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Abstract

Objectives: To compare the effect of daily versus weekly iron supplementation on lipid peroxidation, hemo-
globin levels and maternal and perinatal outcome in non-anemic pregnant women.
Methods: Of 109 women randomly allocated into three groups, 90 completed the study. Group I (n = 30)
received daily iron folic acid; Group II (n = 30) received weekly iron folic acid; Group III (n = 30) received daily
iron (III)-hydroxide polymaltose complex. Hemoglobin levels, hematological indices, thiobarbituric acid reac-
tive substances (TBARS) and glutathione levels were measured at baseline (14–16 weeks) and at 30–34 weeks.
Statistical analysis was done using the anova test.
Results: Group I had a highly significant increase in TBARS level (0.61 � 0.26 mmol/L, P = 0.000) compared to
groups II and III in which the change in TBARS was not significant (0.02 � 0.06 and 0.007 � 0.06 mmol/L,
respectively). There was an insignificant fall in glutathione levels in all groups. There was no significant
difference in the mean period of gestation, pregnancy complications and neonatal outcome between the three
groups. Among 22.2% of women who were non-compliant, Group I had significantly higher incidence of
non-compliance (P = 0.016) and side-effects (P = 0.001). Final hemoglobin was higher in Group I than II
(11.9 � 1.2, 11.3 � 0.9, respectively, P = 0.041). The TBARS level was not statistically different between preterm
and term deliveries. Nine out of 11 patients who developed hypertension during pregnancy had preeclampsia.
The final TBARS level was significantly higher in these women (P = 0.000).
Conclusions: Daily supplementation with ferrous sulphate results in greater lipid peroxidation than weekly
supplementation, the latter is comparable with daily iron (III)-hydroxide polymaltose complex. Lipid peroxi-
dation levels are significantly higher in preeclampsia.
Key words: intermittent, iron, lipid peroxidation, polymaltose, pregnancy.

Introduction

Iron deficiency is the most common nutritional disor-
der in the world, especially in developing countries.
During pregnancy, universal iron supplementation
from the second trimester onwards is the standard
recommendation because of the high prevalence of
anemia, poor dietary intake and inability to meet the

increased iron requirements of pregnancy. However, it
is being recognized that current recommendations may
be higher than necessary.1 Higher iron doses have a
high incidence of undesirable side-effects leading to
poor compliance. Also, iron in excess is an active par-
ticipant in the Fenton reaction, which results in the
production of free radicals and lipid peroxidation.2

Therefore, there are concerns that high doses of iron as
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a fortificant or as a dietary supplement may be asso-
ciated with increased oxidative damage.3 Lipid per-
oxidation has been found to be significantly increased
in women receiving daily iron and vitamin C supple-
ments compared to a control group of unsupple-
mented pregnant women.4 Free iron can have a
pro-oxidant effect catalyzing the generation of free
radicals in vivo via the Fenton and Haber–Weiss reac-
tions. Free radicals react with unsaturated fatty acids
forming lipid peroxides, which cause membrane
damage and cell injury. Damage from free radicals
and lipid peroxidation has been implicated in the cau-
sation of pregnancy complications such as preeclamp-
sia5,6 and intrauterine growth restriction (IUGR).7

Thus, excess iron can lead to possible adverse effects
for both mother and fetus.

In several countries, a weekly approach to iron
supplementation has been reported to be a safe, effica-
cious and cost-effective method to prevent anemia in
pregnant women.8–12 It is associated with fewer side-
effects, better compliance and possibly a reduction in
oxidative damage. So far, only animal studies have
compared the effects of daily and intermittent oral iron
supplementation on lipid peroxidation.13 Recently, iron
(III)-hydroxide polymaltose complex (IPC) has been
introduced, whose bioavailability after oral administra-
tion is good with a lower rate of treatment interruption
related to lesser upper gastrointestinal tract adverse
events. The aim of this study was to compare the effects
of daily versus weekly iron prophylaxis with iron sul-
phate on lipid peroxidation and hemoglobin levels in
non-anemic pregnant women and to study their mater-
nal and perinatal outcome, as well as to compare
similar endpoints with daily IPC administration.

