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Abstract

Objectives: To establish the incidence, risk factors and prognostic effect of anemia in children 

living with HIV (CLWH).

Design: Retrospective nested case control study of patients 0 – 18 years in five centers in 

sub-Saharan Africa, 2004 – 2014.

Methods: Incident cases of anemia were identified from electronic records and matched with 

CLWH without anemia. We calculated the incidence density of anemia and used conditional 

logistic regression to evaluate its association with risk factors, stratified by severity and type of 

anemia. We used a Cox proportional hazards model to evaluate the impact of anemia on survival.

Results: 2,137 children were sampled. The incidence density of anemia was 1 per 6.6 CLWH-

years. Anemia was moderate in 31.8% and severe in 17.3% of anemia cases, which had 10-year 

mortality hazards of 3.4 and 4.5, respectively. Microcytic anemia (36% cases) was associated with 

2.3-fold hazard of 10-year mortality, and with malnutrition and CD4 suppression. Normocytic 

anemia (50.5% cases) was associated with 2.6-fold hazards of 10-year mortality, and with more 

severe malnutrition, CD4 suppression, and WHO stage, but inversely associated with Lamivudine 

and Nevirapine therapy. Macrocytic anemia (13.5% cases) was not associated with higher 10-year 

mortality nor with severe malnutrition or CD4 suppression, but was associated with WHO stage 

II/III and negatively associated with Lamivudine therapy.
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Conclusions: This large multi-country study of CLWH found a high incidence density 

of anemia. Higher severity, normocytic and microcytic types of anemia were independently 

associated with long-term mortality. Laboratory studies are needed to decipher the mechanisms 

of anemia and how it impacts mortality in CLWH.
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Introduction

There are an estimated 1.7 million children under 15 years old that are infected with Human 

Immunodeficiency Virus (HIV) worldwide, 91% of them in sub-Saharan Africa (SSA) [1]. 

With improved access to combination anti-retroviral therapy (ART) and adequate treatment 

of opportunistic infections, the survival of children living with HIV (CLWH) in SSA has 

improved significantly. As a result, non-infectious complications of HIV infection such as 

anemia are putatively becoming of major significance as causes of morbidity and mortality 

in CLWH [2, 3].

Anemia is a public health problem in children worldwide with about 42.6% of children 

affected. Anemia has major adverse effects on children’s survival, physical growth and 

cognitive development, and, subsequently, their social and economic productivity as adults 
[4, 5]. The global prevalence and severity of anemia is highest in children in SSA due 

to the interaction of multiple etiological factors, namely: nutrition (e.g., iron, folate, and 

Vitamin B12 deficiency), genetic (e.g., sickle cell disease and thalassemia), and infectious 

(e.g., malaria, HIV, and other viruses) factors. The co-existence and interplay of these 

complex factors is accentuated in CLWH on ART in SSA. This may potentially result 

in longstanding and/or severe anemia that impacts survival and quality of life. However, 

the multiple plausible causes of anemia in these CLWH also means there is difficulty 

to precisely determine the cause, and, therefore, inability to effectively prevent and treat 

anemia in these children [6–9]. Some pediatric HIV case-control or cross-sectional studies 

from the pre-ART era, and from smaller studies in the post-ART era, have shown conflicting 

patterns of anemia, its association with ART, and impact on outcomes [9–12]. The objectives 

of this study were to quantify the incidence density of anemia, characterize the types of 

anemia and associated risk factors, and their impact on survival of CLWH in SSA.

Materials and Methods

Study design and study population

We conducted a nested case control study of children with/without anemia in the Baylor 

International Pediatric AIDS Initiative (BIPAI) clinical cohort [13]. We used a nested 

case-control design to reduce bias from missing data in this retrospective study. The 

BIPAI network is one of the largest providers of pediatric HIV treatment centers in SSA 

and globally, consisting of eight specialized pediatric HIV centers in SSA (since 2000) 

and Romania with standardized HIV clinical practice guidelines across the network. The 

clinical centers routinely use an electronic medical record (EMR) system as part of clinical 
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care and have IRB-approved protocols that allow for de-identified retrospective research. 

