12, folic acid,
and iron administration. Erythropoiesis-stimulating agents
(ESA) (eg, epoetin alfa [EPO] or darbepoetin alfa [DARB])
are also used, but less commonly. ESA therapy is indicated
for the treatment of anemia due to CKD and due to the effect
of concomitantly administered chemotherapy in metastatic,
nonmyeloid malignancies. EPO is also indicated to treat
anemia in human immunodeficiency virus-infected patients
on zidovudine, as well as to reduce allogeneic red blood cell
transfusions in patients undergoing elective, noncardiac,
nonvascular surgery.17,18
No study to date has evaluated the relationship of anemia
pharmacotherapy and specific clinical endpoints in the
long-term care setting. Although examining the proximate
relationship between the use of specific pharmacotherapies
and subsequent improvement of Hb levels might be
practical in some institutional settings such as hospitals,
in long-term care settings, post-index Hb levels are
examined infrequently, and blood may be drawn less often
among less severely anemic residents. Falls, however, are
important events in the nursing home that are expected
to be consistently charted when they occur. The primary
purpose of the present study was to investigate the potential
independent association between the use of vitamin B12,
folic acid, iron, EPO, and DARB therapy and the rates of
falls and recurrent falls over a 6-month observation period
after adjusting for the effect of underlying differences in
baseline Hb, resident characteristics, and propensity score
for receiving ESA.

Methods
Residents and study design
An earlier analysis of a subset of the data used in the
current study described the prevalence of anemia and its
association with falls in nursing home residents.4 Study
data were obtained by a professional data collection service
(Synovate Healthcare, London, UK). Nursing homes across
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the US were recruited for study participation through a mass
mailing. Institutions were excluded from participation that
were rehabilitation centers, dialysis clinics, assisted living
homes, or adult day care centers.
Nurses employed within the nursing homes were directed
by the data collection service through written instruction
and help-desk support to: (1) perform a systematic random
sampling of all patient charts, (2) review charts on-site to
determine whether eligibility inclusion criteria were met,
(3) record abstracted information from eligible patient
charts onto de-identified data collection forms, and (4) send
completed data collection forms to the data collection service
for data entry. Systematic random sampling was initiated by
randomly selecting a single resident and evaluating his/her
eligibility for inclusion. Subsequently, every third chart was
selected and evaluated for eligibility until approximately
15–20 eligible residents were identified and had data forms
completed. Eligible residents included those who: (1) had an
Hb level reported during the data uptake period of January 1,
2004–June 30, 2005 and (2) were at least 18 years of age.
The earliest Hb level obtained during the uptake period was
identified as the index Hb level. The date of this level was the
index date. Eligible residents were further required during the
6-month post-index follow-up period to: (3) have a recorded
serum creatinine level within 6 months of the index date,
and (4) for a minimum of 6 months subsequent to the index
date, have been a resident of the facility (hospitalizations and
readmissions permitted) and (5) not have received dialysis.
The initial sample of residents constituted the first stratum
for the current study. Anticipating a very low utilization rate
for EPO and DARB therapy, each of the 40 participating
nursing homes was directed by the data collection service
in the initial data request to separately sample only those
residents receiving DARB or EPO (second stratum). With the
exception of the additional eligibility requirement of DARB
or EPO use, remaining selection criteria and data provided
for eligible residents used in the first sampling stratum were
unchanged for this second sampling stratum.
All data received by researchers were in a deidentified form in accordance with Health Insurance Portability
and Accountability Act safe-harbor requirements and did
not require institutional review board approval. Data were
collected from medical charts, labs, pharmacy records, and
the most recent Minimum Data Set (MDS) version 2.0;19 this
included resident demographics, serum creatinine, medical
history, current medical conditions, concurrent medications, anemia therapy, activities of daily living (ADL, MDS
section G1 Physical Functioning and Structural Problems),
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and balance tests (MDS section G3). Residents’ clinical
parameters and any reported falls and hospital admissions
were followed in the chart for 6 months after the index
date.

