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Abstract 

Background:  Iron-deficiency anemia is a known risk factor for several adverse perinatal outcomes, but data on its 
impact on specific maternal morbidities is less robust. Further, information on associations between anemia in early 
pregnancy and subsequent outcomes are understudied.

Methods:  The study population was derived from the Community Level Interventions for Pre-eclampsia (CLIP) trial in 
Karnataka State, India (NCT01911494). Included were women who were enrolled in either trial arm, delivered by trial 
end date, and had a baseline measure of hemoglobin (Hb). Anemia was classified by WHO standards into four groups: 
none (Hb ≥ 11 g/dL), mild (10.0 g/dL ≤ Hb < 11.0 g/dL), moderate (7.0 g/dL ≤ Hb < 10.0 g/dL) and severe (Hb < 7.0 g/
dL). Targeted maximum likelihood estimation was used to estimate confounder-adjusted associations between 
anemia and a composite (and its components) of adverse maternal outcomes, including pregnancy hypertension. 
E-values were calculated to assess robustness to unmeasured confounding.

Results:  Of 11,370 women included, 10,066 (88.5%) had anemia, that was mild (3690, 32.5%), moderate (6023, 53.0%), 
or severe (68, 0.6%). Almost all women (> 99%) reported taking iron supplements during pregnancy. Blood transfu‑
sions was more often administered to those with anemia that was mild (risk ratio [RR] 2.16, 95% confidence interval 
[CI] 1.31–3.56), moderate (RR 2.37, 95% CI 1.56–3.59), and severe (RR 5.70, 95% CI 3.00–10.85). No significant associa‑
tion was evident between anemia severity and haemorrhage (antepartum or postpartum) or sepsis, but there was a 
U-shaped association between anemia severity and pregnancy hypertension and pre-eclampsia specifically, with the 
lowest risk seen among those with mild or moderate anemia.

Conclusion:  In Karnataka State, India, current management strategies for mild-moderate anemia in early pregnancy 
are associated with similar rates of adverse maternal or perinatal outcomes, and a lower risk of pregnancy hyperten‑
sion and preeclampsia, compared with no anemia in early pregnancy. Future research should focus on risk mitigation 
for women with severe anemia, and the potential effect of iron supplementation for women with normal Hb in early 
pregnancy.
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Introduction
Anemia in pregnancy is a global health concern with 
the burden falling on low- and middle-income countries 
(LMIC) in Africa and Southeast Asia, with rates more 
than twice as high as in high-income settings [1–4]. Iron 
deficiency is the most common cause of anemia in preg-
nancy; other causes include deficiency of B12 or folic 
acid, thalassemias, intrinsic red blood cell disorders, bac-
terial and parasitic infections [1]. In India specifically, 
although the prevalence of anemia during pregnancy has 
been decreasing as of 2018, rates remain high [2, 5].

Maternal anemia has well established connections with 
adverse neonatal outcomes such as low birth weight, 
small for gestational age and premature delivery [6–9]. 
Further, recent evidence from diverse LMIC settings 
found maternal deaths to be nearly twice as high in indi-
viduals with severe anemia [10]. There are also published 
data linking anemia with pre-eclampsia, puerperal sepsis, 
ante-partum hemorrhage (APH), and post-partum hem-
orrhage [11–15]. These studies have well-documented 
limitations, and their remains a need for high-quality 
prospective data to further understanding of the associa-
tions between severity of anemia and adverse maternal 
outcomes [10, 16]. Furthermore, although iron supple-
mentation has been shown to have protective effects of 
maternal anemia (at delivery) and low birthweight, there 
is little evidence for its impact on other adverse preg-
nancy outcomes [17–19].

Using data from over 10,000 pregnancies in the Com-
munity Level Interventions for Pre-Eclampsia (CLIP) 
trial in Karnataka State, India [20] these analyses measure 
the prevalence of anemia and iron supplementation and 
assess the impact of anemia severity in early pregnancy 
on adverse maternal outcomes including need for blood 
transfusion, ante-partum hemorrhage, and hypertension.