Material and Methods

This study was a randomized prospective trial con-
ducted from April 2002 through April 2004 in the
Departments of Obstetrics and Gynecology, Hematol-
ogy and Pharmacology. Pregnant women between 14
and 18 weeks’ gestation with no prior intake of iron
supplements were invited to participate in the study.
Exclusion criteria were: hemoglobin <11.0 g/dL,
packed cell volume (PCV) <30; cigarette smoking; pre-
existing hypertension or diabetes; history of chronic
illness, e.g. liver or renal disease, tuberculosis, heart
disease, malaria; history of bleeding disorders, bleed-
ing piles, chronic peptic ulcer; thalassemia or other
hemoglobinopathies; intake of drugs such as anti-

epileptics, non-steroidal anti-inflammatory drugs
(NSAIDs), antithyroid medication, vitamins, antioxi-
dants; multiple pregnancy; and prior history of blood
transfusion. Informed written consent was obtained.

Participants were randomly allocated into three dif-
ferent iron supplementation groups, using a computer
generated random number table. Patient and doctor
were both aware of the allotted groups. Groups I and II
received the standard Government of India supply
of Irofol (large) tablets (Nestor Pharmaceuticals Ltd.,
Faridabad, Haryana, India), marketed in blister packs
of 10 tablets, throughout the study. Each red-colored
(Ponceau 4R) film-coated tablet contained dried ferrous
sulphate 335 g (Indian Pharmacopeia) equivalent to
100 mg of elemental ferrous iron and 500 micrograms
folic acid (IFA). Women in group I were supplied with
three blister packs (30 tablets) for one month and
instructed to take one tablet daily. Women in group II
were supplied with one blister pack (10 tablets) for a
month and instructed to take two tablets on any one
day of the week – one before lunch and the other before
dinner (total 200 mg elemental iron/week). No tablets
were taken during the rest of the week. Group III
received IPC tablets daily containing Iron (III) Hydrox-
ide Polymaltose equivalent to 100 mg elemental iron
and folic acid 350 micrograms, namely Ferium tablets
(Emcure Pharmaceuticals Ltd., Pune). All groups
received health education regarding the importance
of diet in pregnancy, iron-rich foods and appropriate
dietary practices and were instructed to take the tablets
30 min before meals and not with tea, coffee or milk.
They were also advised to take calcium supplements
after meals.

Patients were informed about the usual side-effects
of iron preparations and asked to report nausea, vom-
iting, bowel disturbances or other side-effects, and to
report if severe intolerance caused them to stop taking
supplements.

The first visit

A detailed history was obtained including dietary
history and assessment of socioeconomic status, and
physical examination was carried out. Routine antena-
tal investigations were carried out along with detailed
hematological work-up. One milliliter of venous blood
was collected in ethylenediamine tetra-acetic acid
(EDTA) vials and a complete blood count was done
including hemoglobin, platelets, hematocrit (HCT),
mean corpuscular hemoglobin (MCH), mean corpus-
cular volume (MCV), mean corpuscular hemoglobin
concentration (MCHC) using an autoanalyzer (K 1500,
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Sysmex, Singapore). A peripheral smear stained with
Leishman’s stain was made to type anemia and exclude
thalassemia. Five milliliters of venous blood was col-
lected, and the serum separated and stored at -70°C for
estimation of serum thiobarbituric acid reactive sub-
stances (TBARS) and glutathione levels. The technician
who performed the blood tests was not aware of the
group to which the patient was allocated. Stool exami-
nation was carried out in all cases and deworming
done, if required, with mebendazole 100 mg twice
daily for 3 days in the second trimester.

Follow up

Patients were advised to bring back their blister packs
at the next antenatal visit. Compliance was verified
verbally and by checking the used blister packs. The
complete hematological work-up was repeated at
30–34 weeks’ gestation. All women were followed up
to term. Any complications occurring during the
antenatal or intranatal periods were recorded. The total
number of tablets consumed until delivery, period of
gestation at delivery, mode of delivery and birthweight
were noted.

