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People living with HIV (PLWHIV) are at high risk of anemia due to inadequate iron intake, HIV and opportunistic infections, and inflammation, and
as a side effect of antiretroviral therapy. Though iron supplementation can reduce iron deficiency anemia (IDA) in the general population, its role
in anemia and in the health of PLWHIV is unclear due to concerns that iron supplementation may increase HIV replication and risk of opportunistic
infections. We systematically reviewed the evidence on indicators of iron status, iron intake, and clinical outcomes among adults and children with
HIV. The evidence suggests that anemia is associated with an increased risk of all-cause mortality and incident tuberculosis among HIV-infected
individuals, regardless of anemia type, and the magnitude of the risk is greater with more severe anemia. High serum ferritin is associated with
adverse clinical outcomes, although it is unclear if this is due to high iron or inflammation from disease progression. One large observational study
found an increased risk of all-cause mortality among HIV-infected adults if they received iron supplementation. Published randomized controlled
trials of iron supplementation among PLWHIV tend to have small sample sizes and have been inconclusive in terms of effectiveness and safety. Large
randomized trials exploring approaches to safely and effectively provide iron supplementation to PLWHIV are warranted. Adv Nutr 2020;11:1334—

1363.
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Introduction

The global burden of anemia is huge. The primary causes of
anemia are poor diet quality, infections, and genetic disor-
ders (1). Heavy menstrual losses and obstetric hemorrhage
are also important contributing factors among women of
reproductive age. The global burden of HIV infection is
substantial (2) and anemia is one of the most common
indices of the severity of HIV disease, often predicting
mortality and disease progression among people living with
HIV (PLWHIV) (3, 4). The prevalence of anemia among
PLWHIV is as high as 80-90% in some settings (4, 5). In
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the context of HIV infection, anemia is commonly caused
by iron deficiency (ID), anemia of chronic disease (ACD),
or coexisting infections, or as a side effect of antiretroviral
therapy (ART) (6-8).

Iron supplementation is well known to effectively prevent
and treat iron deficiency anemia (IDA) and is therefore
recommended by the WHO as part of standard prenatal care
and as prophylaxis among children in high-anemia burden
contexts, regardless of HIV status (9, 10). However, the
effectiveness of iron supplementation in PLWHIV remains
unclear since a large proportion of anemia may be due
to ACD and coexisting infections rather than IDA alone.
The appropriate treatment for ACD is unclear, although
it is believed that ART may ameliorate it (11). It is also
unclear whether ART reduces ACD and thereby unmasks
IDA if these variables coexist. Furthermore, iron may be
harmful in HIV infection, a supposition based partly on
studies from the pre-ART era with findings suggesting that
elevated iron status may be associated with an increased risk
of disease progression (12). More recent studies also suggest
that replication of the virus is an iron-dependent process
and that increased concentrations of non-transferrin bound
iron (NTBI) from supplementation may be associated with
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the risk of opportunistic infections (13). The extent to which
ART modifies this risk is unclear.

In this paper we review the evidence linking hematologic
status, iron intake, and important clinical outcomes in the
context of HIV infection. Specific objectives include the fol-
lowing: I) to examine the relation of hematologic status and
clinical outcomes, including mortality, tuberculosis (TB),
CD4 counts, and viral load; 2) to evaluate the effectiveness
and safety of iron supplementation in the prevention and
treatment of anemia among HIV-infected adults; and 3) to
assess the extent to which ART may modify the relation
of hematologic status, iron supplement use, and clinical
outcomes. In this review, we aimed to synthesize the available
evidence regarding the utility of iron supplementation in the
context of ART among PLWHIV and therefore all possible
causes of anemia are not considered in detail.

Methods

Systematic literature search and selection of studies

We searched the medical literature databases of Medline and
EMBASE for original research articles published as of July
2019. Medical subject headings and keywords representing
HIV, TB, iron, or hematologic status were employed (Supple-
mentary Table 1). No restrictions by age, year, or language of
publication were applied. In addition, we did handsearching
of the references of included papers and published systematic
reviews (4, 14, 15). The titles and abstracts of identified
studies were screened, and full texts were examined in
duplicate (AIA and CTA). Discrepancies were resolved by
discussion among authors. We included studies that were
of observational and experimental design that were carried
out among HIV-infected or TB-infected populations, or
populations at risk of these outcomes for studies in which
the incidence of HIV or TB was a study outcome. Studies
were included if they considered iron biomarker status, iron
supplementation, or dietary iron intake as the exposure
and HIV- or TB-related outcomes (e.g., incidence, disease
progression, opportunistic infections, or hematologic status)
as the outcomes. Studies were excluded if they were in vitro
studies, reported cases, or case series only or included both
HIV-infected and HIV-uninfected patients (except longitu-
dinal studies of HIV incidence or studies that presented
subgroup findings for HIV-infected patients alone). Studies
of TB in the absence of HIV were also excluded.

Data on study design, population characteristics, expo-
sures, outcomes, covariates, and findings were extracted
from selected studies, including point estimates with Cls,
SEs, or P values. For continuous measures, these included
means, medians, and mean differences, whereas for binary
or categorical outcomes, we noted RRs, ORs, and HRs.

Meta-analysis

We pooled estimates for the association of exposure-
outcome relations reported by >4 studies. For studies that
reported >1 estimate, the estimate with the greatest degree
of adjustment for confounding was included. If the study

reported anemia as a categorical exposure (for instance
mild, moderate, or severe), the most extreme estimate (for
instance, severe anemia) was included. Two eligible studies
were published from the same cohort (16, 17), and the study
with the larger sample size was included in the meta-analysis.

Random effects meta-analysis was conducted based on
the Dersimonian-Laird method (18). Heterogeneity was
formally assessed with the Higgins I* statistic, a measure of
the total variability due to between-study variation. I was
regarded as substantial if 50-90% and considerable if >90%
(19). Too few studies were included in the meta-analyses, and
heterogeneity was not further assessed using meta-regression
or subgroup analyses. Publication bias was evaluated with
Egger’s tests and visual inspection of funnel plots. P values
are 2 sided and significance was set at P < 0.05. Statistical
analyses were conducted using Stata version 15.0.

Anemia and iron status indicators

Before presenting the results of the systematic review, we
summarize the major iron status indicators. Anemia is a
commonly used measure of ID, particularly in low- and
middle-income countries (LMICs) due to cost and laboratory
capacity. Prolonged inadequate iron intake or high iron loss
is almost certain to result in anemia. However, anemia can
also be caused by other factors, including other nutritional
deficiencies, infection, and genetic disorders. Anemia can
also occur due to chronic inflammation, as in the case of
ACD, in which iron is sequestered from hematopoiesis. ACD
is also known as anemia of inflammation (AI) and iron-
restricted anemia (IRA).

