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Abstract

Purpose—Whether anemia type modifies the risk of pregnancy and newborn outcomes and the 

effectiveness of iron supplementation is unclear. We examined the association of iron deficiency 
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anemia (IDA) and non-iron deficiency anemia (NIDA) on the risks of these outcomes and the 

extent to which anemia type modifies the impact of prenatal iron supplementation.

Methods—This was a secondary analysis of a placebo-controlled trial of iron supplementation 

among 1450 HIV-negative women in Tanzania. Eligibility criteria included gestational age < 27 

weeks, hemoglobin > 85 g/L, and ferritin > 12 μg/L. Individuals were categorized as non-anemia, 

IDA or NIDA using hemoglobin, ferritin and CRP. Analyses were conducted using regression 

models and likelihood ratio tests.

Results—Compared to the non-anemia group, delivery hemoglobin was lower by 15 g/L (95% 

CI 10.9, 19.3) in the baseline IDA group, and 7.3 g/L (95% CI 3.1, 11.5) in the baseline 

NIDA group. The RRs of anemia severity, iron deficiency, placental malaria, stillbirths, perinatal 

mortality, birthweight, and preterm birth were not different among women in the baseline NIDA 

group (vs. non-anemia) compared to the baseline IDA group (vs. non-anemia). The difference in 

the mean delivery hemoglobin for iron supplementation and placebo arms was 8 g/L (95% CI 6, 

11) in the non-anemia group, 7 g/L (95% CI 2, 13) in the NIDA group, and 16 g/L (95% CI 10, 

22) in the IDA group.

Conclusion—Iron supplementation is effective even among pregnant women with NIDA.
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Introduction

Anemia contributes substantially to the disease burden worldwide, accounting for 59 million 

years lived with disability in 2019, with a much higher burden in low and middle-income 

countries (LMIC) [1]. Pregnant women and children are most commonly affected [2]. The 

prevalence of anemia among pregnant women in sub-Saharan Africa was approximately 

44%, based on a recent analysis of nationally representative surveys [2]. Similar estimates 

have been reported in Tanzania [3]. Iron deficiency (ID) accounts for up to 37% of anemia 

cases among pregnant women in sub-Saharan Africa [4] and results from increased maternal 

and fetal iron demands for growth and metabolism that is unmatched by increased dietary 

iron intake and intestinal absorption [5]. The other causes of anemia are together referred 

to as non-iron deficiency anemia (NIDA) [6]. Anemia of inflammation (AI) is the most 

common cause of NIDA and contributes to up to 20% of anemia in regions where infections 

with HIV, malaria, and helminths are common [7, 8]. Non-AI causes of NIDA of public 

health significance include severe deficiencies of folate and vitamin B12 which cause 

megaloblastic anemia, vitamin A deficiency which reduces the incorporation of iron into red 

blood cells during erythropoiesis, and genetic causes such as sickle cell disease [9]. Indirect 

evidence suggests that approximately 27% of Tanzanian women have folate deficiency 

severe enough to cause megaloblastic anemia [10].

Iron deficiency anemia (IDA) is associated with increased risk of adverse outcomes for 

mothers and newborn, including increased risk of preterm birth and low birthweight [11]. 

However, the impact of NIDA on the risk of maternal and child health outcomes is unclear 

[12, 13]. For instance, AI is associated with increased production of pro-inflammatory 
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cytokines and hepcidin [14, 15]. Elevated hepcidin increases iron sequestration in the 

reticuloendothelial system [14, 16], and reduces iron absorption in the gastrointestinal 

tract, which reduce bioavailability of adequate iron stores, and limits the effectiveness of 

iron supplementation [17]. These factors could potentially impair placental iron transfer 

and intrauterine growth among pregnant women, though population studies have been 

inconclusive [13]. Hyperhomocysteinemia among pregnant women with vitamin B12 

deficiency is also associated with increased preterm birth and low birthweight risk, possibly 

due to impairments in maternal vascular function [18]. It is therefore imperative to 

understand the impact of NIDA on pregnancy outcomes as well as evaluate the extent to 

which NIDA may modify the effectiveness of iron supplement use, given that universal iron 

supplementation is the standard of antenatal care in many developing countries.

We investigated the impact of NIDA on maternal and newborn outcomes, compared to 

IDA, among pregnant HIV-negative women in Tanzania. The analyses aimed to assess 

the occurrence of anemia types among pregnant women in a malaria-endemic setting, to 

examine the association between anemia type and the risks of maternal and child outcomes, 

and determine the extent to which anemia type modifies the effect of iron supplementation 

on these outcomes.