Statistical analysis
From the reported data of each eligible resident, study
researchers used algorithms to calculate estimated glomerular
filtration rate (eGFR), ADL score, and balance score. eGFR
was calculated from age, sex, race, and serum creatinine
(closest in time to the index Hb) using the four-variable
Modification of Diet in Renal Disease algorithm:20,21
eGFR (mL/min/1.73 m2) = 186 × (Scr)−1.154 × (Age)−0.203
× (0.742 if female) × (1.21 if African-American).
Performance ratings on seven ADL items from MDS
section G1 were used to calculate a single summary ADL
score by using the methodology of Carpenter et al.22 This is a
0–28 point scale where higher scores indicate worsened ADL
performance. Ratings for the two balance items “balance
while standing” and “balance while sitting” from MDS
section G3 were summed to create a 0–6 point scale, where
higher scores indicate worsened balance performance.
To avoid overstating the statistical confidence of study
estimates, the stratified sampling method described above (first
stratum = sample of all residents; second stratum = separate
sample of EPO/DARB users only) necessitated the use of
sampling weights for analysis to correctly specify standard errors
when pooling data from both strata. All analyses of descriptive
statistics and logistic regression models used the svy family of
survey data procedures in Stata 8.0 (StataCorp, College Station,
TX) to incorporate these sampling weights when deriving
estimates. Since the multivariate models employed required
complete data for all retained residents, values for missing data
in these variables were imputed separately for each stratum from
a regression model using 20 baseline resident characteristics.
All incidents of falls over the 6-month post-index
follow-up period were used to assign residents to falls (one
or more falls) and recurrent falls (more than one fall) outcome
classifications. Logistic regression was used to analyze the
relationship between the independent effect of vitamin B12,
folic acid, iron, and DARB or EPO therapy with falls, and
with recurrent falls, after adjusting for index Hb, explanatory
variables presumed to be related to falls, concurrent use of
more than one of these therapies, and propensity to receive
DARB or EPO. DARB users were combined with EPO users
due to the low number of DARB users sampled (n = 13). In
the logistic models, 26 covariates in addition to the propensity
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Table 1 All resident characteristics

Demographics
Age, years (mean, SD)
Age category
,65 years
65–74 years
75–84 years
85+ years
Female
African-American
Mobility
ADL score (mean, SD)a
Balance score (mean, SD)a
Hemoglobin and renal function
Hemoglobin level (g/dL, mean, SD)
Hemoglobin level (g/dL)
13+ g/dL
12 to ,13 g/dL
11 to ,12 g/dL
10 to ,11 g/dL
,10 g/dL
Anemic (WHO definition)
eGFR (MDRD) (mean, SD),
mL/min/1.73 m2,a
Low eGFR (MDRD),
,60 mL/min/1.73 m2
Diseases and conditions
Chronic kidney diseaseb
Congestive heart failure
Coronary heart disease
Diabetes (including insulin-dependent)
Hypertension
Hypotension
Cerebral vascular disease
Peripheral vascular disease
Dementia
Cancer
Parkinson’s disease
COPD
Asthma
Osteoarthritis
Rheumatoid arthritis
Neurological disease
Current medications
Diuretic use
Psychoactive medication use
Beta blocker use
Anemia therapy
Vitamin B12 (cyanocobalamin)
Folic acid
Iron
DARB (darbepoetin alfa)
EPO (epoetin alfa)
No therapy

Vitamin B12
(n = 82)

Folic acid
(n = 56)

Iron
(n = 194)

DARB
(n = 13)

EPO
(n = 55)

No therapy
(n = 348)

All residents
(n = 632)

82.1 (1.4)

77.3 (1.9)

82.7 (0.73)

74.2 (3.1)

81.7 (1.3)

80.3 (0.71)

81.0 (0.51)

8%
8%
34%
49%
63%
10%

17%
19%
29%
35%
55%
21%

5%
13%
36%
47%
67%
11%

15%
31%
31%
23%
46%
0%

4%
15%
45%
36%
73%
18%

12%
10%
34%
44%
73%
12%

10%
11%
34%
45%
70%
12%

15.7 (0.86)
2.6 (0.23)

17.0 (1.1)
3.2 (0.29)

15.4 (0.61)
3.0 (0.15)

16.0 (1.7)
2.8 (0.41)

14.7 (1.0)
2.8 (0.27)

