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Abstract

Background: Routine iron supplementation for all pregnant women 
in order to reduce adverse neonatal outcomes has been a standard 
practice in developing countries, including Thailand. However, 
there is evidence that excess iron can affect glucose metabolism 
and may increase risk of gestational diabetes mellitus (GDM). This 
study aims to investigate the association of iron supplementation 
starting from early gestation and the risk of GDM in non-anemic 
women.

Methods: This retrospective cohort study included non-anemic preg-
nant Thai women who received their first antenatal care and delivered 
at Vajira Hospital (Bangkok, Thailand) during January 2008 to De-
cember 2009. All pregnant women underwent oral glucose tolerance 
test during gestational weeks 24 - 28. The proportions of ongoing 
GDM and birth outcomes were compared between the early oral iron 
supplementation group (before 16 completed weeks) and the control 
group (after 16 weeks).

Results: There were 1,935 non-anemic pregnant women, 966 in the 
early supplement group and 969 in the control group. The early sup-
plement group had significantly higher prevalence of GDM than the 
control group did (9.7% vs. 5.6%, RR: 1.83; 95% CI: 1.29 - 2.59). No 
significant differences in maternal anemia, gestational age at birth, or 
neonatal birth weight were observed between groups.

Conclusions: Early antenatal iron supplementation in non-anemic 
pregnant women was found to be associated with significantly in-
creased risk of GDM.

Keywords: Iron supplementation; Non-anemic pregnancy; Gesta-
tional diabetes mellitus; Thai

Introduction

Iron-deficiency anemia is the most common nutritional prob-
lem during pregnancy, particularly in developing countries 
[1]. Maternal anemia is strongly associated with many adverse 
pregnancy outcomes [1]. Prophylactic iron supplementation 
is routinely recommended to all pregnant women in order to 
reduce maternal anemia, preterm delivery, low birth weight 
infants and perinatal mortality rate [1, 2]. Although there are 
many benefits from iron supplementation during pregnancy, 
there is a concern that women without anemia may be exposed 
to potential risk of unnecessary iron loading from routine pre-
scription. It has been notified that such routine practice may 
build up the mother’s iron stores, increase the risk of hemocon-
centration by the end of gestation, and increase blood viscosity 
to the level that impairs utero-placental blood flow. In addition, 
this excess iron may increase iron free radical and the associ-
ated oxidative stress [3]. This is further complicated by the 
increasing evidences about the association between iron status 
and adverse pregnancy outcomes such as low birth weight in-
fants, preterm delivery, preeclampsia and gestational diabetes 
mellitus (GDM) [2-4].

The existing evidence demonstrates that pancreatic beta-
cell is susceptible to iron-related oxidative free radicals, which 
contribute to GDM [3]. In addition, some studies had shown 
that pregnant women with higher hemoglobin or higher fer-
ritin level might have a higher risk for preeclampsia and GDM 
[5-7]. Indeed, the incidence of GDM in women with iron defi-
ciency anemia was not only lower than that in the non-anemic 
women, but it was also significantly lower than that in women 
with thalassemia trait [8]. However, impact of iron supplemen-
tation on the risk of GDM is still inconclusive. Some studies 
found the association of iron supplementation with glucose 
impairment and hypertensive disorder in pregnancy [3, 9, 10]. 
On the other hand, some studies demonstrated that iron supple-
ment starting from early pregnancy did not increase the risk of 
GDM; instead, it had benefited in other pregnancy outcomes 
[6, 11, 12].

Because GDM is the most common medical complication 
of pregnancy that causes poor maternal and fetal outcomes [13], 
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and that the harmful effects of iron supplementation in non-
anemic pregnant women are not fully understood highlights the 
need to investigate the relationship between early antenatal iron 
supplementation and the risk of developing GDM. Accordingly, 
the aim of the present study was to investigate the association 
between early antenatal iron supplementation and the risk of de-
veloping GDM in non-anemic pregnant Thai women.

Materials and Methods

The protocol for this retrospective cohort study was approved 
by the Bangkok Metropolitan Administration Ethics Commit-
tee for Research Involving Human Subjects. The requirement 
to obtain written informed consent was waived given the retro-
spective and anonymous nature of this study. The present study 
included non-anemic pregnant Thai women who received their 
first antenatal care and delivered their babies at the Faculty of 
Medicine Vajira Hospital, Navamindradhiraj University, Bang-
kok, Thailand during the January 2008 to December 2009 study 
period, when all pregnant women underwent GDM screening 
by using 50-g 1-h glucose challenge test (GCT) during 24 - 28 
weeks of gestation. Individuals who had positive GCT (blood 
glucose level ≥ 140 mg/dL) were scheduled for the diagnostic 
100-g oral glucose tolerance test (OGTT). The GDM diagnosis 
was based on The National Diabetes Data Group criteria [13].