Methods

We performed secondary data analyses from a randomized controlled trial (RCT) of 

pregnant women presenting to three antenatal clinics in Dar-es-Salaam, Tanzania. Dar-

es-Salaam is Tanzania’s largest city with a population of about seven million people. 

Participants were eligible if they were 18–45 y old, HIV-negative, in their first or second 

pregnancy, presenting for antenatal care before 28 weeks gestation, iron-replete and not 

severely anemic (ferritin > 12 μg/L using a rapid test and hemoglobin > 85 g/L), and 

planning to stay in Dar-es-Salaam until delivery. HIV testing was based on two rapid 

assays, and discrepant results were confirmed using an enzyme-linked immunosorbent 

assay (ELISA). Participants were recruited between September 2010 and March 2013 and 

individually randomized to receive a daily oral dose of 60 mg elemental iron (200 mg 

of ferrous sulfate) or placebo (Tishcon Corp, New York, USA). The active and placebo 

tablets and packaging were indistinguishable from one another. Randomization was based 

on a computer-generated sequence in blocks of 20, and was created by a statistician who 

was not involved in the data collection. To preserve blinding, the regimen bottles were 

prelabeled before being issued to the study clinics. Participants were assigned the next 

numbered regimen bottle at randomization, and prelabeled regimen bottles with participants’ 

identification number at subsequent visits. The sample size of 1,500 was selected based on 

a desired statistical power of 80% at a 5% significance level to detect a ≥ 35% effect 

of iron supplementation on placental malaria at a background rate of 20%, assuming 

10% loss to follow-up [19]. They were followed monthly until six weeks postpartum. In 

addition, participants received standard prenatal care, including 5 mg/dAY of folic acid 

and intermittent preventive treatment (IPT) for malaria [20]. Further details of screening, 

treatment assignment, and follow-up for the RCT [19] have been described elsewhere.
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Study procedures

Interviewer-administered questionnaires were administered at enrollment to collect 

information on age, parity, date of last menstrual period, level of education completed, 

household assets, use of malaria prevention methods, cooking fuels used, and meat intake 

frequency. At enrollment, monthly pregnancy visits, delivery, and 6 weeks postpartum visits, 

detailed physical assessments were conducted by research physicians and nurses.

Maternal blood samples were collected at enrollment and at the time of delivery or within 

the first 48 h postpartum. On-call midwives documented birth outcomes. Enrollment was 

limited to women who planned to deliver in Dar es Salaam to prevent loss to follow-

up. Participants were closely followed up, especially in the last weeks of pregnancy. 

Nonetheless, for women who later left the study area to be with extended family or delivered 

at a non-study facility, delivery blood samples could not be collected. As much as possible, 

birth outcome information for survival status, birthweight and gestational age (GA) at birth 

was later obtained by examining health records.

Enrollment and delivery blood samples were tested at the Muhimbili University Clinical 

Research laboratory for a complete blood count (CBC, AcT5 Diff AL, Beckman 

Coulter, FL, USA), serum ferritin concentration (Cobas Integra), and C-reactive protein 

concentration (CRP, Roche Diagnostics, Basil, Switzerland). A subset of participants with 

stored baseline and delivery samples was tested for soluble transferrin receptor concentration 

(Roche Diagnostics). Soluble transferrin receptor (sTfR)-ferritin index was estimated 

as a ratio of log10 of sTfR and ferritin. Participants with undetectable measurements 

of biomarkers were assigned the lowest detectable concentrations. Further details of 

the biomarkers’ testing, quality control, and precision have been previously reported 

[21]. Placental samples were collected at delivery, processed, and evaluated using both 

histopathologic analysis and polymerase chain reaction (PCR) as previously reported [19].

Case definitions and outcomes

Anemia was defined as hemoglobin < 110 g/L [22]. Inflammation was regarded as present if 

CRP > 5 mg/L [23]. Anemia type was defined based on the recent guidelines from the World 

Health Organization (WHO) [24]. Briefly, in the presence of anemia, IDA was defined as 

ferritin < 15 μg/L irrespective of inflammation and ferritin < 70 μg/L in the presence of 

inflammation. Individuals with anemia but not IDA were regarded as NIDA.