14.7 (0.45)
2.7 (0.11)

15.0 (0.34)
2.8 (0.08)

11.7 (0.18)

11.0 (0.25)

10.9 (0.12)

10.4 (0.41)

10.3 (0.22)

12.3 (0.09)

11.9 (0.07)

20%
30%
18%
12%
20%
61%
60.6 (3.4)

9%
25%
19%
17%
29%
77%
57.8 (4.4)

8%
20%
18%
26%
27%
78%
64.4 (2.1)

8%
8%
31%
15%
38%
85%
62.0 (10.0)

4%
5%
18%
24%
49%
93%
53.2 (3.1)

35%
23%
18%
14%
9%
47%
70.7 (1.8)

26%
23%
19%
17%
15%
57%
67.9 (1.3)

54%

57%

49%

62%

58%

41%

44%

21%
40%
23%
33%
77%
4%
35%
0%
51%
7%
12%
19%
1%
55%
4%
15%

31%
43%
31%
43%
79%
7%
38%
2%
64%
14%
3%
21%
5%
38%
7%
21%

14%
37%
24%
37%
71%
3%
27%
4%
53%
12%
8%
20%
4%
46%
6%
16%

54%
38%
23%
54%
77%
0%
15%
0%
38%
8%
8%
15%
0%
54%
0%
15%

27%
38%
24%
42%
80%
2%
25%
7%
38%
20%
5%
20%
5%
25%
7%
11%

12%
34%
19%
29%
66%
1%
30%
6%
54%
7%
7%
23%
5%
40%
4%
21%

14%
35%
21%
32%
69%
2%
29%
5%
53%
9%
7%
22%
4%
43%
4%
20%

48%
77%
31%

45%
84%
36%

45%
64%
36%

62%
92%
15%

35%
73%
38%

44%
68%
24%

45%
68%
28%

100%
30%
30%
0%
1%
0%

51%
100%
39%
1%
2%
0%

14%
11%
100%
0%
2%
0%

23%
23%
31%
100%
0%
0%

11%
20%
62%
0%
100%
0%

0%
0%
0%
0%
0%
100%

13%
8%
28%
0%
1%
61%

Notes: Of the 632 people studied, many used more than one anemia therapy. All statistics above estimated using sampling weights. aSome residents had missing values for
eGFR, ADL Score, or Balance Score. For these, values were imputed from remaining characteristics to enable their inclusion in the regression models; bwhere a diagnosis for
chronic kidney disease was identified in the resident’s chart.
Abbreviations: ADL, activities of daily living; COPD, chronic obstructive pulmonary disease; DARB, darbepoetin; eGFR, estimated glomerular filtration rate; EPO, epoetin
alfa; MDRD, Modification of Diet in Renal Disease; SD, standard deviation.
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score were included (Table 1). Hb level was converted to
one of five ranges ($13 g/dL, 12 to ,13, 11 to ,12, 10
to ,11, ,10).
To adjust for potential confounding factors by disease
severity associated with ESA treatment, propensity scores
for receiving DARB or EPO therapy were estimated for each
resident by including the following factors in an unweighted
propensity model: demographics (age group, sex, AfricanAmerican race), index Hb, eGFR , 60 mL/min/1.73 m2,
likely causes of anemia (blood loss, chronic disease, folic acid
deficiency, iron deficiency, malignancy, pernicious anemia,
chronic kidney disease), and other conditions potentially
related to selection of anemia treatment (gastrointestinal
bleeding, inflammatory bowel disease, congestive heart
failure, coronary heart disease, diabetes, cancer). The resulting propensity model had an explanatory power (r2) of 0.24
(P , 0.001, Chi-square).

