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Abstract
Objective: The present study investigated the risks and benefits of routine Fe–folic
acid (IFA) supplementation in pregnant women living in low- and high-ground-
water-Fe areas in Bangladesh.
Design: A case-controlled prospective longitudinal study design was used to com-
pare the effect of daily Fe (60 mg) and folic acid (400 μg) supplementation for 3·5
months.
Setting: A rural community in Bangladesh.
Participants: Pregnant women living in low-groundwater-Fe areas (n 260) and
high-groundwater-Fe areas (n 262).
Results: Mean Hb and serum ferritin concentrations at baseline were significantly
higher in pregnant women in the high-groundwater-Fe areas. After supplementa-
tion, the mean change in Hb concentration in the women in the low-groundwater-
Fe areas (0·10 mg/dl) was higher than that in the pregnant women in the
high-groundwater-Fe areas (–0·08 mg/dl; P= 0·052). No significant changes in
the prevalence of anaemia or Fe deficiency (ID) in either group were observed
after IFA supplementation; however, the prevalence of Fe-deficiency anaemia
(IDA) decreased significantly in the women in the low-groundwater-Fe areas.
The risk of anaemia, ID and IDA after supplementation did not differ significantly
between the groups. None of the participants had Fe overload. However, a signifi-
cant proportion of the women in the high- and low-groundwater-Fe areas
remained anaemic and Fe-deficient after supplementation.
Conclusion: IFA supplementation significantly increased the Hb concentration in
pregnant women living in the low-groundwater-Fe areas. Routine supplementa-
tion with 60 mg Fe and 400 μg folic acid does not pose any significant risk of hae-
moconcentration or Fe overload. Further research to identify other nutritional and
non-nutritional contributors to anaemia is warranted to prevent and treat anaemia.
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Anaemia is recognized as a major public health problem in
Bangladesh(1), affecting nearly half of the pregnant women
in the country(2). Fe deficiency (ID) is thought to be the pri-
mary cause of anaemia in the country and a routine Fe–folic
acid (IFA) supplementation programme has been in
effect for the prevention of anaemia and ID in pregnant
women for the past few decades(3). The latest National
Micronutrient Survey 2011–12 (NMS 2011–12) revealed a
very low prevalence of ID (7·1 %) and Fe-deficiency

anaemia (IDA; 4·8 %) among non-pregnant and non-
lactating Bangladeshi women(4). At present, there are no
national-level data on ID in pregnant women in
Bangladesh. A small-scale study of women of reproductive
age in a rural area of Bangladesh showed a positive asso-
ciation between Fe status, based on plasma ferritin concen-
tration, and daily Fe intake from drinking-water and found
no IDA in this population(5). These studies concluded that
the low prevalence of ID and IDA could be attributed to
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drinking Fe-containing groundwater from tube wells(4,5). In
a recent study of pregnant women, we also found a signifi-
cant independent association between Fe status and daily
Fe intake from drinking tube-well water(6).

It is important to note that a large proportion of
Bangladeshis living in rural areas use groundwater from
tube wells for drinking and cooking(7). The Arsenic
Contamination of Groundwater in Bangladesh (ACGB) sur-
vey reported varying amounts of Fe in tube-well water in
Bangladesh, with a very high concentration of Fe in some
parts of the country(8). A recent article based on NMS 2011–
12 data reported a differential prevalence of anaemia and
ID in Bangladeshi non-pregnant and non-lactating women
living in areas with high and low levels of Fe in the ground-
water, as identified by the ACGB report(9). In a study in
preselected high- and low-groundwater-Fe areas, we also
observed differential prevalence of anaemia and ID in
pregnant women(6).

The evidence of a very low prevalence of IDA in non-
pregnant and non-lactating women(4) may have serious
implications for the current IFA supplementation pro-
gramme for controlling anaemia and ID in pregnant
women in the country. Giving too much Fe to Fe-replete
women may increase their risk of undesirable side-effects.
High doses of Fe supplements have been found to be asso-
ciated with consequences of oxidative stress thought to be
due to Fe overload and haemoconcentration(10–12). Both Fe
overload and haemoconcentration during pregnancy may
be counterproductive to the well-being of the mother and
the fetus(12,13). Nevertheless, it is important to recognize
that Fe requirements increase significantly during preg-
nancy to meet the extra demand for Fe due to physiological
changes and fetal development(12–14). If the pre-pregnancy
Fe store is barely enough to maintain an adequate status
during the pre-pregnancy stage, the post-conception addi-
tional demand for Fe during pregnancy may not be met by
the body store. Routine Fe supplementation is indicated in
such a situation. Given the recent findings of low ID in non-
pregnant and non-lactating women and children(4) and its
association with drinking Fe-containing groundwater from
tube wells(4–6), the relevance of the IFA supplementation
programme during pregnancy needs further investigation.
Thus, the present study investigated the effect of routine
IFA supplementation on the prevalence of anaemia, ID
and risk of Fe overload in pregnant women living in areas
in Bangladesh with high and low levels of Fe in the
groundwater.

Methods and participants

Study design
A case-controlled prospective longitudinal study design
was used to compare the effect of routine daily supplemen-
tation with IFA tablets containing 60 mg elemental Fe and
400 μg folic acid (the current government policy to prevent

anaemia and ID in pregnant women) in pregnant women
living in areas in Bangladesh with high and low levels of Fe
in the groundwater.