Ferritin is the storage form of iron in the cells, and serum
ferritin is strongly associated with body iron stores. However,
ferritin concentrations also rise during inflammation. In the
context of HIV, ferritin concentrations are not certain to
reflect true ID, and adjustment for markers of inflammation
may be warranted for optimal interpretation (20). In a
fasting state, serum iron reflects iron in transit from the
reticuloendothelial system to the bone marrow, and low
concentrations of serum iron indicate ID. However, serum
iron also decreases during inflammation, and a patient with
inflammation may incorrectly appear to be iron deficient.

Transferrin, total iron-binding capacity (TIBC), trans-
ferrin saturation, and soluble transferrin receptor (sTfR)
are 4 other related measures of iron status that have been
used in the selected studies. Transferrin is the main protein
responsible for the transport of iron in blood and is also
an acute-phase reactant that decreases during inflammation
(21). Total iron-binding capacity measures the amount of
iron that can be bound by proteins in the blood and as
such is an indirect measure of transferrin. Concentrations of
serum transferrin and TIBC rise during ID (21). Transferrin
saturation is an estimate of the proportion of transferrin iron-
binding sites that are occupied, and this value is obtained
by dividing the serum iron concentration by the TIBC (22).
Transferrin saturation is low during ID. Transferrin receptors
facilitate the entry of iron-bound transferrin through cell
membranes, and concentrations of the truncated soluble
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FIGURE 1

form, soluble transferrin receptor (sTfR), may rise in serum
during ID (21). The key advantage of sTfR is that sTfR
concentration is influenced to a lesser extent in the context
of inflammation, thereby aiding in a differential diagnosis
between ACD and anemia resulting from ID (23).

Hepcidin is the master regulator of iron homeostasis (24).
It determines the rate of intestinal absorption of iron. It also
determines the rate of release of iron from macrophages in
the reticuloendothelial system. When hepcidin concentra-
tions rise, iron bioavailability tends to reduce, and vice versa.
Hepcidin concentrations are low during ID and high during
iron repletion. Other factors that may influence hepcidin
concentrations include inflammation, erythropoiesis, and
hypoxia (21).

Results

Summary of included studies

We identified 68 studies (Figure 1) that examined the relation
of hematologic status and important clinical outcomes
among 58,886 PLWHIV (5, 11, 16, 17, 25-94). There were 36
cross-sectional studies, 32 cohort studies, and 3 randomized
controlled trials (RCT). Most studies recruited adults only
(85%); 9 were pediatric studies and 1 study was limited to
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Flow chart of selected studies conducted among people living with HIV.

adolescents (46). There were 23 studies from high-income
countries, 42 studies from LMICs, and 3 multicountry studies
from both settings. The studies were conducted in Asia
(n = 8), Europe (n = 10), North America (n = 13), South
America (n = 1), Sub-Saharan Africa (n = 33), and multiple
regions (n = 3). Participants were 48% female, on average.
Some studies included females (27, 49, 68, 69, 81, 82, 90, 91,
95) or males alone (25, 29, 48, 61, 71, 77, 83, 84, 96).

Cross-sectional studies

Thirty-three of the 36 cross-sectional studies were conducted
among adults, and 3 in children (Supplementary Table 2).
Hemoglobin concentrations and anemia were among the
most commonly reported indicators among cross-sectional
studies (12 of 34 studies). Overall, these studies tended to
find that low hemoglobin concentrations were associated
with indicators of HIV disease severity and progression,
such as being symptomatic (33, 34), having a higher
viral load (56), having opportunistic infections (50), and
being immunosuppressed (34)—including lower CD4 T-cell
counts (33, 51, 52, 55, 56). Four studies found no association
between hemoglobin and CD4 count (41, 44, 57) or viral load
(41,57, 81).



Serum ferritin was the most commonly reported indicator
ofiron status among cross-sectional studies (12 of 34 studies).
In unadjusted comparisons, higher concentrations of serum
ferritin were found among patients with advanced stage
disease (29, 35, 38, 47, 54, 96), higher viral loads (47),
opportunistic infections (35), and those with lower CD4 T-
cell counts (47, 57). Kupka and colleagues found that serum
ferritin was significantly correlated with viral load (o = 0.29)
(81). Higher ferritin concentrations were also associated with
AIDS-dementia complex (53) and insulin resistance (48).
However, 3 studies found no association between ferritin
concentrations and indicators of disease severity (50, 51,
57). A study among pregnant women in Zimbabwe not
receiving ART, the only study of the 3 to control for potential
confounding factors, found that HIV viral loads were 3.7
times higher among those with serum ferritin >24 pg/L than
those with serum ferritin <6 pg/L.

Three studies assessed the relation of serum iron and
clinical outcomes. While 2 studies found that serum iron was
associated with low CD4 T-cell counts (51) and symptomatic
disease progression (29), 1 study found that lower serum
iron concentrations were correlated with higher CD4 counts
(28). The plurality of studies, however, showed no association
between serum iron and HIV disease indicators, including
CD4 counts (36, 52) and opportunistic infections (91), and
none included adjustment for confounders.

Two studies support the notion that transferrin concen-
trations should be lower during infection and inflammation
(29, 91). However, 1 study had contradictory findings that
low transferrin was associated with higher CD4 cell counts
(51). Two studies in West Africa were conducted on TIBC,
and 1 of these studies found that higher TIBC was associated
with lower CD4 T-cell counts (51). There was no association
with CD4 concentrations in the other study (52). Two studies
of transferrin saturation found no difference in CD4 counts
(52) or opportunistic infections (91), but 1 of these studies
indicated that lower saturation was associated with lower
CD4 counts (51). Kupka and colleagues found that viral load
was poorly correlated with sTfR and the sTfR-ferritin index
(81). These studies of transferrin, TIBC, and transferrin
saturation all lacked adjustment for covariates.

Overall, a large number of cross-sectional studies have
been conducted to evaluate the relation between indicators
of iron status and HIV disease progression. However, these
studies are greatly limited by the fact that the majority do
not control for confounding, and inherently the temporality
between iron status and disease progression cannot be
resolved.