Estimation of serum lipid peroxides

Estimation of TBARS and glutathione was done as
follows:

Estimation of TBARS

A 0.5-mL serum sample was reacted with 0.2 mL of
8.1% sodium dodecyl sulphate, 1.5 mL of 20% acetic
acid (pH 3.5), and 1.5 mL of 0.81% thiobarbituric acid.
The mixture was heated in boiling water for 1 h, then
cooled to room temperature. Five mL of butanol pyri-
dine (15:1 v/v) solution was added and centrifuged at
5000 r.p.m. for 15 min. The upper organic layer was
separated and the resulting pink color read spectrof-
luorimetrically at 515 nm excitation and 535 nm emis-
sion wavelengths. Standard solution prepared from
1,1,3′,3′-tetramethoxy propane was used as reference to
obtain a standard curve.

Estimation of glutathione

Frozen serum samples were brought to room tem-
perature. Protein was precipitated with 5% trichloro-
acetic acid. After processing the supernatant, the
contents were centrifuged at 5000 r.p.m. for 15 min.
To 0.5 mL of supernatant obtained, 4 mL of 0.3 M
Na2HPO4 and 0.5 mL of DTNB (0.6 mm) [5-5′-
dithiobis(2-nitrobenzoic acid)] in 1% trisodium citrate
were added in succession. The intensity of the result-

ing yellow color was read spectrophotometrically
at 412 nm. Reduced glutathione was used as the
standard.

Statistical analysis

Statistical analysis was done by anova using the SPSS
10 statistical package.

Results

A total of 109 women were enrolled in the study. Nine-
teen women dropped out of the study, including two
who were excluded because of miscarriage and intrau-
terine demise respectively (Fig. 1). Complete data were
available for analysis in 90 women, 30 in each group.
Reasons for attrition common to all groups included
change of residence, refusal of second blood collection
and loss to follow up. More women complained of
severe gastrointestinal intolerance with IFA than with
IPC, with four women in the daily IFA group and
one in the weekly IFA group changing to another
preparation.

Table 1 shows the baseline characteristics of the
recruited and excluded subjects. There was no signifi-
cant difference between the three groups in terms of
age, body mass index (BMI) and parity. Overall 49%
were vegetarian and 51% were non-vegetarian. Dietary
patterns and socioeconomic status were similar
between groups. Baseline hemoglobin, hematocrit,
MCV and MCHC, TBARS and glutathione were com-
parable but baseline MCH was significantly higher in
the IFA daily compared to IPC daily group (P = 0.007).

The mean gestation at which supplementation was
started was 16.1 � 1.3 weeks and mean duration of
iron supplementation before final sampling was
17.9 � 1.4 weeks. These were not significantly different
between Group I (IFA daily) and Group III (IPC daily).
However in Group II (IFA weekly), iron supplementa-
tion was started significantly earlier (P = 0.005) and
subjects received supplementation for a significantly
longer duration (P = 0.002) than Group I.

In the IFA daily group there was a highly significant
(P = 0.000) increase in TBARS, and the final TBARS
level was significantly higher than both IFA weekly
and IPC daily groups (Table 2). In both the other
groups the change in TBARS was not significant. There
was a marginal fall in glutathione level in all three
groups at the end of supplementation which was not
statistically significant (Table 2).

Hematological values at the beginning and end of
supplementation: Table 3 shows that in the IFA daily
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group there was a marginal increase in hemoglobin at
the end of supplementation while there was a marginal
fall in both the IFA weekly and IPC daily groups. Only
the marginal fall in hemoglobin in the IFA weekly
group was significant (P = 0.004). The final hemoglobin
value in the IFA daily group was significantly higher
than that in the IFA weekly group (P = 0.041) despite
the fact that the IFA weekly group subjects received
supplementation for a significantly longer period than
the IFA daily group. A fall in MCV was noted in all
groups (Table 3).