Methods
This was an unplanned secondary analysis using data 
from the CLIP India trial [20] with the goal of estimat-
ing the effect of early pregnancy anemia on maternal and 
perinatal outcomes in a population with high rates of 
iron supplementation.

CLIP India trial
The CLIP India trial was a prospective, cluster rand-
omized control trial that took place in 12 clusters in 
Belagavi and Bagalkote districts, rural Karnataka. The 
units of randomization were primary health care cent-
ers and were chosen by the site teams based on a variety 

of feasibility and logistical considerations. Four clusters 
(two per arm) were included in a pilot phase from Feb-
ruary 1st, 2014 to October 31st, 2014. These four clusters 
were then joined by the additional eight for a two-year 
definitive phase from November 1st, 2014 to October 
31st, 2016.

Participants were married pregnant women (ages 
15–49) who provided written informed consent for data 
collection. In both the intervention and control clus-
ters, data was obtained via household and facility-based 
surveys. These surveys were conducted by community 
health care workers and research staff to collect socio-
demographic characteristics, care seeking behaviours, 
maternal outcomes and neonatal outcomes. Data was 
collected at three time points, (i) as soon as possible 
after enrolment after pregnancy confirmation (focus on 
obstetric and medical and previous pregnancy history), 
(ii) as soon as possible after delivery (focus on care seek-
ing, delivery information and pregnancy outcome for 
current pregnancy), and (iii) within 42 days postpartum 
(confirmation and update of pregnancy outcome). Data 
collection was done through the Maternal and Newborn 
Health (MNH) registry system [21].

Women in the intervention clusters received addi-
tional ‘CLIP visits’ during both the antenatal and postna-
tal periods. These visits were conducted by community 
health care workers and were guided by the PIERS on 
the Move (POM) mobile health technology risk stratifi-
cation tool [22]. Depending on blood pressure measure 
and other risk factors, POM provided recommendations 
around need to 1) continue routine care, 2) seek non-
emergent care (within 24  h) or 3) seek emergency care 
(immediately). Further, in cases with high blood pressure 
(> 160/110) or preeclampsia, oral methyldopa (750  mg) 
or intramuscular magnesium sulphate (10 g) was admin-
istered, respectively. The intervention clusters also had 
community engagement sessions for women and other 
community members to promote knowledge about risks 
and symptoms of pregnancy hypertension.

Inclusion and exclusion criteria
The inclusion criteria for the analyses were women who 
had delivered by the end of the trial (October 31st, 2016) 
with a hemoglobin measurement at trial enrolment.

Exposure, outcomes and confounders
Hemoglobin level was collected at trial enrolment, 
which for the majority of women was during the first 
trimester. Hemoglobin was assessed using Sahli’s 
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method. Maternal anemia was defined as hemoglobin 
(Hb) < 11  g/dl and severity was further subdivided 
based on World Health Organization (WHO) stand-
ards into: mild (10.0  g/dL ≤ Hb < 11.0  g/dL), moderate 
(7.0 g/dL ≤ Hb < 10.0 g/dL) and severe (Hb < 7.0 g/dL).

We analyzed several maternal outcomes. First, we 
looked at those that have been commonly associated 
with anemia, including blood transfusion, antepartum 
hemorrhage, maternal sepsis, and postpartum hem-
orrhage. Outcomes were self-reported and clinically 
adjudicated by a group of (non-treating) physicians for 
accuracy as part of the CLIP trial [20]. The only excep-
tion was postpartum hemorrhage, which was collected 
within the MNH registry, which is based on treating 
physician diagnosis. Second, we assessed pregnancy 
hypertension (defined as systolic blood pressure ≥ 140 
and/or diastolic blood pressure ≥ 90). Blood pressure 
data were only available on women in the intervention 
arm, so analyses of hypertension were restricted to this 
group. Data were collected during POM visits using 
standardised methods and a semi-automated, preg-
nancy-validated digital device (Microlife BP 3AS1-2) 
[23]. In addition to defining hypertension based strictly 
from POM measurements, we also used a previously 
published definition (for this data) to combine infor-
mation from POM and hypertension reported in trial 
surveillance data sources to assess an expanded ver-
sion of hypertension, as well as pre-eclampsia [24]. Pre-
eclampsia was defined as gestational hypertension with 
proteinuria or 1 or more relevant end-organ complica-
tions [24].

