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Background: Anemia is the commonest hematological complications in HIV patients, and

has a significant impact on quality of life, morbidity, and mortality. However, little is known

about the epidemiology of anemia in this population in a Nepalese setting. Therefore, the

present study aimed at assessing the prevalence of anemia in patients living with HIV and

further to determine the independent predictors associated with it.

Methods: This cross-sectional study was conducted in patients diagnosed with HIV at

Sukraraj Tropical and Infectious Disease Hospital, Teku, Kathmandu from November 2016

to August 2017. Anemia was considered a core variable, and covariates used for analysis

were age, sex, CD4 count, antiretroviral therapy regimen, history of intravenous drug use,

marital status, religion, geography, employment status, hypertension, and diabetes mellitus.

Prevalence of anemia and its independent predictors were evaluated. Fisher’s exact and χ2

tests were performed to determine the significance of differences among categorical variables

and t-tests for continuous variables. Binary logistic regression was modeled to assess

predictors associated with anemia.

Results: Of the total 210 patients analyzed, median age was 37.50±10.57 years, and 110

(52.6%) were male. The estimated prevalence of anemia overall was 66.7% (95% CI

60.64%–73.35%): mild anemia 14.3% (95% CI 8.25%–19.74%), moderate anemia 40.5%

(95% CI 31.88%–48.11%), and severe anemia 11.9% (95% CI 6.61%–17.30%). Prevalence

of anemia increased significantly with decreasing CD4 count: 5.71%, 12.85%, and 48.09%

among patients with CD4 counts >500, 200–499, and <200 cells/mm3, respectively

(P=0.019). Severity of anemia was significantly associated with immunostatus (<200, 200–

499, and >500; P=0.048). Female sex was significantly associated with increased odds of

anemia (OR 2.27, P=0.007).

Conclusion: The present study demonstrated a high rate of anemia in a substantial number

of HIV individuals. Therefore, early detection and timely management of anemia, especially

in females and those with decreased immunostatus, are crucial to prevent anemia progression

and improve quality of life.

Keywords: anemia, HIV, risk factors

Introduction
Anemia is a extensive global health burden affecting developing countries more than

developed countries,1 and can cause severe impacts on quality of life, morbidity,

mortality, and the social and economic development of individuals.2 Hematologic

complications have been identified as the commonest cause of morbidity and mortality

among HIV-seropositive patients, with considerable impact on quality of life and

clinical outcomes.3–5 Several causes of anemia have been reported in HIV patients,

among which the most commonly reported are deficiencies in minerals, iron, and
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vitamin B12,
6 In addition to hookworm infestation, malaria

infection, vitamin A deficiency, genetic defects, and chronic

infections, such as TB and HIV.7–9

In recent epidemiological studies, anemia has appeared to

be the commonest clinical burden in people living with HIV/

AIDs,10–12 and its severity increases with declining CD4

count13 and progression of the HIV/AIDs to the advanced

stage.14 Moreover, among those with HIV, anemia influences

the natural history of the disease, leading to disease progres-

sion, and is an independent predictor of death, irrespective of

CD4 count or viral load.15–17 A systematic review of the

literature suggests that anemia in patients with HIV in a

number of subpopulations tends to becommoner in develop-

ing countries than developed countries,18 with estimates of

up to 80%19–21 depending on region and threshold used to

define anemia. Factors often contributed to the risk of devel-

oping anemia in HIV infection include antiretroviral therapy

(ART) regimen, presence of opportunist infections, sex,22–25

low CD4+ T-lymphocyte count,20,25,26 increased viral load,27

being pregnant,18 intravenous (IV)drug use,18,28 and

increased age.29 Importantly, the documented rate of anemia

and its potential causes is different in different settings and

times. According to recent estimates, Nepal is home to

approximately 50,200 people living with HIV.30 Despite the

high rate, the magnitude of anemia and its contributing

factors in this populations has been largely ignored.

Therefore, the present study aimed to determine the preva-

lence of anemia and examine factors associated with it.

