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Abstract
As a common problem in long-term care facilities (LTCFs), anemia affects 25–63% of the

elderly. The aim of the present study was to describe the prevalence and characteristics of

anemia and its associated factors in the institutionalized elderly. The cross-sectional study

was carried out with three hundred thirteen individuals aged� 60 years, of both genders,

living in long-term care facilities for the elderly in Salvador, Bahia, Brazil. Poisson regression

(PR) with robust variance estimates was used to assess the factors related to anemia. The

prevalence of anemia was 38%. Mild anemia was predominant in both genders (male:

26.8%; female: 21.1%), as normocytic and normochromic anemia, with no anisocytosis

(69.75%). Anemia was associated with thinness (PR: 1.68; 95% CI: 1.04–2.72) and with

moderate (PR: 1.98; 95% CI: 1.07–3.63) and total (PR: 2.61; 95% CI: 1.34–5.07) depen-

dence in the final model. Severe dependence exhibited borderline significance (PR: 1.94;

95% CI: 1.00–3.77). The prevalence of anemia was high in the institutionalized elderly in

both genders, with characteristics suggesting chronic diseases as the causal factor, and the

frequency of occurrence was higher in thinness elderly with moderate to total dependence.

Introduction
The senescence is marked by reduced hemoglobin levels, however, anemia should not be con-
sidered a natural consequence of the physiology of aging [1]. The most common causes of ane-
mia in the elderly population are nutritional deficiencies, anemia of chronic diseases and
unexplained anemia [2]. In this population, anemia has a negative impact on the health and
quality of life, possibly acting as a risk factor for the development and aggravation of cardiovas-
cular diseases and premature death, in addition to causing symptoms such as fatigue and
reduced cognitive and functional capacity [3].
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As a common problem in long-term care facilities (LTCFs), anemia affects 25–63% of the
elderly [4]. Weight loss and protein-energy malnutrition are important etiological factors of
anemia in this population [4,5], most likely due to aging-related physiological changes, reduced
food intake, the presence of multiple comorbidities and insufficient nutritional care [5].

Considering anemia as an event with a high prevalence in LTCFs and its impact on the
health of elderly subjects, the need to investigate the prevalence, characteristics and associated
factors of anemia in this population is evident and is thus the objective of the present study.

Materials and Methods

Study design
The present cross-sectional study is part of a larger project titled “Multidimensional evaluation
of the elderly living in long-term care facilities in Salvador, Bahia (Avaliação multidimensional
dos idosos residentes em instituições de longa permanência na cidade de Salvador-BA)”, con-
ducted by the Aging-Related Research and Intervention Center (Centro de Estudos e Interven-
ção na Área de Envelhecimento—CEIAE) of the School of Nutrition of the Federal University
of Bahia.

Samples
The sample of the larger study was performed in three stages. In the first stage, was identified a
total of 29 LTCFs which were located in 10 Health Districts of the 12 existing in the urban area.
In the second stage, the number of elderly subjects by Health District that would participate in
the study was determined. This number was proportional to the total elderly population living
in each Health District, thus ensuring 80% power in representing the institutionalized elderly
of the city. At a significance level of 5%, this number totaled 412 elderly subjects of both gen-
ders. In the third stage, LTCFs and elderly subjects were selected by simple random sampling.
The final sample information available biochemical tests was 313 elderly evaluated.

Criteria for Eligibility
Individuals of both genders, aged 60 years and older, living in LTCFs (public, philanthropic or
private) located in the urban area of Salvador, Bahia, and who agreed to participate were con-
sidered eligible to participate in the present study.

Non-eligibility criteria for the bioelectrical impedance examination included limb amputation,
the presence of edema and/or ascites, the use of a cardiac defibrillator or pacemaker, and the
impossibility to assess body weight [6]. Participants who could not move and/or be positioned to
perform the necessary measurements were not included in the anthropometric evaluation.

Data Collection
Data were collected from November 2012 to October 2013. The elderly participants underwent
an anthropometric evaluation, bioimpedance and blood was collected to perform a complete
blood count and to determine the fasting glucose and creatinine levels. A laboratory technician
collected blood from participants by venipuncture after a 12-h fast to the Federal University of
Bahia for laboratory analysis.

