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Abstract. Anemia in HIV-infected patients improves with highly active antiretroviral therapy (HAART); however, it may
still be associated with mortality among patients receiving treatment. We examined the associations of anemia severity
and iron deficiency anemia (IDA) at HAART initiation and during monthly prospective follow-up with mortality among
40,657 adult HIV-infected patients receiving HAART in Dar es Salaam, Tanzania. Proportional hazardsmodels were used
to examine the associations of anemia severity and IDA at HAART initiation and during follow-up with mortality. A total of
6,261 deaths were reported. Anemia severity at HAART initiation and during follow-up was associated with an increasing
risk ofmortality (trend testsP<0.001). Therewas significantly highermortality risk associatedwith IDAatHAART initiation
and during follow-up versus no anemia or iron deficiency (both P < 0.001). These associations differed significantly by
gender, body mass index, and iron supplement use (all interaction test P < 0.001). The magnitude of association was
stronger among men. Mortality risk with severe anemia was 13 times greater versus no anemia among obese patients,
whereas it was only two times greater among underweight patients. Higher mortality risk was observed among iron
supplement users, irrespective of anemia severity. Anemia and IDA were significantly associated with a higher mortality
risk in patients receiving HAART. Iron supplementation indicated an increasedmortality risk, and its role in HIV infections
should be examined in future studies. Given the low cost of assessing anemia, it can be used frequently to identify high-
risk patients in resource-limited settings.

INTRODUCTION

Anemia is the most common hematological complication
in HIV-infected patients globally, with prevalence estimates
ranging from 11% to 69%—severe anemia being more prev-
alent in the advanced disease stage.1–5 Causes of anemia are
multifactorial, and iron deficiency (ID) is the most significant
factor in approximately 50%of thecases.3,6 Another prevalent
cause is the anemia of chronic disease (ACD), which is char-
acterized by the release of pro-inflammatory cytokines. These
cytokines disrupt the iron homeostasis of the body, resulting
in anemia.7,8

Anemia in antiretroviral therapy (ART)-naive, HIV-infected
patients has been associated with increased mortality,
independent of CD4 cell count and other prognostic
markers.1,9–12 Several studies in patients initiating highly ac-
tive antiretroviral therapy (HAART) have also identified anemia
as a prognostic marker.2,13 A collaboration of 10 HIV cohort
studies in North America and Europe analyzing data from
12,100 subjects demonstrated that anemia at HAART initiation
was independently associated with higher mortality, after
adjusting for age, gender,CD4cell count, plasmaviral load, and
disease stage (adjusted hazard ratio [95% CI] for mild anemia
[1.42; 1.17–1.73], moderate anemia [2.56; 2.07–3.18], and se-
vere anemia [5.26; 3.55–7.81]).13 Studies also suggest that
anemia improves with HAART.1,5,13,14 Despite these findings,
studies examining the association between anemia severity
during follow-up and the risk of mortality are not available.

Oral iron is recommended for the treatment of non-severe
forms of anemia.15 However, there are concerns regarding the
use of iron in infectious disease, as it has been associatedwith
increasedmorbidity.16,17 Experimental studies have identified
that iron is critical for the transcription of HIV.17 Supportive
findings from epidemiological studies conducted in de-
veloped countries have also shown an increased risk of HIV
disease progression with increased iron stores.18 By contrast,
others have not demonstrated significant associations,
resulting in inconclusive evidence.17–19

Given the paucity of studies examining the relative contri-
bution and potential interaction of anemia, iron deficiency
anemia (IDA), and iron supplementation for HIV-infected in-
dividuals receiving HAART, we conducted an observational
study of patients enrolled in a large urban HIV care and
treatment program in Dar es Salaam, Tanzania. We examined
the association of anemia severity and IDA at HAART initiation
andduring the course of treatmentwithmortality and explored
their interaction with iron supplementation.

SUBJECTS AND METHODS

Subjects. This prospective cohort study consisted of HIV-
infected adults attending HIV care and treatment clinics sup-
ported by the Management and Development for Health
(MDH) between November 2004 and September 2012 in Dar
es Salaam, Tanzania. The Management and Development for
Health is supported by the U.S. President’s Emergency Plan
for AIDSRelief and providesHIV care and treatment, including
HAART, follow-up for side effects, preventive and therapeutic
treatment for disease complications, and laboratory and
technical support, for HIV-infected patients in Dar es Salaam.
Clinical care followed the guidelines of the Tanzanian National
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AIDS Control Program and the WHO.20,21 The criteria for
HAART initiation were WHO stage IV, WHO stage III with CD4
cell count < 350 cells/μL, or CD4 cell count < 200 cells/μL. The
initiation criteria were modified in 2012 to include adults in
WHO stage IV or III, regardless of the CD4 cell count, or with
CD4 cell count < 350 cells/μL, regardless of the clinical
symptoms.22 The standard first-line ART regimen included
two nucleoside reverse-transcriptase inhibitors, stavudine or
zidovudine (AZT) and lamivudine, plus one nonnucleoside
reverse-transcriptase inhibitor, efavirenz or nevirapine. To
avoid drug interactions, efavirenz was substituted for nevir-
apine in patients receiving rifampin anti-tuberculosis (anti-TB)
therapy. All drugs were supplied free of charge by the Tan-
zanian government if the patient was found eligible. Adult
patients found to be anemic on hemoglobin test were given
iron supplements daily, ferrous sulfate 200 mg and folic acid
5 mg, until follow-up test indicated no anemia or up to
6months. Patients aged 15 years or older enrolled in theMDH
who initiated HAART between November 2004 and Septem-
ber 2012, were ART naive and not pregnant, and had at least
onehemoglobinmeasurement in the3monthsbeforeorwithin
14 days of HAART initiation were included in this study.
Study procedures. Detailed background information was

