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Background: Studies on the association between maternal hemoglobin (Hb) concentration and adverse pregnancy outcome have 
been inconsistent. Many studies have shown the impact of Hb concentration on pregnancy outcomes in adult women; however, it is not 
revealed in adolescent pregnant women.
Objectives: The aim of this study was to examine the effect of Hb concentration on birth outcomes in pregnant adolescents as a high-risk 
group.
Patients and Methods: In this cross-sectional study, 312 healthy and nonsmoker adolescent pregnant women with gestational age (GA) 
of 37-40 weeks were chosen by random sampling, and were followed until delivery. A complete history was obtained from women. In 
addition, clinical examination and Hb test were performed. After birth, the associations between Hb concentration during pregnancy and 
birth outcomes were investigated. Statistical analyses were performed using SPSS software by t-test, chi-square and ANOVA.
Results: In total, about 23.2 % were anemic, 58% had normal level of Hb (11-13.2 g/dL) and 18.8% had Hb > 13.2 g/dL. The mean birth weight was 
3197.8 ± 398.25 grams and it was more in mothers with Hb = 10.5-12.5 g/dL than others (Hb < 10.5 or Hb > 12.5 g/dL) (P < 0.001). The lowest 
mean birth weight was found in mothers with Hb < 10.5 (3033.33 ± 422). Moreover, the mean birth weight of male newborns was more than 
females (P = 0.001). Eight percent of neonates had Apgar score less than eight. Low Apgar score in anemic group and mothers with high Hb 
concentration (Hb > 12.5 g/dL) was more than others.
Conclusions: Abnormal Hb concentrations increase the risk of adverse birth outcomes such as low birth weight (LBW) and low Apgar 
scores in pregnant adolescents, so intensive care is recommended for this group of pregnant women.
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1. Background
During pregnancy, increase in plasma volume exceeds 

the increase in red cell volume, which causes a physiologi-
cal hemodilution, resulting in reduced Hb concentration 
(1). In normal pregnancy without iron supplementation, 
Hb concentration decreases from an average of 12.5–13.0 
g/dL to an average of 11.0–11.5 g/dL (2). Anemia in pregnan-
cy is a significant cause of direct and indirect morbidity 
and mortality, both for pregnant mother and her fetus 
(3). Therefore, iron supplementation is a primary com-
ponent of pregnancy care. All supplementary programs 
in developing countries focus exclusively on iron supple-
mentation (4). Studies on the association between mater-
nal Hb level and adverse pregnancy outcomes have been 
inconsistent. Some studies showed a significant associa-
tion between abnormal level of Hb concentration and 
adverse pregnancy outcomes including stillbirth, preg-
nancy induced hypertension, low birth weight (LBW), 
preterm delivery, and perinatal death (5-8), while some 
of them did not confirm such a correlation (9). Extreme 
maternal iron status may increase Hb level and adversely 

affect birth outcomes (4). However, some have doubted 
the necessity of iron supplementation and challenged 
its value (10, 11). Associations between Hb concentrations 
and birth outcomes have not been well characterized in 
adolescents despite the fact that this group is at a higher 
risk of early childbearing.

2. Objectives
The aim of this study was to examine birth outcomes in 

pregnant adolescents with different Hb concentrations. 

3. Patients and Methods
This cross-sectional study was conducted on pregnant 

women attending routine antenatal care at the largest 
primary health care clinic in Ardabil, a city located North-
west of Iran, during March 2012 to June 2013. In total, 312 
subjects were selected from the center using systematic 
sampling method based on α = 0.05, S = 388 and d = 43. 
It is a governmental and referral center covering a large 
number of pregnant women from rural and urban areas 
of Ardabil. This study followed the ethical standards of 
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the Helsinki declaration revised in 2008. The institution-
al (clinic) ethics committee approved the final study de-
sign. All subjects received necessary information about 
the study and an informed consent was obtained from 
them. Data gathering sheet did not contain the name of 
participants and the privacy of study was considered.

 Inclusion criteria were nonsmoker adolescent preg-
nant women under 18 years with gestational age (GA) of 
37-40 weeks and singleton pregnancy. Exclusion criteria 
were smoking, having a disease associated with polycy-
themia such as asthma and chronic hypertension, fetal 
anomaly and a history of threatened abortion in the pres-
ent pregnancy.

GA was calculated based on a reliable, self-reported es-
timate of the last menstrual period (LMP) or in the case 
of unknown LMP, an ultrasound performed early in preg-
nancy. Where both data were available with less than 14 
days difference, we used LMP to estimate GA. Where the 
difference in two estimates exceeded 14 days, we consid-
ered ultrasound to estimate GA (1). Finally, two milliliters 
blood sample was drawn from each pregnant woman to 
evaluate Hb concentration. Laboratory criteria were used 
to measure the level of Hb concentration. Anemia was 
defined using the CDC (control of disease center) criteria 
for anemia during pregnancy (12). Based on these criteria, 
Hb cut-off value used to define anemia during the third 
trimester was 11.0 g/L.