Prospective cohort studies of children

We identified 3 prospective cohort studies among children
living with HIV (Table 1). In 1 study of a small sample of
children (n = 24) in the United States who were followed
for 5y, it was found that serum iron at baseline was not
associated mortality (58). Another study of children aged
0-2 y in Tanzania suggested that IDA was associated with
twice the risk of mortality, though this finding was not

statistically significant (P = 0.07) (59). In a cohort study
of Indian HIV-infected children aged 2-12 y who were
followed for 1 y (n = 240), routine iron supplementation
did not improve inflammation or CD4 parameters, although
the prevalence of advanced disease stage declined faster in
the iron-supplemented group than in those who did not
receive iron (89). In a study of 247 perinatally infected
children in Dar es Salaam, Tanzania, during the pre-ART era,
maternal severe anemia was found to be associated with a
2.49 times greater risk of child mortality than no anemia,
and a 2.47 times greater risk of mortality associated with
hypochromic microcytosis compared with normochromic
normocytic cells (65). No association was noted between
maternal anemia or hypochromic microcytosis and child
CD4 count.

Prospective studies among adults

Anemia and all-cause mortality.

The preponderance of the evidence from prospective studies
among adults (Table 2) suggests that anemia is associated
with an increased risk of all-cause mortality among PLWHIV
(61, 69, 94). Three studies examined the association of
hemoglobin as a continuous variable with all-cause mortality,
and found a 7-27% lower risk for each additional 10 g/L of
hemoglobin. In a study of 155 South African adults newly
diagnosed with HIV; each 10 g/L increase in hemoglobin was
associated with a 7% lower odds of all-cause mortality (94). In
a study in Mozambique, each 10 g/L increase in hemoglobin
at baseline was associated with a 27% reduced odds of death
or hospitalization during follow-up in unadjusted analysis
(61). Among 643 female participants of the ZVITAMBO
(Zimbabwe Vitamin A for Mothers and Babies) study in
Harare, Zimbabwe, enrolled with moderate anemia within
96 h postpartum, for every 10 g/L increase in hemoglobin
concentration, the risk of all-cause mortality was decreased
by 20% (69). Further, Brentlinger and colleagues measured
hemoglobin at multiple timepoints and found that for every
10 g/L increase in hemoglobin concentration above the
lowest measured value (nadir), there was a 57% decrease in
the odds of hospitalization or mortality (61).

Studies that examined the association of anemia at ART
initiation with all-cause mortality found that the presence
and severity of anemia were associated with a substantially
higher risk of mortality (5, 16, 17, 70). Using data and
samples from the pre-ART era among 1362 ART-naive adult
participants of the Medical Research Council (MRC) Clinical
Cohort in Gambia, individuals with moderate to severe
anemia (<90 g/L) had a 28% lower risk of all-cause mortality
than nonanemic individuals, while mild anemia was not
associated with a substantial increase in the risk of death
(17). Among 196 adults from the same cohort who had
blood samples collected within 3 mo of diagnosis with HIV,
baseline anemia was associated with a 2.72-fold greater risk
of mortality (16). Among ART-naive injection drug users
in West Java, Indonesia, mild and moderate anemia were
associated with 2.2- and 6.5-fold increased risks of all-cause
mortality, respectively (70).
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Study

Ezeamama 2018 (63) —

McDermid 2007 (17)
Haider 2019 (5)
O'Brien 2005 (68)
Wisaksana 2011 (70)

Overall (I-squared = 0.0%, p =0.713)

NOTE: Weights are from random effects analysis

ES (95% Cl)

2.03 (0.72, 5.74)
2.72 (0.81, 9.10)
3.90 (2.48, 6.12)

3.19 (1.8, 7.37)

> 6.50 (1.42, 29.75)

3.50 (2.48, 4.94)

A
Reduced risk

Increased risk

FIGURE 2 Pooled estimates of anemia and all-cause mortality from studies conducted among people living with HIV.

In addition, a recent analysis among 40,657 adults on
ART in Tanzania found a similar trend (5); in this study,
mild, moderate, and severe anemia at ART initiation were
associated with 1.26-, 1.90-, and 3.32-fold increased risks
of all-cause mortality, respectively. Although the strength
of the association varied among the studies (1.4-6.5), the
findings were consistent that anemia increases the risk of
mortality, regardless of ART use and degree of adjustment for
confounding. The authors also considered the interaction of
anemia and iron use on mortality risk. Compared with the
risk in nonanemic individuals who did not receive iron, the
risks of all-cause mortality were 1.3, 2.0, and 4.1 times greater
among individuals with mild, moderate, or severe anemia,
respectively. If these individuals received iron, however, the
relative risks of mortality were 3.8, 4.1, 4.1, and 6.3 times
greater among individuals with no anemia or mild, moderate,
or severe anemia, respectively, compared with nonanemic
individuals who did not receive iron. Therefore, both iron use
and anemia were independently associated with increased
mortality risk.

Results of studies reporting estimates of the association
of anemia and anemia categories with the risk of all-cause
mortality were pooled (5, 17, 63, 68, 70). The pooled hazard
ratio of all-cause mortality was 3.50-fold (95% CI: 2.48,
4.94) greater among individuals with anemia than among
their nonanemic counterparts (Figure 2). There was no
heterogeneity in the estimates (I* = 0%) and no evidence of
publication bias (P value = 0.66).

Most cohort studies evaluate the exposure as time-
invariant as defined at the time of entry into the study.
However, exposures such as hemoglobin concentration and
anemia status may change over time for any participant in a
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cohort study. The HR obtained from analyzing time-varying
exposures explicitly considers the value of the exposure at
the time the outcome occurs (98). This is therefore likely
to be a more detailed representation of the true exposure.
Among the 40,657 Tanzanian adults on ART, time-varying
mild, moderate, and severe anemia were associated with
1.3-, 2.0-, and 3.9-fold increased risks of mortality, respec-
tively (5). The increased risk of mortality as severity of
anemia worsened was consistent with the findings for anemia
at ART initiation.

Among 398 HIV-infected adults in Uganda who were ini-
tiating or on highly active antiretroviral therapy (HAART),
anemia type was not associated with a significant risk of
hospitalization or mortality. Anemia types considered were
microcytic, macrocytic, and ACD. The investigators also
examined the influence of change in anemia type on the
risk of hospitalization and mortality, and they found that
individuals with either microcytic anemia or ACD that was
present at baseline, persistent through follow-up, or incident
had an ~40% greater risk of mortality, although the CIs
included the null (11). While the prevalence of ACD and
microcytic anemia declined considerably during the 18-mo
follow-up, by 82% and 71%, respectively, the prevalence of
macrocytic anemia increased by >3-fold.

Iron deficiency and all-cause mortality.

Studies of ID without anemia have yielded conflicting results.
One Tanzanian study in the pre-ART era defined ID using
MCV <70 fL and found that ID was associated with a 2.8-
fold increased risk of death among 417 HIV-infected adults
(66). Another Tanzanian study among individuals receiving



HAART reported no association of ID (defined using MCV)
with the risk of death (99).