The present study was approved by the Ethics Committee of the School of Nutrition of the
Federal University of Bahia under the protocol number 11/2012. Prior authorization was
sought from the LTCFs, and the elderly agreed in participating in this research by signing a
written informed consent using a signature or fingerprint. At the end of the study, the results
from the evaluations were presented to the LTCFs using a report.
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Variables
Dependent Variable. A CELL-DYN Ruby hematology analyzer (Abbott Laboratories1,

Illinois, United States) using impedance technology was used for complete blood count deter-
mination. The diagnosis and degree of anemia were established using the total blood hemoglo-
bin levels according to the cut-off points recommended by the WHO [7].

The hematological parameters used to characterize anemia were the mean corpuscular vol-
ume (MCV), mean corpuscular hemoglobin concentration (MCHC) and red blood cell distri-
bution width (RDW). The reference values established by the laboratory for these parameters
were 80.0–99.0 fl for MCV, 31.5–35.5% for MCHC, and 11.0–14.0% for RDW.

Covariates. The covariates analyzed were gender, age, length of institutionalization, type
of institution, body mass index (BMI), skeletal muscle index, diabetes mellitus, systemic arterial
hypertension, functional capacity and renal function.

The gender, age, length of institutionalization, type of institution and use of medication
were obtained from medical files.

The body mass index was calculated according to the formula suggested by the WHO [8],
and analyzed according to the classification suggested by the Nutrition Screening Initiative:
thinness (< 22 kg/m2), eutrophy (22,0–27,0 kg/m2), overweight (> 27 kg/m2) [9]. Body weight
was assessed using a Plena portable digital scale (Sport model) with a maximum capacity of
150 kg and a 100-g accuracy, according to the standards determined by Jellife [10]. Height was
estimated from knee height (KH) using the equations suggested by Chumlea et al. [11]. KH
was assessed using a caliper according to the method described by Chumlea et al. [11].

Skeletal muscle mass was estimated using the equation described by Janssen et al. [12]: SM
mass (kg) = [(height 2 j R ×0.401) + (gender × 3.825) +(age × −0.071)] + 5.102; where R is resis-
tance as measured by Biodynamics tetrapolar bioelectrical impedance analyzer (model 450),
according to the technical standards and specific previous instructions described by Kyle et al.
[6]. The skeletal muscle index was used to normalize skeletal muscle mass according to height
(muscle mass (kg)/height (m2)) and was classified according to Janssen et al. [13]: adequate
(man� 10,76 kg/m; women�6,76 kg/m2), moderate sarcopenia (man 8,51–10,75 kg/m;
women 5,76–6,75 kg/m2) e severe (man� 8,50 kg/m2; women� 5,75 kg/m2).

The capacity to perform activities of daily living was measured using the original Barthel
scale [14] and the cut-off points suggested by Azeredo and Matos [15].

Fasting glucose was assessed using the Trinder reaction and a BT 3000 Plus device (Wiener
lab1, Rosario, Argentina). Diabetes mellitus was determined by fasting glucose levels
were� 126 mg/dL [16] or use of oral insulin or hypoglycemic agents regularly. Hypertension
was determined by the regular use of antihypertensive medication.

Renal function was evaluated by estimating the glomerular filtration rate, which was calcu-
lated from serum creatinine levels [17] using the equation described by Cockcroft and Gault.
Creatinine clearance was corrected for a standard body surface area of 1.73 m2. Body surface
area was calculated using the DuBois & Dubois formula [18]. Renal dysfunction was estab-
lished at a glomerular filtration rate< 60 mL/min/1.73 m2 that, according to the National Kid-
ney Foundation/Kidney Disease Outcomes Quality criteria, corresponds to stages 3 and 4 of
chronic kidney disease [19]. Serum creatinine levels were assessed using a BT 3000 Plus device
(Wiener lab1, Rosario, Argentina) and the alkaline picrate (Jaffé reaction) method.