Participants and study areas
Pregnant womenwith a gestational age≤20weeks living in
rural areas were recruited for the present study. Two upa-
zilas (sub-districts; Sharishabari and Pirgacha) in predomi-
nantly high-groundwater-Fe areas and two upazilas
(Lalmohon and Badarganj) in predominantly low-ground-
water-Fe areas were selected. The ACGB survey report was
consulted to identify areas with high and low groundwater-
Fe levels(8). First, the tube wells in the selected sub-districts
were identified in the ACGB survey data file, and the mean
Fe content of the water from the tube wells in each sub-
district was calculated. A low-Fe sub-district (area) was
defined by a mean value lower than the national median
(1·1 mg/l) provided by the ACGB survey, and mean values
≥1·1 mg/l were considered high. A total of twenty-four
unions (administrative units, consisting of a cluster of vil-
lages), six unions from each upazila, were randomly
selected and then a convenience sampling method was
applied to recruit the pregnant women. The study
was carried out from April to October 2015. The study
was conducted according to the guidelines provided by
the Declaration of Helsinki and the research proposal
was approved by the Faculty of Biological Sciences,
University of Dhaka, Dhaka, Bangladesh and the
Bangladesh Medical Research Council, Dhaka,
Bangladesh.

Sample size
The sample size calculation was based on 90 % power and
a 5 % significance level for two variables, namely preva-
lence of anaemia and prevalence of IDA. Based on the
Bangladesh Demographic and Health Survey (BDHS)
data(2), we considered a 50 % prevalence of anaemia
among pregnant women and assumed that at least half
of the pregnant women had IDA. To detect a difference
of 25 % in the prevalence of anaemia between the two
groups (pregnant women living in low- and high-
groundwater-Fe areas) after IFA supplementation, eighty-
four pregnant women per group would be required.
Detecting a difference of 25% in the prevalence of IDA
between the two groups after IFA supplementation would
require 168 pregnant women per group. We considered
the larger (n 168) of the above two sample size estimates
and, after including a 30% allowance for dropout during
follow-up, each group required 240 pregnant women.

Selection of participants
The field staff identified pregnant women by the date of
their last menstrual period and carried out door-to-door
visits, listing all eligible pregnant women. Pregnant women
who had already visited the antenatal clinic for a check-up
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during the current pregnancy were excluded from the
study. The purpose and exact nature of the study were
explained to all prospective participants. The eligible preg-
nant women were invited to attend the antenatal clinic on a
pre-set date for data and blood collection. On the day of
data collection, the purpose of the study was explained
again, and those who agreed to participate were requested
to sign or place their thumb print on the consent form
approved by the institutional review board.

Iron–folic acid supplementation
There were two participant groups: Group 1, 260 pregnant
women living in areas with low Fe levels in the ground-
water; and Group 2, 262 pregnant women living in areas
with high Fe levels in the groundwater. Both groups were
given IFA supplements daily for 3·5 months; therefore, a
maximum of 104 tablets were taken during this period.
This procedure was done according to the government
protocol at the time and thus no potential harm would
be intentionally incurred as a result of the study.

Supplement delivery and compliance recording
The enrolled pregnant women were given 20 IFA tablets
(two strips of 10 tablets each) when baseline data were col-
lected. A physician explained to them the benefits of taking
the IFA tablets during pregnancy and gave instructions on
how and when to take the tablets. The field assistants vis-
ited each woman on a weekly basis to record compliance
(except for the first visit, which took place two weeks after
the baseline blood collection). During each visit, the field
assistants provided IFA tablets to the pregnant women to
last them for another 10 d. During the house visit, the field
assistants also recorded the reasons for any irregular con-
sumption and then provided appropriate counselling to
motivate the pregnant women to take the tablets as
advised. The field assistants also advised thewomen to visit
the antenatal clinic and receive other antenatal services.
The field supervisors regularly attended field visits to over-
see the activities of the field assistants, cross-check the
compliance, and compare the number of tablets remaining
with the number of tablets delivered by the field assistant.

Data collection
All consenting pregnant women were tested for pregnancy
using a commercial pregnancy detection kit. A total of 530
pregnant women (268 from low-groundwater-Fe areas and
262 from high-groundwater-Fe areas) were recruited for
the study. The response rate was over 90 %. Eight pregnant
women were excluded because of either incomplete data
or insufficient blood samples for assessment of all bio-
chemical parameters.

All recruited women were interviewed by trained inter-
viewers at the antenatal clinic before blood collection to
obtain socio-economic and pregnancy-related information.
Information on the usual consumption pattern of selected

food items rich in micronutrients was obtained by an inter-
view, using a 7 d FFQ. A 30 d recall was used to obtain
information on the consumption of vitamin and mineral
supplements. Furthermore, information on morbidity was
also collected. Following the interview, 5 ml of venous
blood was collected. A second blood specimen was drawn
from the pregnant women at the end of the 3·5 months of
IFA supplementation. In addition, informationwas also col-
lected on dietary pattern, consumption of any vitamin or
mineral supplements other than that which was given,
and morbidity. Figure 1 shows the participant selection
process. Details of the data collection and blood sample
processing procedures are described elsewhere(6).

Analytical procedures
Hb concentration was measured by a HemoCue Hb 301
haemoglobinometer (Hemocue, Ängelholm, Sweden).
Serum folate concentration was measured using commer-
cial kits from RocheDiagnostics on a clinical chemistry ana-
lyser (Cobas C311; Roche Diagnostics, Mannheim,
Germany). Serum ferritin and C-reactive protein levels
were measured by an ELISA using commercial kits
(BioCheck, Inc., San Francisco, CA, USA). Serum α1-acid
glycoprotein levels were measured by the immunoturbidi-
metric method using commercial kits from Roche
Diagnostics on Cobas C311. Haemoglobinopathies (HbS,
HbE, HbF, HbA and other haemoglobins) were identified
by capillary zone electrophoresis of Hb at pH 9·4 and a high
voltage of 9600 V (Capillary 2 system; Sebia, Evry, France).

Data analysis
Statistical analysis was carried out using the statistical
software packages IBM SPSS Statistics version 20 and
SAS for Windows version 9.3. Sociodemographic and preg-
nancy-related characteristics and general morbidity and
diet-related data of the pregnant women by area of resi-
dence, i.e. low- or high-groundwater-Fe areas, were com-
pared by the χ2 test.