Overall 22.2% of women were non-compliant: 12
(40%) women in the IFA daily group and four (13.3%)
women each in the IFA weekly and IPC daily groups
did not comply with the prescribed schedule
(P = 0.016). Nineteen (21%) women complained of
side-effects (Table 4), of whom 57.9% were non-
compliant. The incidence of side-effects in the IFA daily
group was significantly higher than in the other two
groups (P = 0.001) and was the reason for the higher
incidence of non-compliance, 75% being due to gas-
trointestinal side-effects.

Assessment for eligibility: (n = 109) 
Pregnant women enrolled and 
randomized. 

IFA 
weekly 
 (n = 36) 

IPC 
daily 
 (n = 36) 

Completed study and 
data analyzed (n = 30) 

Reasons for exclusion (n=6) 
Delivered elsewhere            2 
Lost to follow up            1 
Refused further sampling   1 
Intrauterine death           1 
Changed iron preparation   1 

IFA 
daily 
 (n = 37) 

Reasons for exclusion (n=7) 
Changed iron preparation  4 
Delivered elsewhere               1 
Lost to follow up   1 
Refused further sampling  1 

Reasons for exclusion (n=6) 
Delivered elsewhere               3 
Lost to follow up   1 
Refused further sampling  1 
Miscarriage   1 

Completed study and 
data analyzed (n = 30) 

Completed study and 
data analyzed (n = 30) 

Figure 1 Assignment of pregnant women to weekly or daily supplementation regimens and reasons for dropout or exclu-
sion. IFA, iron folic acid; IPC, iron (III)-hydroxide polymaltose complex.

Table 1 Characteristics of recruited and excluded subjects

Characteristics Completed study (n = 90) Excluded (n = 19) P-value

Socio-demographic parameters
Age (years) 25.6 � 3.1 24.9 � 2.4 0.325
Parity (n) 0.4 � 0.7 0.3 � 0.5 0.671
BMI (kg/m2) 23.6 � 1.5 24.1 � 1.3 0.171
POG at start of supplementation (weeks) 16.1 � 1.3 16.1 � 1.3 0.984

Duration of follow up (weeks) 38.4 � 1.2 25.6 � 3.6 0.000*
Baseline parameters

Hemoglobin (g/dL) 11.67 � 0.71 11.56 � 0.48 0.547
TBARS (mmol/L) 2.32 � 0.15 2.36 � 0.06 0.151
Glutathione (mmol/L) 7.04 � 1.40 7.12 � 1.46 0.835

Gastrointestinal side-effects 21.10% 26.30% 0.619

*Significant. Values are expressed as mean � S.D. BMI, body mass index; POG, period of gestation; TBARS, thiobarbituric acid reactive
substances.

Lipid peroxidation following iron supplementation in pregnancy

© 2009 The Authors 441
Journal compilation © 2009 Japan Society of Obstetrics and Gynecology



The mean number of total tablets consumed until
delivery was 141.5 � 13.4 in the IFA daily group,
45.7 � 3.0 in the IFA weekly group and 146.7 � 18.9 in
the IPC daily group, respectively. Women in the IFA
weekly group consumed significantly fewer tablets
than those in the other two groups (P = 0.000).

All 90 women were followed until delivery. Mean
gestation at delivery was 38.3 � 1.2 weeks in the IFA
daily group, 38.2 � 1.3 weeks in the IFA weekly group
and 38.5 � 1.2 weeks in the IPC daily group and was
comparable. Overall 12% (n = 11) of women delivered

preterm: three in the IFA daily group, five in the IFA
weekly group and three in the IPC daily group. The
mean TBARS level was not statistically different
between women who delivered preterm and at
term (2.43 � 0.28 mmol/L and 2.54 � 0.34 mmol/L,
respectively).