obtained, and physical examination was conducted for all
participants at the time of MDH enrollment. After HAART ini-
tiation, participants were seen monthly by a physician who
performed a complete clinical examination. A counselor
assessed adherence to the regimen and provided nutrition
counseling, if necessary. Study physicians assessed the HIV
disease stage according to the WHO staging criteria.23 At
each visit, study nurses performed anthropometric measure-
ments using calibrated instruments and standardized tech-
niques and recorded any illness at the time of visit or in the
previous 1month. Laboratory tests, including CD4 cell counts
(using FACS Calibur; Becton Dickinson [BD], San Jose, CA),
were conducted and blood chemistry values (using Cobas
Integra 400 Plus chemistry analyzer; Roche, Basil, Switzer-
land) measured at HAART initiation and repeated every
4months. Viral load testingwas not routinely performed in this
cohort. All data on sociodemographic characteristics, clinical
information, physical examination, laboratory measurements,
and therapeutics were entered by physicians and nurses on
standard structured forms with unique patient identifiers. Data
forms were assessed by reviewers for completeness and ac-
curacy of information, followed by entry into a secure com-
puterized database.
Assessment of anemia, ID, andmortality.Blood samples

for the assessment of anemia and ID were collected by
trained phlebotomists at the time of HAART initiation and
then repeated every 4 months. Patients receiving AZT also
had hemoglobin assessed after 2 weeks of HAART initiation
to assess for toxicity. Anemia and ID were defined using
hemoglobin concentration and mean corpuscular volume
(MCV) obtained from the complete blood count (using ACT5
DIFF hematology analyzer; Beckman Coulter, Brea, CA).
Anemia was categorized as mild, moderate, and severe us-
ing the following definitions: mild (hemoglobin 10 to < 12 g/dL in
women and 10 to < 13 g/dL in men), moderate (hemoglobin
7.0 to < 10 g/dL), and severe (hemoglobin < 7 g/dL). No
anemia was defined as hemoglobin ³ 12 g/dL in women
and ³ 13 g/dL in men.24 Iron deficiency was defined as
MCV < 80 fL.25 Each individual’s IDA status was then

identified by assessing anemia and ID, thereby creating four
groups: no anemia or ID, ID without anemia, anemia without
ID, and IDA.
Study participants were followed up to assessmortality due

to any cause using a comprehensive tracking system. Early
mortality was defined as death within the first 3 months of
HAART initiation. If participants missed a scheduled clinic
visit, they were contacted via phone or by a home visit to
encourage a return visit to the clinic. Deaths were recorded
after notification by familymembers or friends, through review
of medical records, by a clinician treating a patient at the time
of death, by patient tracking teams, or by community-based
health-care workers. In case of loss to follow-up, a network of
community-based health-care workers and volunteers ac-
tively traced patients and ascertained their vital status. Pa-
tients were followed up until death, loss to follow-up, or
September 30, 2012. If the patient was known to have died but
the date of death was unknown, date of the last patient visit
was used as the date of death.
Covariates. Detailed information on the following cova-

riates was collected at the time of HAART initiation and sub-
sequent clinic visits: age, bodymass index (BMI), district inDar
es Salaam, facility level, WHO clinical disease stage, use of
iron supplements, TB treatment, oral candidiasis, diarrhea,
HAART regimen, and nonadherence to therapy. Gender, his-
tory of pulmonary TB, and calendar year of HAART initiation
were recordedat the timeof the initial visit. Nonadherencewas
measured using the drug pickup data and defined as days late
for the scheduled drug pickup appointment as a proportion of
the total days since last visit, expressed as a%. If thismeasure
was ³ 5%, the patient was labeled as nonadherent.26 As-
sessment for pulmonary TB was performed at enrollment in
theprogramusingchest X-ray andsputumsmear examination
for acid-fast bacilli. These were repeated in patients with
symptoms suggestive of TB at follow-up visits.
Ethical considerations. This study was ethically approved

by the Institutional Review Boards of the Harvard School of
Public Health and theMuhimbili University of Health andAllied
Sciences.
Statistical analysis. The distribution of baseline charac-

teristics of the study participants was described using pro-
portions and medians (interquartile ranges [IQRs]). Cox
proportional hazards regression models were used to exam-
ine the associations of anemia severity and IDA at the time of
HAART initiationwith time to earlymortality, and thoseof time-
dependent anemia severity and IDA with time to overall mor-
tality.27 Trend for the associations of anemia severity was
calculated using the median hemoglobin value for each ane-
mia category and by treating it as a continuous variable. For
the association of IDAwithmortality,P-valueswere calculated
using the likelihood ratio tests. We also examined anemia
severity andmortality associations in a subset of patients who
didnot have IDatHAART initiation asaproxy for anemiadue to
chronic inflammation.28 The Andersen–Gill data structure with
a row representing observations for the exposure and cova-
riates measured at a visit were used.29 Hemoglobin and other
laboratory measures were repeated every 4 months and were
carried forward until the next measurement became available.
Follow-up for death was calculated as time from HAART ini-
tiation until the outcome, last visit during follow-up, or Sep-
tember 30, 2012, whichever occurred first. The proportional
hazards assumption was tested by assessing the significance
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of time since HAART initiation by covariate interactions in the
multivariate model using the partial likelihood ratio tests.
The following potential confounders and categorizations