Anaemia was defined as a Hb concentration
<11·0 g/dl(15). ID was defined as a serum ferritin concentra-
tion <15·0 μg/l(15). IDA was defined as a Hb concentration
<11·0 g/dl and a serum ferritin concentration<15·0 μg/l(15).
Haemoconcentration in pregnant womenwas defined by a
Hb concentration >13·0 g/dl(10) and Fe overload was
defined by a serum ferritin concentration >150 μg/l(15).
Folate deficiency was defined as a serum folate concentra-
tion <4·4 ng/ml(16). In the presence of inflammation or
infection, serum ferritin can be in the normal range or
elevated despite deficient stores(17). Hence, serum ferritin
concentrations were adjusted for elevated C-reactive protein
(≥10mg/l) and α1-acid glycoprotein (≥1·0 g/l) concentra-
tions by mathematical correction(18).

Distributions of Hb, serum ferritin and folate concentra-
tions were checked by the Kolmogorov–Smirnov goodness-
of-fit test. Because serum ferritin concentrations, both at
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baseline and post-supplementation, were not normally dis-
tributed, data were log-transformed, and the outputs back-
transformed to the original scale are presented. All data
are presented as means and 95% CI.

The data from pregnant women who consumed >50
tablets were analysed to compare the effect of IFA supple-
mentation in areas with different groundwater-Fe concen-
trations. Repeated-measures ANOVA was performed using
the generalized estimating equations approach within the
SAS GENMOD procedure with time as the repeated mea-
sure. The χ2 test score, based on a generalized score func-
tion, was used to compare the concentrations of all
biochemical variables from baseline to after the supple-
mentation period, both within and between the two
groups. A general linear model was used, with the mean
change in concentration of each biochemical variable as
the dependent variable, to compare the change over time
in the two groups. Among the socio-economic variables,

the husband’s occupation and possession of cultivable land
were found to be significantly different between the two
groups of pregnant women. Furthermore, the baseline val-
ues of all biochemical parameters and the number of IFA
tablets consumed were significantly different between
the two groups. Therefore, to account for these potential
confounders, the results were adjusted for corresponding
baseline values, the number of IFA tablets consumed, the
husband’s occupation and possession of cultivable land.

Both at baseline and at the end of the supplementation,
the prevalence of anaemia, ID, IDA and folate deficiency in
the pregnant women in the two groups were compared
by the χ2 test or Fisher’s exact test, as appropriate.
Furthermore, differences in prevalence in each group
between pre- and post-supplementation were compared
by Cochran’s Q test or Fisher’s exact test, as appropriate.
The prevalence of anaemia, ID, IDA and folate deficiency
at baseline and at the end of the supplementation period in

Rural pregnant women
n 530

Did not take IFA tablets or
did not give blood samples

Dropped
n 58

Dropped
n 59

IFA supplement
for 3·5 months

IFA supplement
for 3·5 months

At post-supplementation
data collection

Gave blood at the
end of the study

n 204

Gave blood at the
end of the study

n 201

Took inadequate
tablets (<50)

Excluded
n 1

Excluded
n 9

Pre–post data were
compared between high-

and low-Fe areas

Included in pre–post
analysis
n 203

Included in pre–post
analysis
n 192

Available baseline data

Due to incomplete data
or inadequate blood

samples

High-Fe areas
n 268

Low-Fe areas
n 262

Excluded
n 6

Excluded
n 2

Baseline data were compared
between high- and low-Fe

areas

Pregnant women
enrolled for IFA

supplement
n 262

Pregnant women
enrolled for IFA

supplement
n 260

Fig. 1 (colour online) Flowchart showing the selection of participants for the present study to determine the effect of iron–folic acid
(IFA) supplementation among pregnant women living in low- and high-groundwater-iron areas of Bangladesh
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the pregnant women in the low- and high-groundwater-Fe
areas were further compared by logistic regression with
deficiency status (present/absent) as the dependent varia-
ble. The OR and 95 % CI for low-groundwater-Fe areas
were estimated by the likelihood ratio method. To account
for potential confounders (as mentioned above), the data
were adjusted for the baseline status of each variable,
the number of tablets consumed, the husband’s occupation
and possession of cultivable land. Finally, all analyses were
repeated on participants without haemoglobinopathies.

Results

Dropout rate
Of the 522 pregnant women enrolled at baseline, 405 com-
pleted the 3·5-month IFA supplementation protocol. The
overall dropout rate was 22·4 %. In high-groundwater-Fe
areas, the dropout rate was 22·1 %, and in low-ground-
water-Fe areas it was 22·7 %; the difference between the
groups was not statistically significant.

Comparison between pregnant women who
dropped out and those who completed the study
The socio-economic and pregnancy-related characteristics
and biochemical parameters of the pregnant women who
completed the study and those who did not were not sig-
nificantly different, except for serum folate concentration
which was significantly higher (P= 0·02) in those who
did not complete the study.

Compliance
Ten pregnant women (one in a high-Fe area and nine in
low-Fe areas) were excluded from the analysis because
they took fewer than 50 % of the tablets provided. Three
hundred and ninety-five pregnant women (203 in the
high-Fe areas and 192 in the low-Fe areas) were included
in the final analysis. Thirty-nine per cent of the pregnant
women in the high-groundwater-Fe areas consumed 100
or more tablets, 55 % consumed 80–99 tablets and 6 % con-
sumed 50–79 tablets. In the low-groundwater-Fe areas,
14 % of the pregnant women consumed 100 or more tab-
lets, 66 % consumed 80–99 tablets and 20 % consumed
50–79 tablets. The mean (SD) number of tablets consumed
by the pregnant women in the high-groundwater-Fe areas
(97·8 (11·4)) was significantly higher (P = 0·001) than the
number of tablets taken by the pregnant women in the
low-groundwater-Fe areas (88·8 (11·6)).