Secondary outcomes included severe perinatal out-
comes including perinatal death, stillbirth, early and 
late neonatal death, neonatal morbidity, and a compos-
ite of these outcomes.

Possible confounders were identified based on expert 
knowledge and possible relationship between anemia 
and adverse outcomes [25] (Figure  S1). These include 
trial arm, cluster, maternal age, nulliparity, body-mass-
index (measured at enrolment), maternal and husband 
basic education (as measure of socioeconomic status), 
gestational age at booking (as a measure of access to 
care), religion (as a possible proxy for vegetarian diet), 
and twin pregnancy.

Information on iron supplementation was only col-
lected postpartum, and timing of initiation was not 
ascertained. We did not adjust for iron supplementa-
tion as it occurred after exposure and therefore may be 
on the causal pathway between exposure and outcome. 
Furthermore, almost all women (> 99%) who deliv-
ered reported taking supplementation, but timing and 
adherence were not available.

Statistical analysis
The rates of women with no, mild, moderate, and severe 
anemia were estimated. Demographic and clinical out-
comes were stratified across anemic groups and summa-
rized as counts and percentages for categorical variables 
and medians and IQR for continuous variables. For each 
anemic group, iron supplementation rates were com-
pared between women with miscarriages and MTP 
and those whose pregnancies ended in live or stillbirth. 
Women with medically terminated pregnancies or mis-
carriages were excluded from analysis of maternal and 
perinatal outcomes.

We used Targeted Maximum Likelihood Estima-
tion (TMLE) to estimate risk ratios and risk  differences 
between non-anemic women and women with mild and 
moderate anemia on our primary outcomes of interest 
[26]. TMLE has the advantage over traditional regres-
sion (e.g., logistic) models in that it combines a propen-
sity score model for the exposure (anemia) and a model 
for the outcome and if either of these models is correctly 
specified the estimate of association is unbiased; this is 
known as a doubly robust estimator [27]. Further, TMLE 
allows one to use nonparametric algorithms which do not 
make modeling assumptions (e.g., linearity, no interac-
tion etc.) that are common in standard regression mod-
els. In these analyses we used an ensemble (i.e., ‘stacking’) 
of prediction algorithms. These included standard regres-
sion models both with and without interactions, gen-
eralized additive models, mean outcome models and 
tree-based algorithms. These  models were used in both 
the exposure and outcome models. All results are pre-
sented with 95% confidence intervals estimated via the 
delta method and were adjusted for the clustered nature 
of the trial data via previously published methods [28].

To assess possible dose–response relationship between 
hemoglobin level and adverse outcomes we included 
baseline hemoglobin as a continuous variable in mixed 
effects logistic regression models to estimate adjusted 
(for all above confounders) dose–response curves. We 
used restricted cubic splines with 3 degrees of freedom to 
allow for non-linearity in the hemoglobin/outcome rela-
tionship and plotted marginal risk curves for each out-
come. Due to software limitations, TMLE is not available 
for continuous exposures.

We used E-values to assess the strength of an unmeas-
ured confounder (such as dietary or nutritional intake) 
between baseline hemoglobin and adverse outcomes (on 
the risk ratio scale) that would be needed to explain away 
our results [29]. These were applied to all points esti-
mates and lower bounds of the 95% confidence intervals 
when these values were > 1.0.

All perinatal outcomes were analyzed similarly to the 
above. All data analysis was conducted using R statistical 
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software version 4.0.3 [30] TMLE was conducted using 
the drtmle package. Following guidance from the Ameri-
can Statistical Association and current practice in leading 
epidemiological journals, no null-hypothesis significance 
tests were performed [31].