The sTfR-ferritin index was only available in a subset of participants and was used to 

re-classify anemia type in sensitivity analysis based on a modification of the approach 

proposed by Weiss and Goodnough [25]. In the presence of anemia, IDA was defined based 

on ferritin < 15 μg/L, or ferritin 15 – < 70 μg/L with either CRP > 5 mg/L or CRP ≤ 5 mg/L 

and sTfR-ferritin index ≥ 1.03[26]. AI was defined as anemia with either ferritin ≥ 70 μg/L 

or a combination of ferritin 15 – < 70 μg/L, CRP ≤ 5 mg/L, and sTfR-ferritin < 1.03 [26]. 

Individuals with missing sTfR testing (n = 114) could not be classified as either AI or IDA, 

and were categorized as Unknown. Using these sensitivity analyses, we directly assessed 

AI rather than using the broader definition of NIDA that includes AI and other causes of 

anemia, allowing more appropriate inference [25].
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Maternal outcomes at delivery considered in the main analyses include hemoglobin 

concentration (continuous, in g/L), anemia (hemoglobin < 110 g/L), moderate to severe 

anemia (hemoglobin < 100 g/L), severe anemia (hemoglobin < 70 g/L), iron deficiency, 

anemia type (IDA and NIDA) and GA at delivery in weeks. In sensitivity analysis, AI was 

considered instead of NIDA. Placental malaria was defined as microscopic if diagnosed by 

histopathology, as submicroscopic if diagnosed by PCR, and as any, if diagnosed by at least 

one of the two methods. Child outcomes included stillbirths (baby born with no signs of 

life at or after 28 weeks gestation), birth weight (continuous, in grams), low birth weight 

(below 2500 g), small-for-gestational age (SGA, below 10th percentile for gestational age 

(GA), based on the INTERGROWTH standard [27]), severe SGA (below 3rd percentile for 

GA), preterm birth (< 37 weeks GA at delivery), very preterm birth (28–32 weeks GA at 

delivery), neonatal mortality (death of infant ≤ 28 days old), perinatal mortality (stillbirths 

and death of infant ≤ 7 days old).

Statistical analysis

The analyses of the association of anemia groups and adverse maternal and infant outcomes 

were restricted to participants in the placebo arm to enable the estimation of the association 

without the influence of assignment to supplementation. We evaluated the influence of 

baseline anemia groups (NIDA, IDA and non-anemia) on the risk of maternal and child 

outcomes from log-binomial regression models [28]. In a few instances, the models did 

not converge, and log-Poisson models, which provide consistent but not fully efficient 

estimates of the relative risk, and its confidence intervals were used [29]. Multinomial 

logistic regression models were used for the anemia group at delivery (non-anemia, IDA and 

NIDA) and RRs for the NIDA category presented, with IDA as the reference. All continuous 

outcomes—GA at delivery in weeks, hemoglobin concentrations at delivery, and birth 

weight in grams—were not normally distributed, and generalized linear regression models 

with robust standard errors were employed to obtain differences in the means between the 

groups and confidence intervals [30]. To assess whether the influence of baseline anemia 

vs. non-anemia is distinct from the influence of baseline anemia type (NIDA and IDA) 

vs. non-anemia, we compared a model with different RRs by baseline anemia type versus 

non-anemia with the model with RRs for anemia versus non-anemia using likelihood ratio 

tests. In sensitivity analyses, the analyses were repeated using AI, IDA, non-anemia and 

unknown anemia type groups, though the findings for the unknown anemia type are not 

reported.

The second set of analyses was conducted among all study participants to evaluate 

whether the effect of iron supplementation on maternal and child outcomes was modified 

by anemia type. Across baseline anemia groups, the influence of randomly assigned 

iron supplementation on maternal, placental, and newborn outcomes was examined in 

log-binomial, log-Poisson, and linear models, and the multinomial logistic regression for 

anemia group at delivery. Effect modification was evaluated by comparing a model with an 

interaction term for iron supplement use and anemia type, and comparing it to the model 

without the interaction term using the likelihood ratio test. Both models had main effects for 

iron supplement use and anemia group.
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All models were adjusted for multiple covariates. These covariates were selected in the 

manner described by Hosmer and Lemeshow [31]. Briefly, baseline sociodemographic, 

nutritional, and hematologic variables that were significant at p < 0.25 in univariate models 

for delivery hemoglobin were considered for inclusion. Selected variables were included 