were included in the multivariate models: gender, age (< 30,
30 to < 40, 40 to < 50, and ³ 50 years), district in Dar es
Salaam (Ilala, Kinondoni, and Temeke), facility level (hospi-
tal, health center, and dispensary), BMI categories (< 18.5,
18.5 to < 25, ³ 25 to < 30, and ³ 30 kg/m2), CD4 cell count
(< 50, 50 to < 100, 100 to < 200, and ³ 200 cells/μL), WHO
disease stage (I, II, III, and IV), alanine aminotransferase (< 40
and ³ 40 IU/L), HAART regimen (stavudine, lamivudine, and
nevirapine; stavudine, lamivudine, and efavirenz; zidovu-
dine, lamivudine, and nevirapine; zidovudine, lamivudine,
and efavirenz; tenofovir, lamivudine/emtricitabine, and
nevirapine; tenofovir, lamivudine/emtricitabine, and efavirenz;
and others/missing), nonadherence to therapy (< 5% or
³ 5%), calendar year since HAART initiation, use of iron
supplements (yes or no), TB history (yes or no), treatment for
TB (yes or no), diarrhea (yes or no), oral candidiasis (yes or
no), and season of visit (long rainy [April–May], long dry
[June–September], short rainy [October–November], and
short dry [December–March]). All continuous potential
confounders were also evaluated for nonlinearity of the
association semi-parametrically using restricted cubic
splines.30,31 When found significant, spline terms were se-
lected by stepwise selection for inclusion in the model.
Missing indicators were used when model covariates were
unavailable.32 We assessed potential modifications of the
association by gender, use of iron supplements, BMI cat-
egories, CD4 cell count (< 350 versus ³ 350 cells/μL), and
use of zidovudine, as there is evidence from earlier studies
or potential biological mechanisms suggesting plausible
modifications of the associations.33 Interaction terms be-
tween exposure categories and potential effect modifiers
were created and assessed for significance in the multi-
variate models using a partial likelihood ratio test. If found
significant, we calculated estimates of the associations
stratified by this variable. All significance tests were
two-sided, and the differences were considered significant

at P < 0.05. Statistical analyses were performed using SAS,
version 9.2 software (SAS Institute, Inc., Cary, NC).

RESULTS

Characteristics of study participants. A total of 40,657
participants were eligible for the study (Figure 1). The median
(IQR) age of study participants was 37 years (range 31–44
years), and 66% were females. Eighty-five percent of the
participants were anemic at the time of HAART initiation; the
proportion of participants with mild, moderate, and severe
anemiawas 41%, 36%, and 8%, respectively.More than 75%
of patients were in WHO disease stage III or IV, and 73% had
CD4 cell counts < 200 cells/μL. Approximately 10% of the
patients received iron supplements. Characteristics of the
study participants at HAART initiation are presented in
Table 1. In all, 27,569 participants had MCV measured at
HAART initiation. Of these, 44% had IDA, 41% had anemia
without ID, and only 4%of the patients had IDwithout anemia.
The primary reason identified for participants’ missing MCV
measurements in this resource-limited setting was the non-
availability of laboratory reagents or nonfunctioning of the
hematology analyzer.
Associations ofmild,moderate, and severe anemiawith

mortality. There were a total of 6,261 deaths reported in the
prospective follow-up of the study participants. Fifty-eight
percent (n = 3,611) of the total deaths occurred within the first
3 months of follow-up (early mortality). A total of 31% of all
deaths occurred in the mild anemia category (n = 1,933), 39%
in the moderate anemia category (n = 2,429), 20% in the se-
vere anemia category, and 11% of the total deaths among
those with no anemia at HAART initiation (n = 662). The
median (IQR) follow-up time for the study participants was
21 months (range 3–43 months).
The associations of anemia severity with mortality are

shown in Table 2. Anemia at HAART initiationwas significantly
associated with an increased risk of mortality in the first
3 months of follow-up (trend test P-value < 0.001); the relative
risk of mortality increased with increasing severity of anemia.

FIGURE 1. Flow diagram showing selection of study participants (November 2004 till September 2012).
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A significant trend of increasing mortality with increasing
anemia severity during follow-up was also observed (trend
test P-value < 0.001). There was no indication of a change in
the magnitude or direction of the association of anemia with
mortality over time since HAART initiation.
We found significant independent modification of the as-

sociations of anemia severity at HAART initiation with early
mortality by gender and BMI (Table 3). The magnitude of the
associationswasstronger inmen thanwomen (interaction test
P-value = 0.01). Among men, severe anemia was associated
with a 4-fold increased risk of mortality compared with no
anemia (RR 4.33; 95% CI: 3.36, 5.57), whereas it was about
three times greater among women (RR 2.81; 95% CI: 2.35,
3.37). We noted an increasing risk of mortality with increasing
anemia severity, compared with no anemia in all strata of BMI.
However, the relative risks were increasingly stronger with
higher BMI (interaction test P-value < 0.01). Patients with se-
vere anemia at baseline had 13 times the risk of mortality
compared with those with no anemia if their baseline BMI
was ³ 30 kg/m2, but the risk of mortality was only two times
greater when the baseline BMI was < 18.5 kg/m2. The asso-
ciation of baseline anemia with mortality was not modified by
iron supplement use, CD4 cell count, and zidovudine use
(interaction test P-values > 0.05).
For the associations of anemia during follow-up with overall