Results
A total of 14,783 pregnancies were enrolled in the trial. Of 
these, 13,017 (88.1%) had completed pregnancies within 
the trial period, and 11,370 delivered, while 1013 miscar-
ried and 629 had a medically terminated pregnancy and 5 
had unknown status. Among those who delivered, 11,085 
had a baseline hemoglobin value; 10,066 (88.5%) were 
anemic at enrolment with the majority having moder-
ate anemia (n = 6023, 59.8%) and only 68 (0.6%) having 
severe anemia. The distribution of hemoglobin levels was 
roughly bell-shaped, with observations mostly clustered 
between 8–12 g/dL (Fig. 1).

The majority of baseline characteristics were simi-
lar between those with varying levels of anemia. The 
only exceptions were parity and basic education (both 

maternal and husband), where anemic women were more 
likely to be parous and households with no anemia were 
more educated. Gestational age at delivery was similar in 
all groups (median of 39 weeks). There were decreasing 
rates of caesarean section with increasing anemia sever-
ity. Almost all (> 99%) delivered women were taking iron 
supplementation at time of delivery (Table  1). Women 
who miscarried or had medically terminated pregnancies 
had low rates of supplementation (25%, Table S2).

Maternal morbidity occurred in roughly 5% of included 
pregnancies and rates were increased in all anemic 
groups. The three most common morbidities were blood 
transfusion, APH and sepsis; other morbidities were rare. 
There were nine maternal deaths (5 in mildly anemic and 
4 in moderately anemic). Most women in the interven-
tion arm had blood pressure measurements and this was 
consistent across levels of anemia severity. Hypertension 
was documented in around 10% of pregnancies and was 
highest in women without anemia. Postpartum hemor-
rhage was documented in less than 1% of pregnancies 
(Table 2).

Fig. 1  Distribution of baseline hemoglobin levels. Red dashed lines indicate cut-offs for (left to right) severe, moderate and mild anemia
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The confounder adjusted association between early 
pregnancy anemia and adverse outcomes is provided 
in Table  3. For blood transfusion, there was increas-
ing risk on both additive and multiplicative scales in all 
anemic groups compared to those with normal hemo-
globin levels at baseline. There were no observed differ-
ences in either APH or sepsis, but confidence intervals 
were wide and consistent with both large increases and 
decreases in risk between groups. Results for postpar-
tum hemorrhage were inconclusive in mild and moder-
ately anemic women. Severely anemic women showed 
increased risk, but this estimate was based on only 2 

events. Hypertension by both definitions was lower 
(compared to non-anemic) by between 20–25% in mild 
and moderately anemic women, comparisons of hyper-
tension for severely anemic women defined by POM 
had wide confidence intervals and were uncertain. For 
the expanded definition, women with severe anemia 
had lower risk than those with no anemia. Risk of pre-
eclampsia was reduced in mild and moderately anemic 
women by about 30% and was 37% higher in severely 
anemic women. For each of hypertension and pre-
eclampsia, estimates for severely anemic women were 
based on only 3 events.

Table 1  Demographics and pregnancy characteristics by anemia level

a  Asked at time of delivery

None (N = 1304) Mild (N = 3690) Moderate (N = 6023) Severe (N = 68)

Maternal age 22.00 [20.00, 24.00] 22.00 [20.00, 25.00] 23.00 [20.00, 25.00] 23.00 [21.00, 26.00]

Parous 710 (54.5) 2306 (62.5) 3983 (66.1) 48 (70.6)

Maternal basic education 868 (66.6) 2197 (59.5) 3117 (51.8) 31 (45.6)

Husband basic education 884 (67.8) 2299 (62.3) 3362 (55.8) 37 (54.4)

Multiple pregnancy 12 (0.9) 35 (0.9) 49 (0.8) 1 (1.5)

Body-mass-index 19.95 [18.08, 22.20] 19.57 [17.80, 21.58] 19.11 [17.54, 21.00] 18.73 [17.34, 20.39]