There was no significant difference in the incidence
of pregnancy complications between the three groups.
Eleven patients had hypertension during pregnancy,
nine of whom had preeclampsia: four in the IFA daily
group, three in the IFA weekly group and two in the

Table 2 Lipid peroxidation and antioxidant status at the beginning and end of
supplementation

Study group Baseline Final Difference P-value

IFA daily (n = 30)
TBARS (mmol/L) 2.29 � 0.15 2.90 � 0.31** 0.61 � 0.26 0.000*
Glutathione (mmol/L) 7.10 � 1.49 7.10 � 1.48 -0.003 � 0.08 0.809

IFA weekly (n = 30)
TBARS (mmol/L) 2.32 � 0.14 2.34 � 0.12 0.02 � 0.06 0.096
Glutathione(mmol/L) 7.00 � 1.36 6.98 � 1.37 -0.02 � 0.08 0.224

IPC daily (n = 30)
TBARS (mmol/L) 2.33 � 0.15 2.34 � 0.13 0.007 � 0.06 0.519
Glutathione (mmol/L) 7.03 � 1.39 7.02 � 1.41 -0.01 � 0.11 0.600

*Significant. **Significantly different from corresponding values in IFA weekly and IPC daily
groups (P = 0.000). IFA, iron folic acid; IPC, iron(III)-hydroxide polymaltose complex;
TBARS, thiobarbituric acid-reactive substances.

Table 3 Hematological values at the beginning and end of supplementation

Study group Baseline
(mean � S.D.)

Final
(mean � S.D.)

Difference
(mean � S.D.)

P-value

IFA daily (n = 30)
– Hb 11.79 � 0.84 11.86 � 1.15* 0.08 � 1.14 0.71
– HCT (%) 35.32 � 1.42 35.40 � 2.15 0.08 � 2.17 0.82
– MCH (pg) 33.52 � 1.21*** 32.99 � 2.15 -0.53 � 2.37 0.20
– MCV (fl) 85.11 � 2.18 84.09 � 2.80 -1.02 � 2.54** 0.04
– MCHC (g/dL) 34.13 � 1.37 34.07 � 2.28 -0.05 � 2.18 0.89

IFA weekly (n = 30)
– Hb 11.64 � 0.62 11.25 � 0.90 -0.39 � 0.71 0.004
– HCT (%) 35.19 � 1.20 34.24 � 1.93 -0.96 � 1.63 0.04
– MCH (pg) 32.97 � 1.13 31.81 � 2.16 -1.16 � 1.76 0.001
– MCV (fl) 86.29 � 1.91 83.08 � 2.88 -3.21 � 3.48 0.000
– MCHC (g/dL) 34.57 � 0.94 33.63 � 1.36 -0.94 � 1.27 0.000

IPC daily (n = 30)
– Hb 11.58 � 0.65 11.55 � 0.75 -0.04 � 0.76 0.79
– HCT (%) 34.77 � 1.36 34.66 � 1.48 -0.11 � 1.46 0.63
– MCH (pg) 32.57 � 1.19 32.74 � 1.52 0.17 � 1.34 0.48
– MCV (fl) 86.16 � 1.62 85.54 � 1.55 -0.62 � 1.99 0.09
– MCHC (g/dL) 34.37 � 1.12 34.11 � 1.27 -0.27 � 1.46 0.33

*Significantly different from corresponding value in IFA weekly group (P = 0.041); **Significantly different from corresponding value in IFA
weekly group (P = 0.008); ***Significantly different from corresponding value in IPC daily group (P = 0.007). Hb, hemoglobin; HCT, hema-
tocrit; IFA iron folic acid; IPC, iron(III)-hydroxide polymaltose complex; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular
hemoglobin concentration; MCV, mean corpuscular volume.
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IPC daily group. The final TBARS level was signifi-
cantly higher in women who developed preeclampsia
(n = 9) in comparison to normotensive women (n =
79): 2.98 � 0.62 mmol/L versus 2.48 � 0.25 mmol/L,
P = 0.000.

The mode of delivery was not significantly different
between the three treatment groups. Cesarean section
was done in 24 (26.7%) women. Mean birthweight was
2.64 � 0.34 kg in the IFA daily group, 2.69 � 0.36 kg in
the IFA weekly group and 2.65 � 0.37 kg in the IPC
daily group. Low birthweight (LBW) <2.5 kg was seen
in 22 (24.4%) babies: seven in the IFA daily group, eight
in the IFA weekly group and seven in the IPC daily
group. Eight of these were preterm and five were
appropriate for gestational age. Of 14 LBW babies born
at >37 weeks, two had associated pregnancy-induced
hypertension (PIH) and one had associated oligohy-
dramnios. Low birthweight was not found to be related
to the maternal final hemoglobin or lipid peroxidation
status. The maternal final TBARS level where the
birthweight was <2.5 kg and �2.5 kg was 2.51 �

0.25 mmol/L and 2.54 � 0.36 mmol/L, respectively
(P = NS). There was no significant difference in placen-
tal weight, 1 min Apgar score or incidence of meco-
nium in the three groups.