in the multivariate model and variables that were not significant at p < 0.05 in any of the 

models were excluded. Variables that caused > 20% change in the beta estimates were 

added back into the model along with variables that have been previously established in the 

literature to be important predictors (including number of household assets, meat intake, and 

twin gestation) [32–38]. To account for potential confounding that may vary by maternal age 

and GA at enrollment, interaction terms for categories of maternal age and GA at enrollment 

with each of the other covariates were considered for inclusion in the models based on 

likelihood ratio tests. Alternative functional forms (categorical and continuous) were also 

considered for maternal age, GA at enrollment, and BMI, and a final set of covariates were 

selected and applied to all analyses. Variables adjusted for include age (18–20, 21–25, and 

> 25 years), gravidity (1, 2), GA at enrollment (continuous, weeks), BMI at enrollment 

(continuous, kg/m2), number of household assets (0–1, 2–3, 4–5), meat consumption (< 90 

g, ≥ 90 g per week), and twin gestation (yes, no).

Values presented in the text are medians (IQRs), means (± SD), mean (95% CI), and 

relative risks (95% CI). P-values were two-sided, and significance was set at < 0.05. None 

of the covariates was missing in > 5% of observations, 94% of participants had complete 

covariate data, and a complete case analysis was done. Statistical analyses were conducted in 

RStudio1.0.153 [39].

Sensitivity analyses

First, anemia type was re-classified using the sTfR-ferritin index as mentioned above, and 

the regression analyses were repeated to evaluate the influence of exposure definition as AI 

compared to NIDA in the primary analyses. Second, the analysis previously restricted to the 

placebo arm in the primary analysis was repeated in the complete dataset for comparison, 

further adjusting for the treatment arm the women were randomized to. Third, the primary 

analyses were also compared in singleton pregnancies only, i.e., excluding twin pregnancies, 

to exclude any possible influence of multiple gestations on the findings.

Ethics

Participants gave written informed consent at enrollment. Ethical approval for the primary 

trial and for secondary use of the data was obtained from the institutional review boards 

of the Harvard T.H. Chan School of Public Health (18,341-01) and Muhimbili University 

of Health and Allied Sciences (MU/DRP/AEC/Vol.XVI/144), and regulatory approval from 

the Tanzanian National Institute for Medical Research (NIMR), and the Tanzanian Food 

and Drug Administration (TFDA). The clinical trial was registered at clinicaltrials.gov 

(NCT01119612).

Abioye et al. Page 6

Eur J Nutr. Author manuscript; available in PMC 2024 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://clinicaltrials.gov
https://clinicaltrials.gov/ct2/show/NCT01119612


Results

Among 1,500 HIV-negative pregnant women randomized to iron supplements or placebo, 

1,450 had hemoglobin, ferritin, and CRP measured at baseline and were included in the 

study (Fig. 1). The median age (IQR) of the women was 23 years (21, 26). They were 

enrolled at a median (IQR) GA of 18 weeks (15, 21) and received iron supplementation 

or placebo for 21 weeks (18, 25) until delivery (Table 1). The use of malaria prevention 

measures was predominant, especially bed-nets. The most commonly used cooking methods 

were charcoal (93%) and kerosene (62%).

Among all women in both arms of the study, the prevalence of anemia (hemoglobin < 110 

g/L) at baseline was 27% (Table 2), and the median (IQR) hemoglobin was 116 g/L (109, 

124). The prevalence of elevated CRP (> 5 mg/L) concentrations was 45% and the median 

(IQR) was 4.5 mg/L (2.1, 8.0). The median (IQR) of serum ferritin concentration was 30.1 

μg/L (19.1, 49.1). Twelve percent of participants had serum ferritin < 15 μg/L. At baseline, 

IDA was present in 12% and NIDA in 14%.

In the placebo arm, the mean (95% CI) of hemoglobin was 109 g/L (107, 111) at delivery, 

and the prevalence of anemia, moderate anemia, and severe anemia among all the women 

were 49.9%, 26.7%, and 2.9%, respectively, at delivery (Table 3). The prevalence was 

37.3% for IDA and 11.4% for NIDA at delivery. Among all women in the study, the mean 

(95% confidence interval (CI)) of hemoglobin was 113 g/L (112, 114) at delivery, and the 

prevalence of anemia, moderate anemia, and severe anemia among all the women in this 

study were 40.2%, 20.3%, and 2.7%, respectively, at delivery (Supplement 1).