Iron supplementation a 1290 (98.9) 3662 (99.2) 5969 (99.1) 68 (100.0)

Religion
 Hindu 1188 (91.1) 3335 (90.4) 5569 (92.5) 63 (92.6)

 Muslim 109 (8.4) 336 (9.1) 423 (7.0) 5 (7.4)

 Other 7 (0.5) 19 (0.5) 31 (0.5) 0 (0.0)

Gestational age at enrolment 11.14 [8.00, 15.86] 11.43 [8.43, 15.57] 11.57 [8.71, 16.00] 13.57 [9.57, 18.57]

Gestational age at delivery 39.00 [38.00, 40.00] 39.00 [38.00, 40.00] 39.00 [38.00, 40.00] 39.00 [36.75, 40.00]

Mode of delivery
 Vaginal 933 (71.5) 2760 (74.8) 4748 (78.8) 56 (82.4)

 Vaginal (assisted) 12 (0.9) 40 (1.1) 51 (0.8) 1 (1.5)

 Caesarian section 359 (27.5) 890 (24.1) 1224 (20.3) 11 (16.2)

Trial arm
 Intervention 705 (54.1) 2247 (60.1) 2814 (46.7) 32 (47.1)

 Control 599 (45.9) 1443 (39.1) 3209 (53.3) 36 (52.9)

Blood pressure measurement from POM 644 (49.4) 2032 (55.1) 2592 (43.0) 27 (39.7)

Table 2  Maternal mortality and morbidity by anemia level

a  Only available in women in intervention arm with antepartum blood pressure measurements and not included in composite outcomes

None (N = 1304) Mild (N = 3690) Moderate (N = 6023) Severe (N = 68)

Maternal mortality 0 (0%) 5 (0.1%) 4 (0.1%) 0 (0%)

Blood transfusion 32 (2.5%) 151 (4.1%) 269 (4.5%) 8 (11.8%)

Antepartum hemorrhage 13 (1.0%) 47 (1.3%) 39 (0.6%) 1 (1.5%)

Sepsis 14 (1.1%) 46 (1.2%) 65 (1.1%) 0 (0%)

Postpartum hemorrhage 8 (0.6%) 25 (0.7%) 42 (0.7%) 2 (2.9%)

Hypertension (POM) a 80 (12.4%) 186 (9.2%) 223 (8.6%) 3 (11.1%)

Hypertension (expanded) a 136 (21.0%) 318 (15.6%) 378 (14.5%) 3 (11.1%)

Pre-eclampsia a 57 (8.8%) 130 (6.4%) 157 (6.0%) 3 (11.1%)
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Table 3  Adjusted risk ratios and differences between women with no anemia and those with mild, moderate and severe

a  Estimates are adjusted for trial arm, maternal age, nulliparity, body-mass-index, gestational age at enrolment, maternal basic education, husband basic education, 
multiple pregnancy, and religion
bc  Size of association between unmeasured confounder and outcome needed to move the point estimate or lower bound of confidence interval to 1.0 (i.e., 
compatible with a null effect). Only displayed for those estimates where the lower confidence bound is > 1
def  Could not be reliably estimated due to small sample size
ghij  Only available for women in the intervention arm with blood pressure measurement

Unadjusted risk 
(%)