mortality, we identified similar modifications of the associa-
tions by gender and BMI as noted previously (interaction test
P-values< 0.001); however, themagnitudeof the associations
for BMI ³ 18.5 kg/m2 was stronger for anemia at HAART ini-
tiation than for the estimates for anemia during follow-up
(Table 3). The anemia during follow-up and overall mortality
associationwasmodifiedby iron supplement use. Among iron
supplement users, associations of anemia during follow-up
with mortality were no longer statistically significant for non-
severe anemia categories. The risk of mortality, however, was
significantly higher for anemic patients not using iron

TABLE 1
Baseline characteristics of the study participants at HAART initiation
(n = 40,657)

Characteristics N (%)*

Gender (F) 26,954 (66)
Age, median (IQR) (years) 37 (31–44)
Age category (years)
< 30 7,102 (17)
30 to < 40 17,888 (44)
40 to < 50 10,780 (27)
³ 50 4,883 (12)

District
Ilala 16,637 (41)
Kinondoni 12,245 (30)
Temeke 11,648 (29)

Facility level
Hospital 32,349 (80)
Health center 3,081 (8)
Dispensary 5,100 (13)

Anemia†
None 6,369 (16)
Mild 16,506 (41)
Moderate 14,662 (36)
Severe 3,120 (8)

IDA‡
None 3,021 (11)
ID without anemia 1,100 (4)
Anemia without ID 11,235 (41)
IDA 12,213 (44)

BMI, median (IQR) (kg/m2) 20 (18–23)
BMI category
Underweight 12,403 (32)
Normal weight 20,524 (53)
Overweight 4,457 (11)
Obese 1,589 (4)

CD4 T cell, median (IQR) (count/μL) 125 (51–207)
CD4 T-cell category (count/μL)
< 50 9,487 (24)
50 to < 100 6,654 (17)
100 to < 200 12,353 (32)
³ 200 10,350 (27)

Alanineaminotransferase,median (IQR) (IU/L) 20 (14–30)
Alanine aminotransferase (IU/L)
< 41 27,259 (86)
³ 41 4,280 (14)

WHO disease stage
I 2,781 (7)
II 6,584 (16)
III 22,933 (57)
IV 7,892 (20)

HAART regimen
Stavudine, lamivudine, and nevirapine 9,818 (24)
Stavudine, lamivudine, and efavirenz 2,683 (7)
Zidovudine, lamivudine, and nevirapine 3,854 (9)
Zidovudine, lamivudine, and efavirenz 13,224 (33)
Tenofovir, lamivudine/emtricitabine, and
nevirapine/efavirenz

1,637 (4)

Missing/others§ 9,441 (23)
Season of visit
Long rainy (April–May) 6,821 (17)
Long dry (June–September) 15,167 (37)
Short rainy (October–November) 6,714 (17)
Short dry (December–March) 11,955 (29)

Past TB history
Yes 13,163 (34)
No 25,125 (66)

Receiving TB treatment
Yes 5,877 (17)
No 29,610 (83)

Receiving iron supplement
Yes 1,870 (10)
No 15,061 (89)

(continued)

TABLE 1
Continued

Characteristics N (%)*

Oral candidiasis
Yes 1,315 (4)
No 35,410 (96)

Diarrhea
Yes 1,444 (4)
No 38,424 (96)

Calendar year of HAART initiation
2004 or 2005 1,628 (4)
2006 4,529 (11)
2007 6,210 (15)
2008 7,413 (18)
2009 7,779 (19)
2010 6,278 (15)
2011 4,213 (10)
2012 2,607 (6)
BMI = body mass index; HAART = highly active antiretroviral therapy; ID = iron deficiency;

IDA = iron deficiency anemia; IQRs = interquartile ranges; TB = tuberculosis.
* Data are No. (%), unless otherwise indicated. Because of missing values, sums may be

less than the total. Because of rounding, values may not add to 100%.
†Anemiadefinedas follows:mild (hemoglobin 10 to< 12g/dL inwomenand10 to<13g/dL

in men), moderate (hemoglobin 7 to < 10 g/dL), and severe (hemoglobin < 7 g/dL). No anemia
was defined as hemoglobin ³ 12 g/dL in women or hemoglobin ³ 13 g/dL in men.
‡ Iron deficiency anemia defined as follows: anemia as hemoglobin < 12 g/dL for women or

hemoglobin < 13 g/dL for men, and ID as mean corpuscular volume < 80 fL. Anemia and ID
exposures were cross-classified to define each individual’s exposure status.
§ Includes missing HAART regimen and combinations of abacavir, lopinavir, indinavir,

saquinavir, atazanavir, didanosine, nelfinavir, ritonavir, zidovudine, lamivudine, stavudine,
efavirenz, nevirapine, tenofovir, and emtricitabine.
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supplements (interaction test P-value < 0.001). To explore the
nonsignificant associations of mild and moderate anemia
during follow-up with mortality among users of iron supple-
ments, we estimated relative risks for anemia severity using
patients with no anemia and no iron supplement use as a
reference (Table 4). Higher risk of mortality was observed
among users of iron supplements, irrespective of the anemia
status. The magnitude of the associations with mortality was
stronger among iron supplement users than in thosewhowere
not using iron supplements (Table 4).
Associations of ID and anemiawithmortality. Therewere

a total of 5,084 deaths in 27,569 patients who had both he-
moglobin and MCVmeasured at the time of HAART initiation.
Associationsof IDAwithmortality are presented in Table 5.We
found significantly higher risk ofmortality with IDA and anemia
without ID than with no anemia or ID (P-value < 0.001); how-
ever, the association was not statistically significant for ID
without anemia. The findings were less strong for the asso-
ciations of IDA and anemia during follow-up than for no ane-
mia or ID with overall mortality (P-value < 0.001).
Wealso foundsignificantmodification of the associationsof