Methods
Study Design and Setting
This was a cross-sectional study conducted at Sukraraj

Tropical and Infectious Disease Hospital, Teku, Kathmandu

from November 2016 to August 2017. It is one of the most

renowned hospitals in the country, containing 100 beds in

Kathmandu Valley, and is specifialized in the treatment of

HIVand providing health services to patients from all parts of

the country. This hospital not only provides health-related

services to HIV individuals but also provides motivation to

fight against HIVand AIDS. It enables individuals and com-

munities affected by HIV to protect themselves, care for

others, advocate for better services, and challenge stigma

and discrimination.

Study Population and Selection
Patients visiting the hospital from November 2016 to

August 2017 who met the enrollment criteria for study

were included. A total of 210 HIV-seropositive patients

were eligible and included for analysis. Patients were

eligible if aged 16 years or above and showed willingness

to participate. Patients with incomplete demographic and

clinical information, hemolytic anemia, and active gastro-

intestinal bleeding and pregnant women were excluded

from the study.

Variable of Interest
The core variable of interest of this study was anemia.

Covariates used for analysis were age, sex, CD4 count, ART

regimen, history of IV-drug use, marital status, religion, dom-

icile, employment status, hypertension, and diabetes mellitus.

Data Collection
Standardized data-collection forms were completed.

Sociodemographic and relevant clinical data from patient

interviews and medical record files were assessed.

Demographic information— age, sex, religion, marital status,

employment status, geographical location, and history of IV-

drug use—was gathered. Clinical information, ie, ARTstatus,

hypertension, diabetes mellitus, and opportunistic infections,

were assessed from patients’ medical records, and laboratory

profiles, eg, hemoglobin (HB) and CD4 counts, were assessed.

Assessment of Anemia
Anemia for men was defined as Hb concentration <13 g/dL

(mild 11–12 g/dL, moderate 8–10.9 g/dL, severe <8 g/dL),

whereas for nonpregnant women it was defined as <12.0 g/dL

(mild 11–11.9 g/dL,moderate 8–10.9 g/dL, severe<8 g/dL).31

Assessment of Immunostatus
Immunostatus was categorized into mild immunodeficiency,

advanced immunodeficiency, and no significant immunodefi-

ciency using CD4 counts of <200 cells/mm3, 200–499 cells/

mm3, and ≥500 cells/mm3, respectively.32 A Sysmex auto-

mated hematology analyzer (XN-L series XN-330) was used

for Hb estimation (cyanide-free sodium lauryl sulfatemethod).

In this machine, Hb conversion of oxy-Hb method is fast, as

blood Hb is instantly converted into oxy-Hb. In addition, it

does not use poisonous substances, such as cyanide, and thus

is a suitable method for performing automatic analysis. A BD

FACSCount was used for determination of CD4 count. When

whole blood is added to the reagent tube, fluorochrome-

labeled antibodies in the reagents bind specifically to white

blood–cell surface antigens and a fluorescent nuclear dye

binds to the nucleated blood cells. After a fixative solution is

added, the sample is run on the instrument. During sample
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acquisition, cells pass through the laser light, which causes

labeled cells to fluoresce. This fluorescent light provides the

information necessary for the instrument to identify and count

lymphocytes and CD4 T lymphocytes. In addition, the reagent

tubes contain a known number of fluorescent reference beads,

to which a precise volume of whole blood is added. The

software automatically identifies lymphocyte populations of

interest and calculates CD4 counts (cells/µL) by comparing

cellular events to bead events. Results include CD4 counts and

CD4 percentages.

Statistical Analysis
Continuous data are expressed as means ± SD. Categorical

variables are presented as numbers and percentages in

each category. Prevalence of anemia is reported as percen-

tages with corresponding 95% CIs. Fisher’s exact and χ2

tests were performed to determine the significance of

differences among categorical variables and t-tests for

continuous variables. Binary logistic regression yielding

ORs) with 95% CIs were used to determine predictors

associated with anemia among people living with HIV.