Three studies have defined ID using different ferritin cut-
offs, without considering hemoglobin concentrations. Their
findings were not consistent. Low serum ferritin (<30 ug/L)
was not associated with all-cause mortality among 362
Tanzanian adults with HIV (60) or 398 Ugandan adults with
HIV (63), compared with counterparts with normal serum
ferritin concentrations (30-150 pg/L). Low serum ferritin
concentration (<12 ug/L) was also not associated with all-
cause mortality relative to normal ferritin concentration (12—
300 pug/L) among 1139 ART-naive adults in The Gambia
(17). In contrast, among 196 ART-naive adults from the same
cohort in The Gambia, recruited within the first 3 mo of
diagnosis with HIV, ID (ferritin <12 pg/L) was associated
with a 42% lower risk of mortality relative to normal ferritin
concentrations (16).

Elevated sTfR is reflective of depleted iron stores, which
precede iron-deficient erythropoiesis and IDA (100). Studies
evaluating the association of sTfR as a continuous variable
observed an inverse association with all-cause mortality
risk, suggesting a protective relation for iron depletion
[P = 0.048 (64)], or no significant association [P = 0.43
(69)]. Specifically, a log;o increase in sTfR concentration was
associated with a 48% decrease in mortality risk among 302
US women, most of whom were on ART (64). Among 643
Zimbabwean women, a log) increase in sTfR was associated
with a 54% decrease in the hazard of all-cause mortality (69).
Measurement of sTfR may be influenced by inflammation,
and the sTfR-ferritin index is often estimated as an alternative
that is less influenced by inflammation. Among 302 US
women, a log;y increase in the sTfR-ferritin index was
associated with an 11% lower risk of all-cause mortality (64).

Elevated iron stores and all-cause mortality. Although ID
with or without anemia may be harmful, increases in iron
stores, defined using different biomarkers, appear to lead to
increased risk of all-cause mortality. Three studies examining
the association of continuous ferritin concentration and
mortality suggest that elevated iron status is associated with
harm. Among 643 Zimbabwean postpartum women with
moderate anemia at baseline, for every log;o increase in
serum ferritin concentration, the hazard of death during
the following year of follow-up was 4.10-fold higher (69).
Among 302 US women, most of whom were on ART, a log;o
increase in serum ferritin concentration was associated with
a 1.67-fold increase in the odds of death during follow-up
(64). Among 32 male Chinese patients with Pneumocystis
pneumonia, baseline serum ferritin was substantially lower
in those who died. These studies assume that the association
of serum ferritin and all-cause mortality is linear, which may
not necessarily be correct, and it is plausible that the relation
between iron status and mortality is U-shaped, with high
risk notable with IDA, as reviewed below, as well as with
elevated iron load. Two recent studies also evaluated the
association of serum hepcidin concentrations with the risk
of all-cause mortality. Among 155 patients with HIV and TB

coinfection in South Africa, 44% of whom were on ART at
baseline, a 10 ug/L increase in hepcidin was associated with
an 8% increase in the hazard of mortality (94). However,
there was no significant association of hepcidin tertiles with
the risk of mortality after adjusting for age, sex, CD4, and
the inflammatory biomarker o1-chymotrypsin among 196
patients enrolled in the pre-ART Gambia MRC Clinical
Cohort (16).

A number of studies have also evaluated elevated iron
as a dichotomous exposure. Stainable bone marrow iron is
the gold standard index of the overall amount of body iron.
Among 348 US adults with HIV infection, high bone marrow
iron stores, represented by macrophage iron concentrations,
were associated with 2.1 times greater risk of mortality (62).
Sequestration of iron in bone marrow macrophages could be
a reflection of elevated overall iron stores, or redistribution
of body iron as part of the infectious process, a phenomenon
that underlies ACD. Assessing bone marrow iron, however, is
an invasive procedure and is not routinely done in practice.

Elevated serum ferritin may reflect elevated overall iron
store, or may occur as part of an acute-phase reaction to
inflammatory insult or infection. Studies that considered
conventional or WHO-recommended thresholds (101) to
evaluate the association of elevated serum ferritin and all-
cause mortality indicated that ferritin is associated with
increased risk of all-cause mortality. High serum ferritin
(>200 pg/L in males and >150 pg/L in females) was
associated with a 2.7-fold increased risk of all-cause mortality
among 362 adults in Tanzania with HIV and TB coinfection
(60). Among 196 adults in The Gambia within 3 mo of HIV
diagnosis, serum ferritin categories of 200 to <1000 ug/L
and >1000 pug/L were associated with a 1.9- and 2.8-
fold greater risk of all-cause mortality, respectively (16).
Among 95 injection drug users in Indonesia, serum ferritin
>150 png/L was associated with a 30% greater risk of all-
cause mortality, though the CIs were wide and crossed the
null. These studies had incorporated statistical adjustment
for confounding by inflammation to different extents, by
controlling >1 of the following: of C-reactive protein (60),
al-acid glycoprotein (69), and «l-antichymotrypsin (16,
17), or none (70). Taken together, these studies suggest that
elevated iron stores may be associated with an increased
risk of all-cause mortality. The pooled hazard ratio of all-
cause mortality from these studies was 2.02 (95% CI: 1.17,
3.49) (Figure 3). Heterogeneity in the estimates was limited
(I* = 0%) and there was no evidence of publication bias (P
value = 0.12).

Studies evaluating the association of elevated iron stores
defined as very low sTfR did not find significant relations,
although the direction was similar to that reported in most
ferritin studies. These were prospective cohort studies and
had been conducted in The Gambia (16, 17), Indonesia (70),
and the United States (64). One study (17) also examined the
sTfR-ferritin index as a measure of iron stores, accounting
for inflammation. Among 1139 ART-naive adults in The
Gambia, individuals with the lowest sTfR-ferritin index,
indicative of higher iron stores, had a 60% increased risk of
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Study

Ezeamama 2018 (63)

ES (95% Cl)

1.75 (0.57, 5.36)

Isanaka 2012 (60)

2.70 (1.05, 6.91)

McDermid 2007 (17)

1.96 (0.72, 5.36)

Wisaksana 2011(70)

Overall (I-squared = 0.0%, p = 0.863)

NOTE: Weights are from random effects analysis

i 1.30 (0.28, 6.11)

2.02 (1.17, 3.49)

A
Reduced risk

1 10

Increased risk

FIGURE 3 Pooled estimates of elevated serum ferritin and all-cause mortality from studies conducted among people living with HIV.

all-cause mortality relative to those with the highest sTfR-
ferritin index (17).