Results
Forty nursing homes who responded to the invitation
provided usable data for analysis. These included institutions
located in the East, Midwest, Central Plains, Northwest,
South, and Hawaii.4 Of the 579 eligible residents identified
in the first stratum (who all were determined to be nonusers
of EPO or DARB), 564 met the minimal criteria for data
completeness (had no missing values for age, sex, race, and
index hemoglobin level) and were retained for final analysis.
All 68 residents in the second stratum met minimal criteria
for data completeness. In both strata, some residents were
found to be missing data for some items used to calculate
ADL (n = 36) or balance score (n = 37) or for the serum
creatinine used to calculate eGFR level (n = 15). For these

variables, missing values were imputed from a multiple
linear regression model (Stata Impute procedure) as
described above.
Table 1 shows estimates of key resident characteristics
for users of each of the anemia therapies. Mean age of
all residents was 81.0 years. Users of iron were older
(82.7 years), while users of DARB (74.2 years) and folic
acid (77.3 years) were younger. Females accounted for 70%
of all residents. African-Americans comprised 12% of all
residents. More than half (57%) of all residents were identified as anemic (WHO definition) based on their index Hb
(Table 1). Of anemic residents, 50% were using one or more
of three therapies; 14% used vitamin B12, 10% used folic
acid, and 38% used iron. Although 15% of all residents had
the lowest Hb level (,10 g/dL), 49% of EPO and 38% of
DARB users fell into this category.
Of all residents with eGFR , 60 mL/min/1.73 m2,
61% were anemic. Mean eGFR for all residents was
68 mL/min/1.73 m2, but was lower for users of each of the
pharmacotherapies, including 15 mL/min/1.73 m2 points lower
for EPO and 10 mL/min/1.73 m2 points lower for folic acid
users. Documented chronic kidney disease was also higher
than average for users of all pharmacotherapies except iron.
Concurrent usage of anemia pharmacotherapies was
common, particularly with concurrent use of vitamin B12
or iron in folic acid users (51% and 39% concurrent use
respectively), concurrent use of folic acid and iron in vitamin
B12 users (30% concurrent use each), and iron in EPO users
(62% concurrent use).
Table 2 shows unadjusted rates for falls and recurrent
falls for each of the therapy users. Of all residents, 24% fell
one or more times and 12% fell two or more times during the

Table 2 All resident rates of falls and recurrent falls
Falling event

Hemoglobin level
(g/dL)

Vitamin B12
(n = 82)

Folic acid
(n = 56)

Iron
(n = 194)

DARB
(n = 13)

EPO
(n = 55)

No therapy
(n = 348)

All residentsa
(n = 632)

Fell one or
more times

All levels
13+
12 to ,13
11 to ,12
10 to ,11
,10
All levels
13+
12 to ,13
11 to ,12
10 to ,11
,10

33%
13%
32%
31%
44%
51%
18%
0%
14%
31%
22%
28%

40%
0%
55%
25%
70%
33%
16%
0%
9%
24%
28%
16%

27%
8%
25%
11%
38%
33%
14%
0%
16%
7%
19%
16%

38%
100%
0%
25%
0%
60%
8%
0%
0%
0%
0%
20%

18%
50%
0%
20%
15%
19%
2%
0%
0%
0%
0%
4%

22%
13%
23%
30%
27%
38%
11%
6%
11%
9%
18%
19%

24%
12%
24%
25%
34%
35%
12%
5%
11%
11%
18%
18%

Fell repetitively
(.1 fall)