Discussion

The impact of intermittent iron supplementation and
its efficacy in the community has been evaluated in
several countries including Bangladesh, Indonesia,
China, Northern Malawi and India.1,8–10,12 These studies
reported intermittent supplementation on a weekly or
biweekly basis to be safe, efficacious and cost-effective.

As in the present study, most of these studies did not
include a placebo group due to ethical reasons, as there
is evidence that all women in developing countries do
require prophylactic iron. Only non-anemic pregnant
women were included because iron deficiency per se
can increase lipid peroxidation13 and also because our

previous experience suggested that intermittent iron
supplementation may not be sufficient to sustain
hemoglobin levels in anemic pregnant women.12

The TBARS level and the TBARS/vitamin E ratio has
been shown to be significantly higher in women who
received a daily combined supplement of 100 mg
ferrous fumarate and 500 mg of vitamin C in the last
trimester of pregnancy4. We found that daily adminis-
tration of IFA resulted in a highly significant increase in
TBARS (P = 0.000) unlike weekly IFA and daily IPC
intake. IPC contains iron in the ferric form combined
with polymaltose, which causes less oxidative stress
than ferrous salts. Ferrous sulphate increases the sus-
ceptibility of atherogenic lipoproteins LDL and VLDL
to oxidation while IPC intake results in a significant
decrease in conjugated dienes – a lipid peroxidation
product.14

Glutathione, a physiological antioxidant, scavenges
free radicals and reactive oxygen species (e.g. hydroxyl
radical, lipid peroxyl radical, H2O2) directly or indi-
rectly through enzymatic reactions. Its levels are
expected to decline whenever there is increased pro-
duction of lipid peroxides. The decrease in glutathione
concentration in all three groups is indicative of
increase in oxidative stress above that in normal
pregnancy.

Free radicals and lipid peroxidation have been impli-
cated in ageing and various diseases in humans includ-
ing cancer, multiple sclerosis, Parkinson’s disease,
rheumatoid arthritis and atherogenesis, eventually
leading to coronary artery disease and stroke.15–17 In
pregnancy, lipid peroxidation causes imbalance
between the production of prostacyclin and thrombox-
ane A2 which has been implicated in the pathogenesis
of preeclampsia.18 Uncontrolled lipid peroxidation
overwhelms the protective mechanisms of antioxi-
dants causing vascular endothelial dysfunction that
can lead to preeclampsia.19 A positive correlation
between levels of lipid peroxidation products and
severity of preeclampsia has been reported,20,21

Table 4 Side-effects

Side-effects IFA daily (n = 30) IFA weekly (n = 30) IPC daily (n = 30) Total (n = 90)

Nausea/vomiting 5 2 2 9
Diarrhea 3 0 0 3
Constipation 1 0 0 1
Metallic taste 2 0 1 3
Epigastric discomfort 2 1 0 3

Total 13 (43.3%) 3 (10%) 3 (10%) 19 (21%)

IFA iron folic acid; IPC, iron(III)-hydroxide polymaltose complex.
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however there are some reports that lipid peroxidation
is not increased in preeclampsia.22,23 In the present
study, the mean TBARS level at 30–34 weeks in the
preeclamptic patients was significantly higher than in
normotensive counterparts. Although antioxidant was
not added to the serum samples prior to analysis, the
samples were immediately stored at –20°C. At such low
temperatures all intracellular metabolic and biochemi-
cal processes are suppressed. Thus, the increased levels
of TBARS in preeclamptic women reflect increased
lipid peroxidation in vivo.