Hematologic status and incident TB

Few studies have examined the association of hematologic
status with the prospective risk of tuberculosis among
patients coinfected with HIV (Table 3). The overall direction
of the association is similar to those reported with respect to
all-cause mortality: anemia is harmful regardless of anemia
type, increasing hemoglobin is protective, but increasing
ferritin may be harmful. A nested case-control study among
332 ART-naive adults participating in a multicountry study
found that anemia at ART initiation was associated with
a 2.2-fold increased risk of incident TB during 96 wk of
follow-up (75). Among 1139 adults in The Gambia, for every
additional 1 g/L of hemoglobin, the incidence rate ratio of TB
was lower by 12%. Only 10% of the participants in this study
were iron deficient at baseline (17).

As mentioned earlier, anemia is a risk factor for TB
incidence, and anemia type is likely an important secondary
consideration. Isanaka and colleagues found that anemia
without ID (likely ACD) was associated with a 6.7-fold
increased risk of TB recurrence compared with absence of
anemia and ID in a cohort of 417 ART-naive adults with
HIV infection in Tanzania (66). IDA was also associated
with a 3.8-fold increased risk of TB recurrence in the
same population (66). Anemia with and without ID were
also related to an increased risk of TB treatment failure,
although the association was not significant (66). Among 300
HIV-infected adults initiating combination ART (cART) in
Botswana, baseline hemoglobin <80 g/L was associated with
a 6.9-fold increased risk of incident TB during follow-up.
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As with all-cause mortality, elevated iron stores may
actually be harmful. Among 362 adults in Tanzania with
HIV and TB coinfection, the associations of ferritin con-
centrations with TB treatment failure and TB recurrence
were U-shaped. For instance, the risk of TB treatment failure
was increased by 95% and 54% among those with ferritin
concentrations of <30 ug/L and >150 ug/L, respectively,
compared with those with ferritin concentrations of 30-
150 pug/L (60). In a cohort of Indonesian adults with injection
drug use, however, the concentration of serum ferritin was
considerably greater in those who were later diagnosed
with TB than in their counterparts (76). For every 1 ug/L
increase in serum ferritin, the incidence of TB among 1139
participants in the Gambian MRC Clinical Cohort increased
by 26% (72). Among 332 ART-naive adults who participated
in an international multisite study, there was a 72% increased
odds of TB infection if serum ferritin concentration was
>150 pug/L compared with <150 pg/L during the course of
a 96-wk follow-up period (75).

Two studies evaluated the relation of hepcidin concen-
trations with the incidence of TB, and reported positive
associations, unlike with all-cause mortality. Among 196
patients in the MRC Clinical Cohort, Minchella and col-
leagues reported a 96% increase in the incidence of TB
infection during follow-up for every 1 ug/L increase in
hepcidin concentration, although the association was not
significant (73). In a matched case-control study nested
within a prospective cohort among injected drug users
in Indonesia, the hepcidin concentration was significantly
greater in HIV-infected patients with incident TB infec-
tion than in HIV-infected patients without incident TB
infection. Participants were matched for age, gender, and
CD4 (76).
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Confounders adjusted for

Result estimate (95% Cl)

Exposures Exposure categories

Outcome

Baseline
anemia, % ART use, %

Country

Female, % Mean age

Sample size

(Continued)

TABLE 3
Study
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Matched controls for age, sex,

and CD4 count

9.9(5.0,182)
7.2(29,10.2)

, mean

o

Case:

Hepcidin, nM

67% Incident TB

127 29y Indonesia 38

Wisaksana, 2013

(76)

Controls, mean

Case

681 (245, 1439)

, mean

297 (175,462)
14(1.0,22)
14(1.2,19)

ols, mean
, mean

ols, mean
, mean

70(50,11.0

380,

390

, mean

16.0

, mean

835

, mean

290

, mean

mmmmmmmmmmmmmm

Ferritin, pg/L

Cont

Case:

STfR, mg/L

Cont

Case:

Iron, pmol/L

Cont

Case

TIBC, umol/L

Cont

Case:

TSat, %

Cont

Case

MCV, fL

Conti

Case:

MCH, pg

Cont

T AFB, acid-fast bacteria; ART, antiretroviral therapy; CRP, C-reactive protein; ID, iron deficiency; IDA, iron deficiency anemia; IRR, incidence rate ratio; MCH, mean corpuscular hemoglobin; MCV, mean corpuscular volume; NR, not reported; sTfR, soluble transferrin receptor; TB, tuberculosis;

TIBC, total iron binding capacity; TSat, transferrin saturation.

Studies also examined the association of other hemato-
logic biomarkers with the incidence of TB, with inconsistent
or negative findings. For instance, the concentration of sTfR
was not related to the incidence rate of TB among 1139
patients in an 11l-year cohort in The Gambia (72). The
concentration of sTfR also did not significantly differ among
patients with incident TB compared with those without
incident TB in a matched case-control study among injection
drug users in Indonesia (76). Studies that evaluated the
association of serum iron with the incidence of TB also did
not find a significant relation (72, 76).

Hematologic status and disease progression (clinical,
immunologic, and viral)

Clinical progression.

Very few studies have examined the association of clinical
disease progression, including the occurence of AIDS-
defining illness or AIDS-related mortality, with hematologic
status (Table 4). The findings with respect to anemia are
consistent with those reported with respect to TB and all-
cause mortality. Both anemia without ID and ID with or
without anemia were associated with increased risk of disease
progression among ART-naive Tanzanian patients (66).
Individuals with severe anemia (hemoglobin <85 g/L) had
a 3.5-fold increased risk of AIDS-related mortality compared
with those who were nonanemic (66). Individuals with mod-
erate anemia had a 2.2-fold increased risk of AIDS-related
mortality (66). Hypochromasia with microcytosis, suggestive
of iron deficient erythropoiesis, was also associated with a
2.9-fold increased risk of AIDS-related mortality compared
with normal erythrocyte morphology in the same population
(68). A study among 799 US adults in the HAART era also
examined the association of anemia and the risk of HIV-
associated neurocognitive disorder (HAND), and found a
55% increased risk of neurocognitive disorder among those
with anemia, compared with nonanemic counterparts (80).
Although 70% of patients in the US cohort were on HAART,
no information on adherence to HAART was provided.

Two studies in Tanzania evaluated associations with
ferritin concentrations but did not report any significant
associations. For instance, compared with normal ferritin
concentrations, neither high nor low ferritin concentration
was associated with advanced disease among 362 ART-
naive Tanzanian patients with TB and HIV (60). Among
584 Tanzanian women, Kupka and colleagues did not find
any significant association of serum ferritin across multiple
categories with the risk of progression to stage 4 AIDS,
AIDS-related mortality, or both (81). Of note, there was a
78% increased risk of progression to stage 4 disease but
the CIs were wide. Both studies used the higher ferritin
cutoft approach to define ID (20). This approach entails
the use of a ferritin concentration of <30 png/L rather than
<15 pg/L. This approach does not correct for the influence
of inflammation on serum ferritin concentration at higher
ferritin concentrations.