Statistical Analysis
Data were tested for normality using the Kolmogorov-Smirnov test for all variables. Parametric
continuous variables are expressed as the mean and standard deviation, and non-parametric
variables are expressed as the median and interquartile range. Categorical variables are
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expressed as absolute and relative frequencies. Differences in the mean values of the continuous
variables with normal and non-normal distribution between the genders were assessed by Stu-
dent’s t and Mann-Whitney U tests, respectively.

The correlation between hemoglobin levels and continuous covariates was determined
using Spearman’s rank correlation coefficient. Pearson’s chi-squared test was used to evaluate
the association between the groups with and without anemia and the remaining categorical
variables.

The relationship between anemia and covariates was assessed using Poisson regression with
robust error variance, estimating the prevalence ratio and its respective 95% confidence inter-
vals. This model was used due to the possible clustering effect of the aggregation of the observa-
tion units at the facilities. The regression models were constructed from a complete regression
equation using stepwise backward elimination to obtain the final reduced model.

Data were analyzed using the software Stata, version 10.0 (Stata Corp, College Station,
Texas, United States), and the level of significance was set at 5% for all analyses.

Results
The descriptive statistics of the participants are describe in Table 1. Anemia had an overall
prevalence of 38.0% among the elderly participants (95% CI: 32.6–43.4), and mild anemia was
the most prevalent form in both genders (Fig 1).

Most of the elderly participants exhibited normochromic and normocytic anemia, with no
anisocytosis. The presence of hypochromic and microcytic anemia, with and without anisocy-
tosis, displayed similar percentages (0.84%). Hypochromia and normocytosis with no changes
in the RDW occurred in 6.72% of the elderly with anemia. The portion of elderly participants
with normochromic and normocytic anemia without anisocytosis was of 69.75% (Table 2).

Specifically, anemia was observed in 37.6% of the women and 39.4% of the men, with no sig-
nificant difference between the genders. It was identified high prevalence of anemia in elderly
subjects aged between 60 and 69 years as well as in those aged�80 years, with a similar preva-
lence for both age ranges (39.1%), living in LTCFs for 5 to 10 years (41.7%), living in philan-
thropic LTCFs (41.2%), with diabetes mellitus (43.9%), with adequate skeletal muscle mass
(41.5%) and systemic arterial hypertension (38.6%) and with no renal dysfunction (41.3%).
Anemia was significantly associated with body mass index (p = 0.022) and functional capacity
(p = 0.004). The remaining variables were not significantly associated with anemia (Table 3).

Concerning the prevalence ratio evaluation, body mass index and functional capacity were
also significantly associated with anemia. The occurrence of anemia was 66% (PR: 1.66; 95%
CI: 1.04–2.65) higher in elderly subjects with thinness than in eutrophic participants. Impaired
functional capacity was also associated with anemia. The prevalence of anemia increased with
the degree of dependence, reaching a maximum of a 156% (PR: 2.56; 95% CI: 1.36–4.82) higher
prevalence of anemia in elderly subjects with total dependence than that in independent sub-
jects (Table 3).

Despite the lack of an association between anemia and the remaining covariates, the hemo-
globin levels correlated positively with skeletal muscle index (r = 0.169, p = 0.039) and glomer-
ular filtration rate (r = 0.261, p< 0.001), and negatively with age (r = -0.165, p = 0.003).

Table 4 shows the results from the multivariate Poisson regression model, considering the
possible clustering effect of the aggregation of observation units at the facilities. Thinness, as
determined by body mass index, and total and severe dependence, as diagnosed using the
Barthel scale, exhibited statistical significance in model 1, which included all variables. Elderly
participants diagnosed with thinness exhibited a 68% (PR: 1.68; 95% CI: 1.04–2.72) higher
prevalence of anemia than that in eutrophic elderly individuals, adjusting for the remaining
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variables of the model. Those with total and severe dependence exhibited a 212% (PR: 3.12;
95% CI: 1.14–8.52) and a 145% (PR: 2.45; 95% CI: 1.22–4.95) higher prevalence of anemia,
respectively, than that in the independent elderly, adjusting for the remaining variables of the
model.