Children were referred to the centers from all over the respective countries following early 

infant screening and diagnosis, or when they developed clinical evidence of HIV infection. 

Children with HIV infection had longitudinal routine and sick clinic visits. Complete blood 

counts (CBC) were performed as clinically indicated during these visits using automated 

CBC analyzers. Children were treated according to WHO guidelines; in the 2004 – 2008 era, 

the standard practice was to commence children on ART when they met specific CD4 cell 

and WHO stage criteria. WHO’s “test and treat” policy was rolled out across the network 

after 2008.

Cases and controls

Cases were defined as children with HIV infection and any instance of anemia while 

controls were children with HIV infection but no instance of anemia throughout the course 

of their care at the BIPAI center. Anemia was defined as hemoglobin (HB) concentration 

less than the lower limit for age according to WHO reference ranges for individuals living 

at sea level (Supplementary Table 1)[14]. Anemia was further stratified by severity and mean 

corpuscular volume (MCV) according to WHO thresholds for age and sex. To classify 

anemia by severity, we used the nadir HB during the follow up period.

Children who were diagnosed with anemia within 3 months (wash-out period) of enrollment 

into HIV care were considered prevalent cases and were excluded from further analysis; 

those diagnosed with anemia after 3 months of enrollment were considered incident. All 

incident anemia cases were included in the analysis. Controls were randomly selected from 

the risk set of children without anemia and matched on follow-up time. Follow-up time was 

measured from time of enrollment into HIV care at the BIPAI center to the date of diagnosis 

of death or last attendance at the BIPAI center.

Study variables and definition

The records of all incident cases and selected controls were retrospectively reviewed from 

1st January 2004 until 31st December 2014 for one of the following outcomes of interest: 

anemia, death, or no longer attending care at the BIPAI center. Children were censored at 

the date of death or last attendance at the BIPAI center if they had no diagnosis of anemia 

by 31st December 2014. The maximum possible follow-up time for an individual child in 

the cohort was 11 years. The following covariates were extracted from the EMR on all cases 

and controls at all time points they were available: age, sex, country, date of enrollment at 

BIPAI center, date of initiation of ART, names of ART agents, WHO HIV/AIDS Stage at 

enrollment, CD4 lymphocyte counts/percentages, height, and weight.

Data cleaning and organization

Data was electronically abstracted and transferred into Microsoft Excel version 16.16.3 

(Redmond, WA), where it was collated before exportation into SAS version 9.4 (Cary, NC) 

for further curation, coding, organization, and analysis. Derivative variables were computed 

from raw data, e.g., survival time, was calculated from date of enrollment into HIV care 

to date of death. Continuous variables (e.g., age, CD4 cell counts, HB concentration) and 

ordinal variables (e.g., year of enrollment) were consolidated into logical categories (e.g., 
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age groups and severity of anemia). Particularly, CD4 lymphocyte levels were categorized as 

defined by the World Health Organization [15]. We calculated z-scores for weight-for-length/

height (age <5 years) and BMI-for-age (age >5 years) using World Health Organization 

guidelines for malnutrition[16], and categorized nutritional status as follows: adequate 

(>−1SD), mild malnutrition (−1 – −2 SD), moderate malnutrition (−2 – −3 SD), and severe 

malnutrition (≤−3 SD).

Statistical Analysis

We calculated the incidence density and risk factors associated with anemia. To evaluate the 

association of putative risk factors and anemia, we used conditional logistic regression to 

compute odds ratios (unadjusted and adjusted – where applicable). We calculated relative 

risks of death at 1, 5 and 10-year time points and used Gray’s test to assess whether 

incidence density curves were the same or different at all timepoints. We also performed 

Kaplan-Meier survival analysis to create survival curves and a Cox proportional hazard 

model to estimate hazard ratios of 10-year overall survival by type and severity of anemia. 