Risk difference % (95% CI) a Risk ratio (95% CI) a E-value point 
estimate ab

E-value 
lower 
bound ab

Blood transfusion
 None 2.5 Reference Reference - -

 Mild 4.1 2.27 (1.29, 3.26) 2.16 (1.31, 3.56) 3.74 1.95

 Moderate 4.5 2.68 (1.77, 3.58) 2.37 (1.56, 3.59) 4.17 2.50

 Severe 11.8 9.20 (3.18, 15.23) 5.70 (3.00, 10.85) 10.9 5.45

Antepartum hemorrhage
 None 1.0 Reference Reference - -

 Mild 1.3 0.22 (-0.54, 0.97) 1.20 (0.63, 2.29) - -

 Moderate 0.6 -0.39 (-1.14, 0.36) 0.65 (0.30, 1.39) - -

 Severe 1.5 NA abc NA abc - -

Sepsis
 None 1.1 Reference Reference - -

 Mild 1.2 0.01 (-0.69, 0.70) 1.01 (0.62, 1.65) - -

 Moderate 1.1 -0.23 (-1.27, 0.82) 0.84 (0.36, 1.94) - -

 Severe 0.0 NA abc NA abc - -

Postpartum hemorrhage
 None 0.6 Reference Reference - -

 Mild 0.7 0.15 (-0.23, 0.54) 1.34 (0.60, 3.00) - -

 Moderate 0.7 0.24 (-0.13, 0.61) 1.53 (0.69, 3.40) - -

 Severe 2.9 1.72 (-0.89, 4.33) 4.82 (1.27, 18.3) 9.11 1.86

Hypertension (POM) abcd

 None 12.4 Reference Reference - -

 Mild 9.2 -3.11 (-4.15, -2.07) 0.75 (0.70, 0.80) 2.00 1.80

 Moderate 8.6 -3.62 (-5.84, -1.39) 0.70 (0.58, 0.85) 2.21 1.63

 Severe 11.1 0.01 (-7.12, 7.13) 1.00 (0.56, 1.79) - -

Hypertension (expanded) abcd

 None 21.0 Reference Reference - -

 Mild 15.6 -3.79 (-5.48, -2.1) 0.80 (0.73, 0.88) 1.80 1.53

 Moderate 14.5 -4.35 (-6.24, -2.47) 0.77 (0.70, 0.85) 1.63

 Severe 11.1 -7.72 (-13.77, -1.66) 0.60 (0.34, 1.05) - -

Pre-eclampsia abcd

 None 8.8 Reference Reference - -

 Mild 6.4 -2.13 (-5.14, 0.89) 0.75 (0.53, 1.07) - -

 Moderate 6.0 -2.67 (-4.98, -0.35) 0.69 (0.55, 0.86) 2.25 1.60

 Severe 11.1 3.20 (-1.23, 7.63) 1.37 (1.01, 1.88) 2.08 1.11

Perinatal composite
 None 19.9 Reference Reference - -

 Mild 17.5 -3.56 (-8.19, 1.07) 0.82 (0.65, 1.04) - -

 Moderate 16.6 -2.94 (-7.38, 1.49) 0.85 (0.68, 1.07) - -

 Severe 29.4 7.51 (-3.37, 18.39) 1.37 (0.89, 2.11) - -
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Estimated E-values indicated that an unmeasured con-
founder beyond those included in our models would 
need to increase the risk of anemia and hypertension by 
a minimum of 60–90% on the risk ratio scale to explain 
away the observed associations (E-values for lower confi-
dence bounds, Table 3).

Dose–response relationships between hemoglobin and 
risk showed roughly linear increasing rates of the compos-
ite primary outcome with decreasing hemoglobin; how-
ever, confidence intervals at lower hemoglobin values were 
wide due to few measurements. Blood transfusion followed 
a similar pattern, while sepsis, APH and PPH estimated 
risks were relatively flat. There was a U-shaped relationship 
between hemoglobin level and hypertension (both defini-
tions) and pre-eclampsia (Fig. 2). The inflection points for 
each of these outcomes was 10  g/dL. Estimated risks at 
each unit g/dL for each outcome are available in Table S3.

Adverse perinatal outcomes occurred in 20% of preg-
nancies with no anemia, 17% of pregnancies with mild 

or moderate anemia, and 29% of severely anemic preg-
nancies. Adjusted analyses for the relationship between 
anemia and perinatal death, stillbirth, early and late neo-
natal death and neonatal morbidity showed no consistent 
association as confidence intervals were too wide to draw 
meaningful inference (Table  S4). Dose response curves 
for perinatal outcomes showed higher risk at very low 
hemoglobin values for all outcomes. For the composite 
perinatal outcome rates were flat for mild/moderate lev-
els of anemia and declined for higher hemoglobin values; 
this was driven by neonatal morbidity as curves for peri-
natal death, stillbirth, and early and late neonatal deaths 
were mostly flat (Fig. 2 and S1).