IDA with mortality in the first 3 months by gender and BMI at
HAART initiation (Supplemental Table 1; available online). The
associations were significantly stronger among men (in-
teraction testP-value=0.03). Amongoverweight patients, IDA
was associated with a 4-fold increased risk of mortality as
compared with those with no anemia or ID (RR 4.61; 95% CI:
1.99, 10.67). By contrast, the risk of mortality was 1.41 times
higher among IDA patients than in those with no anemia or ID
whenunderweight (95%CI: 1.10, 1.81). Associationswere not
modified by CD4 cell count, iron supplement, and zidovu-
dine use at the time of initiation of therapy (interaction test
P-values > 0.05). We also found modification of the associa-
tions of IDA during follow-up with overall mortality, by gender
and BMI as noted previously (Supplemental Table 1). Higher
mortality risks were also noted among patients with zidovu-
dine use than in those not using zidovudine, and in those with
CD4 cell count < 350/μL than in those with ³ 350/μL. No
modification of the association was found by iron supplement
use (interaction test P-value > 0.05).
We estimated the association of iron supplement use

compared with no iron supplement use with mortality among

patients with IDA and among those with anemia without ID.
Iron supplement use was associated with significantly higher
risk of mortality compared with no use among both groups
(anemia with IDA RR 2.22; 95% CI: 1.94, 2.55; and anemia
without ID RR 2.29; 95% CI: 1.95, 2.68).
Associations of anemia with mortality in patients with-

out ID at HAART initiation. We identified 14,223 patients
without ID at HAART initiation. There were a total of 2,416
deaths, with 53% reported within the first 3 months of follow-
up. Associations of anemia with mortality are presented in
Supplemental Table 2. Therewasan increased riskofmortality
with increasing anemia severity at HAART initiation (trend test
P-value < 0.001). There was no indication of a change in the
magnitude or direction of associations over time sinceHAART
initiation. The association of baseline anemia with early
mortality wasmodified byBMIwith findings comparablewith
those presented earlier (interaction test P-value < 0.001).
The associations of anemia during follow-up with mortality
were modified by BMI as reported previously; however, the
magnitude of associations for BMI ³ 18.5 kg/m2 was stron-
ger for anemia at HAART initiation than for that estimated for
anemia during follow-up. The associations were also modi-
fied by gender and iron supplement use with findings similar
to those reported for the overall analysis (Supplemental
Table 3).

DISCUSSION

In this large cohort of HIV-infected patients in Tanzania, we
demonstrated that anemia at the time of HAART initiation and
anemia during follow-up were each independently associated
with an increased risk of mortality; the strength of the asso-
ciation increasedwith the severity of anemia. Patientswith IDA
and anemia without ID at HAART initiation and during follow-
up were also at a greater risk of mortality. However, ID alone
did not increase the risk significantly as compared with no
anemia or ID. Importantly, patients with iron supplement use
during follow-up, irrespective of their anemia status, were at a
higher risk than those who were not anemic and did not take
iron supplements. In addition, the magnitude of the associa-
tionof anemia and IDAwithmortalitywasstronger amongmen
and those with higher BMI.

TABLE 2
Associations of anemia* with mortality in HIV-infected patients initiating HAART (n = 40,657)

Exposure status Deaths/person-months Univariate RR (95% CI) Trend test P-value Multivariate RR† (95% CI) Trend test P-value

Baseline anemia and early mortality‡ 3,611/57,047
No anemia 242/9,432 1.00 (ref) < 0.001 1.00 (ref) < 0.001
Mild anemia 956/24,106 1.53 (1.33, 1.76) 1.26 (1.09, 1.45)
Moderate anemia 1,592/20,189 2.90 (2.53, 3.32) 1.90 (1.65, 2.18)
Severe anemia 821/3,320 7.31 (6.33, 8.44) 3.32 (2.86, 3.86)

Anemia during follow-up and overall
mortality

6,261/1,080,905

No anemia 662/360,985 1.00 (ref) < 0.001 1.00 (ref) < 0.001
Mild anemia 1,933/495,826 1.44 (1.32, 1.58) 1.28 (1.17, 1.40)
Moderate anemia 2,429/200,062 2.70 (2.47, 2.95) 2.00 (1.82, 2.19)
Severe anemia 1,237/24,032 7.67 (6.96, 8.46) 3.90 (3.51, 4.32)
BMI = body mass index; HAART = highly active antiretroviral therapy; ref = reference; TB = tuberculosis.
* Baseline anemia defined as: mild (hemoglobin 10 to < 12 g/dL in women or 10 to < 13 g/dL in men), moderate (hemoglobin 7 to < 10 g/dL), and severe (hemoglobin < 7 g/dL). No anemia was