All hypothesis test computations included 95% confidence intervals to estimate the precision 

of associations and p-values to estimate the robustness of the statistical models, which were 

considered robust if p-value < 0.05.

Ethical review

Ethical approval was obtained from Baylor College of Medicine in addition to each of the 

relevant institutional review boards (IRBs) in Botswana, Malawi, Tanzania, and Uganda. 

Informed consent was waived by the respective IRBs in view of a retrospective study design 

using de-identified patient information.

Results

Clinical characteristics of the nested cohort

We sampled 2137 CLWH enrolled at the five BIPAI centers between January 2004 to 

December 2014 and who had at least one CBC result in the EMR during this period, 

for a total of 11,667 CLWH-years. The clinical and demographic characteristics of the 

study sample are summarized in Table 1. Cases of anemia were adequately matched with 

controls on follow-up time. The incidence density of anemia was 1 per 6.6 (95% CI 6.4 

– 6.9) CLWH-years. Among CLWH with anemia (1,756), 50.9% had mild anemia, 31.8% 

had moderate anemia, while 17.3% had severe anemia (Supplementary Table 2). With 

regards to type of anemia as classified by MCV, 50.5% had normocytic anemia, 36% had 

microcytic anemia, while 13.5% had macrocytic anemia. About 50% of children had a 

concurrent quantitative blood cell abnormality, most commonly leukopenia in 23.4% and 

thrombocytosis in 18.1% of CLWH and anemia.

Risk factors associated with anemia in CLWH

The association of risk factors of interest with anemia is summarized in Table 2. All degrees 

of malnutrition were associated with anemia. Since malnutrition has a strong multi-factorial 

association with anemia, we adjusted all other risk factors for nutrition status. Severe CD4 

suppression and advanced (III/IV) WHO Stage were associated with 78% (95% CI 1.32 – 
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2.41, p<0.001) and 63% (95% CI 1.24 – 2.14, p<0.001) odds of anemia, respectively, after 

adjusting for malnutrition. On the other hand, the ART agents Lamivudine and Nevirapine 

were associated with 47% (95% CI 0.30 – 0.96, p<0.037) and 21% (95% CI 0.62 – 1.00, 

p<0.045) odds of anemia. Zidovudine had no association with anemia, nor did combining 

it with another nucleoside reverse transcriptase inhibitor (NRTI) i.e., Lamivudine, increase 

the risk of anemia. On average, and adjusted for malnutrition and CD4 count, HB levels 

increased by 0.18 g/dL per year, of ART treatment among children who had anemia before 

commencing ART.

Risk factors associated with microcytic anemia in CLWH

The risk of microcytic anemia was higher among children with malnutrition, and 

higher among those with moderate and severe malnutrition compared to those with 

mild malnutrition (Supplementary Table 3). After adjusting for malnutrition, severe CD4 

suppression was associated with 77% (95% CI 1.23 – 2.54, p=0.002) odds of microcytic 

anemia; however, there was no association of advanced (III/IV) WHO Stage and microcytic 

anemia. Regarding the association of microcytic anemia and ART agents, only Nevirapine 

had a protective effect although it was small, (aOR=0.74, 95% CI 0.56 – 0.98, p=0.036) 

while Lamivudine and Nevirapine or a combination of these two NRTIs was associated 

with microcytic anemia. Zidovudine had no association with anemia in this cohort, nor did 

combining it with another nucleoside reverse transcriptase inhibitor (Lamivudine) increase 

the risk of anemia.

Risk factors associated with normocytic anemia in CLWH

The risk of normocytic anemia was higher among children with all degrees of malnutrition 

(Table 3). After adjusting for malnutrition, normocytic anemia was associated with CD4 

suppression and advanced (III/IV) WHO Stage. Lamivudine and Nevirapine in the ART 

regimen were protective against normocytic anemia but Zidovudine had no association with 

risk of normocytic anemia.