To fit the binary logistic model, multicollinearity for each

independent predictor was checked. Statistical tests were

two-tailed, and P<0.05 was considered significant. All

statistical analysis was performed with SPSS version 11.5.

Ethical Issues
The study protocol was approved by the ethical research

committee of Sukraraj Tropical and Infectious Disease,

Teku, Kathmandu. Hospital permission was granted prior

to data collection. Patients were well aware of the study

protocol, and written consent from those who showed will-

ingness to participate was sought prior to commencing the

study. The study was conducted in accordance with the

Declaration of Helsinki. Patient confidentiality was assured.

Results
Table 1 presents sociodemographic and health character-

istics of the study population. Of the total 210 HIV

patients, the median age was 37.50±10.57 (16–66) years,

and 110 (52.4%) were female. A total of 145 (69%) study

subjects were married and eight (3.8%) widowed.

Eighteen (8.6%) subjects had a history of IV-drug use.

The mean Hb level was 11.03±10.80 (8–17.4) mg/dL.

About two-thirds 141, 67.1%) of the population had CD4

counts <200, followed by 53 (25.2%) with 200–499 and

16 (7.6%) with >500.

The prevalence of anemia overall was 66.7% (95% CI

60.64%–73.35%): mild anemia 14.3% (95% CI 8.25%–

19.74%), moderate anemia 40.5% (95% CI 31.88%–

48.11%), and severe anemia 11.9% (95% CI 6.61–17.30%)

(Table 2).

Table 1 Sociodemographic and Clinical Characteristics of

Participants

n 210

Age, years (continuous), median

(interquartile range), range

37.50 (30.75–40.00), 16–66

Age, years (categorical, n (%)

18–39 18 (8.6)

40–59 111 (52.9)

≥60 81 (38.6)

Sex, n (%)

Male 110 (52.4)

Female 100 (47.6)

Marital status

Married 145 (69)

Unmarried 57 (27.1)

Widowed 8 (3.8)

Domicile, n (%)

Rural 126 (60)

Urban 84 (40)

Religion, n (%)

Hindu 140 (66.7)

Buddhist 51 (24.3)

Christian 13 (6.2)

Muslim 6 (2.9)

Hypertension, n (%) 15 (7.1)

Diabetes mellitus, n (%) 11 (5.2)

IV-drug user, n (%) 18 (8.6)

Hb (mg/dL), mean ± SD (range) 11.03±10.80 (5.80–17.40)

RBC count (million/mm3), mean

± SD (range)

4.31±0.52 (3.20–5.90)

CD4 (cells/mm3), mean ± SD

(range)

203.96±21.60 (8–1,312)

CD4 (cells/mm3), n (%)

<100 85 (40.5)

100–249 66 (31.4)

300–500 44 (21)

>500 15 (7.1)

CD4 (cells/mm3), n (%)

<200 141 (67.1)

200–499 53 (25.2)

≥500 16 (7.6)

Abbreviations: IV, intravenous; Hb, hemoglobin, RBC, red blood cell.
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Table 3 shows associations between anemia and socio-

demographic/clinical parameters. Age (continuous), age

(categorical) marital status, employment status, domicile,

religion, IV-drug use, disease transmission, hypertension,

diabetes mellitus, ART status, and CD4 count (continuous

variable) were not significantly associated with occurrence

of anemia (P>0.05). Mean CD4 counts were insignificantly

lower among anemic patients compared to those among

nonanemic patients (187.21±228.46 vs 237.46±185.94,

P=0.11). However, anemia prevalence increased with

decreasing CD4 count (5.71%, 12.85%, and 48.09%)

among patients with CD4 counts >500, 200–499, and <200

cells/mm3, respectively, and the difference was statistically

significant (P=0.019). In the sex category, anemia was more

prevalent in females (36.19%) than males (30.47%), a sig-

nificant difference (P=0.04). Severity of anemia (mild/mod-

erate/severe) was significantly associated with

immunostatus (<200/200–499/>500, P=0.048; Figure 1).