Anemia group at baseline was associated with the mean hemoglobin concentration at 

delivery (Table 3). Compared to those with no anemia at baseline, the mean hemoglobin 

concentration at delivery was lower by 7.3 g/L (95% CI 3.1–11.5) in those with NIDA and 

by 15.0 g/L (95% CI 10.9–19.3) in those with IDA, adjusted for covariates. The difference 

in the mean delivery hemoglobin was greater in the baseline IDA group than the baseline 

NIDA group (p-value = 0.005).

Anemia group at baseline was also associated with the presence and severity of maternal 

anemia at delivery among women in the placebo arm of the trial. Compared to those with 

no anemia at baseline, the adjusted risk of maternal anemia at delivery was 1.42-fold (95% 

CI 1.00–1.99) higher in those with NIDA at baseline and 1.97-fold higher in those with 

baseline IDA (95% CI 1.37–2.79). For moderate anemia at delivery, the risk was 1.73-fold 

(95% CI 1.06–2.74) higher in those with NIDA at baseline and 2.50-fold higher in those 

with IDA (95% CI 1.53–4.00), when compared to those with no anemia at baseline. IDA 

was associated with a 4.49-fold (95% CI 1.05, 19.1) higher risk of severe anemia at delivery 

while there was no association for NIDA (RR = 2.37; 95% CI 0.45–12.5). The adjusted RRs 

for anemia (any, moderate or severe) were not different in baseline IDA and NIDA groups.

Among women in the placebo arm, the mean (95% CI) of serum ferritin was 41.1 μg/L 

(37.4, 44.7) at delivery (Table 3). The prevalences of ID, IDA, and NIDA were 73.2%, 

37.3%, and 11.4% at delivery, respectively. Maternal anemia group at baseline was also not 

associated with delivery ferritin concentration or with the presence of iron deficiency at 
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delivery. Among women in the placebo arm, the risk ratio of maternal NIDA at delivery was 

different from the risk ratio of maternal IDA at delivery, both compared to the non-anemia 

group (p-value = 0.004). Compared to the baseline non-anemia group, pregnant women in 

the baseline NIDA group were 3.05-fold (95% CI 1.34, 6.93) more likely to have NIDA 

at delivery than they were to have IDA at delivery. Compared to the baseline non-anemia 

group, pregnant women in the baseline IDA group were 1.34-fold (95% CI 0.53, 3.37) more 

likely to have NIDA at delivery than they were to have IDA at delivery.

In the placebo arm, the incidence of submicroscopic placental malaria was 4.7% for 

submicroscopic placental malaria and 2.0% for microscopic placental malaria, and 6.5% 

for any placental malaria (Table 3). The RRs for submicroscopic and microscopic placental 

malaria were not different for baseline NIDA and IDA groups compared to baseline non-

anemia.

The incidence of stillbirths, perinatal, and neonatal mortality was 4.7%, 6.3%, and 2.2% 

among women in the placebo arm. The incidence of low birth weight, preterm, and SGA 

was 11.8%, 18.1%, and 16.1%, respectively, and the mean (95% CI) birth weight was 3,130 

g (3,089, 3,172) among women in the placebo arm. The mean (95% CI) GA at delivery was 

39 wk (39, 40). Compared to the maternal non-anemia group, maternal IDA was associated 

with a 3.10-fold (95% CI 1.16, 7.67) higher risk of stillbirth and 2.61-fold (95% CI 1.15, 

5.61) higher risk of perinatal mortality among pregnant women in the placebo arm. The 

duration of gestation was also shorter by 0.7 wk (95% CI 0.1, 1.4) among those with NIDA 

at baseline. Compared to those with no anemia, the risk of very preterm birth was higher by 

3.08-fold (95% CI 0.87, 10.1) among individuals with NIDA and 4.42-fold (95% CI 1.27, 

14.2) among individuals with IDA. The RR for newborn outcomes did not differ between 

baseline NIDA and IDA groups.