Notes: aOf the 632 studied, many used more than one anemia therapy. All statistics above estimated using sampling weights.
Abbreviations: DARB, darbepoetin; EPO, epoetin alfa.
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6-month follow period. Rates of falls across anemia therapy
users were 33% for those receiving vitamin B12, 40% for
folic acid, 27% for iron, 38% for DARB, 18% for EPO, and
22% for those receiving no therapy. Rates of recurrent falls
were 18% for vitamin B12 users, 16% for folic acid, 14% for
iron, 8% for DARB, 2% for EPO, and 11% for those receiving
no therapy. For all residents, rates of falls and recurrent falls
generally increased with declining Hb level, particularly
between Hb levels of 11 to ,13 g/dL and ,11 g/dL when
compared to the reference Hb 13+ g/dL. However, this
relationship was less consistent within users of each of the
five pharmacotherapies.
Table 3 shows the adjusted logistic regression results
for falls. Lower Hb levels were associated with higher
odds of falls compared to the nonanemic (Hb = 13+ g/dL)
reference; the odds of falls were: Hb = 12 to ,13 g/dL (odds
ratio [OR] = 2.18; P = 0.024), 11 to ,12 g/dL (OR = 2.10;
P = 0.048), 10 to ,11 g/dL (OR = 3.58; P = 0.001),
and ,10 g/dL (OR = 3.54; P = 0.006). Of remaining
covariates, only psychoactive medication use (which includes
sedatives, hypnotics, antidepressants, and antipsychotics,
OR = 2.01; P = 0.004) was significantly associated with
increased odds of falling.
Table 4 shows results from the logistic regression for
recurrent falls. Compared to the falls model, lower Hb
level was also associated with higher odds of recurrent
falls: Hb = 12 to ,13 g/dL (OR = 2.84 P = 0.043),
11 to ,12 g/dL (OR = 2.21; P = not significant [NS]),
10 to ,11 g/dL (OR = 4.74; P = 0.004), and ,10 g/dL
(OR = 3.36; P = 0.045). Similarly, psychoactive medication
use (OR = 2.58; P = 0.013) had higher odds, and DARB or
EPO therapy had lower odds of recurrent falls (OR = 0.06;
P = 0.001). Other covariates significantly associated with
recurrent falls included age 75–84 years (OR = 14.84;
P = 0.030), age 85+ years (OR = 14.25; P = 0.031), poor
balance score (OR = 0.84; P = 0.040), and chronic kidney
disease (OR = 2.23; P = 0.031).
Since a large number of residents with apparent kidney
disease were available, the logistic regression findings
were replicated for falls and recurrent falls, adjusting for
all covariates as before, but this time including only the
subpopulation of residents with either documented CKD
(MDS checkbox or ICD9 entry) or evidence of stage 3
or higher CKD (eGFR , 60 mL/min/1.73 m2). For the
subpopulation of those with apparent kidney disease
(Table 5), the odds of falls and recurrent falls were OR = 0.64;
P = NS and OR = 0.09; P = 0.015 for DARB or EPO users,
respectively.
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Discussion
Guidelines issued by the American Medical Directors
Association for anemia in the long-term care practice
setting 23 suggest that a detailed laboratory evaluation
should be performed, including complete blood count,
evaluation of red blood cell morphology, ferritin, serum
iron, total iron-binding capacity, and serum folate and B12
levels, among other lab assessments as clinically indicated.
Following these detailed findings, these same guidelines
suggest targeted therapy depending on the specific type of
anemia identified (eg, iron-, B12-, or folate-deficiency, or
anemia associated with CKD). Findings from the current
study may be related, in part, to how well practitioners
in the study nursing homes evaluated and appropriately
targeted therapy to the specific type of anemia rather than
empirically prescribing therapy without evaluating the
cause of anemia when possible.
Artz et al3 found that while anemia is common in nursing homes, directed therapy for this condition appears to not
be common. In their study, although 48% of residents were
found to be anemic, only 2.9% of all evaluable residents
received an ESA, and only 2.3% received a red blood cell
transfusion. These authors concluded that while this low
usage may be appropriate, “the reported finding of reduced
quality of life and other adverse, clinically important outcomes in anemic, elderly individuals would suggest that
the treatment of anemia needs to be considered.” The small
number of ESA therapy users identified in the current study
reaffirms the findings of Artz et al3 regarding the low usage
of these agents. Further, the current study also revealed a
relatively low rate of utilization for the traditional vitamin
supplementation or iron pharmacotherapy among the anemic
residents; only half of anemic residents had used vitamin
B12, folic acid, or iron. For those anemic residents using any
therapy, iron is the mainstay of treatment. It generally appears
to be used alone as monotherapy for anemia. However, it is
also true that in many patients, a comprehensive evaluation
of anemia does not reveal a specific cause. Anemia may be
due to chronic inflammation, myelodysplastic syndrome, or
occult malignancy.
For ESA therapy users, iron usage is particularly important for effective stimulation of hemoglobin production in
patients with low serum ferritin. For instance, iron deficiency
is found in 25%–37.5% of all patients with CKD.13 In the
current study, iron was used by two of every three EPO
users, and by one of every three DARB users, though the
low resident count in the latter group may explain the low
concurrency rate.
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Table 3 Logistic regression model for falls
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Odds ratio
Demographics
Age category
,65 years
65–74 years
75–84 years
85+ years
Female
African-American
Mobility
ADL score
Balance score
Labs: hemoglobin and renal function
Hemoglobin level
13+ g/dL
12 to ,13 g/dL
11 to ,12 g/dL
10 to ,11 g/dL
,10 g/dL
Low eGFR (MDRD),
,60 mL/min/1.73 m2
Diseases and conditions
Chronic kidney disease
Congestive heart failure
Coronary heart disease
Diabetes (including insulin-dependent)
Hypertension
Hypotension
Cerebral vascular disease
Peripheral vascular disease
Dementia
Cancer
Parkinson’s disease
COPD
Asthma
Osteoarthritis
Rheumatoid arthritis
Neurological disease
Current medications
Diuretic use
Psychoactive medication useb
Beta blocker use
Anemia therapy
Vitamin B12 (cyanocobalamin)
Folic acid
Iron
DARB or EPO
Propensity to receive DARB or EPO