Characteristics of the pregnant women who
completed the study
There were no statistically significant differences in age,
parity and gestational age between the pregnant women
who completed the study in the low- and high-ground-
water-Fe areas (Table 1). A significantly (P = 0·012) higher

proportion of the participants’ husbands in the low-ground-
water-Fe areas was functionally illiterate and either unem-
ployed or daily labourers, compared with the pregnant
women’s husbands in the high-groundwater-Fe areas
(P= 0·001). Moreover, a significantly higher proportion
of the pregnant women in the low-groundwater-Fe areas
had no cultivable land.

Dietary pattern
During the week preceding the baseline interview, the
pregnant women living in the areas with low groundwater
Fe had a significantly higher frequency of consumption of
chicken, milk and milk products. There were no significant
differences in consumption of red meat, green leafy vege-
tables or fruit between the two groups. No significant
differences in the frequency of consumption of red meat,
chicken, milk and milk products, green leafy vegetables
or fruit were observed between the two groups during
the week preceding the post-supplementation interview.

Morbidity pattern
No statistically significant difference was observed in mor-
bidity pattern, except for respiratory distress at baseline,
between the pregnant women in the high- and low-
groundwater-Fe areas during the week preceding the base-
line and post-supplementation data collection visits. In
areas with low levels of Fe in the groundwater, a signifi-
cantly higher proportion of pregnant women had respira-
tory distress. However, both at the baseline and post-
supplementation visits, there were no statistically signifi-
cant differences in the prevalence of elevated C-reactive
protein and elevated α1-acid glycoprotein in the pregnant
women in the two areas (data not shown).

Effect of iron–folic acid supplementation on
biochemical measures
The mean Hb and serum ferritin concentrations at baseline
were significantly lower and the serum folate concentration
was significantly higher in the pregnantwomen living in the
low-groundwater-Fe areas than in the pregnant women liv-
ing in the high-groundwater-Fe areas (Table 2). Both Hb
and serum ferritin concentrations decreased significantly
after supplementation in the pregnant women living in
the high-groundwater-Fe areas (P< 0·05). Conversely,
the Hb concentration increased significantly in the preg-
nant women in the low-groundwater-Fe areas, but no
significant change was observed in serum ferritin concen-
tration. The serum folate concentration increased signifi-
cantly in the pregnant women in both groups after
supplementation.

After adjusting for potential confounders, the mean
change in Hb concentration after supplementation was
greater (P= 0·052) in the pregnant women living in the
low-groundwater-Fe areas than in the pregnant women liv-
ing in the high-groundwater-Fe areas (Table 2). The mean
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changes in serum ferritin and folate concentrations did not
differ significantly between the two groups.

Effect of iron–folic acid supplementation on
anaemia and iron and folate deficiency
The prevalence of anaemia and folate deficiency did not
differ significantly at baseline between the pregnant
women living in high- and low-groundwater-Fe areas,
while the prevalence of ID and IDA were significantly
higher in the pregnant women living in the low-
groundwater-Fe areas (Table 3). After 3·5 months of sup-
plementation, the prevalence of anaemia decreased only
in the pregnant women living in the low-groundwater-
Fe areas (P= 0·057), while the prevalence of ID remained
unchanged in the pregnant women in both areas.
Interestingly, the prevalence of IDA in the pregnant
women living in the low-groundwater-Fe areas
decreased significantly (P= 0·02) after supplementation.

After supplementation, the prevalence of folate deficiency
decreased significantly (P< 0·007) in both groups.

The results of logistic regression analysis, after control-
ling for potential confounding factors, showed that the risk
(OR) for developing anaemia (OR= 0·65; 95 % CI 0·40,
1·06), ID (OR= 0·74; 95 % CI 0·44, 1·22) and IDA (OR=
0·73; 95 % CI 0·35, 1·51) after supplementation was lower
in the pregnant women living in areas with low levels of
Fe in the groundwater than in the pregnant women living
in areas with high levels of Fe in the groundwater.
However, the differences between the groups were not sta-
tistically significant. Similarly, the risk for developing folate
deficiency in the two groups of pregnant women did not
differ significantly after supplementation (Table 3).

Haemoconcentration and iron overload
Nearly 6·0 % (n 12) of the pregnant women living in areas
with high levels of Fe in the groundwater and 2·6 % (n 5) of

Table 1 Sociodemographic and pregnancy-related characteristics of the study participants who completed the supplementation protocol, by
areas with low and high iron in the groundwater, Bangladesh, April–October 2015

High-groundwater-Fe
areas (n 203)

Low-groundwater-Fe
areas (n 192)

Characteristic n % n % P value*

Age (years)
13–19 46 22·2 45 23·4 0·085
20–24 56 27·6 69 35·9
≥25 102 50·2 78 40·7

Parity
Nulliparous 69 34·0 74 38·5 0·560
One 82 40·4 76 39·6
Two or more 52 25·6 42 21·9

Gestational age (weeks)
≤12 25 12·3 22 11·5 0·793
>12 178 87·7 170 88·5

Participant’s education
Functionally illiterate 76 37·5 93 48·4 0·100
Incomplete secondary 92 45·3 71 37·0
Complete secondary and higher 35 17·2 28 14·6

Husband’s education
Functionally illiterate 105 51·8 125 65·1 0·012
Incomplete secondary 48 23·6 39 20·3
Complete secondary and higher 50 24·6 28 14·6

Husband’s occupation
Unemployed/labourer 54 26·6 94 49·0 0·001
Agriculture 67 33·0 46 24·0
Business 49 24·1 31 16·1
Services 33 16·3 21 10·9

Participant’s occupation
No 194 95·6 184 95·8 0·896
Yes 9 4·4 8 4·2

Household size
Small, ≤4 125 61·6 110 57·3 0·216
Large, ≥5 78 38·4 82 42·7

Homestead ownership
Own homestead 195 96·1 176 91·7 0·068
Others 8 3·9 16 8·3

Cultivable land ownership (acres†)
No land 104 51·2 117 60·9 0·014
Small landholding, <0·50 63 30·9 34 17·7
Sizeable landholding, >0·50 36 17·9 41 21·4

*From χ2 test.
†1 acre= 0·40 ha.
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the pregnant women living in areas with low levels of Fe in
the groundwater had haemoconcentration at baseline.
After supplementation, 4·9 % (n 10) of the pregnantwomen
in the high-groundwater-Fe areas and 2·6 % (n 5) of the
pregnant women in the low-groundwater-Fe areas were
found to have haemoconcentration. Furthermore, only
one pregnant woman in an area with a low level of Fe in
the groundwater and three pregnant women in areas with
high levels of Fe in the groundwater had haemoconcentra-
tion at both time points. However, none of the participants
had Fe overload after supplementation.