We included all singleton pregnant women who had their 
first antenatal care at Vajira Hospital and were non-anemic 
(hemoglobin levels ≥ 11 g/dL from the first antenatal blood 
test result). We excluded those who were thalassemia trait, had 
known medical complicating pregnancy (such as overt diabe-
tes mellitus, chronic hypertension, thyroid disease), and had 
positive GCT but did not undergo an OGTT. The study popula-
tion was divided into two groups according to the gestational 
age when iron supplementation was started, i.e. the early sup-
plement and the control groups. The early supplement group 
was women who started taking oral iron supplementation (200 
mg of ferrous fumarate) prior to 16 completed weeks of gesta-
tion while the control group was those who started later. The 
proportion of gestational diabetes mellitus was compared be-
tween the two groups.

Collected data included maternal demographic data, clini-
cal characteristics, and risk factors for gestational diabetes, 
such as advanced maternal age, pre-pregnancy obesity, fam-
ily history of diabetes in first-degree relatives, history of fetal 
macrosomia, and unexplained fetal demise. Iron supplementa-
tion information was obtained from the obstetric clinical re-
cord and the hospital computer-based recording system. Drug 
adherence was calculated using the following formula: Iron 
supplementation adherence % = (total number of prescribed 
iron tablets during the antenatal care period/total days during 
the antenatal period that iron was prescribed) × 100.

The adherence of ≥ 75% was considered good adherence.
Maternal delivery details, hemoglobin levels, and neonatal 

outcomes were recorded according to standard protocol in the 
labor room. Anemia at delivery was defined as maternal hemo-
globin level of lower than 11 g/dL.

Sample size was calculated based on the incidence of 

GDM in previous studies which showed the incidence of 
7.84% in the early supplement group and 4.16% in the control 
group [9, 14]. Using a formula to compare proportion between 
two groups with a power of 90% and a 0.05 level of signifi-
cance, a sample size of 875 per group was required.

Statistical analysis was performed using Stata statistical 
software (version 14) (StataCorp LLC, College Station, TX, 
USA). Demographic data and glucose values are shown as mean 
± standard deviation (SD) for continuous variables and as num-
ber (n) with percentage (%) for categorical variables. Binary re-
gression analysis and multinomial regression analysis were used 
to estimate relative risks (RR) of having gestational diabetes in 
the early supplement group compared to the control group. A 
P-value less than 0.05 was considered significant for all tests.

Results

A total of 1,935 singleton pregnant women were recruited in 
this study, 966 in the early iron supplement group and 969 in 
the control group. The baseline characteristics of the two groups 
were shown in Table 1. There were no significant difference be-
tween the two groups in terms of hemoglobin level at booking, 
gravidity, previous GDM, previous fetal macrosomia (≥ 4,000 
g) and history of unexplained fetal demise. Mean maternal age 
and a proportion of maternal age of older than 30 years were sig-
nificantly higher in the early supplement group. There were also 
significant differences in body mass index (BMI), pre-pregnan-
cy overweight, family history of diabetes in first-degree relative 
between the two groups. The proportion of good drug adherence 
was not significant difference between the groups (early supple-
ment group = 71.4%; control group = 68.9%; P = 0.253).

Tables 2 and 3 show the GDM outcome. The overall prev-
alence of GDM was 7.6% (148 in 1,935 women), which was 
significantly higher in the early supplement group than in the 
control group (9.7% vs. 5.6%, RR: 1.83, 95% CI: 1.29 - 2.59; 
P < 0.001). The risk increased only in the sub-type GDM-A1, 
which does not require anti-hyperglycemic agents (RR: 2.25, 
95% CI: 1.49 - 3.39; P < 0.001), but not in the sub-type GDM-
A2, which requires medical treatment (RR: 1.05, 95% CI: 0.55 
- 2.00; P = 0.883). After adjustment for confounding factors 
present in the background characteristics or in the theoreti-
cal concept, the early supplement group still had a significant 
higher risk of GDM, especially for the sub-type GDM-A1, as 
shown in Table 3.