Discussion
Summary of findings
Most women in the CLIP India trial had some form of 
anemia at the time of antenatal care booking, most com-
monly moderate and rarely, severe. Almost all women 

Fig. 2  Estimated dose–response curves between hemoglobin level and maternal outcomes. Dashed lines represent 95% confidence intervals. 
Risk is adjusted for trial arm, maternal age, nulliparity, body-mass-index, gestational age at enrolment, maternal basic education, husband basic 
education, multiple pregnancy and religion
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received iron supplementation by the time of delivery, 
regardless of baseline anemia, and in line with Indian 
guidelines for routine supplementation. In addition, just 
under 5% received blood transfusion, which was a greater 
number than those who experienced antepartum or post-
partum bleeding, Compared with a normal hemoglobin 
level, each of mild, moderate, and severe anemia more 
frequently prompted receipt of maternal blood transfu-
sion. Women with mild-moderate anemia had no excess 
of adverse pregnancy outcomes, including bleeding and 
sepsis, although women with severe anemia was associ-
ated with an increased risk of PPH. The findings were 
unlikely to be related to unmeasured confounders, par-
ticularly for severe anemia. However, we observed a 
‘U-shaped’ relationship between anemia severity and 
pregnancy hypertension, and pre-eclampsia specifically, 
with women with mild- or moderate anemia having sig-
nificantly lower rates.

Given the near 100% reported rate of iron supplemen-
tation in delivered women in this cohort, these data rep-
resent the estimated effect of early pregnancy anemia on 
outcomes in a population where public health efforts for 
supplementation in pregnancy have been successful.

Comparison with the literature
The prevalence of anemia in pregnancy in India is 
amongst the highest in the world. Estimates have varied 
from a substantial proportion to most women in preg-
nancy, as in our study. In South India, Vindhya et al. esti-
mated the prevalence of anemia in pregnant women to be 
33.9%, with 48.4% of cases being mild, 49.5% moderate, 
and 2.1% severe [5]. Other studies have reported even 
higher rates of maternal anemia in India, up to 88%, simi-
lar to our study [2, 5] that demonstrate higher than previ-
ously published data from Belgaum and Bagalkote [32].

Many studies in India and elsewhere have examined 
the impact of maternal anemia on perinatal outcomes, 
such as stillbirth, low birth weight, small for gestational 
age, and preterm birth [8, 9, 33–36]. Far fewer studies 
have examined the impact of maternal anemia on mater-
nal outcomes, even by systematic review of LMIC data [6, 
15]. One recent review found a 190% increase in the odds 
of blood transfusion in anemic women [37], but they did 
not stratify by severity of anemia, as in our study.

The relationship between anemia and anemia severity 
on gestational hypertension and pre-eclampsia has been 
mixed. A large cohort study from India and Pakistan 
(110,033 anemic women) found a U-shaped relationship 
in Indian women (RRs = 1.89 95% CI = 1.12 to 3.18) for 
severe anemia, but ~ 1.0 for mild/moderate) but not in 
Pakistani women (RR = 1.18, 95% CI = 0.81 to 1.73 for 
severe anemia) [15]. Another smaller study case–con-
trol from Sudan (606 anemic women) found increases 

in pre-eclampsia severe anemia (OR = 3.6, 95% CI = 1.4 
to 9.1), as well as possible increases with mild or mod-
erate (OR = 1.60, 95% CI = 0.80 to 3.40) [38]. In contrast, 
Jung et al.’s review of nine studies found little difference 
in pre-eclampsia among anemic women (OR = 1.15 95% 
CI = 0.80 to 1.64); however, they did observe a U-shaped 
dose–response relationship [37] similar to ours and to 
the Indian cohort referenced above [15]. Mechanisms for 
the relationship between higher hemoglobin values and 
pregnancy hypertension may include poor nutrient sup-
ply to the placenta due to increased blood thixotropy, 
and production of reactive oxygen species, together with 
increased iron [39]. On the other hand, there has been 
suggestion that increased corticotropin released hor-
mones associated with low hemoglobin may increase 
maternal and fetal stress, which can cause pregnancy 
hypertension [37, 40]. That said, published data on bio-
logical mechanisms are limited and further studies are 
needed to better understand this relationship.