95% lower
bound

95% upper
bound

P value

Reference
1.48
2.64
2.80
1.02
1.30

0.46
0.89
0.94
0.63
0.71

4.77
7.85
8.30
1.67
2.36

0.511
0.081
0.064
0.927
0.392

0.97
0.94

0.95
0.82

1.00
1.06

0.094
0.312

Reference
2.18
2.10
3.58
3.54
1.04

1.11
1.01
1.67
1.45
0.67

4.27
4.40
7.69
8.65
1.62

0.024
0.048
0.001
0.006
0.872

1.67
0.98
0.79
0.88
1.17
1.45
0.84
0.60
1.03
0.82
1.34
1.19
1.03
0.80
1.06
1.03

0.93
0.63
0.48
0.57
0.71
0.33
0.53
0.20
0.66
0.39
0.58
0.74
0.32
0.51
0.44
0.57

3.00
1.52
1.32
1.36
1.93
6.33
1.33
1.81
1.60
1.73
3.10
1.92
3.29
1.24
2.56
1.84

0.088
0.920
0.370
0.561
0.528
0.621
0.455
0.367
0.900
0.605
0.498
0.467
0.966
0.320
0.904
0.927

1.25
2.01
1.16

0.78
1.26
0.74

1.99
3.23
1.82

0.351
0.004
0.519

1.24
1.81
0.83
0.46
1.95

0.68
0.86
0.51
0.21
0.18

2.24
3.78
1.33
1.01
20.86

0.485
0.117
0.434
0.052
0.580

95% Siga

*
*
*
*

*

Notes: All model statistics above estimated using sampling weights. aAsterisk indicates significant odds ratio at 95% confidence; bIncludes sedatives, hypnotics,
antidepressants, antipsychotics.
Abbreviations: ADL, activities of daily living; COPD, chronic obstructive pulmonary disease; DARB, darbepoetin; eGFR, estimated glomerular filtration rate; EPO,
epoetin alfa; MDRD, Modification of Diet in Renal Disease.

Joint guidelines on the prevention of falls in older
persons have been issued by the American Geriatrics Society
and British Geriatrics Society (AGS/BGS).24 According to
these guidelines, “… risk factors associated with falling
among persons residing in this setting are similar to factors

Clinical Interventions in Aging 2012:7

identified among community-living older adults and include
impairments in strength, balance, gait, vision, and cognition; use of multiple medications, especially psychoactive
medications; and environmental hazards.” These guidelines
suggest that “(m)ultifactorial/multicomponent interventions
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Table 4 Logistic regression model for recurrent falls
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Odds ratio
Demographics
Age category
,65 years
65–74 years
75–84 years
85+ years
Female
African-American
Mobility
ADL score
Balance score
Labs: hemoglobin and renal function
Hemoglobin level
13+ g/dL
12 to ,13 g/dL
11 to ,12 g/dL
10 to ,11 g/dL
,10 g/dL
Low eGFR (MDRD),
,60 mL/min/1.73 m2
Diseases and conditions
Chronic kidney disease
Congestive heart failure
Coronary heart disease
Diabetes (including insulin-dependent)
Hypertension
Hypotension
Cerebral vascular disease
Peripheral vascular disease
Dementia
Cancer
Parkinson’s disease
COPD
Asthma
Osteoarthritis
Rheumatoid arthritis
Neurological disease
Current medications
Diuretic use
Psychoactive medication useb
Beta blocker use
Anemia therapy
Vitamin B12 (cyanocobalamin)
Folic acid
Iron
DARB or EPO
Propensity to receive DARB or EPO