Table 1. Characteristics of the Institutionalized Elderly in Salvador, Bahia, Brazil according to Gender.

Variable Women (n = 242) Men (n = 71) p-value

Age in years * 81.66 (9.03) 75.40 (8.82) < .001

BMI in kg/m2 * 22.79 (5.53) 22.05 (4.15) .326

GFR in mL/min/1.73 m2 * 45.63 (16.68) 54.20 (16.46) < .001

Hemoglobin in g/dl * 12.25 (1.40) 13.02 (1.67) < .001

MCV in fl * 90.19 (5.83) 87.99 (5.26) .004

MCHC as % * 32.45 (0.88) 32.96 (0.89) < .001

RDW as % † 12.55 (11.9–13.2) 12 (11.7–12.8) .002

Length of institutionalization in years † 3 (1.33–8.41) 2.66 (0.91–5.25) .127

SMI in kg/m2 † 6.24 (5.57–6.98) 8.66 (8.15–9.70) < .001

Barthel score † 75 (25–95) 75 (15–95) .565

Fasting glucose in mg/dl † 86 (76–95) 82 (73.5–93) .113

BMI, body mass index; GFR, glomerular filtration rate; MCV, mean corpuscular volume; MCHC, medium corpuscular hemoglobin concentration; RDW, red

blood cell distribution width; SMI, skeletal muscle index.

* Expressed as the mean (standard deviation) and evaluated with Student’s t test.
† Expressed as the median (interquartile range) and evaluated with Mann-Whitney U test.

doi:10.1371/journal.pone.0162240.t001

Fig 1. Total prevalence and degrees of anemia according to gender in the institutionalized elderly in Salvador, Bahia, Brazil.

doi:10.1371/journal.pone.0162240.g001
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In the final model, thinness maintained statistical significance but with a reduced prevalence
of anemia. Additionally, moderate dependence acquired statistical significance, whereas severe
dependence shifted to borderline significance. The prevalence of anemia among thinness
elderly subjects was 58% higher (PR: 1.58; 95% CI: 1.02–2.44) compared with the prevalence
among eutrophic individuals, adjusting for gender, age range and functional capacity. Elderly
subjects with moderate, severe and total dependence exhibited a 98% (PR: 1.98; 95% CI: 1.07–
3.63), 94% (PR: 1.94; 95% CI: 1.00–3.77), and 161% (PR: 2.61; 95% CI: 1.34–5.07) higher preva-
lence of anemia, respectively, than elderly subjects with no impairment of physical function,
adjusting for gender, age range and body mass index (Table 4).

Discussion
The prevalence of anemia found in this population (38%) was classified as moderately impor-
tant at the public health level according to the parameters of WHO [7]. This prevalence was
higher than what has been published by other studies on institutionalized elderly subjects [20,
21]. Studies on non-institutionalized elderly individuals have shown a lower prevalence of ane-
mia [22, 23], supports the notion that institutionalization may be an important risk factor for
the development of anemia [4].

The prevalence of anemia was similar in institutionalized men and women, corroborating
with the Brazilian studies performed by Nakashima et al. [21] and Corona et al. [22]. Mild ane-
mia was predominant in both genders, which is similar to the results obtained by Tettamanti
et al. [24], who considered hemoglobin levels of 10.0 to 11.9 g/dL in women and 10.0 to 12.9 g/
dL in men as mild anemia.

Table 2. Characterization of Hematological Parameters in the Institutionalized Elderly in Salvador, Bahia, Brazil in the Presence or Absence of
Anemia.