Immediately after birth, Apgar score and birth weight 
were determined. Apgar score was estimated based on 
heart rate, muscular tone, nasal catheter response, and 
baby appearance (11). Birth weight was measured with 
10 grams sensitivity. During the study, 36 mothers were 
excluded because of different reasons such as fetal death, 
preeclampsia, fetal anomaly and vaginal bleeding.

 Statistical analysis was performed using SPSS-16 pack-
age. Statistical significance was ascertained using χ2-test, 
t-test, and ANOVA. Besides, LSD post hoc test was used to 
assess differences between paired groups. All data had 
normal distribution. P < 0.05 was considered statisti-
cally significant. We used One-way ANOVA to find the as-
sociation between Hb concentration and neonatal birth 
weight, because the dependent variable (weight) was 
quantitative with normal distribution in each group (P1 
= 0.789, P2 = 0.280, P3 = 0.409), and three groups were in-
dependent. Homogeneity of variances was also checked 
while running the test (P = 0.175).

4. Results
In total, 312 healthy pregnant adolescent women with 

37 < GA ≤ 40 were included in this study, among which 
36 subjects were excluded and 276 cases participated un-
til the final phase of the study (Table 1). The mean age of 
pregnant women was 16.37 ± 1.19 years and 92.3% of them 
were nulliparous. The prevalence of anemia was about 
23.2% and most of them had mild anemia (9-10.9 g/dL). 
About 58% of women had a normal level of Hb and 18.8% 

had Hb more than 13.2 mg/dL. The mean birth weight 
of neonates was 3197.81 ± 398.25 grams and there was a 
significant correlation between birth weight and Hb 
concentration during the third trimester (Table 2). The 
mean birth weight in mothers with Hb = 10.5-12.5 g/dL 
was more than others (Hb < 10.5 g/dL or Hb > 12.5 g/dL) (P 
< 0.01). LSD post hoc results revealed a significant differ-
ence between neonatal mean birth weights of mothers 
whose Hb concentration was below 10.5 and those with 
10.5-12.5 (P = 0.015). Nevertheless, there was no significant 
association between other groups. Moreover, the mean 
birth weight of male newborns was more than females 
(P = 0.001) (Table 3). There was a significant association 
between birth weight and GA (P = 0.001); however, we 
did not find any significant association between birth 
weight and maternal age (P = 0.5) or parity (P = 0.6). Eight 
percent of neonates had Apgar score less than eight and 
low Apgar score was significant in anemic mothers and 
those with high Hb concentrations (Hb ≥ 12.5 g/dL) (Table 
2). Comparing pairs of groups only showed a significant 
difference between Apgar score of neonates of anemic 
mothers (Hb < 10.5) with mothers with high Hb con-
centrations (Hb ≥ 12.5 g/dL) (P = 0.003). We did not find 
any correlation between Apgar score with maternal age, 
parity, and fetal gender; however, there was a significant 
correlation between GA and Apgar score (P = 0.02). Apgar 
score less than eight in neonates born before 40 weeks of 
gestation was more than others (Table 3).

Table 1. Baseline Characteristics of Pregnant Adolescents and 
Their Newborns (n = 276) a

Variables Patients
Maternal age, y

≤ 16 138 (50)
16-17.9 138 (50)

Parity
Nulliparous 254 (92.03)
Multiparous 22 (7.97)

Gestational age, weeks
37-40 191 (69.2)
≥ 40 85 (30.8)

Hb concentration, g/dL
< 10.5 64 (23.19)
10.5-12.5 160 (57.97)
≥ 12.5 52 (18.84)

Birth weight, g
< 2500 12 (4.35)
≥ 2500 264 (95.65)

Apgar score
< 8 26 (9.42)
8-10 250 (90.58)

Fetal gender
Male 140 (50.72)
Female 136 (49.28)

a Data are presented as No. (%).
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Table 2. Correlation Between Birth Outcomes and Maternal Hemoglobin Concentration a

Birth Weight, g Apgar Score ≤ 8

Results P Value b Results P Value c

Hb concentration, g/dL 0.03 0.02

< 10.5 3032.00 ± 420 7 (28)

10.5-12.5 3239.62 ± 391 16 (10.1)

≥ 12.5 3171.52 ± 394 4 (4.3)
a Data are presented as Mean ± SD or No. (%).
b ANOVA.
c Chi-square.

Table 3. Correlation Between Birth Outcome With Maternal and Neonatal Factors a

Variables Birth Weight Apgar Score ≤ 8

Results t Value P Value b Results P Value c

Maternal age, y 0.6 0.81 0.158

< 16 3182 ± 394 9 (14.5)

16-17.9 3212 ± 403 18 (8.5)

Parity 0.4 0.644 0.072

Nulliparous 3197 ± 407 23 (8.9)

Multiparous 3241 ± 289 4 (23.5)

Gestational age, w 3.2 0.001 0.04

37-40 3150 ± 393 21 (12.7)

≥ 40 3116 ± 385 6 (5.5)

Fetal Gender 4.61 < 0.001 0.918

Male 3302 ± 368 14 (10)

Female 3085 ± 402 13 (9.6)
a Data are presented as Mean ± SD or No. (%).
b t-test.
c Chi-square.