Among 296 ART-naive homosexual men in San Francisco,
a 100% higher dietary iron intake (measured by FFQ)
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was associated with a 22% reduced risk of progression to
AIDS (77). Nutrient intake had been assessed before HIV
diagnosis.

CD4 count and viral load.

Findings from studies evaluating the relation of hematologic
status and CD4 count may partly explain the results obtained
from assessments with respect all-cause mortality and clin-
ical disease progresion. In the context of initiation of ART
based on CD4 <350 cells/ L, Boom and colleagues evaluated
whether hematologic status was prospectively related to the
immunologic response among 138 ART-naive participants in
Thailand who were randomly assigned to either CD4-guided
ART or continuous ART. CD4-guided patients discontinued
ART if CD4 was > 350 after 6 mo. Participants who were
anemic had a 34% lower probability of achieving the CD4
target compared with nonanemic individuals (79). However,
the probability of achieving the CD4 target was 81% greater
in individuals with low ferritin concentrations (<30 ug/L)
than in those with high ferritin concentrations (>200 ug/L)
(79), suggesting that elevated iron stores may lead to poor
immunologic response. In Austria, 35 men who were ART
naive or who had commenced ART <1 year prevviously were
enrolled in a prospective cohort study and followed for 6 mo.
The study evaluated the influence of increased hemoglobin
concentrations during the first 6 mo on improvements in
CD4 counts and found a 4.17-fold increased odds of CD4
<53 cells/uL among those with compared with those without
an increased hemoglobin concentration (84). The association
was, however, not significant, likely due to the small sample
size.

The concentrations of hematologic, immunologic, and
viral biomarkers were measured in anemic compared with
nonanemic subgroups at the initiation of ART and 12 mo
later among 18 patients initiating cART in Italy (83). CD4
increased and viral load decreased considerably overall,
as well as in both subgroups. Hemoglobin concentrations
improved among those who were anemic at baseline, but
not among nonanemic counterparts. While ferritin concen-
tration worsened similarly in both groups, the changes in
serum iron, hepcidin, and transferrin did not significantly
differ by group. In a larger study among 398 patients initiating
or continuing HAART in Uganda, CD4 counts increased
considerably over 18 mo of follow-up, and the improvement
did not differ by baseline ferritin or anemia status (63). The
investigators, however, examined the influence of change in
anemia status during follow-up on CD4 counts, and found
that CD4 counts substantially decreased over time among
patients with persistent mild anemia, as well as those with
moderate/severe anemia at baseline or during follow-up. The
influence of anemia type on the time to postenrollment
gain of >100 cells/uL was also examined, as an index of
immune recovery (11). Individuals with anemia of different
types (macrocytic, microcytic, or ACD) that were present
at baseline and did not resolve were 38-57% less likely to
gain >100 cells/uL after 18 mo of follow-up, suggesting slow
immune recovery. In a random subcohort of a multicountry
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study, the change in CD4 counts was also examined among
individuals with ID and HIV infection compared with iron-
replete counterparts, and no significant change was found
after 96 wk on cART.

Few other prospective studies have evaluated the associa-
tion of hematologic biomarkers with viral load among HIV-
infected patients, and those that did were of short duration.
No significant association of hemoglobin concentration with
viral load was noted in a cohort study among 135 women
in their immediate postpartum period (82). In another study
using samples from China and the UK, hepcidin concentra-
tions within the first 60 d of HIV infection were positively
correlated with a mean of multiple viral load measurements
from 3-12 mo among 19 newly HIV-infected adults (p =
0.49) (78). Hepcidin concentration increased considerably
following HIV infection and remained high during follow-
up, although viral load had become undetectable.

A small cohort study (n = 59) in Zambia examined the
influence of interventional postpartum iron supplementation
on milk and plasma viral load. Iron supplements were
recommended to women with hemoglobin <90 g/L, per
standard of care. Among pregnant women with hemoglobin
<100 g/L at childbirth, milk and plasma viral load at 6 wk did
not differ significantly whether they took iron supplements
in the first 2 wk postpartum or not. The hemoglobin
concentration in those who received iron was significantly
lower compared with the concentration in their counterparts
(P < 0.001).

Prospective studies among women during pregnancy
We identified 1 prospective study conducted among pregnant
women (68). It was a secondary analysis of a multivitamin
trial among 1078 ART-naive pregnant women in Tanzania.
The prevalence of anemia at baseline among these women
was 83%. The study showed that moderate and severe anemia
were associated with a 2.1-fold and 3.2-fold increased risk, re-
spectively, of all-cause mortality during follow-up. Similarly,
there was a significant dose-related association of anemia
level with the risk of AIDS-related mortality. Hypochromasia
with microcytosis, suggestive of ID, was associated with a
2.9-fold increased risk of all-cause mortality compared with
normal erythrocyte morphology. The findings with respect to
mortality were consistent with those in nonpregnant adults.

Iron supplementation studies

Three iron supplementation trials have been conducted
among HIV-infected individuals (Table 5). One of these was
in a pediatric population. The pediatric trial was conducted
in Malawi and enrolled 209 HIV-infected children aged 6-
59 mo presenting with moderate anemia (hemogobin 70—
90 g/L). The subjects were randomly assigned to receive 3
mo of iron (3 mg/kg daily) plus multivitamins (vitamins
A, C, and D) or multivitamins alone and followed for
6 mo (n = 196). Iron-supplemented children had increased
hemoglobin (mean difference: 6 g/L; 95% CI: 0.6, 11.3), and
reduced risk of persistent anemia (prevalence ratio: 0.6; 95%
CI: 0.4, 0.9) for 6 mo of follow-up. At 3 mo follow-up, the
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risk of ID was lower by 72% (95% CI: 51, 85%) and the
CD4 % was greater by 6% (95% CI: 1.8, 10.2), but these
outcomes were not significant at 6 mo. The incidence of
malaria was also greater in the iron group at 3 mo (incidence
rate ratio: 2.7; 95% CI: 1.1, 6.6) but not at 6 mo (86). The
dose of iron supplements (3 mg/kg) exceeded the current
recommendation of 1-2 mg/kg, and only 36% of subjects
received antiretroviral therapy. Iron supplementation effec-
tively improved hematologic and immunologic status in this
trial, but malaria incidence was more common.