Table 4 shows independent predictors associated with

anemia. Bivariate logistic regression was modeled to illus-

trate factors associated with anemia in HIV patients. Age

(continuous), marital status, geographic diversity, religion,

IV drug-use,ART status, and CD4 count (<200, 200–500,

and >500) were taken into account for the model. Sex

remained an independent factor associated with anemia, and

the odds of having anemia were 2.27 times higher in females

than males (OR 2.27, 95% CI 1.25–4.12;P=0.007). After

adjustment for age (continuous), marital status, geographic

diversity, religion, IV-drug use, ART status, and CD4 count

(<200, 200–500, and >500), sex remained an independent

predictor of anemia (OR 2.48, 95% CI 1.24–4.96; P=0.01).

Discussion
Anemia is a growing complication of infection with HIV1

and could be clinically important to public health. The

etiology of anemia is multifactorial and thus it is difficult

Table 2 Prevalence of Anemia (n=210)

Frequency Prevalence

(95% CI)

95% CI

LL UL

Anemia 140 66.7 60.64 73.35

Anemia severity

(n=140)

Mild 30 14.3 8.25 19.74

Moderate 85 40.5 31.88 48.11

Severe 25 11.9 6.61 17.30

Table 3 Associations Between Anemia and Sociodemographic/

Clinical Parameters

Total Anemia P-value

Anemic, n (%) Nonanemic

Age (years),

continuous

37.98±11.07 37.44±9.57 0.72

Age (years),

categorical)

210 0.65

18–39 18 13 (6.19) 5 (2.38)

40–59 11 71 (33.80) 40 (19.04)

≥60 81 56 (69.13) 25 (11.90)

Sex 210 0.014

Male 110 64 (30.47) 46 (21.90)

Female 100 76 (36.19) 24 (11.42)

Marital status 210 0.81

Married 145 95(45.23) 50 (23.80)

Unmarried 57 39(18.57) 18 (8.57)

Widow 8 6 (0.02) 2 (0.09)

Employment 210 0.48

Employed 103 68(32.38) 35 (16.66)

Unemployed 107 72 (34.28) 35 (16.66)

Domicile 210 0.21

Urban 84 54 (25.71) 30 (14.28)

Rural 126 86 (40.95) 40 (19.04)

Religion 210 0.35

Hindu 140 93 (44.28) 47 (22.38)

Buddhist 51 37 (17.61) 14 (6.66)

Christian 13 6 (2.8) 7 (3.33)

Muslim 6 4 (1.9) 2 (0.09)

Disease

transmission

210 0.17

Acute 82 50 (23.80) 32 (15.23)

Chronic 128 90 (42.85) 38 (18.09)

Hypertension 15 8(3.80) 7 (3.33) 0.19

Diabetes

mellitus

11 7 (3.33) 4 (1.90) 0.53

Drug use 18 10 (4.76) 8 (3.8) 0.29

CD4, cells/mm3

(continuous)

210 187.21±228.46 237.46±185.94 0.11

CD4, cells/mm3

(categorical)

210 0.019

<200 141 101 (48.09) 40 (19.04)

200–500 153 27 (12.85) 26 (12.38)

>500 16 12 (5.71) 4 (1.90)

CD4 (cells/mm3)

count

210 <0.001

<100 85 71 (33.80) 14 (6.66)

100–299 66 39 (18.57) 27 (12.85)

300–500 44 19 (9.04) 25 (11.90)

>500 15 11 (5.23) 4(1.90)