defined as hemoglobin ³ 12 g/dL in women or hemoglobin ³ 13 g/dL in men.
†Baseline anemiamodel adjusted for gender, age, district, facility level, BMI andCD4 cell count splines,WHOdisease stage, alanine aminotransferase, HAART regimen, iron supplement use, TB

history, TB treatment, oral candidiasis, diarrhea, season of visit, and calendar year of HAART initiation. Follow-up anemiamodel adjusted for gender, district, calendar year of HAART initiation, and
time-varying values of facility level, splines for age, BMI and CD4 cell count, WHO disease stage, alanine aminotransferase, HAART regimen, nonadherence to HAART, iron supplement use, TB
treatment, oral candidiasis, and diarrhea.
‡ Early mortality defined as mortality in the first 3 months of follow-up.
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In our cohort, similar to other studies in sub-Saharan Africa,
about 75%of HIV-infected patients weremild andmoderately
anemic, and almost half of the patients had IDA.1,3–5 Our re-
sults also corroborate the findings from earlier studies which
indicated an increased risk of mortality associated with

anemia at the time of HAART initiation.13 We, however, also
found that anemia and IDA during follow-up in patients re-
ceiving HAART increased the risk of mortality, independent of
the associations of CD4 cell count, disease stage, HAART
regimen, adherence to therapy, age, gender, BMI, and other

TABLE 3
Modification of the associations of anemia* with mortality in HIV-infected patients initiating HAART (n = 40,657)

Exposure status

Baseline anemia and early mortality† Anemia during follow-up and overall mortality

Multivariate RR‡ (95% CI) P-value Multivariate RR§ (95% CI) P-value

Gender 0.01 < 0.001
Male

No anemia 1.00 (ref) 1.00 (ref)
Mild anemia 1.70 (1.34, 2.14) 1.65 (1.43, 1.89)
Moderate anemia 2.46 (1.95, 3.10) 2.57 (2.22, 2.96)
Severe anemia 4.33 (3.36, 5.57) 4.69 (3.98, 5.53)

Female
No anemia 1.00 (ref) 1.00 (ref)
Mild anemia 1.03 (0.86, 1.23) 1.06 (0.94, 1.19)
Moderate anemia 1.61 (1.36, 1.91) 1.67 (1.49, 1.87)
Severe anemia 2.81 (2.35, 3.37) 3.39 (2.99, 3.84)

BMI category < 0.001 < 0.001
Obese

No anemia 1.00 (ref) 1.00 (ref)
Mild anemia 1.83 (0.65, 5.14) 1.11 (0.72, 1.69)
Moderate anemia 6.97 (2.67, 18.21) 3.23 (2.13, 4.89)
Severe anemia 13.09 (4.14, 41.36) 7.73 (4.29, 13.92)

Overweight
No anemia 1.00 (ref) 1.00 (ref)
Mild anemia 1.57 (0.86, 2.88) 1.32 (1.00, 1.74)
Moderate anemia 3.96 (2.22, 7.04) 2.77 (2.09, 3.67)
Severe anemia 9.28 (4.84, 17.81) 8.63 (6.04, 12.33)

Normal weight
No anemia 1.00 (ref) 1.00 (ref)
Mild anemia 1.46 (1.15, 1.86) 1.27 (1.11, 1.46)
Moderate anemia 2.38 (1.88, 2.99) 2.09 (1.83, 2.39)
Severe anemia 5.56 (4.33, 7.13) 5.25 (4.49, 6.14)

Underweight
No anemia 1.00 (ref) 1.00 (ref)
Mild anemia 0.94 (0.77, 1.14) 1.16 (1.00, 1.35)
Moderate anemia 1.26 (1.04, 1.51) 1.55 (1.34, 1.79)
Severe anemia 2.04 (1.67, 2.49) 2.82 (2.41, 3.29)

Iron supplement use – < 0.001
Yes

No anemia – 1.00 (ref)
Mild anemia – 1.08 (0.66, 1.76)
Moderate anemia – 1.07 (0.68, 1.69)
Severe anemia – 1.65 (1.04, 2.62)

No
No anemia – 1.00 (ref)
Mild anemia – 1.34 (1.17, 1.53)
Moderate anemia – 2.02 (1.76, 2.31)
Severe anemia – 4.06 (3.46, 4.77)

Zidovudine usek – 0.22
Yes

No anemia – 1.00 (ref)
Mild anemia – 1.14 (0.99, 1.31)
Moderate anemia – 1.73 (1.50, 1.99)
Severe anemia – 3.62 (2.99, 4.38)

No
No anemia – 1.00 (ref)
Mild anemia – 1.41 (1.24, 1.61)
Moderate anemia – 2.25 (1.98, 2.57)
Severe anemia – 4.32 (3.74, 4.97)