We did not find any RCTs providing oral iron supplements
to adults at a dose of 60 mg elemental iron daily. One
US study examined low-dose iron supplements (18 mg
daily) as part of a double-blind RCT of micronutrients with
iron or micronutrients alone (90). Adult female injection
drug users (n = 458) infected with hepatitis C virus were
randomly assigned to either treatment arm and supplements
were provided for 12 mo. Of these subjects, 138 were HIV
positive as well. Exclusion criteria included pregnancy and
menopause. Participants with serum ferritin >200 ug/L
were also excluded. CD4 was significantly higher in the
iron group at the 6-mo follow-up (388 compared with
260 cells/iL, P = 0.01). Hematologic status findings were
not reported in the HIV-positive subgroup alone. Logio
viral load (copies/mL) did not substantially differ in both
groups at 6 and 12 mo of follow-up. Iron supplementation
therefore improved immunologic response in this study,
without exacerbating viral replication.

One study in western Kenya provided iron parenterally
(87). Male and female adults (n = 181) were randomly
assigned to receive 60 mg iron as ferrous dextran twice
weekly. Of these, 45 were HIV-positive and ART-naive, and
follow-up was only complete for 32 participants—16 in each
of the iron and control groups. The log;, viral load was
greater in the iron group at baseline (5.6 compared with 4.9
geq/mL, P = 0.02) as well as at the 4-mo follow-up (4.7
compared with 4.2 geq/mL, P < 0.01). Adjusting for baseline
log viral load, hookworm infection, and baseline variables
did not yield any significant differences in viral load during
follow-up (difference: —0.04 geq/mL; 95% CI: —0.62, 0.55).

Taken together, these were small studies with short
duration of follow-up or considerable loss to follow-up that
were conducted in the era before access to ART became
optimal and do not note evidence of harm from providing
iron, but also provide no conclusive evidence of the safety
or efficacy of iron supplementation in the context of HIV
infection.

Discussion

This review of 68 epidemiologic studies with varying contexts
and study designs was performed to examine the influence
of hematologic status on the risk of important clinical
outcomes among children and adults with HIV. Anemia at
ART initiation and during follow-up was associated with
a substantially increased risk of mortality, TB, and disease
progression. These findings were consistent regardless of
the severity or etiology of anemia. Even mild anemia was

associated with a >26% greater risk of all-cause mortality.
Both ID and elevated iron status were associated with
increased risk of adverse outcomes, though iron status
measures were not often adjusted for inflammation. Only
3 iron supplementation studies have been conducted and
their findings with respect to the safety of supplementation
have been inconsistent. In this review we have explored these
findings and attempted to explain the general findings and
identify gaps in published studies.

Whether iron supplementation may be beneficial in
patients with HIV is unclear for 2 reasons. First, the burden
of anemia in HIV infection is huge. The overall prevalence
of anemia among HIV-infected patients ranges from 21%
to 71% (76, 81, 102-105) and may be higher in those with
advanced disease and in pregnant women (5, 68). While
ACD accounts for 41-47% of anemia among HIV-infected
adults (5, 11, 89), IDA accounts for 20-44% (5, 63, 81, 106).
Inadequate intake and poor bioavailability of iron underlie
both major causes of anemia. Regardless of etiology, we found
that anemia is consistently associated with elevated risk of
mortality, incident TB, and AIDS-related mortality, and iron
supplementation is well known to prevent and treat anemia
in the general population.

Second, iron is an essential constituent of numerous
enzymes important in biological processes, such as mito-
chondrial respiration, DNA synthesis, hormone production,
and immune function (107). Heme oxygenases, present in
the vascular system or expressed in response to infection
or injury, catalyze the degradation of heme, and thereby
function as anti-inflammatory and cytoprotective enzymes,
with significant antiviral activity against HIV (108, 109).
Levels of heme oxygenase rise in acute HIV infection, as part
of the immune response to limit the infection (110, 111).
Heme oxygenase function is protective against TB infection,
especially if the immune system is still intact (112, 113). In
fact, heme oxygenase upregulation may be required to suc-
cessfully mount resistance to mycobacteria infection (112).
When iron stores are depleted, the upregulation of heme
oxygenase is impaired (114), likely favoring unrestricted
viral growth, worsening disease progression, and increasing
mortality risk. We found that iron deficient erythropoiesis,
but not iron depletion alone (66), may be associated with
clinical progression of HIV, suggesting that the extent of ID
is an important determinant of the impact on the immune
system.

There are concerns that iron supplementation may not
be optimally effective to prevent or treat anemia among
HIV patients and may even be unsafe. This concern arises
because ACD accounts for a substantial proportion of the
anemia burden among HIV-infected patients. Elevated con-
centrations of proinflammatory mediators in Al—especially
IL-6 upregulate hepcidin production. Hepcidin binds to
ferroportin at numerous sites—including the gastrointestinal
tract and reticuloendothelial system—and limits the degree
to which ferroportin is available to transport iron across
the plasma membrane, rendering iron supplementation
ineffective (115, 116). Unabsorbed iron could therefore reach
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the colon in large quantities—both free and sequestered in
enterocytes. This could lead to gut inflammation, promote
the growth of pathogenic microbes in the colon, and increase
the risk of diarrhea, with potential systemic effects. If these
concerns are confirmed in population studies, additional
testing to exclude ACD may be required before commencing
iron supplementation.

Importantly, there are also concerns that iron reple-
tion may accelerate viral replication inside CD4 T-cells,
worsening the progression of the HIV disease. Iron is a
component of the host’s cellular enzymes required as part
of the life cycle of the HIV virus, such as for generating
viral particles (117). A few in vitro studies have examined
this question (118-121). While increased cellular iron leads
to increased viral replication in CD4 T-cells, iron chelation
led to decreased viral replication in circulating lymphocytes
(119-121). Population studies examining the effect of iron
on viral load are warranted, including studies comparing
the relation of iron and viral load in the context of viral
suppression and optimal adherence to antiretroviral therapy.

There are additional concerns that iron supplementation
may lead to increased concentrations of non-transferrin
bound iron (NTBI) in iron-replete HIV-infected individuals
(122). Levels of NTBIs have been reported to be 6-fold
greater among patients with Pneumocystis carinii pneumonia
(PCP) (123). Unbound iron is potentially more available for
pathogens to access for their homeostasis, and multiple in
vitro studies have demonstrated increases in intracellular
and extracellular growth of Mycobacterium TB and other
bacteria when hemoglobin or ferritin iron is increased (124,
125). It could be argued that there is a threshold beyond
which increasing iron stores through supplementation would
be harmful. In a mouse model of Mycobacterium bovis
infection, intake of an iron-rich diet was found to lead to
decreased mycobacterial growth, lower concentrations of
proinflammatory cytokines, and higher T-cell recruitment,
if the concentrations of iron in the liver were not excessive
(126). In a Tanzanian cohort, those who received iron had
increased mortality risk regardless of anemia categories
(99). Epidemiologic studies do not provide satisfactory
explanations for these findings since prospective studies and
RCTs either find iron supplementation may protect against
worsening virologic (87) or immunologic (86) status, or find
no significant relation of iron supplement use with viral load
(82, 90). Interrupted treatment studies that guide the pro-
vision of iron supplementation using common hematologic
biomarkers may also help clarify the appropriateness, costs,
and effectiveness of alternative supplementation approaches.