Risk factors associated with macrocytic anemia in CLWH

The risk of macrocytic anemia was higher among children with mild and moderate 

malnutrition, but, paradoxically, not those with severe malnutrition (Supplementary Table 4). 

After adjusting for malnutrition, macrocytic anemia was associated with advanced (III/IV) 

WHO Stage (aOR=2.99, 95% CI 1.88 – 4.77, p<0.001) but was not associated with CD4 

suppression. Use of Lamivudine without Zidovudine in the ART regimen was protective 

against macrocytic anemia (aOR=0.42, 95% CI 0.18 – 0.98, p<0.044) but other ART agents 

were not associated with macrocytic anemia.

Anemia and survival of CLWH

Compared to CLWH who had no anemia, those with moderate and severe anemia had higher 

relative risk (RR) of death while those with mild anemia did not have an increased risk of 

death. The relative risk of death increased with severity of anemia and persisted through 10 

years of HIV care. The RR of death at 1 year, 5 years, and 10 years from the first occurrence 

of moderate anemia for CLWH was 4.78 (95% CI 2.41 – 9.49), 4.96 (95% CI 2.88 – 
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8.53) and 4.00 (95% CI 2.48 – 6.45), Gray’s test p<0.001 for each of the RR. Moderate 

anemia had 3.4 hazards on 10-year mortality (95% CI 2.0 – 5.6), p < 0.001), after adjusting 

for malnutrition, CD4 nadir, WHO Stage, and use of Zidovudine and Lamivudine in ART 

(Figure 1). The RR of death at 1 year, 5 years, and 10 years from the first occurrence of 

severe anemia for CLWH was 9.24 (95% CI 4.69 – 18.23), 8.12 (95% CI 4.73 – 13.93) 

and 5.74 (95% CI 3.56 – 9.24), Gray’s test p<0.001 for each of the RR. Severe anemia 

had 4.5 hazards of 10-year mortality (95% CI 2.68 – 7.67), p < 0.001), after adjusting for 

malnutrition, CD4 nadir, WHO Stage, and use of Zidovudine and Lamivudine in cART.

Compared to CLWH who had no anemia, those with microcytic anemia or normocytic 

anemia had significantly higher mortality. Normocytic anemia had the strongest association 

with death; with RR at 1 year, 5 years, and 10 years from the first occurrence of normocytic 

anemia of 4.96 (95% CI 2.54 – 9.72), 4.16 (95% CI 2.43 – 7.12) and 3.15 (95% CI 1.97 

– 5.06), respectively; Gray’s test p<0.001 for each of the RR. Normocytic anemia had 

2.6 hazards of 10-year mortality (95% CI 1.60 – 4.36), p < 0.001), after adjusting for 

malnutrition, CD4 nadir, WHO Stage, and use of Zidovudine and Lamivudine in cART 

(Figure 2). The RR of death at 1 year, 5 years, and 10 years for CLWH with microcytic 

anemia was 3.48 (95% CI 1.73 – 7.00), 3.54 (95% CI 2.03 – 6.15) and 2.95 (95% CI 

1.81 – 4.81), respectively; Gray’s test p<0.001 for each of the RR. Microcytic anemia had 

2.3 hazards of 10-year mortality (95% CI 1.39 – 3.93), p = 0.002), after adjusting for 

malnutrition, CD4 nadir, WHO Stage, and use of Zidovudine and Lamivudine in cART. 

Macrocytic anemia was not associated with increased 10-year mortality hazards or relative 

risk of death except at 5 years when CLWH with macrocytic anemia had a RR=2.21 (95% 

CI 1.09 – 4.47), Gray’s test p=0.024.

Discussion

The objectives of this study were to quantify the incidence density of anemia, characterize 

the types of anemia and associated risk factors, and their impact on survival of CLWH and 

on cART in SSA.