BMI = body mass index; HAART = highly active antiretroviral therapy; ref = reference; TB = tuberculosis.
* Anemiadefined as follows:mild (hemoglobin10 to<12g/dL inwomenor 10 to <13g/dL inmen),moderate (hemoglobin 7 to< 10g/dL), and severe (hemoglobin <7g/dL). Noanemiawasdefined

as hemoglobin ³ 12 g/dL in women or hemoglobin ³ 13 g/dL in men.
† Early mortality defined as mortality in the first 3 months of follow-up.
‡Baseline anemiamodel adjusted for gender, age, district, facility level, BMI andCD4 cell count splines,WHOdisease stage, alanine aminotransferase, HAART regimen, iron supplement use, TB

history, TB treatment, oral candidiasis, diarrhea, season of visit, and calendar year of HAART initiation.
§ Follow-up anemia model adjusted for gender, district, calendar year of HAART initiation, and time-varying values of facility level, splines for age, BMI and CD4 cell count, WHO disease stage,

alanine aminotransferase, HAART regimen, nonadherence to HAART, iron supplement use, TB treatment, oral candidiasis, and diarrhea.
kModel also included interaction terms for missing categories of the effect modifier, but the results are not shown.
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important clinical factors. To our knowledge, this is the first
study to evaluate the associations of anemia severity and IDA
during follow-up in patients receiving HAART in sub-Saharan
Africa. An earlier report on 18,271patients enrolled in theMDH
and also included in the current study showed that ³ 10%
decrease in hemoglobin in the first 3months following HAART
initiation was associated with increased mortality risk during
the next 3- to 6-month interval following initiation of therapy.
However, this initial decrease in hemoglobin was not associ-
atedwith a significant increase in the risk subsequently during
follow-up.4 A comparison of the findings of the current study
with earlier studies emphasizes the prognostic importance
of repeated anemia measurements during follow-up. In the
current study cohort and several HIV care and treatment
programs, complete blood counts are measured at 3- to 4-
monthly regular intervals; patientswith anemiawere given iron
supplements, ferrous sulfate 200mg and folic acid 5mg, once
daily until follow-up test indicated noanemia or up to 6months
in the current cohort.34,35 With the onset of the test-and-treat
program in Tanzania and other countries where all HIV-
infected patients are immediately initiated on treatment,
complete blood counts have been eliminated as a cost-saving
strategy to allow for prioritization of treatment initiation for
larger number of HAART-naive, HIV-infected individuals.

Given the findings that we report here, we advocate for regular
repeated assessments at least once per 6 months throughout
the course of illness, as thismayprove beneficial inmonitoring
these patients, a guideline also recommended by the U.S.
Department of Health and Human Services and CDC.36

The anemia and IDA associations with mortality varied
significantly by BMI; the magnitude of the association of
anemia as compared with no anemia in underweight patients
was smaller, whereas it was larger among overweight and
obese patients. Obesity is a condition which is characterized
by chronic, low-grade, systemic inflammation in which in-
flammatory markers are secreted by adipocytes.37 These in-
flammatory markers cause secretion of a hormone, hepcidin,
from hepatocytes. Hepcidin causes internalization and deg-
radation of a transmembrane protein, ferroportin, which is
responsible for the export of iron. This serves as a potential
protective mechanism of the body, blocking the availability of
iron to the invading microorganisms by sequestration within
the cells of the reticuloendothelial system. However, this may
provide a favorable environment for the replication of micro-
organisms that target the reticuloendothelial cells.16 Recent
experimental studies provide evidence of increased tran-
scription of HIV within the macrophages due to the inhibitory
effect of hepcidin on ferroportin expression38 In addition,
studies have shown significantly higher hepcidin levels in
obese than lean individuals.39We hypothesize that hepcidin is
implicated in anemia in overweight and obese patients,
whereas anemia in underweight patients is more related
to IDA.
The risk of mortality was also significantly greater in men.

Furthermore, mild anemia was not significantly associated
with mortality among women, whereas it significantly in-
creased the risk of mortality in men. This can be explained by
the physiological loss of blood during menstrual cycle which
maycausemild anemia inwomen in the reproductive age. This
mild anemia may not increase the risk of mortality in women.
Recent studies have also found gender differences in the
pharmacokinetics and metabolism of antiretroviral drugs.40

We found a higher risk of mortality among users of iron
supplements, irrespective of their anemia status, than in those
without anemia and no iron supplement use. Use of iron
supplements is controversial in infectious and inflammatory

TABLE 4
Associations between anemia* with or without iron supplement use
and mortality in HIV-infected patients initiating HAART (n = 40,657)

Exposure status Multivariate RR† (95% CI) P-value

No anemia with no iron use 1.00 (ref) < 0.001
Mild anemia with no iron use 1.33 (1.17, 1.53)
Moderate anemia with no iron use 2.02 (1.76, 2.31)
Severe anemia with no iron use 4.06 (3.46, 4.77)
No anemia with iron use 3.84 (2.43, 6.06)
Mild anemia with iron use 4.14 (3.25, 5.28)
Moderate anemia with iron use 4.10 (3.43, 4.91)
Severe anemia with iron use 6.33 (5.23, 7.65)
HAART = highly active antiretroviral therapy; ref = reference.
* Anemia defined as follows: mild (hemoglobin 10 to < 12 g/dL in women or 10 to < 13 g/dL

in men), moderate (hemoglobin 7 to < 10 g/dL), and severe (hemoglobin < 7 g/dL). No
anemia was defined as hemoglobin ³ 12 g/dL in women or hemoglobin ³ 13 g/dL in men.
†Adjusted for gender, district, calendar year ofHAART initiation, and time-varying valuesof

facility level, splines for age, body mass index and CD4 cell count, WHO disease stage,
alanine aminotransferase, HAART regimen, nonadherence to HAART, iron supplement use,
tuberculosis treatment, oral candidiasis, and diarrhea.