As mentioned above, ACD is also important in the
context of other chronic diseases such as TB, schistosomiasis,
chronic kidney disease, and cancers. IDA is also common
in these conditions, often due to poor dietary intake, and
the balance of risks and benefits of iron supplementation
has been considered (127, 128). Iron supplementation is
increasingly common among patients with some of these
conditions due to studies demonstrating its superior efficacy
relative to other treatment modalities (129, 130). Recent
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meta-analyses conducted among cancer patients found that
including iron with erythropoiesis-stimulating agents (ESAs)
led to 17% better hematopoietic response and reduced the
need for transfusions, with no increased risk of adverse
events, compared with ESAs alone, suggesting a role for
iron supplementation in these and similar conditions (130).
Among 131 patients with pulmonary TB in India, those
who were randomly assigned to iron supplements had
considerably greater hemoglobin and ferritin concentrations
and larger mean corpuscular volume (MCV) after 1 mo
of treatment, compared with those assigned to placebo
(131). The iron concentrations remained higher by 6 mo
of follow-up, but the difference was no longer statistically
significant. This trial among TB patients did not report on
adverse events. These findings in other chronic diseases,
and the limited evidence from the iron supplementation
studies among HIV patients (82, 132), together support the
argument that iron supplementation is likely to be beneficial
among HIV patients with anemia.

Studies have also considered which route of administra-
tion of iron may be optimal in chronic diseases. Recent meta-
analyses and RCTs among patients with chronic kidney dis-
ease (CKD) (133), inflammatory bowel disease, and cancer
(134, 135) have observed during follow-up that hemoglobin,
ferritin, and transferrin saturation concentrations are higher
with intravenous (IV) iron supplementation than with oral
supplementation. The need for blood transfusion did not
differ in the oral and IV iron groups (133, 134, 136). Among
patients with inflammatory bowel disease, there was a 5-fold
higher risk of serious adverse events in those who received IV
iron than in those who received oral iron (137). In patients
with CKD and cancer, however, there was no increased risk
of adverse events and no difference in survival (133, 136). It
is likely that the effectiveness and safety of oral iron depends
on the specific iron compound. Most studies reviewed above
provided oral iron in the form of ferrous sulfate. One study
among cancer patients compared IV iron to oral sucrosomial
iron and found no difference in the hemoglobin response
(136). Recent placebo-controlled studies demonstrated the
efficacy of oral ferric citrate capsules among patients with
CKD (138, 139), and studies comparing oral ferric citrate
to IV iron may further clarify its effectiveness. In the
context of HIV infection, parenteral administration of iron
could potentially complicate efforts to improve adherence to
antiretroviral medication, and randomized trials examining
the effectiveness and safety of different oral formulations of
iron are warranted.

As mentioned above, ACD results from chronic inflam-
mation in the context of HIV. It occurs as part of the
innate immune response to restrict bioavailable iron acces-
sible to pathogens. Duodenal iron absorption is reduced,
and absorbed iron is sequestered within enterocytes and
eventually passed out in feces when enterocytes slough
off. Tron is also sequestered within macrophages in the
reticuloendothelial system in response to the elaboration of
IL-2 and -6 in chronic inflammation. Increased hepcidin
concentration underlies the sequestration in both cases, and



hepcidin is therefore described as the master regulator of iron
metabolism (24). Hepcidin binds to ferroportin, a cellular
iron transport protein expressed on the surface of cells (140).
Hepcidin binding to ferroportin leads to its disintegration,
thereby limiting iron transport across the cell membrane
(115, 116). The adverse consequences of ACD likely result
from chronic inflammation, poor iron bioavailability, or
both.

In light of the findings from this review, as well as
current practices in the context of chronic noninfectious
diseases, we conclude that there appears to be equipoise
with respect to the balance of safety and efficacy of iron
supplementation among HIV patients. Many of the studies
on this subject are observational studies, with varying degrees
of adjustment for confounding variables. There have been
substantial improvements in access to ART, and now in most
countries all HIV-infected patients receive HAART as soon
as they have been diagnosed. Many of the primary studies
in this review were, however, conducted in the pre-ART
days, or in settings where HAART was only provided to
patients with more advanced disease or based on clinical
immunologic criteria, or both, limiting the relevance of the
inferences from these studies to current practice. Even in
the ART era, many studies do not provide information on
the extent of adherence to ART. The major limitation of
this review, therefore, is the paucity of primary studies,
the limited generalizability of many included studies in the
light of changing treatment guidelines, and the inadequate
consideration of the impact of use of and adherence to ART
on findings.

None of the RCTs reviewed had examined iron supple-
mentation in the groups of HIV-infected individuals most
likely to benefit from supplementation, such as pregnant
women and adults and children with ID. Testing for iron
depletion (ferritin <15 pg/L) at baseline and during follow-
up could guide delayed or interrupted treatment approaches,
with potential to prevent anemia, without worsening the
risk of adverse events. These approaches require evaluation
in randomized controlled trials. Increased understanding of
the interaction of HAART and iron supplementation would
also strengthen the evidence for and against reccommending
supplementation in the context of universal HAART use.
RCTs in the pre-ART era (141, 142) and a recent large
observational study (143) among patients initiating HAART
have shown that multiple micronutrient supplements (MMS)
lower the risk of anemia and mortality. MMS contain
antioxidants, improve the immune response, and slow viral
replication (143). Multiple micronutrient supplementation
may therefore be a suitable alternative if iron supplementa-
tion is unsafe or ineffective, and a complement if otherwise.
The appropriate dosage of iron in MMS for use among
PLWHIV is unclear, since the previous studies in this setting
included a range of doses from 0 to 30 mg (141, 144-148).
The findings from RCTs may inform the composition of
MMS, with respect to iron.

We conclude that there is consistent evidence that
PLWHIV who are anemic are at increased risk of all-cause

mortality, incident TB, and disease progression. However,
there are also potential adverse consequences of supplement-
ing iron. Trials of efficacy and safety of iron supplementation
in diverse populations, including pregnant women who may
be taking iron as standard prenatal care, are warranted.
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