95% lower
bound

95% upper
bound

P value

95% Siga

Reference
5.62
14.84
14.25
0.61
1.02

0.46
1.31
1.27
0.32
0.47

68.81
168
160
1.16
2.20

0.176
0.030
0.031
0.128
0.959

0.99
0.84

0.95
0.71

1.03
0.99

0.656
0.040

Reference
2.84
2.21
4.74
3.36
1.14

1.03
0.78
1.65
1.03
0.64

7.82
6.31
13.58
11.01
2.03

0.043
0.136
0.004
0.045
0.645

*

2.23
0.66
1.26
1.00
0.93
0.54
0.66
0.37
0.55
0.96
1.74
1.12
1.50
1.21
2.13
1.12

1.08
0.36
0.66
0.56
0.46
0.03
0.35
0.07
0.28
0.33
0.59
0.59
0.38
0.66
0.71
0.50

4.61
1.19
2.38
1.78
1.85
11.53
1.28
2.12
1.07
2.74
5.14
2.11
5.93
2.22
6.32
2.53

0.031
0.162
0.485
0.997
0.830
0.692
0.219
0.266
0.077
0.935
0.318
0.736
0.561
0.538
0.175
0.783

*

1.18
2.58
0.98

0.63
1.22
0.56

2.22
5.46
1.73

0.607
0.013
0.958

1.19
1.32
0.80
0.06
9.26

0.55
0.53
0.43
0.01
0.51

2.57
3.28
1.49
0.30
168

0.664
0.548
0.486
0.001
0.132

*
*

*

*
*

*

*

Notes: All model statistics above estimated using sampling weights. aAsterisk indicates significant odds ratio at 95% confidence; bIncludes sedatives, hypnotics, antidepressants,
antipsychotics.
Abbreviations: ADL, activities of daily living; COPD, chronic obstructive pulmonary disease; DARB, darbepoetin; eGFR, estimated glomerular filtration rate; EPO, epoetin
alfa; MDRD, Modification of Diet in Renal Disease.

should be considered in long-term care to reduce falls,” but
note that such evidence is “too close to justify a general
recommendation”.24
As suggested in the AGS/BGS guidelines,24 findings
from the current study reveal that a number of factors in the
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nursing home setting appear related to falls and recurrent
falls. Despite the relatively low number of DARB and EPO
users, a reduced odds of recurrent falls (Table 4) was observed
for the DARB/EPO cohort; a similar finding was noted
within the subset of residents with apparent chronic kidney
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Table 5 Logistic regression model for falls and recurrent falls: subpopulation of residents with apparent chronic kidney disease

Subpopulation with eGFR
(MDRD) , 60 mL/min/1.73 m2 or
MDS Section I chronic kidney disease
(checkbox or ICD-9 entry)
Falling
Vitamin B12
Folic acid
Iron
DARB or EPO
Recurrent falling
Vitamin B12
Folic acid
Iron
DARB or EPO

Odds ratio

95% lower
bound

95% upper
bound

P value

1.82
2.05
0.81
0.64

0.78
0.67
0.41
0.24

4.26
6.27
1.60
1.70

0.167
0.208
0.548
0.369

1.65
1.18
0.68
0.09

0.50
0.32
0.27
0.01

5.45
4.37
1.71
0.62

0.410
0.803
0.413
0.015

95% Siga

*

Notes: Findings from full adjusted models of these subpopulations show odds ratios for anemia therapies only. All model statistics above estimated using sampling weights.
a
Asterisk indicates significant odds ratio at 95% confidence.
Abbreviations: DARB, darbepoetin; eGFR, estimated glomerular filtration rate; EPO, epoetin alfa; MDRD, Modification of Diet in Renal Disease; MDS, Minimum Data Set.