Although there is a paucity of data on incidence of anemia in the pediatric population 

in SSA, the World Health Organization conducted a comprehensive Global Prevalence 

of Anemia report in 2011 that found a prevalence of anemia of 53.8% in Africa, and 

3.6% with severe anemia[17]. Therefore, we surmise that the high proportion (17.3%) of 

severe anemia in this cohort of CLWH in SSA is indicative of a much higher burden of 

severe anemia in this population. Moreover, the results demonstrate that the occurrence 

of severe or even moderate anemia in CLWH predicts a remarkably lower probability of 

long-term survival. To devise clinical strategies to reduce mortality in CLWH, it is critical 

to understand the pathological mechanisms linking long-term mortality and anemia in these 

children. The types of anemia and their risk factors provide probable hypotheses regarding 

the mechanisms of anemia and, hence, mortality.

About one third (32%) of cases of anemia in children in SSA are attributed to iron 

deficiency, which classically causes microcytic erythrocytes. This cohort had a similar 

(36%) proportion of microcytic anemia. The differential diagnosis of microcytic anemia 
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includes iron deficiency, anemia of chronic disease, thalassemia, and sideroblastic anemia. 

The latter two are relatively rare hereditary disorders; hence, most of the microcytic anemia 

in these CLWH is likely due to iron deficiency or anemia of chronic disease (also known 

as anemia of inflammation) – an acquired abnormality of iron metabolism that is associated 

with chronic immune activation whereby iron uptake by erythroid progenitors is inhibited. 

Whereas microcytosis due to iron deficiency in children, and in this cohort of CLWH, is 

strongly associated with malnutrition, microcytic anemia was still associated with a 2.3-fold 

higher ten-year mortality after adjusting for malnutrition. This suggests other mechanisms, 

such as anemia of inflammation, may account for microcytic anemia and its association with 

higher long-term mortality in CLWH. It is plausible that in this cohort microcytic anemia 

served as a marker of chronic immune activation and its associated long-term deleterious 

effects, leading to mortality. Future studies of iron metabolism in CLWH can elucidate the 

predominant mechanisms and inform preventive or treatment strategies.

Normocytic anemia had the strongest association with lower ten-year survival in this cohort. 

The risk of normocytic anemia was also associated with increasing severity of all indicators 

of poorly controlled HIV infection, i.e., malnutrition, CD4 suppression, and WHO stage, 

while ART agents were protective except for Zidovudine monotherapy. Hypothetically, 

likely causes of normocytic anemia in the setting of HIV infection may include anemia of 

inflammation, hemolysis due to immune dysfunction or infections, macronutrient (protein) 

deficiency, and bone marrow suppression due to opportunistic infections.

Unlike normocytic anemia and microcytic anemia, macrocytic anemia was not associated 

with lower ten-year survival in this cohort. Macrocytic anemia was associated with 

several indicators of relatively controlled HIV infection, i.e., associated with mild and 

moderate malnutrition but not severe malnutrition and not associated with CD4 suppression. 

Considering this, the association of macrocytic anemia with advanced WHO stage is 

difficult to explain; but may be related to the fact that these data represent the presenting 

WHO stage, while the anemia (and associated erythrocyte size) is evaluated throughout 

the course of disease and/or follow-up. Use of Lamivudine has been previously shown to 

result in macrocytosis as was observed in this cohort [18]. Zidovudine is also associated 

with macrocytosis although to a lesser degree than Lamivudine. Overall, we conclude that 

macrocytosis is a favorable feature in CLWH because it probably represents adherence to 

NRTI-containing ART [19]. Other hypothetical causes of macrocytic anemia in the setting of 

HIV infection may include vitamin B12 and folate deficiency and causes of bone marrow 

dyserythropoiesis other than NRTIs.

The Anemia in HIV Working Group (2003) previously identified several risk factors for 

anemia in adults with HIV infection in the US and Europe; these include advanced stage, 

severe CD4 suppression, Zidovudine and CD4 suppression [20–22]. The Working Group also 

showed anemia to be an independent predictor of HIV prognosis in adults, with variations 

depending on the specific population and severity of anemia [23–27]. For CLWH in SSA, 

widespread early infant diagnosis and use of ART has only been achieved over the last 

decade [28, 29], hence there is a paucity of robust evidence to understand the problem of 

anemia and its implications in this population that is particularly at high risk of anemia 

regardless of HIV infection, and for whom anemia may have major implications for survival 
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and cognitive and physical development. This study fills some of these critical evidence gaps 

and generates hypotheses for future studies to address the problem of anemia in CLWH in 

SSA.