Haemoglobinopathies
The pregnant womenwho completed the supplementation
protocol were screened for haemoglobinopathies post-
supplementation. Overall, 17·2 % of the pregnant women
were found to have haemoglobinopathies: 9·4 % in the
high-groundwater-Fe areas and 7·9 % in the low-ground-
water-Fe areas. The difference was not statistically signifi-
cant (P = 0·47).

Effect of iron–folic acid supplementation on Hb
and serum ferritin concentrations in pregnant
women without haemoglobinopathies
When data were reanalysed after excluding the pregnant
women with haemoglobinopathies, the Hb concentration
increased significantly in the pregnant women in the
low-groundwater-Fe areas after supplementation, while
no significant changewas observed in the pregnantwomen
in the high-groundwater-Fe areas (Table 4). Serum ferritin
concentration decreased significantly only in the pregnant
women living in the high-groundwater-Fe areas after

supplementation. After adjusting for potential confounding
factors, the mean changes in Hb and serum ferritin concen-
trations in the pregnant women in the low-groundwater-Fe
areas were higher after supplementation than the changes
in the pregnant women in the high-groundwater-Fe areas.
However, the differences between the two groupswere not
statistically significant.

Effect of iron–folic acid supplementation on
anaemia, iron deficiency and iron-deficiency
anaemia in pregnant women without
haemoglobinopathies
After supplementation, the prevalence of anaemia
decreased (P= 0·07) only in the pregnant women in the
low-groundwater-Fe areas, while the prevalence of ID
remained unchanged in the participants from both areas
(Table 5). In the low-groundwater-Fe areas, the prevalence
of IDA in the pregnant women decreased significantly (P=
0·016) after supplementation, but remained unchanged in
those from the high-groundwater-Fe areas.

After 3·5 months of supplementation, the risk (OR) for
developing anaemia, ID and IDA was lower in pregnant
women in areas with low levels of Fe in the groundwater
than in the pregnant women living in areas with high levels
of Fe in the groundwater (Table 5). However, the
differences between the two groups were not statistically
significant.

Discussion

In Bangladesh, recent studies have identified low ID
among non-pregnant and non-lactatingwomen(4) and have

Table 2 Hb, serum ferritin and folate concentrations in the study participants at baseline and after the 3·5-month supplementation period, and
the difference between baseline and post-supplementation, by areas with low and high iron in the groundwater, Bangladesh, April–October
2015

High-groundwater-Fe areas
(n 203)

Low-groundwater-Fe areas
(n 192)

Variable Mean* 95% CI Mean* 95% CI P value†

Hb (mg/dl)
Baseline 11·43a,x 11·29, 11·57 11·21a,y 11·06, 11·35
Post 11·29b 11·15, 11·42 11·37b 11·24, 11·50
Change (baseline – post-supplementation) –0·08 –0·20, 0·04 0·10 –0·03, 0·22 0·052

Serum ferritin (μg/l)‡
Baseline 25·80a,x 23·22, 28·67 19·25y 17·06, 21·73
Post 22·23b,x 20·34, 24·31 17·86y 16·22, 19·66
Change (baseline – post-supplementation) –4·97 –6·86, –3·07 –7·21 –9·16, –5·26 0·120

Serum folate (ng/ml)
Baseline 8·35a,x 7·90, 8·80 9·10a,y 8·61, 9·60
Post 13·44b 12·88, 14·01 13·19b 12·62, 13·77
Change (baseline – post-supplementation) 4·82 4·28, 5·37 4·40 3·84, 4·96 0·303

a,bMean values within a column for each of the variables (within each groundwater-Fe area) with unlike subscript letters were significantly different (P< 0·05).
x,yMean values within a row for each of the variables (at each time point) with unlike subscript letters were significantly different (P< 0·05).
*Repeated-measures ANOVA, with time as the repeated measure, was performed.
†Based on the general linear model with change in concentration as the dependent variable and adjusted for corresponding baseline value, total number of tablets consumed,
husband’s occupation and possession of cultivable land. Serum ferritin was adjusted for elevated serum C-reactive protein and α1-acid glycoprotein by mathematical
correction.
‡P values based on log-transformed serum ferritin concentrations.
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linked this to the consumption of Fe-containing ground-
water from tube wells(5,6). This finding raises concerns
for the relevance of the current national IFA supplemen-
tation programme for preventing anaemia and ID in preg-
nant women in the country. The present study examined
the associated risks and benefits of routine IFA supple-
mentation in pregnant women living in high- and low-
groundwater-Fe areas in Bangladesh. To our knowledge,
the present study is the first that has compared the effect
of routine IFA supplementation on haematological out-
comes between pregnant women living in areas with
low and high levels of Fe in the groundwater. In the
present study, in areas with low levels of Fe in the ground-
water, the mean (SD) Fe concentration in the tube-well
water was 0·83 (1·35) mg/l, with a median of 0·31 mg/l.
In areas with high levels of Fe in the groundwater, the
mean (SD) Fe concentration in the tube-well water was
4·14 (5·76) mg/l, with a median of 1·28 mg/l(6). Notably,
the ACGB survey reported that the national median
Fe concentration in Bangladesh tube-well water was
1·1 mg/l, with nearly 10 % of tube-well water containing
more than 10 mg Fe/l(8). In areas with high levels of Fe
in the groundwater, we also found that 15 % of the
tube-well water had more than 10 mg Fe/l. Thus, the find-
ings of the present study can be generalized to all
Bangladeshi pregnant women living in areas with low
and high levels of Fe in the groundwater.