MCHC MCV RDW Anemia No anemia

n (%) n (%)

Hypochromia Microcytosis Reduced 0 (0.00) 0 (0.00)

Normal 1 (0.84) 1 (0.52)

Increased 1 (0.84) 0 (0.00)

Normocytosis Reduced 0 (0.00) 0 (0.00)

Normal 8 (6.72) 14 (7.22)

Increased 3 (2.52) 2 (1.03)

Macrocytosis Reduced 0 (0.00) 0 (0.00)

Normal 0 (0.00) 0 (0.00)

Increased 0 (0.00) 0 (0.00)

Normochromia Microcytosis Reduced 0 (0.00) 0 (0.00)

Normal 7 (5.88) 1 (0.52)

Increased 1 (0.84) 0 (0.00)

Normocytosis Reduced 5 (4.20) 13 (6.70)

Normal 83 (69.75) 156 (80.41)

Increased 7 (5.88) 3 (1.55)

Normocytosis Reduced 0 (0.00) 0 (0.00)

Normal 3 (2.52) 4 (2.06)

Increased 0 (0.00) 0 (0.00)

MCHC, medium corpuscular hemoglobin concentration; MCV, mean corpuscular volume; RDW, red blood cell distribution width; n, number of individuals

with and without anemia; %, prevalence of individuals with and without anemia.

doi:10.1371/journal.pone.0162240.t002
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Table 3. Prevalence of Anemia in the Institutionalized Elderly in Salvador, Bahia, Brazil, according to Covariates.

Covariate n/N % PR * 95% CI P-value

Gender

Female 91/242 37.6 1

Male 28/71 39.4 0.95 0.68–1.32 .77

Age Range

60–69 years 18/46 39.1 1

70–79 years 31/88 35.2 0.90 0.50–1.61 .72

�80 years 70/179 39.1 0.99 0.59–1.67 .99

Length of institutionalization

<1.0 year 23/65 35.4 1

1.0–5.0 year(s) 49/134 36.6 1.03 0.63–1.70 .90

5.1–10.0 years 20/48 41.7 1.18 0.65–2.14 .59

>10.0 years 19/53 35.0 1.01 0.55–1.86 .04

Type of Institution

Private 39/109 35.7 1

Public 14/44 31.8 0.88 0.48–1.63 .71

Philanthropic 66/160 41.2 1.15 0.77–1.71 .48

BMI †

Eutrophy 25/88 28.4 1

Thinness 58/123 47.2 1.66 1.04–2.65 .03

Overweight 22/58 37.9 1.34 0.75–2.37 .32

DM

No 94/256 36.7 1

Yes 25/5 43.9 1.19 0.77–1.86 .43

SMI

Adequate 17/41 41.5 1

Moderate sarcopenia 21/62 33.9 0.82 0.43–1.55 .54

Severe sarcopenia 13/46 28.3 0.68 0.33–1.40 .30

Functional Capacity †

Independence 13/63 20.6 1 .26

Mild dependence 13850 32.4 1.57 0.72–3.44 .05

Moderate dependence 23/56 41.1 1.99 1.01–3.93 .04

Severe dependence 25/60 41.7 2.02 1.03–3.95 < .01

Total dependence 37/70 52.9 2.56 1.36–4.82

SAH

No 68/180 37.8 1

Yes 51/132 38.6 0.98 0.68–1.41 .90

Renal dysfunction

No 26/63 41.3 1

Yes 76/195 39.0 0.94 0.60–1.47 .80

n, number of individuals with and without anemia; N, number of group individuals; %, Prevalence of Anemia; PR, prevalence ratio; CI, confidence interval;

BMI, body mass index; DM, diabetes mellitus; SMI, skeletal muscle index; SAH, systemic arterial hypertension.

* Poisson regression model with the gross prevalence ratio for the association between anemia and other variables.
† Statistical significance according to chi-squared test (BMI: p = 0.022; functional capacity: p = 0.004).

doi:10.1371/journal.pone.0162240.t003
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Table 4. Poisson Regression Model with the Prevalence Adjusted for the Association between Anemia and Covariates in the Institutionalized
Elderly in Salvador, Bahia, Brazil.