Limitations

This was a retrospective nested case control study; hence, it may be prone to bias due to 

missing data. We used a nested case control instead of a retrospective cohort design to 

mitigate this potential bias and applied the most common sparse-data fitting method for 

stratified logistic models, conditional logistic regression, to reduce sparse data bias. The 

ratio of cases to controls in the study was 4.6; the small proportion of controls was because 

most CLWH develop anemia in the course of their HIV disease. Furthermore, additional 

clinical variables such as specific opportunistic infections and viral loads would be relevant 

risk factors to examine; however, we did not include them in this analysis due to inconsistent 

specificity or availability of this data in the cohort. We were also unable to interrogate 

the causes of mortality in this cohort for the same reasons; this would help to identify 

mechanistic links between anemia and mortality.

Conclusion

This nested case control study used a large multi-country cohort of children treated using 

standardized evidence-based HIV clinical guidelines and a central EMR to quantify the 

incidence density, types, risk factors, and impact on long-term survival of anemia in CLWH 

in SSA. The study demonstrates the relatively high occurrence of anemia in CLWH, the 

strong independent predictive role of anemia on long-term survival, and the complex 

and multi-factorial risk factors associated with various types of anemia in CLWH. Future 

studies will focus on prospective designs that include laboratory analysis of blood and other 

biospecimens to decipher the etiological and pathogenetic mechanisms of anemia in CLWH, 

and their mechanistic sequalae that lead to increased long-term mortality.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Kaplan-Meier curves comparing 10-year survival of children living with HIV infection in 

the BIPAI cohort by severity of anemia. Kaplan-Meier survival analysis was used to create 

survival curves and a Cox proportional hazard model to estimate hazard ratios of 10-year 

overall survival by severity of anemia: no anemia (n = 381) – green font survival curve, 

mild anemia (n = 894) – blue font survival curve, moderate anemia (n = 558) – red font 

survival curve, and severe anemia (n = 304) – brown font survival curve. Cross marks in 

the curves indicate the timing of censorship of the children upon death or loss to follow-up 

in the follow-up period. Using the no anemia group as reference, the adjusted hazard 

ratio (adjusted for nutrition status) associated with various categories of severity of anemia 

was 1.04, 95%CI 0.61 – 1.79, p-value=0.888 for mild anemia, 3.36, 95%CI 2.01 – 5.60, 

p-value<0.001 for moderate anemia, and 4.53, 95%CI 2.68 – 7.67, p-value<0.001 for severe 
anemia. All statistical models were considered robust if p-value <0.05.
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Figure 2. 
Kaplan-Meier curves comparing 10-year survival of children living with HIV infection by 

type of anemia in the BIPAI cohort. Kaplan-Meier survival analysis was used to create 

survival curves and a Cox proportional hazard model to estimate hazard ratios of 10-year 

overall survival by type of anemia: no anemia (reference group, n = 381) – green font 

survival curve, macrocytic anemia (n=216) – blue font survival curve, microcytic anemia 
(n=577) – red font survival curve, normocytic anemia (n=810) – brown font survival curve. 

Cross marks in the curves indicate the timing of censorship of the children upon death or 

loss to follow-up in the follow-up period. The adjusted hazard ratio (adjusted for nutrition 

status) associated with various types of anemia was 1.00, 95%CI 0.46 – 2.18, p-value=0.994 

for macrocytic anemia, 2.33, 95%CI 1.39 – 3.93, p-value=0.002 for microcytic anemia, and 

2.64, 95%CI 1.60 – 4.36, p-value<0.001 for normocytic anemia. All statistical models were 

considered robust if p-value <0.05.
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