It is clear that iron supplementation can increase 
hemoglobin values in pregnancy, but effectiveness is 
challenged by poor adherence, continuous access to iron 
tablets, use of doses lower than necessary, and oral (vs. 
parenteral) route of administration [41–43]. However, 
even when effective, the impact of anemia treatment on 
adverse maternal and perinatal outcomes remains uncer-
tain. The most recent Cochrane review found that few 
studies have assessed the impact of iron supplementation 
on APH, blood transfusion, sepsis, or pre-eclampsia, and 
most did not focus on anemia in early pregnancy [18]. 
Our findings suggest that current management strate-
gies for mild and moderate anemia are largely effective 
in reducing risk to that comparable to women with nor-
mal hemoglobin. However, more research is needed to 
understand the increased risk of hypertensive pregnancy 
in those with normal hemoglobin, and whether iron sup-
plementation is related.

Strengths and limitations
Our study has several strengths, including our large pro-
spective cohort, standardized collection of blood pres-
sure data using a device validated for use in pregnancy 
and pre-eclampsia, and detailed documentation of other 
pregnancy outcomes and possible confounders of the 
anemia-outcome relationship in a high-quality cluster 
randomized trial. Also, we report findings in the context 
of successful public health efforts to provide iron supple-
mentation to all pregnant women in India, where malaria 
is not endemic.

Our study also has some limitations. First, our sample 
size of severely anemic women was small, and therefore 
despite the large effect sizes, caution should be taken in 
the extrapolation of findings related to this group, as they 
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may be subject to sparse data bias. Conversely, just over 
11% of women had normal hemoglobin, and few had a 
hemoglobin above 15 g/dL to fully evaluate the U-shaped 
relationship between anemia and pregnancy hyperten-
sion. Second, we lacked data on the exact timing of initia-
tion of iron supplementation and associated adherence; 
stratification by such information may have provided 
further nuance to our findings. We found low rates of 
supplementation in miscarried or MTP pregnancies, 
which occur (by definition) before 20  weeks. Therefore, 
it is possible that most women began supplementation 
after this point. Third, we had no information on the 
reasons for transfusion, but in all groups, the number of 
women transfused exceeded those with clinical bleeding. 
Fourth, this is a secondary analysis of data from a clini-
cal trial with different primary objectives, so we did not 
measure hemoglobin levels throughout pregnancy, or 
collect information about potential dietary mechanisms. 
Although we did adjust for vegetarian diet, there are risks 
of residual confounding due to unmeasured differences 
(such as diet and nutrition) between anemic and non-
anemic women. Our E-values indicate that such variables 
would need to have strong effect above and beyond our 
adjustment to explain away the increased risk for severe 
anemia. For moderate and mild anemia’s relationship 
with hypertension, E-values were more moderate (1.5–
2.0), but still unlikely to explain away the U-shape. Finally, 
as all participants were prescribed iron supplementation, 
so we cannot comment on the relative benefits and risks 
of iron supplementation vs. no supplementation.

Conclusion
In a cohort of women with habitual anemia, who reported 
routine iron supplementation and infrequent blood trans-
fusion during pregnancy, mild-moderate anemia in early 
pregnancy (compared with normal Hb) is associated with 
similar pregnancy outcomes, but lower rates of pregnancy 
hypertension and pre-eclampsia. These findings suggest 
that new strategies should be developed for women with 
severe anemia in early pregnancy. Furthermore, routine 
iron supplementation for women with normal Hb in early 
pregnancy needs further exploration due to increased 
hypertension in a population with widely prevalent anemia.
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