disease (Table 5). Other covariates, used for adjustment in
these models, were also found to be significantly related to
the falls or recurrent fall outcomes. As expected, a lower
Hb level was associated with both falls and recurrent falls,
with the odds of experiencing either outcome increasing by
more than double for those with Hb levels 12 to ,13 g/dL
or 11 to ,12 g/dL when compared to the nonanemic 13+
g/dL reference, and increasing approximately three to five
times for those with Hb levels 10 to ,11 g/dL and ,10 g/dL
when compared to the same nonanemic reference. Use of
psychoactive medication remained an independent factor
strongly associated with both falls and recurrent falls.
Advanced age (.75 years) showed a substantially strong
association with recurrent falls. Having a diagnosis of CKD
was also strongly and significantly associated with recurrent
falls, but not with falls; however, low eGFR had no apparent
association with falls or recurrent falls; these two measures of
kidney function exhibited only low-to-moderate correlation
(Cramer’s V correlation coefficient = 0.31) and were thus
both retained in each model.
In the current analysis, two measures of mobility were
included as model covariates: ADL score and balance score,
where lower scores indicated better functioning. Of these,
only better balance score was associated with significantly
lower odds of recurrent falls, but not with falls. Chaves
et al25 had observed that higher Hb level was associated
with better mobility functioning in community-dwelling
older women. The current study did not identify an independent association between ADL functioning and either
falls or recurrent falls when anemia therapy was considered
in the model.

Clinical Interventions in Aging 2012:7

As described earlier, anemia is common in CKD patients.
The strong relationship between CKD and age indicates that
anemia is an increasingly prevalent problem in long-term care
facilities.17,18,26 Recent investigational studies evaluating the
use of ESAs to target Hb values greater than 12 g/dL have
highlighted the potential risks of attempting to treat patients
with higher Hb levels.27–32 A black box warning on all ESAs
marketed in the US emphasizes these risks, as well as the
appropriate use of these agents in the CKD, cancer, and
perisurgery populations.17,18
This study had several limitations. First, due to the limited 6-month follow-up and possibility that some residents
may have been lost to follow-up if discharged or transferred
with no readmission into the facility, associations between
falls or recurrent falls with anemia therapies, hemoglobin
levels, conditions, and other resident characteristics cannot
be assumed as causal. Second, the index Hb level and serum
creatinine levels used to derive covariates in these models
may have preceded a falling event by up to 6 months and may
not have reflected actual blood levels that would have been
available immediately prior this falling event. Thus, neither
the chronicity nor the cause of anemia was determined. Third,
nurses employed within the nursing homes studied conducted
the sampling and chart abstraction. These data abstractors
were provided with detailed printed instructions and standardized data collection forms. However, other than observations
regarding missing values, the quality and accuracy of data
obtained through this process could not be assessed. Fourth,
the validity and completeness of medical conditions captured
through chart review were not ascertained. In addition, some
falls may have been entirely due to an environmental factor
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rather than a factor or factors intrinsic to the patient. Our
study was not designed to capture this information. Finally,
this retrospective study design considered the relationship
of each individual therapy to falls and did not evaluate the
interactive effects of therapies when used in combination.
Inclusion of the several covariates selected for the logistic
regression models, including Hb level and the propensity to
receive EPO, helped to adjust for much of the confounding,
but the specific resident conditions for which each therapy
was used may not be separable from the therapies studied (eg,
vitamin B12 treats pernicious anemia while iron is typically
used to treat anemia due to iron deficiency).

Conclusion
After adjusting for hemoglobin level and other covariates,
the current analysis found little evidence to support an
association between the use of vitamin B12, folic acid, or iron
in reducing the rates of falls and recurrent falls among nursing
home residents. Despite the small sample sizes of DARB
and EPO users, DARB or EPO use was observed to have a
lower adjusted odds ratio of recurrent falls. Further study is
warranted to investigate whether these same findings can be
replicated in other nursing home populations and whether
improvement of anemia-related outcomes is associated with
use of ESA or the traditional vitamin B12, folic acid, or
iron therapies in this setting. Further research, particularly
a prospective study, is also needed to understand whether
ESA use leads to improvement in Hb level in nursing home
residents and whether this improvement in turn causes a
decline in expected falls or recurrent falls.
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