Karowicz found higher levels of oxidative stress
indices of cell membrane damage like malondialde-
hyde (MDA), Schiff bases, lipid peroxides and conju-
gated dienes in IUGR than in normal pregnancy.7 The
concentration of 8-isoprostane was higher in women
with IUGR than in normal pregnant women.24 We did
not find any difference in the maternal final TBARS
level among LBW and IUGR cases, however the
number of these cases was small.

The mean hemoglobin level showed a comparable
treatment effect between the three groups. The slight
decrease in the mean hemoglobin value in the IFA
weekly group was not clinically significant as it
remained >11 g/dL in 70% of women in this group.
Our previous study also showed that in non-anemic
women there was no significant change in hemoglobin
levels with either daily or weekly supplementation.12

Previous studies that have shown a significant increase
in hemoglobin level with iron supplementation1,8,10

were field studies that dealt predominantly with
anemic women.

IPC has been shown to have good efficacy for treat-
ment of iron deficiency anemia in pregnancy,25,26

although isolated case reports have reported its ineffec-
tiveness.27,28 We found the efficacy of IPC was compa-
rable to that of ferrous sulphate with the additional
benefit of reduction in oxidative stress, particularly in
the context of long-term supplementation.

In the present study, the lesser incidence of gas-
trointestinal side-effects in the IFA weekly group
improved compliance in the former. Among women
taking IFA (daily or weekly) with side-effects, only
31.3% had taken all tablets, whereas 88.6% of women
with no complaints had consumed all tablets. Like-
wise, Ridwan reported that only 20.8% of those with
complaints had taken all tablets compared to 63.5% of
women with no complaints.8 Hyder reported that
vomiting occurred more frequently in the weekly
(21%) than in the daily group (11%, P < 0.05), perhaps
because of the higher dose on that day. In spite of this,

compliance was higher compared to the daily group
(93% vs 61%, respectively, P < 0.05).29 In contrast, side-
effects in the IPC daily group were mild and did not
affect compliance. Similar results have been reported
in other studies comparing IPC with ferrous fumarate
and ferrous sulphate.27,30 A probable explanation for
the poorer tolerability and greater increase in lipid
peroxidation with ferrous sulphate compared to IPC is
the difference in mucosal uptake and pharmacokinet-
ics of the two preparations.31 Ferrous sulphate is
absorbed rapidly by passive uncontrolled diffusion by
the gastrointestinal mucosal cells. Ferrous iron has a
low molecular weight and continues to enter the cir-
culation by passive diffusion across the mucosal cell
even if transport mechanisms are saturated causing
iron overload. IPC is absorbed and exchanged to trans-
port proteins very slowly and in a controlled manner
due to polynuclear structure, thus avoiding rapid
increase in serum iron. Thus IPC can be effectively
given in pregnant women without the risk of
side-effects.

Maternal and perinatal outcomes were comparable
in the three groups with respect to the complications
during pregnancy, period of gestation at delivery,
mode of delivery, indication for cesarean section, birth-
weight, placental weight, incidence of meconium and
neonatal Apgar score. This was similar to our previous
experience comparing the effect of daily and intermit-
tent iron supplementation on pregnancy outcome.12

Gomber et al. (2002) found that birthweight and pla-
cental weight increased significantly with the rise in
maternal hemoglobin levels.11 In the present study,
however, there was no association between birth-
weight and maternal hemoglobin level, probably
because only non-anemic women were included. Lipid
peroxidation was found to be significantly higher in all
women who developed preeclampsia. There was no
difference in the incidence of preeclampsia between
the three groups, but the sample size of this sub-group
was small.

In conclusion, daily supplementation with ferrous
sulphate leads to a significant increase in lipid peroxi-
dation compared to weekly supplementation. Weekly
supplementation has no adverse effect on hemoglobin
in non-anemic pregnant women and is better tolerated
with fewer side-effects. IPC is as efficacious as ferrous
sulphate in maintaining hemoglobin levels in non-
anemic pregnant women and is also well tolerated.
Lipid peroxidation levels as well as side-effects
with daily IPC are comparable with weekly ferrous
sulphate.
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