Table 4 demonstrates obstetric outcomes. Infant birth 
weight, maternal hemoglobin level and gestational age at birth 
were not significant differences between the two groups. The 
risk of maternal anemia at delivery was not significantly af-
fected by iron supplementation protocol. None of the infants 
had an Apgar score at 10 min of less than 7.

Discussion

The prevalence of GDM using universal screening in the pre-
sent study was nearly 8%, the prevalence of which was con-
sistent with an overall prevalence of GDM that ranges from 
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Table 1.  Background Characteristics Compared Between the Early and Late Iron Supplementation Groups

Characteristics
Early iron group (n = 966) Control group (n = 969)

P-value
n (%) or mean ± SD n (%) or mean ± SD

Age (years) 28.5 ± 5.6 26.4 ± 6.5 < 0.001
Maternal age ≥ 30 years 415 (43.0) 321 (33.1) < 0.001
Gravidity 0.871
  1 385 (39.7) 370 (38.2)
  2 384 (39.8) 394 (40.7)
  3 145 (15.0) 148 (15.3)
  4 or more 54 (5.5) 57 (5.8)
BMI (kg/m2) 22.8 ± 4.3 23.4 ± 4.3 0.002
Pre-pregnancy BMI > 25 kg/m2 230 (23.8) 288 (29.7) 0.003
First booking hemoglobin (g/dL) 12.3 ± 1.2 12.3 ± 0.8 0.308
First booking hemoglobin ≥ 13 g/dL 219 (22.7) 208 (21.5) 0.547
Previous GDM 0 (0.0) 1 (0.1) 1.000
Previous infant birth weight > 4 kg 9 (0.9) 10 (1.0) 1.000
Previous unexplained infant death 0 (0.0) 2 (0.2) 0.500
Family history of diabetes 133 (13.8) 91 (9.4) 0.003
Drug adherence ≥ 75% 689 (71.4) 668 (68.9) 0.253

A P-value < 0.05 indicates statistical significance. BMI: body mass index; GDM: gestational diabetes mellitus; SD: standard deviation.

Table 2.  The Incidence of Gestational Diabetes Mellitus Compared Between the Early and Late Iron Supplementation Groups

Early iron group (n = 966) Control group (n = 969)
P-value

n (%) n (%)
Gestational diabetes mellitus < 0.001
  Type A1 75 (7.8) 35 (3.6)
  Type A2 19 (2.0) 19 (2.0)

A P-value < 0.05 indicates statistical significance. A1: subtype of gestational diabetes mellitus which does not require anti-hyperglycemic drug; A2: 
subtype of gestational diabetes mellitus which requires anti-hyperglycemic drug.

Table 3.  Univariable and Multivariable Analysis of Association Between Early Antenatal Iron Supplementation and GDM

Binomial regression Multinomial regression
RR (95% CI); P-value RR (95% CI); P-value

Univariable analysis 1.83 (1.29, 2.59); 0.001 2.25 (1.49, 3.39); < 0.001a 
1.05 (0.55, 2.00); 0.883b

Multivariable analysis adjusted for
  Factor 1 1.65 (1.15, 2.39); 0.007 1.98 (1.29, 3.03); 0.002a

  Factor 2 1.68 (1.17, 2.41); 0.005 2.01 (1.32, 3.06); 0.001a

  Factor 3 1.57 (1.10, 2.25); 0.014 2.00 (1.31, 3.05); 0.001a

  Factor 4 1.56 (1.09, 2.24); 0.016 1.98 (1.29, 3.02); 0.002a

A P-value < 0.05 indicates statistical significance. aType A1 compared to no gestational diabetes mellitus. bType A2 compared to no gestational dia-
betes mellitus. Factor 1: maternal age, pre-pregnancy BMI, history of DM in first-degree relatives; Factor 2: maternal age ≥ 30 years, pre-pregnancy 
BMI ≥ 25 kg/m2, history of DM in first-degree relatives; Factor 3: maternal age ≥ 30 years, pre-pregnancy BMI ≥ 25 kg/m2, history of DM in first-degree 
relatives, previous GDM, previous infant birth weight > 4 kg; Factor 4: maternal age ≥ 30 years, pre-pregnancy BMI ≥ 25 kg/m2, history of DM in 
first-degree relatives, previous GDM, previous infant birth weight > 4 kg, drug adherence, first hemoglobin level result. BMI: body mass index; CI: 
confidence interval; DM: diabetes mellitus; GDM: gestational diabetes mellitus; RR: relative risk.
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1% to 25% worldwide depending on the ethnicity of mother 
and diagnostic criteria [13].