Although the overall compliance was high, the mean
number of IFA tablets consumed by the pregnant women

living in the areas with low levels of Fe in the groundwater
was significantly lower than the number of tablets taken by
the pregnant women living in the areas with high levels of
Fe in the groundwater. Furthermore, nine pregnant women
in areas with low levels of Fe in the groundwater and one
woman living in an area with a high level of Fe in the
groundwater consumed fewer than 50 IFA tablets, which
was considered inadequate; thus, these participants were
excluded from the final analysis. By examining the charac-
teristics of these women in the low-groundwater-Fe areas
we found that those who came from a relatively lower
socio-economic background (lower level of literacy, a
husband with a lower level of literacy and a lower socio-
economic occupation, and possession of no cultivable land)
appeared to be less compliant with the IFA supplementa-
tion protocol.

In the present study, there were some differences in the
literacy level and work status of the husbands of the partic-
ipants, the ownership of cultivable land, and baseline bio-
chemical status between the two groups of pregnant
women. Furthermore, bivariate analysis revealed signifi-
cant differences in mean changes in serum concentrations
of all biochemical indices by husband’s occupation and
possession of cultivable land. Therefore, the study’s results
were adjusted for these confounders using multivariate
analysis.

The study revealed that the mean Hb concentration
increased significantly in the pregnant women living in
the low-groundwater-Fe areas after 3·5 months of IFA

Table 3 Prevalence of anaemia, iron and folate deficiencies in the study participants at baseline and after the 3·5-month supplementation
period, and the estimates of OR for prevalence of anaemia, iron and folate deficiencies, by areas with low and high iron in the groundwater,
Bangladesh, April–October 2015

High-groundwater-Fe areas
(n 203)

Low-groundwater-Fe areas
(n 192)

Low- v. high-groundwater-Fe
areas

% % P value* OR 95% CI P value†

Anaemia‡
Baseline 32·5 40·1 0·142 – –
Post 37·9 32·8 0·295 0·65 0·40, 1·06 0·083

P= 0·138** P= 0·057**
Fe deficiency§
Baseline 21·7 34·4 0·006 – –
Post 21·2 34·9 0·002 0·74 0·44, 1·22 0·234

P= 0·887** P= 0·896**
Fe-deficiency anaemia║
Baseline 8·4 21·4 0·0003 – –
Post 10·3 14·1 0·283 0·73 0·35, 1·51 0·396

P= 0·371** P= 0·02**

Folate deficiency¶
Baseline 7·4 8·9 0·712 – –
Post 1·0 3·1 0·166 2·83 0·51, 15·72 0·235

P= 0·001** P= 0·007**

*Prevalence values within a row (between high- and low-groundwater-Fe areas) were compared with the χ2 test or Fisher’s exact test, as appropriate.
†Based on logistic regression and adjusted for the dependent variable, corresponding baseline value, total number of tablets consumed, husband’s occupation and
possession of cultivable land.
‡Hb< 11·0 g/dl.
§Serum ferritin< 15·0 μg/l.
║Hb< 11·0 g/dl and serum ferritin< 15·0 μg/l.
¶Serum folate< 4·4 ng/ml.
**Prevalence values within a column (within each groundwater-Fe area) were compared by Cochran’s Q test or Fisher’s exact test, as appropriate.
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supplementation, while the mean Hb concentration
decreased significantly in the pregnant women in the
high-groundwater-Fe areas. After adjustment for corre-
sponding baseline values, the number of IFA tablets con-
sumed, the husband’s occupation and the ownership of
cultivable land, the mean change in Hb concentration in
the pregnant women living in the low-groundwater-Fe
areas was found to be significantly higher than in the preg-
nant women living in the high-groundwater-Fe areas.
Furthermore, the prevalence of anaemia at the post-supple-
mentation visit decreased by approximately 17·0 % from
the baseline values in women from low-Fe areas, and there
was a 35 % reduced risk of anaemia compared with preg-
nant women living in the high-groundwater-Fe areas.
Although these differences were not statistically significant,
the results showed a declining trend in anaemia. Several
reviews reported a significant improvement in haematolog-
ical outcomes in pregnant women living in developing
countries as a result of routine Fe supplementation, with
or without folic acid, compared with placebo or folic acid
alone(10,19,20). The post-supplementation Hb concentration
during pregnancy is a result of the combined action of two
opposing factors, namely dilution due to an increase in
blood volume and stimulation of Hb synthesis by increas-
ing the physiologically available Fe as a result of the
increased absorption of Fe following supplementa-
tion(21,22). In the present study we did not have any control
group due to ethical reasons, which might raise questions
as to whether the increase in Hb levels was the effect of
increased erythropoiesis after IFA supplementation or if
this was due to a lower increase in plasma volume in late
pregnancy. If the latter scenario was true, this would have
similarly impacted the pregnant women in both groups. In
the present study, we found a 0·10 mg/dl increase in Hb
concentration only in the pregnant women living in the

low-groundwater-Fe areas after IFA supplementation; this
finding reinforces the effect of increased erythropoiesis due
to increased Fe availability.