5. Discussion
Our study revealed a higher prevalence of anemia dur-

ing pregnancy in adolescents; also they were at increased 
risk of adverse birth outcomes. Increased prevalence of 
anemia in this group occurred despite the fact that they 
received an average of nine prenatal visits, and prenatal 
supplements and additional iron supplementation were 
prescribed to all of them. Iron deficiency anemia is a ma-
jor worldwide nutritional problem affecting all sections 
of population throughout the world (13). It is estimated 
that 50% of pregnant women in developing countries, 
18% in industrialized countries, and up to 80% in South 
Asia have iron deficiency anemia (8). Moreover, previous 
studies found that teenagers had a significant higher risk 
of anemia (7, 14). Some studies found the effect of some 
factors such as maternal age, smoking, race, parity, and 
pregnancy intervals on Hb concentration during preg-
nancy (2, 15-17); therefore, subjects were selected from 
nonsmoker adolescents.

We found that the mean birth weight was less in ane-
mic mothers (Hb < 10.5 g/dL) than mothers with normal 
Hb levels. Levy et al. studied a large population of 153396 
pregnancies and reported that low Hb concentration 
during pregnancy (Hb < 10 g/dL) was associated with 
LBW and other adverse outcomes such as placental ab-
ruption, placenta previa, labor induction, previous ce-
sarean section and non-vertex presentation (5). Another 
study reported that preconception Hb concentration af-
fects pregnancy outcomes and the risk of LBW increased 
in mothers with anemia (18). Furthermore, a systematic 
review by Sukrat et al. revealed that Hb less than 11 g/dL 
increases the risk of preterm birth, LBW, and small for 
gestational age (SGA) (19).

Moreover, in our population, the mean birth weight 
was less in women with high Hb concentrations (Hb > 
12.5 g/dL) than women with normal level of Hb. This is 
supported by two previous studies (7, 20). High Hb con-
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centrations, due to inadequate plasma volume expan-
sion, may increase blood viscosity, which leads to poor 
placental blood flow and compromised nutrient deliv-
ery to fetus, thus limiting the fetal growth (4). Besides, 
another study by Gonzales et al. revealed an associa-
tion between high Hb concentration and adverse fetal 
outcomes such as stillbirth, preterm labor, and SGA in 
women who live both in low and high altitudes (6). A 
study by Hanieh et al. showed that inferior pregnancy 
outcomes are associated with higher Hb concentration 
in the third trimester (21).

Our data also indicated that male newborns tend to 
weight more than females. This result was supported by 
Restrepo et al. study without any known reason (22). In 
this study, we found a significant association between 
Hb concentration and birth Apgar scores. Apgar score 
less than eight increased in women with anemia. This 
supports the fact that poor placental and neonatal de-
velopment in anemia is due to inadequate oxygen sup-
ply to fetus across the placenta as reported by other re-
searchers (23).

Although many of our findings were in accordance 
with those reported for adult pregnant women, adoles-
cents pregnant women had higher incidence of anemia 
compared to adults. On the other hand, high Hb con-
centrations not explained by smoking or preeclampsia 
were associated with increased risk of low infant birth 
weight and low Apgar score, like anemia. 

Our findings suggest that anemia, as a strong risk factor 
of negative pregnancy outcomes, should be considered 
and treated by practitioners to improve general public 
health. WHO recently recommended weekly iron–folic 
acid (IFA) supplementation to prevent anemia and ad-
verse pregnancy outcomes (24, 25). These finding were 
also supported by a Cochrane systematic review show-
ing positive pregnancy outcomes with intermittent IFA 
regimens (26). Our study provides the evidence that 
testing Hb concentration during pregnancy could pre-
vent iron deficiency anemia during pregnancy, which 
would lead to positive pregnancy outcomes. Besides, 
due to high prevalence of anemia in adolescents and its 
important impact on public health, our study suggests 
practitioners to monitor adolescents for abnormal Hb 
concentrations during pregnancy to minimize the risk 
of adverse birth outcomes.

Our study had some strengths and limitations. There 
were some studies investigating the correlation of 
maternal anemia and fetal outcomes; however, to our 
knowledge, none of these studies investigated this as-
sociation in adolescents. Besides, none of the previous 
studies assessed the association between Apgar score, as 
one of the important pregnancy outcomes, and Hb con-
centration during pregnancy, but it was investigated in 
ours. A limitation of this study was that we did not com-
pare pregnancy outcomes in adolescent with adults. 
Future studies should focus on actual needs of iron sup-
plementation in pregnant adolescents. 
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