In the present cohort study, we directly investigated the 
possible association between iron supplement starting early 
(before 16 completed weeks of gestation) and the risk of GDM 
in non-anemic pregnant Thai women. We discovered that early 
iron supplementation prior to 16 completed weeks of gestation 
increased the risk of GDM by 1.5 to 2 folds in women who had 
good hemoglobin level at the beginning of pregnancy. Even af-
ter the adjustment for several reasonable confounding factors, 
such impact was still existed. Our result was consistent with 
several previous epidemiological studies that have reported an 
association between body iron status and GDM [6, 7, 15, 16]. 
They found that high maternal hemoglobin level and/or high 
serum ferritin levels were the risk factor for GDM [15]. On the 
other hand, some studies were conducted in order to investi-
gate whether or not iron supplementation in non-anemic preg-
nancy may increase the risk of development of GDM. A case 
control study including 500 women with GDM and 500 wom-
en with normoglycemia reported higher odds of GDM about 
2 to 3 folds in the iron supplement women compared with the 
non-supplement ones; the odds were independent to other con-
founders such as maternal age, diabetes in first-degree rela-
tives, pre-pregnancy BMI, and duration of iron supplementa-
tion [17]. A prospective cohort study in pregnant women at 
increased risk for GDM reported an increased risk of GDM 
in women who received a high iron intake during pregnancy, 
especially in non-anemic ones [18]. In contrast, some rand-
omized controlled studies concluded that early iron supple-
mentation starting at gestational age less than 16 weeks did not 
increase risk for GDM [11, 12]. However, the participants in 
these studies included both anemic and non-anemic pregnant 
women who might respond differently to iron consumption.

There were some studies showing that pregnant women 
without antenatal iron supplement had adverse obstetric out-
comes including maternal anemia, preterm delivery and low 
birth weight infant [11, 16, 19]. However, in the present study, 
the early (before 16 weeks gestation) and the later (after 16 
weeks gestation) iron supplementation had comparable in-
fants’ birth weight, length of gestational period, and incidence 
of maternal anemia at delivery. The aforementioned evidences 
suggested that iron supplementation had beneficial effects on 
obstetric outcomes and the supplementation in non-anemic 
women could be started later, i.e. after 16 completed weeks of 
gestation, as such protocol did not increase GDM risk and did 
not attenuate the benefit on obstetric outcomes.

Limitation of the present study was the study design. With 

its retrospective nature, the iron status of the study population 
was not available. Non-anemic women could have normal, re-
plete, or deficient iron storage; each status would differently af-
fect the response of iron supplementation. In addition, the data 
of dietary iron intake and micronutrient co-supplementation 
during gestation were not available either. These factors would 
have modified the effects of iron supplementation. Even though, 
our study had several strengths. It was the first large cohort study 
that had adequate power to demonstrate the harm of iron sup-
plement in non-anemic pregnant women as such practice might 
induce GDM. The robustness of the result was confirmed as the 
risk of GDM still existed after multiple regression analysis ad-
justing for several reasonable confounding factors. Moreover, 
the universal screening for GDM in our antenatal clinic pro-
vided the reliable diagnosis of the primary outcome, i.e. GDM.

Conclusions

In summary, it seems that iron intake during early gestation 
might be a factor which increases the risk of GDM especial-
ly in women with sufficient iron storage or non-anemia. Our 
study suggests that routine iron supplementation should be re-
considered, especially in non-anemic women. To confirm the 
hypothesis, there is a need for a large prospective study (ideally 
a randomized controlled trial) with reliable and comprehensive 
information on iron intake from food and drug prescriptions 
during pregnancy accompanied by serum measurements to de-
termine the level of body iron stores.
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Table 4.  Birth Outcomes Compared Between the Early and Late Iron Supplementation Groups

Early iron group (n = 966) Control group (n = 969)
P-value

n (%) or mean ± SD n (%) or mean ± SD
Gestational age at birth 38.3 ± 1.4 38.3 ± 1.4 0.962
Infant birth weight (g) 3,134.8 ± 431.7 3,096.6 ± 436.2 0.053
Maternal hemoglobin level at delivery (g/dL) 12.4 ± 1.2 12.3 ± 1.1 0.521
Maternal anemia at deliverya 48 (12.0) 40 (11.1) 0.734

A P-value < 0.05 indicates statistical significance. aHemoglobin level < 11 g/dL. SD: standard deviation.
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