Furthermore, the prevalence of IDA at the post-supple-
mentation visit was significantly reduced by 34 % from the
baseline prevalence only in pregnant women living in the
low-groundwater-Fe areas. This result suggests that the
pregnant women in the low-groundwater-Fe areas reaped
a greater benefit from IFA supplementation. Several mech-
anisms regulating intestinal Fe absorption have been iden-
tified(22–24). Both human and animal studies have shown
that depleted body Fe stores can lead to increased intestinal
absorption(23,24). In addition, intestinal Fe absorption is also
regulated by bone-marrow erythropoiesis(24). Therefore,
possible explanations for the present study findings could
be the higher absorption of Fe in the pregnant women liv-
ing in the low-groundwater-Fe areas due to the fact that
their Fe status and/or Hb levels were initially lower than
those in the pregnant women in the high-groundwater-
Fe areas. It is noteworthy that in addition to IFA supplemen-
tation, dietary Fe intake may also contribute to the
increased Fe availability(22). In a recent study among rural
pregnant women, irrespective of groundwater-Fe area of
residence, we found an independent positive association
between the frequency of red meat consumption and Fe
status(6). Thus, in the present study, we also examined
the consumption of Fe-rich foods using a 7 d FFQ during
the pre- and post-supplementation visits. There were no
differences in redmeat, green leafy vegetable or fruit intake
between the two groups of pregnant women, at either time
point. Therefore, the reduction in the prevalence of IDA in
the pregnant women living in the low-groundwater-Fe
areas reflects the effects of IFA supplementation.

The prevalence of anaemia and ID remained
unchanged in the pregnant women living in areas with high

Table 4 Hb and serum ferritin concentrations in the study participants without haemoglobinopathies at baseline and after the 3·5-month
supplementation period, and the difference between baseline and post-supplementation, by areas with low and high iron in the
groundwater, Bangladesh, April–October 2015

High-groundwater-Fe areas
(n 203)

Low-groundwater-Fe areas
(n 192)

Variable Mean* 95% CI Mean* 95% CI P value†

Hb (mg/dl)
Baseline 11·58x 11·44, 11·72 11·29a,y 11·14, 11·44
Post 11·44 11·30, 11·59 11·48b 11·33, 11·62
Change (baseline – post-supplementation) –0·06 –0·19, 0·07 0·11 –0·03, 0·24 0·101

Serum ferritin (μg/l)‡
Baseline 25·46a,x 22·61, 28·68 18·92y 16·60, 21·57
Post 22·39b,x 20·27, 24·73 17·44y 15·76, 19·30
Change (baseline – post-supplementation) –4·71 –6·82, –2·60 –7·64 –9·78, –5·51 0·068

a,bMean values within a column for each of the variables (within each groundwater-Fe area) with unlike subscript letters were significantly different (P< 0·05).
x,yMean values within a row for each of the variables (at each time point) with unlike subscript letters were significantly different (P< 0·05).
*Repeated-measures ANOVA, with time as the repeated measure, was performed.
†Based on the general linear model with change in concentration as the dependent variable and adjusted for corresponding baseline value, total number of tablets consumed,
husband’s occupation and possession of cultivable land. Serum ferritin was adjusted for elevated serum C-reactive protein and α1-acid glycoprotein, by mathematical
correction.
‡P values based on log-transformed serum ferritin concentrations.
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levels of Fe in the groundwater, indicating that IFA supple-
mentation in this group of women resulted in the main-
tenance of baseline Hb levels and Fe status. Moreover,
IFA supplementation in the pregnant women in the high-
groundwater-Fe areas did not pose any increased risk of
haemoconcentration or Fe overload. Contrary to the
present study findings, some studies reported that Fe sup-
plementation could lead to Fe overload, which increases
the risk of the formation of reactive oxygen species and
induces haemoconcentration(11,12). A possible explanation
for the present study finding is that the body’s Fe balance is
regulated by Fe absorption through the action of hepci-
din(25). In the presence of adequate Fe status, hepatic hep-
cidin production is increased. Hepcidin binds to
ferroprotein on enterocytes, macrophages and hepato-
cytes, resulting in its internalization and, consequently, to
the sequestration of Fe in intracellular stores, which, in turn,
inhibits the expression of duodenal cytochrome B and
divalent metal transporter 1 on the luminal surface of the
enterocytes, thus decreasing dietary Fe absorption(22).

At baseline, the mean serum folate concentration in the
pregnant women in the areas with low levels of Fe in the
groundwater was significantly higher than that in the preg-
nant women in the areas with high levels of Fe in the
groundwater. Studies have shown increased serum folate
concentration as a result of increasing folic acid intake
through foods, especially legumes, fruits and vegeta-
bles(26). In the present study, we did not find any significant
differences in the frequency of consumption of these foods
between the two groups. Further studies with more in-
depth dietary information (both consumption frequency
and amount) would be required to explain the reasons
for this difference. However, the prevalence of folate

deficiency was not significantly different at baseline
between the two groups of pregnant women. As expected,
there was a significant increase in serum folate concentra-
tion and a decrease in folate deficiency after the 3·5 months
of supplementation in both groups.

Genetic disorders such as haemoglobinopathy are
known to contribute to the burden of anaemia, distort
the estimates of the prevalence of IDA(27,28) and increase
the risk of Fe overload(29). Therefore, the pregnant women
with haemoglobinopathies were identified from the study
participants who completed the IFA supplementation pro-
tocol, and the effect of the haemoglobinopathies onHb and
serum ferritin levels was examined by stratifying the preg-
nant women, irrespective of Fe-level area, into those with
and without haemoglobinopathy. The results showed that
mean Hb, but not serum ferritin, concentrations were sig-
nificantly lower at the baseline and post-supplementation
visits in the pregnant women with haemoglobinopathy
than in the pregnant women without haemoglobinopathy
(data not shown). Consequently, all analyses were
repeated using sub-samples without haemoglobinopathy.
After adjusting for the corresponding baseline values and
the number of IFA tablets consumed, the mean increase
in Hb in the pregnant women living in the low-ground-
water-Fe areas was 0·11 mg/dl, which is very similar to that
which was observed in the total group of participants.
However, the mean difference in Hb concentration
between the two groups did not reach statistical signifi-
cance. The results of the prevalence of anaemia and IDA
in the pregnant women living in the low-groundwater-Fe
areas following supplementation were very similar to those
that were observed in the total group of participants.
Furthermore, there was no case of Fe overload in the