In subgroup analyses, the extent to which the effect of iron supplementation on the risk of 

maternal and newborn outcomes varies among the baseline anemia groups was explored 

(Table 4). The effect of iron supplementation on delivery hemoglobin differed among 

baseline anemia groups (p value < 0.001), being highest in the baseline IDA group. Delivery 

hemoglobin was higher in the iron-supplemented group (vs. placebo) by 16 g/L (95% CI 10, 

22) in the baseline IDA group, but only 8 g/L (95% CI 6, 11) in the baseline non-anemia 

group and 7 g/L (95% CI 2, 13) in the baseline NIDA group. Iron supplementation reduced 

the risk of delivery anemia, iron deficiency, and IDA, across all categories, to varying 

extents, but the effect measures did not differ between women without anemia, women with 

IDA and women with NIDA at enrollment. The effect of iron supplementation on newborn 

outcomes did not differ across anemia groups either.

In further analyses (Supplement 1), we repeated the models in Tables 3 and 4 in the 

full cohort including pregnant women randomized to placebo and iron supplementation 

and there were no qualitative differences in the findings. There were also no meaningful 

differences in the findings when restricting the analysis to singleton pregnancies 

(Supplement 2).
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Among 207 individuals with NIDA at baseline, 114 did not have sTfR-ferritin and could not 

be further re-classified as AI or IDA. Of the remaining 93 participants, 67 (72%) had AI. 

We re-considered maternal anemia groups with AI instead of NIDA, and the classification 

scheme is presented in Supplement 3. In models based on this classification (Supplement 

4), AI was associated with an increased risk of severe anemia at delivery (RR = 4.49, 

95% CI 1.08–18.7) in the placebo arm. The RRs for stillbirths were different in baseline 

AI and IDA groups (p-value = 0.003), with IDA being associated with a 2.22-fold (95% 

CI 1.37, 8.08) increased risk of stillbirths while AI was not associated with an increased 

risk of stillbirths. The remaining findings were similar as in Table 3, based on NIDA. The 

effect of iron supplementation on the risk of maternal and child outcomes did not differ 

among baseline anemia groups based on this classification (Supplement 5). Given that there 

were no meaningful differences between the findings in Tables 3 and 4 using data from the 

placebo arm alone and Supplement 1 using data from both arms, we repeated the analysis in 

Supplement 4 using both arms. We found that baseline AI was associated with increased risk 

of placental malaria (RR = 2.67; 95% CI 1.28, 5.56) and baseline IDA was associated with 

increased stillbirths (RR = 2.10; 95% CI 1.05, 4.24), compared to the baseline non-anemia 

group (Supplement 6). The other results were similar.

Discussion

We conducted a post hoc analysis to evaluate the association of anemia types with the risk of 

important maternal and perinatal outcomes among iron-replete pregnant women in Tanzania, 

using data from a recently completed randomized trial. We found relationships with the 

risk of maternal hematologic and infant outcomes at delivery. Both maternal IDA and 

NIDA at baseline were associated with maternal anemia at delivery, with NIDA at baseline 

being additionally associated with NIDA at delivery. In addition, IDA was associated with 

stillbirths, perinatal mortality and very preterm births. We also examined the interaction 

of maternal anemia type with iron supplementation and found that the efficacy of iron 

supplementation to prevent and treat maternal anemia does not depend on anemia type.

Characterizing NIDA as distinct from the more commonly studied IDA and understanding 

its possible impact on maternal and child health would be critical if its burden is substantial 

and if IDA and NIDA impact maternal and child health differently. ID is the most 

common cause of anemia among pregnant women globally, though its contribution to the 

anemia prevalence is substantially lower in populations with high burden of infections 

such as malaria, HIV and tuberculosis [40]. Anemia of inflammation accounts for a 

significant proportion of NIDA in malaria-endemic settings [6], and AI is the second most 

common cause of anemia globally [41]. Among participants whose anemia type could be 

characterized using ferritin, CRP and sTfR-ferritin ratio in our study, approximately 72% of 

those with NIDA had AI. AI is a composite of mild or moderate normochromic, normocytic 

anemia following defective iron metabolism and impaired erythrocyte production and 

survival caused by inflammation [41]. AI among pregnant Tanzanian women living 

in urban and peri-urban settlements could be due to chronic or repeated subclinical 

malarial inflammation, untreated helminth infections, or environmental exposures [42]. AI 

distorts the normal biological regulation of iron metabolism and erythrocyte production, 

predisposing anemia risk [16]. Non-AI causes of NIDA in this setting include deficiencies 
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of folate and vitamin B12, disorders of hemoglobin structure such as sickle cell anemia, 

and numerous other less common etiologies. In this cohort of pregnant women in a 

malaria-endemic country selected to increase the likelihood that they were iron-replete, 

the prevalence of NIDA and IDA were 14% and 13%, respectively. In the absence of a 

standard definition for AI and due to limitations imposed by available data, we evaluated 

NIDA as a proxy for AI. Among those in whom we had biomarker measures with which to 

fully characterize AI, we found no substantial differences in the risk of maternal and infant 

outcomes, as well as the effect of iron supplementation to prevent adverse maternal and 

infant outcomes.