TABLE 5
Associations of IDA* with mortality in HIV-infected patients initiating HAART (n = 27,569)

Exposure status Deaths/person-months Univariate RR (95% CI) P-value† Multivariate RR‡ (95% CI) P-value†

Baseline anemia and early mortality§ 2,869/39,884
No anemia or ID 122/4,716 1.00 (ref) < 0.001 1.00 (ref) < 0.001
ID without anemia 57/1,695 1.28 (0.94, 1.76) 1.23 (0.90, 1.69)
Anemia without ID 1,168/16,337 2.61 (2.16, 3.14) 1.74 (1.44, 2.10)
IDA 1,522/17,136 3.15 (2.62, 3.79) 2.16 (1.79, 2.61)

Anemia during follow-up and overall
mortality

5,084/878,078

No anemia or ID 549/305,408 1.00 (ref) < 0.001 1.00 (ref) < 0.001
ID without anemia 1,511/398,861 1.01 (0.84, 1.22) 1.02 (0.85, 1.24)
Anemia without ID 2,001/155,378 2.06 (1.85, 2.29) 1.63 (1.46, 1.82)
IDA 1,023/18,431 2.36 (2.12, 2.63) 1.87 (1.68, 2.09)
BMI = body mass index; HAART = highly active antiretroviral therapy; ID = iron deficiency; IDA = iron deficiency anemia; ref = reference; TB = tuberculosis.
* Iron deficiency anemia defined as follows: anemia as hemoglobin < 12 g/dL for women or hemoglobin < 13 g/dL for men, and ID asmean corpuscular volume < 80 fL. Anemia and ID exposures

were cross-classified to define each individual’s exposure status.
† P-value calculated using the likelihood ratio test.
‡ Baseline exposure model adjusted for gender, age, facility level, BMI, CD4 cell count, WHO disease stage, alanine aminotransferase, HAART regimen, iron use, TB history, TB treatment, oral

candidiasis, diarrhea, and calendar year of HAART initiation. The follow-up anemia model also adjusted for gender, facility level, calendar year of HAART initiation, and time-varying values of age,
BMI and CD4 cell count splines, WHO disease stage, alanine aminotransferase, HAART regimen, iron use, TB treatment, oral candidiasis, diarrhea, and season of visit.
§ Early mortality defined as mortality in the first 3 months of follow-up.
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disease conditions.41 Several studies have identified associ-
ations of increased iron stores with disease progression, viral
load, and mortality in HIV-infected patients.18,42,43 By con-
trast, a study conducted in the same setting as ours did not
find increased iron stores to be associated with HIV disease
progression.3 A recent study in HIV-infected postpartum
women in Zimbabwe demonstrated that the viral load in-
creased 2.3-fold in nonanemic women for each unit increase
in serum ferritin; however, no significant association was seen
in anemic women.43 They also reported an increased risk of
mortality in the subsequent year, but there was no significant
difference by baseline anemia status. The association of in-
creased iron stores with disease progression can also be
explained by the pathway involving hepcidin through ferro-
portin. Hepcidin also affects the intestinal expression of fer-
roportin and iron absorption from the intestinal lumen.8 We
postulate that chronic inflammation in HIV infection is signifi-
cantly contributing to anemia in the current study through
mechanisms described.
Our study has several limitations. First, this was an obser-

vational study. Although we adjusted extensively for potential
confounders in the analysis, there may be residual con-
founding because of mismeasured or unmeasured con-
founders, such as education, income, and money spent on
food per person per day. Second, viral load measurement,
which is the standard test formonitoringHIV-infected patients
in high-resource settings, was not routinely performed in this
cohort. Third, as studyparticipantswere receivingHAART, the
study findings will only be generalizable to those patient
populations who are receiving HAART. Fourth, we used MCV
for assessing the ID status of patients. Mean corpuscular
volume is most widely used to assess ID, but low values are
not specific to this condition and have been observed in other
states, such as thalassemia and, less commonly, in ACD.44,45

Hence, theuseofMCVcould lead to exposuremisclassification
which, in thecaseof thalassemia,wouldbenon-differentialwith
bias toward the null. Because the carrier frequency of thalas-
semia ranges from 1% to 20% in affected countries,46 the
magnitude of the bias is expected to be small. Nevertheless,
there are several strengths to our study. One of the most im-
portant is the large sample size, which is one of the largest in
resource-limited settings, allowing us to evaluate effect modi-
fication with adequate statistical power. Second, patients were
followed up prospectively with repeated clinic visits, allowing
for the examination of the exposures during follow-up with the
outcomes along with the control of potential time-varying
confounders.
Our study demonstrated that among patients receiving

HAART, any degree of anemia and IDA were robustly asso-
ciated with an increased risk of mortality. As a result, hemo-
globin assessment, which is widely used in resource-limited
settings, should be used by HIV programs to monitor patients
receiving HAART, and the etiology of anemia investigated and
appropriately managed. In many cases, anemia is associated
with ID and provision of supplements is a rational intervention.
Yet, in our study, use of iron supplements was associated
with increasedmortality, regardless of anemia and IDA status.
The relationships of anemia, IDA, and iron supplementation
among HIV-infected individuals appear to be complex. Future
studies and potential clinical trials should further evaluate
biological mechanisms involved and examine the safety
and efficacy of iron, including lower doses of iron, among

HIV-infected individuals receiving HAART. The impact of
timing of iron supplementation with respect to HAART initia-
tion and the role of regular monitoring of iron status and in-
flammatory biomarkers during iron supplementation should
also be examined in this patient population.
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