Covariate Model 1 * Model 2 †

PRadj 95% CI PRadj 95%CI

Gender

Male 1 1

Female 1.12 0.73–1.71 1.01 0.75–1.36

Age range

60–69 years 1 1

70–79 years 1.11 0.63–1.97 0.86 0.57–1.30

�80 years 1.42 0.79–2.56 0.80 0.57–1.12

Time of institutionalization

<1.0 year 1 - -

1.0–5.0 year(s) 0.75 0. 48–1.20 - -

5.1–10.0 years 1.09 0.63–1.88 - -

>10.0 years 0.85 0.40–1.84 - -

Type of Institution

Private 1 - -

Public 0.60 0.33–1.10 - -

Philanthropic 1.70 0.96–3.01 - -

BMI

Eutrophy 1 1

Thinness 1.68 1.04–2.72 1.58 1.02–2.44

Overweight 1.38 0.58–3.26 1.41 0.89–2.24

DM

No 1 - -

Yes 1.26 0.79–2.03 - -

SMI

Adequate 1 - -

Moderate sarcopenia 0.95 0.45–2.02 - -

Severe sarcopenia 0.57 0.27–1.25 - -

Functional Capacity

Independence 1 1

Mild dependence 1.94 0.62–6.10 1.58 0.67–3.72

Moderate dependence 2.04 0.88–4.76 1.98 1.07–3.63

Severe dependence 2.45 1.22–4.95 1.94 1.00–3.77

Total dependence 3.12 1.14–8.52 2.61 1.34–5.07

SAH

No 1 - -

Yes 0.79 0.47–1.33 - -

Renal Dysfunction

No 1 - -

Yes 0.68 0.35–1.31 - -

PRadj, adjusted prevalence ratio; CI, confidence interval; BMI, body mass index; DM, diabetes mellitus; SMI, skeletal muscle index; SAH, systemic arterial

hypertension.

* Adjusted for the variables gender, age range, length of institutionalization, type of institution, BMI, DM, SMI, functional capacity, SAH and renal

dysfunction.
† Adjusted for the variables gender, age range, BMI and functional capacity.

doi:10.1371/journal.pone.0162240.t004
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Most of the algorithms used to detect anemia in the elderly are based on RBC size, where
cells are normally normocytic, due to the multifactorial origin of anemia in these individuals
[25]. This finding is in agreement with the results obtained by Sgnaolin et al. [23] and Tetta-
manti et al. [24] who also found a predominance of normocytic anemia in the elderly.

Although there was no association between anemia and age range, blood hemoglobin con-
centrations decreased with advancing age, a pattern consistent with the literature, such as the
studies reported by Corona et al. [22] and Tettamanti et al. [24]. This effect is possibly due to
the gradual deterioration of the hematopoietic system during the aging process, thus rendering
the individual at a higher risk for anemia [1]. Of note, however, the decrease in blood hemoglo-
bin levels with increasing age of the elderly did not exhibit a dose-response effect above the
lower thresholds of normality of the cut-off points adopted in the present study.

The institutionalized elderly with thinness were the most affected with anemia. Our results
are in agreement with those of Tseng et al. [26], who observed a significant association between
the occurrence of anemia and lower body mass index values in institutionalized elderly
subjects.

Anemia was strongly associated with decreased functional capacity in the institutionalized
elderly, a finding that is similar to the results of the studies conducted by Bosco et al. [27]. Both
of the aforementioned studies used the Katz index to evaluate functional capacity, an instru-
ment different from that used in the present study.

Hemoglobin levels below the threshold of normality are a common condition in individuals
with chronic kidney disease [28]. While analyzing data from the Third National Health and
Nutrition Examination Survey (NHANES III) to assess the association between hemoglobin
levels and renal function, Astor et al. [29] also observed reduced hemoglobin levels with
increased severity of renal dysfunction as in the present study.

The limitations of the present study include the lack of control of the use of medication and
comorbidities that could affect the prevalence of anemia. A further limitation is that the nutri-
tion of the institutionalized elderly was not considered in the analysis, although it may have
affected the prevalence of anemia in this population. Finally, the inclusion of elderly subjects
taking iron supplements and B-complex vitamins may have underestimated the occurrence of
anemia in the present study.

The prevalence of anemia in the institutionalized elderly was high in both genders. The
association of anemia with body mass index, stresses the importance of this nutritional status
indicator for the identification of elderly individuals at risk for anemia.

Considering institutionalization itself as a risk factor for anemia and its negative impact on
functional capacity, the importance of screening and early treatment of anemia, particularly for
those who live in LTCFs, is emphasized.
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