Notably, both NIDA and IDA at baseline were associated with an increased risk of maternal 

hematologic outcomes at delivery. Specifically, both NIDA and IDA were associated with 

an increased risk of delivery anemia. In addition, NIDA at baseline was associated with 

approximately three-fold increased risk of NIDA at delivery, while those with IDA at 

baseline had an elevated risk of anemia at delivery, irrespective of type. These current 

findings replicate and extend previous findings that baseline anemia, in the context of iron 

deficiency, may predict future anemia risk [21]. This is likely due to continued exposure to 

the same environmental circumstances such as poor nutrition, repeated malaria, or untreated 

helminth infection.

We hypothesized that both NIDA and IDA would increase the risk of newborn outcomes, 

especially stillbirth, intrauterine growth restriction (IUGR), and preterm birth. Both AI 

and IDA potentially reduce the placental transfer of iron, essential for fetal metabolism 

and growth [43]. In AI, elevated hepcidin binds to ferroportin on the basal surface of the 

placental syncytiotrophoblast, degrading it and dampening the transfer of placental iron 

stores to the fetus [44, 45]. Although the fetal iron transfer is prioritized over maternal 

iron requirements when maternal iron status is poor [46], women with IDA have depleted 

iron stores that are simply inadequate for adequate levels to be transferred to the fetus 

[12]. Second, inflammation in the context of AI could lead to adverse perinatal outcomes. 

Circulating levels of pro-inflammatory cytokines (such as interleukin-1β (IL-1β), tumor 

necrosis factor (TNF)) increase in the presence of malaria infection, and a pro-inflammatory 

cytokine pattern in the placenta is associated with an increased risk of fetal growth 

restriction and preterm birth [47, 48]. Other notable causes of NIDA such as the deficiencies 

of folate and vitamin B12 and sickle cell disease are also associated with fetal growth 

restriction, preterm birth, stillbirths and perinatal mortality [49, 50]. We found that NIDA 

and IDA were associated with approximately 3.1- and 4.4-fold increased risks of very 

preterm birth, respectively. We also found that IDA is associated with a 3.1- and 2.6-fold 

increased risk of stillbirth and perinatal mortality, respectively. While iron supplementation 

is the recommended strategy to prevent and treat IDA, AI and the other types of NIDA are 

treated by addressing the underlying etiology [51].

Iron supplementation is well known to improve hemoglobin concentration and prevent 

adverse maternal and newborn outcomes [21, 52]. These effects of iron supplementation 

are mediated by preventing maternal iron deficiency and increasing the pool of iron 

available for transfer to the fetus [53]. While iron supplementation is highly effective 

among pregnant women with IDA, the effect in pregnant women with NIDA appears 
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dampened. For instance, iron supplementation reduced the risk of delivery anemia by 49% 

in the baseline IDA group but only by 31% in the baseline NIDA group. There is a 

plausible mechanistic basis to support the presence of differential effects. Humans obtain 

iron for cellular function from two sources—dietary iron intake and recycling of red cells. 

Systemic inflammation in the context of AI slows down gastrointestinal absorption of 

dietary iron by preventing iron export from intestinal enterocytes to the plasma and thereby 

limits the effectiveness of supplementation [51]. Among women with baseline IDA, iron 

supplementation was unexpectedly associated with fewer delivery NIDA cases, though the 

confidence interval was wide, and the estimate was considerably impacted by adjusting for 

the total number of household assets as a measure of socioeconomic status. We found that 

iron supplementation improved delivery hemoglobin and prevented delivery IDA across all 

baseline anemia groups without leading to worse outcomes in any subgroup—even pregnant 

women with NIDA at baseline appeared to benefit from iron supplementation. Universal iron 

supplementation of pregnant women may therefore be imperative to prevent delivery IDA 

and its untoward effects.