Table 5 Prevalence of anaemia, iron deficiency and iron-deficiency anaemia in the study participants without haemoglobinopathies at
baseline and after the 3·5-month supplementation period, and the estimates of OR for anaemia, iron deficiency and iron-deficiency
anaemia, by areas with low and high iron in the groundwater, Bangladesh, April–October 2015

High-groundwater-Fe areas
(n 165)

Low-groundwater-Fe areas
(n 162)

Low- v. high-groundwater-Fe
areas

% % P value* OR 95% CI P value†

Anaemia‡
Baseline 25·5 36·4 0·032 – –
Post 30·9 29·0 0·719 0·69 0·39, 1·21 0·193

P= 0·170¶ P= 0·070¶
Fe deficiency§
Baseline 23·6 34·6 0·034 – –
Post 21·8 35·8 0·007 0·74 0·42, 1·29 0·286

P= 0·639¶ P= 0·782¶
Fe-deficiency anaemia║
Baseline 7·9 21·0 0·001 – –
Post 9·7 13·0 0·386 0·64 0·27, 1·52 0·312

P= 0·439¶ P= 0·016¶

*Prevalence values within a column (within each groundwater-Fe area) were compared by Cochran’s Q test or Fisher’s exact test as appropriate.
†Based on logistic regression and adjusted for corresponding baseline value, total number of tablets consumed, husband’s occupation and possession of cultivable land.
‡Hb< 11·0 g/dl.
§Serum ferritin< 15·0 μg/l.
║Hb< 11·0 g/dl and serum ferritin< 15·0 μg/l.
¶Prevalence values within a row (between high- and low-groundwater-Fe areas) were compared by the χ2 test or Fisher’s exact test as appropriate.
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pregnant women with haemoglobinopathy. These results
indicate that the current recommended dose of IFA supple-
mentation probably does not pose any risk of Fe overload
in pregnant women with haemoglobinopathy in this pop-
ulation. A study from Thailand also reported a similar find-
ing that Fe supplementation in pregnant women did not
cause Fe overload(30).

Anaemia may also be caused by other non-nutritional
factors, such as malaria, hookworm infestation and chronic
infection(31–33). We explored whether general morbidity
and subclinical inflammation/infection, assessed by
elevated levels of C-reactive protein (≥10 mg/l) and α1-acid
glycoprotein (≥1·0 g/l), influenced the mean Hb level in
the study population. We did not find any significant
differences in Hb levels between the pregnant womenwith
and without general morbidities and/or subclinical infec-
tion (data not shown). Moreover, the risk of malaria is quite
low in Bangladesh and is prevalent only in certain regions
of hilly areas. In the present study, we did not assess the
hookworm load in pregnant women. A study among
Bangladeshi rural non-pregnant women reported only a
1 % prevalence of hookworm infestation(34). It is very
unlikely that, with such a low prevalence of hookworm
infestation, there would have been any significant impact
on anaemia status in this population.

Nevertheless, after 3·5 months of IFA supplementation,
a significant proportion of pregnant women in both the
high- and low-groundwater-Fe areas remained anaemic
and Fe-deficient, even after excluding thewomenwith hae-
moglobinopathies from the analysis. It is important to note
that in addition to deficiency of Fe, deficiency in a number
of micronutrients such as vitamin A, vitamin C, riboflavin,
folic acid and vitamin B12 can lead to anaemia(35). These
micronutrients are known to affect the synthesis of Hb
either directly or indirectly by affecting the absorption
and/or mobilization of Fe(35). Allen et al.(36) noted that
the coexistence of multiple micronutrient (MMN) deficien-
cies with ID may increase the risk of anaemia and limit the
haematological response. Although the 2016 WHO guide-
lines for antenatal care did not universally recommend sup-
plementation with MMN during pregnancy, they did state
that ‘policy-makers in populations with a high prevalence
of nutritional deficiencies might consider the benefits of
MMN supplements on maternal health to outweigh the dis-
advantages, and may choose to give MMN supplements
that include iron and folic acid’(37). It is noteworthy that a
recent meta-analysis of individual patient data from seven-
teen randomized controlled trials including 112 953 preg-
nant women living in low- and middle-income countries
found that MMN supplementation during pregnancy
reduced the risk of low birth weight, preterm birth and
being born small for gestational age(38). Thus, in light of
the above findings, our study findings suggest that
Bangladesh should actively consider the need for imple-
menting MMN supplementation including Fe and folic acid
for pregnant women.

Conclusion

In conclusion, routine supplementation with IFA tablets,
containing 60 mg elemental Fe and 400 μg folic acid, for
3·5 months improved the Hb concentration in rural
Bangladeshi pregnant women living in the low-ground-
water-Fe areas. However, there was no significant change
observed in the pregnant women living in the high-ground-
water-Fe areas. After IFA supplementation, a decreasing
trend of anaemia and a significantly reduced prevalence
of IDA were observed only in the pregnant women
living in the low-groundwater-Fe areas, as expected.
Furthermore, IFA supplementation did not pose any signifi-
cant risk of haemoconcentration or Fe overload in the preg-
nant women in either area. Nevertheless, a sizeable
proportion of pregnant women in high- and low-ground-
water-Fe areas remained anaemic and Fe-deficient post-
supplementation. Thus, the findings of the present study
support the continuation of routine supplementation with
IFA tablets during pregnancy to prevent anaemia and ID in
this population. Future research to identify other nutritional
and non-nutritional contributors to anaemia is warranted to
prevent and treat anaemia. In addition, research should
focus on developing possible strategies to improve the
compliance of pregnant women to the IFA supplementa-
tion protocol and scale up the coverage to benefit a larger
population.
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