(Continued)
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to know its original cause, consequently complicating its

proper management.33 In different study settings, the pre-

valence of anemia varies, and has been estimated at up to

85%.20,26 The overall prevalence of anemia in this study

was 66.7%, in agreement with several earlier studies from

various locations also indicating high rates: 64% in

Nigeria,34 71% in Isfahan, Iran,20 69.7% in Benin,

Nigeria,35 77.4% in Tanzania,36 and 85% among ART-

naïve patients in India.26 However, our figure is higher

than findings from many other Asian and non-Asian

regions: Iran (46%),37 China (51.9%),29 South Africa

(25.8%),15 Ethiopia (34.6%),24 northwest Ethiopia

(34%),23 northern India (16.2%),38 and Ghana (23.8%).39

Our study indicated that 14.3%, 40%, and 11.9% of

patients had mild, moderate, and severe anemia, respec-

tively. The mild-anemia prevalence (14.3%) noted in this

study corresponds well with results of another study

(14%).20 However, this figure was lower than results

(32.4%) from a study in China.29 In this study, 40% of

anemic patients had moderate anemia. In comparison,

lower rates of moderate anemia have been observed in

earlier studies: 17% in China29 and 15.6% in Ethiopia.24

The rate of severe anemia (11.9%) reported in this study is

higher than previous studies: 2.55% in China,29 5% in

Ethiopia,24 and 4% in Iranian HIV patients.20

The variations reported in the current study compared

to other studies could be due to disparities in sociodemo-

graphic characteristics and status of immunity of the par-

ticipants. For instance, in this study a majority (67.1%) of

subjects had CD4 counts <100. However, in northwest

Ethiopia, the prevalence of CD4 counts <200 cells/mm3

was 14.8%,23 with anemia 34%. Similarly, most of the

study participants (40.9%) in China had CD4 counts <50

cells/mm3, with anemia 51.9%.29

Other factors that could have contributed to the varying

rates of anemia seen among studies include presence/

absence and/or degree of opportunistic infection, enroll-

ment criteria, varying nutritional status, as malnutrition

has a significant effect on anemia,40,41 different ART regi-

mens, dissimilar methodologies, and the heterogeneity of

study populations. Moreover, lower Hb-concentration

thresholds used to characterize anemia in some previous

studies might have contributed to the noncomparability in

documented prevalence. For some of these studies, anemia

was defined as Hb <12 for men and <11 for women

g/dL.29 As such, the lower cutoffs could have considerably

lowered the prevalence of anemia and underestimated the

magnitude of the problem.

In this study, the median ages was 37.50±10.85 years,

in agreement with an earlier study.24 Numbers of anemic

patients aged 18–39, 40–59, and ≥60 yearswere 13, 71,

and 56, respectively. Categorical analysis revealed no sig-

nificant association between anemia and age (strata).

However, arithmetically the prevalence of anemic subjects

in the age-group ≥60 years appeared to be higher (69.13%)

than any other (33.80% for 40–59 and 6.9% for 16–39

years). This nonsignificant association is also supported by

results of a previous study.42

There are no firm conclusions regarding the association

between sex and anemia in HIV infection. Previous studies

demonstrated that sex was not associated with anemia;

however, arithmetically the prevalence of anemia was

higher in women than men.43 In comparison, our study

demonstrated a significant association between sex and

anemia, and the odds of developing anemia were signifi-

cantly higher in females (OR 1.98, P=0.014). Moreover,

this association is well supported by several earlier find-

ings in different study settings.22–25 The high prevalence

mild moderate severe normal

<200 18 63 20 40

200-499 7 16 4 26

>500 5 6 1 4

0

10

20

30

40

50

60

70

fr
eq

ue
nc
y

P=0.048

Figure 1 Association between severity of anemia and CD4 count (χ2).

Table 3 (Continued).

Total Anemia P-value

Anemic, n (%) Nonanemic

ART 210 0.20

Yes 172 112 (53.33) 60 (28.57)

Naïve 38 28 (13.33) 10 (4.76)

ART regimen 0.15

NRTI and

NNRTI

162 103 (49.04) 59 (28.09)

All 9 8 (3.80) 1 (0.04)

None 39 29 (13.80) 10 (4.76)

Abbreviations: ART, antiretroviral therapy; NRTI, nucleoside reverse-transcrip-

tase inhibitor; NNRTI, non-NRTI.
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of anemia and its higher risk in HIV-seropositive patients

could be explained by the fact that women in childbearing

years are more likely to have blood loss from menstruation

and increased blood-supply requirements, and in turn an

increased rate of anemia.44

In our subjects, CD4 counts in anemic patients were

found to be insignificantly lower compared to nonanemic

patients (187.21±228.46 vs 237.46±185.94, P=0.11).