Our analysis has several strengths and limitations. We carefully evaluated baseline anemia 

groups based on NIDA, and compared our findings with AI among participants with 

additional biomarker data. We also explored the analyses in different populations—placebo 

arm alone, in iron and placebo arms, and in singleton pregnancies alone, and our findings 

were consistent. The primary trial screened out individuals who had serum ferritin < 12 μg/L 

and hemoglobin < 85 g/L; for ethical reasons these women were provided with iron per 

standard of care. The IDA group in this study is therefore not representative of the general 

population of pregnant women with IDA since those with the most severe IDA were more 

likely to have been excluded. Our results may, therefore, underestimate the association of 

IDA with adverse maternal and child outcomes. We modified a decision tree proposed by 

Weiss and Goodnough, using newly published WHO guidelines for the use of ferritin to 

diagnose IDA [24]. Our study may, therefore, be limited by misclassification of anemia 

categories, as evidenced by the slight changes in the results when the sTfR-ferritin ratio was 

used to further classify anemia categories partially. In this cohort, sTfR was not measured 

in a random sample. We considered potential confounding by demographic and clinical 

variables in detail and adjusted for important variables.

We explored whether the efficacy of iron supplementation varied across baseline anemia 

groups. Subgroup analyses such as these are often plagued by limited magnitude of effect, 

multiple testing, inconsistent effects and inadequate evidence from other settings to support 

them [54, 55]. It is also not always clear whether the findings of subgroup analyses are 

meaningful for clinical practice or policy [55]. We were unable to collect delivery samples 

in 10% of participants because they relocated for cultural reasons prior to the time of 

birth. The propensity to relocate was not likely related to the baseline anemia group, iron 

supplementation arm, or any of the newborn outcomes, and this missingness in the outcomes 

is unlikely to have biased our results. Studies among pregnant women and children suggest 

that high dose folate supplementation, such as in our study, could increase the risk of failure 

of IPT [56]. Most participants in our study used additional malaria prevention techniques 

such as insecticide treated bednets, and any failure of IPT is unlikely to have impacted our 

findings.

Abioye et al. Page 11

Eur J Nutr. Author manuscript; available in PMC 2024 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Our analysis was also limited by the lack of a standard definition for anemia of 

inflammation. We did not establish the sources of inflammation, though malaria, 

helminthiasis, and indoor air pollution are likely. Stratified analyses in a larger dataset 

examining these relationships in 1st versus 2nd trimesters across nutritional status and diet 

quality categories may clarify some of our findings. Importantly, future studies may also 

evaluate the degree to which comprehensive screen-and-treat programs for infections among 

pregnant women may modify the relationships we observed.

Conclusion

We examined the influence of NIDA during pregnancy in comparison to IDA and non-

anemia on the risk of maternal and newborn outcomes among pregnant women without 

severe IDA and found that maternal anemia at baseline across both groups is associated 

with increased risk of anemia at delivery. We also found that iron supplementation led to 

substantial improvements in maternal hematologic status and newborn outcomes, and the 

magnitude of the effect varied across the groups for the delivery hemoglobin outcome. 

Iron supplementation prevented IDA across the baseline groups, without causing adverse 

consequences in the baseline NIDA group. Therefore, targeting iron supplementation to 

exclude pregnant women with NIDA may not be necessary.
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Abbreviations

ACD Anemia of chronic disease

AI Anemia of inflammation

AIDS Acquired Immune Deficiency Syndrome

ART Antiretroviral therapy

BMI Body Mass Index

CBC Complete blood count

CI Confidence Interval

CKD Chronic kidney disease

CRP C-reactive protein

ELISA Enzyme Linked Immunosorbent Assay
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HAART Highly Active Antiretroviral Therapy

HAND HIV-associated neurocognitive disorder

HIV Human Immunodeficiency Virus

HR Hazard ratio

ID INTERGROWTH: International Fetal and Newborn Growth 

Consortium for the 21st Century

Iron deficiency

IDA Iron deficiency anemia

IQR Interquartile range

IRA Iron-restricted anemia

LMIC Low and Middle Income Countries

MRC Medical Research Council

NIDA Non-Iron Deficiency anemia

NTBI Non-transferrin bound iron

OR Odds ratio

PCR Polymerase chain reaction

PLWHIV People living with HIV

RCT Randomized controlled trial

RR Relative risk

SD Standard deviation

SE Standard error

SGA Small-for-gestational age

sTfR Soluble Transferrin receptor

TB Tuberculosis

TIBC Total Iron Binding Capacity

ZPP Zinc protoporphyrin
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Fig. 1. 
Flow chart of participant selection
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