However, categorical analysis revealed a significant associa-

tion between CD4 cell count (<200, 200–499 >500) and

anemia (P=0.019). Moreover, prevalence of anemia

increased with decreasing CD4 count (5.71%, 12.85%, and

48.09%) among patients with CD4 counts >500, 200–499,

and <200 cells/mm3 respectively. This corresponds well with

results from earlier studies.20,25,26 Zerihin et alrevealed that

patients with CD4 counts <200 cells/mm3 were more likely

to be anemic than those with CD4 counts ≥500 cells/mm3.23

Similarly,Shen et al29 noted that the prevalence of anemia

increased with decreasing CD4 cell count (14.0%, 22.4%,

50.7%, and 74.6% among patients with CD4 counts ≥350,

200–349, 50–199, and <50 cells/mm3 respectively).

In this study, the severity of anemia was significantly

correlated with CD4 cell count, and the proportion of severe

anemia significantly increased with decreasing CD4 count.

This may be an important biological implication in our find-

ings whereby lower CD4 count was associated with

increased risk of anemia severity. A limitation is that this

was a cross-sectional study, which only allows evaluation of

associations at a specific point, but cannot draw conclusions

about causal relationships over time. Therefore, a longitudi-

nal study in a large representative population is needed to

identify the causal relationship between anemia and various

sociodemographic and clinical risk factors.

Conclusion
Our study revealls that anemia is a common comorbidity

in patients living with HIV in Nepal. In particular, patients

(especially with decreased immunostatus and female sex)

are at greater risk of developing anemia, and a particular

emphasis on careful evaluation to alleviate immune-sys-

tem problems in these populations is necessary. Moreover,

there is also a need to focus on routine screening and

Table 4 Bivariate Logistic Regression Analysis of Factors Associated with Anemia Among HIV+ Patients

P-value COR (95% CI) P-value (AOR)

Age 0.72 0.99 (0.96–1.02) 0.54 0.98 (0.95–1.02)

Sex (female) 0.007 2.27 (1.25–4.12) 0.010 2.48 (1.24–4.96)

Marital status

Married 0.58 1.57 (0.30–8.1) 0.56 0.59 (1.00–3.81)

Unmarried 0.70 1.38 (0.25–7.5) 0.42 0.44 (0.06–3.16)

Widow Reference — — —

Religion

Hindu 1.01 0.99 (0.17–5.7) 0.98 1.39 (0.15–6.08)

Buddhist 0.75 0.76 (0.12–4.6) 0.67 0.66 (1.00–4.56)

Christian 2.3 0.41 (0.31–17.54) 0.48 2.15 (0.25–18.15)

Muslim Reference — — —

Drug use 0.30 1.67 (0.63–4.45) 0.75 1.20 (0.38–3.74)

Domicile

Rural 0.55 0.83 (0.46–1.50) 0.81 (0.43–1.58)

Urban Reference — — —

CD4 count

<200 0.097 2.88 (0.82–10.11) 0.85 0.91 (0.24–3.21)

200–500 0.77 1.18 (0.36–3.92) 0.17 2.63 (0.66–9.74)

>500 Reference — — —

ART

Yes 0.31 1.50 (0.68–3.29) 0.29 1.57 (0.67–3.66)

Naïve Reference — — —

Abbreviations: COR, crude OR; AOR, adjusted OR.
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timely management of anemia to prevent disease progres-

sion and improve quality of life. In addition, increasing

awareness of people living with HIV about the benefits of

adhering to a nutritional diet consistently could be useful

in managing anemia, as an appropriate diet helps the body

in proliferating sufficient red blood cells and other granu-

locytes in the body.

Abbreviations
ART, antiretroviral therapy; Hb, hemoglobin; NRTI,

nucleoside reverse-transcriptase inhibitor; NNRTI, non-

NRTI.
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