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İDİDİD

Özet: Vücut kitle indeksi, sigara kullan›m› ve anemi-
nin fetal do¤um a¤›rl›¤› üzerindeki etkisi
Amaç: Fetal büyüme, fetal sa¤l›¤›n önemli bir göstergesidir. Dü-
flük do¤um a¤›rl›¤› (DDA), artm›fl perinatal morbidite ve mortali-
te ile de iliflkilendirilmektedir. Birçok faktörün fetal a¤›rl›¤› etkile-
di¤i tespit edilmifltir. Bu çal›flmada, klini¤imizde vajinal do¤um ya-
pan term gebelerde vücut kitle indeksi, sigara kullan›m› ve anemi-
nin fetal do¤um a¤›rl›¤› üzerindeki etkilerini araflt›rmay› amaçla-
d›k. 

Yöntem: Çal›flmam›z retrospektif kesitsel bir çal›flmad›r. Çal›flmaya,
1 Ocak 2018 ile 15 Haziran 2020 tarihleri aras›nda hastanemizde
spontan vajinal do¤um yapan hastalar dahil edildi. Do¤um esnas›n-
da hemoglobin (Hb) ve hematokrit (Hct) seviyelerinin ölçümü ane-
mi tan›s›n› destekledi. Çal›flmada Hb seviyeleri üç kategoride karfl›-
laflt›r›ld›: (1) Hb<10 g/dL; (2) ≥10<11 g/dL; ve (3) Hb ≥11 g/dL.
Anemi, Hb seviyesinin <11 mg/dL olmas› fleklinde tan›mland›. Do-
¤um a¤›rl›¤› ise DDA <2500 g, normal do¤um a¤›rl›¤› (NDA)
≥2500–3999 g ve makrozomi ≥4000 g olarak s›n›fland›r›ld›. 

Bulgular: Analiz 1428 gebe üzerinde gerçeklefltirildi. Hct ve Hb
alt gruplar› aras›nda istatistiksel olarak anlaml› bir fark mevcuttu
(p<0.05). Fetal do¤um a¤›rl›¤›, sigara içen gruba k›yasla sigara iç-
meyen grupta daha yüksek bulundu (3302.1±381.5 g’a karfl›
2839.7±491.5 g; p<0.001). Vücut kitle indeksi (VK‹) ve Hb seviye-
leri fetal do¤um a¤›rl›¤›n› pozitif olarak tahmin ederken (β=0.134;
p<0.001 ve β=0.051; p=0.046), sigara kullan›m›n› fetal do¤um a¤›r-
l›¤›n› negatif olarak tahmin etti (β=-0.245; p<0.001). 

Sonuç: Annelerin do¤um esnas›ndaki VK‹ de¤eri, Hb seviyeleri
ve sigara kullan›m› fetal a¤›rl›k üzerinde etkilidir. Sigara kullan›m›,
di¤er de¤iflkenlerle k›yasland›¤›nda fetal do¤um a¤›rl›¤›n›n en
güçlü prediktörüdür. 

Anahtar sözcükler: Do¤um, hematokrit, hemoglobin, gebelik, si-
gara kullan›m›.

Correspondence: Ersin Çintesun, MD. Department of Obstetrics & Gynecology, Faculty of Medicine, Selçuk University, Konya, Turkey. 
e-mail: ersincintesun@gmail.com / Received: April 9, 2021; Accepted: June 21, 2021
How to cite this article: Çintesun E, ‹ncesu Çintesun FN, Aydo¤du M, Taflk›n E, Atefl MC, Güler AH, Çelik Ç. The effects of body mass index, smoking
and anemia on fetal birth weight. Perinatal Journal 2021;29(2):106–112. doi:10.2399/prn.21.0292004

Original Article

Perinatal Journal 2021;29(2):106–112
©2021 Perinatal Medicine Foundation

�
�

�
� �

� � � 	 
 � �
�

�
�

	

�
�

�

� �
� � � 	 
 � �

�
�

�
	

Abstract

Objective: Fetal growth is an important indicator of fetal health.
Low birth weight (LBW) is also associated with increased perina-
tal morbidity and mortality. Numerous factors that affect fetal
weight have been identified. In this study, we aimed to investigate
the effect of body mass index, smoking, and anemia on fetal birth
weight on term pregnant women who had vaginal delivery in our
clinic. 

Methods: This study is a retrospective cross-sectional study. This
study included patients who had a spontaneous vaginal delivery at our
hospital between January 1st, 2018, and June 15th, 2020.
Measurements of hemoglobin (Hb) and hematocrit (Hct) levels dur-
ing birth supported the diagnosis of anemia. Hb levels were com-
pared in three categories in this study: (1) Hb<10 g/dL; (2) ≥10<11
g/dL; and (3) Hb ≥11 g/dL. Anemia was defined as having a Hb level
<11 mg/dL. Birth weight was categorized as LBW <2500 g; normal
birth weight (NBW) as ≥2500–3999 g, and macrosomia as ≥4000 g. 

Results: Analysis was performed on 1428 pregnant women. There
was a statistically significant difference for the Hct and Hb sub-
groups between the groups (p<0.05). Fetal birth weight was found
higher in the non-smoking group than in the smoking group
(3302.1± 381.5 g vs. 2839.7±491.5 g; p<0.001). Body mass index
(BMI) and Hb levels positively predicted fetal birth weight (β=0.134;
p<0.001 and β=0.051; p=0.046), smoking was negatively predicted
fetal birth weight (β=-0.245; p<0.001). 

Conclusion: BMI, Hb levels, and smoking status during mothers’
delivery are effective on fetal weight. Smoking was the strongest
predictor of fetal birth weight compared with the other variables. 

Keywords: Delivery, hematocrit, hemoglobin, pregnancy, smok-
ing.
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Introduction
Fetal growth is an important indicator of fetal health.
Low birth weight (LBW) is also associated with
increased perinatal morbidity and mortality.[1] Fetal
growth is mostly modulated by placental functions.
Numerous factors have been identified that affect fetal
growth and weight gain.[2] These are maternal weight
before pregnancy, weight gain during pregnancy, mater-
nal nutrition (anemia), harmful habits of the mother (e.g.
smoking, alcohol, caffeine, cocaine, opiates), drugs used
by the mother during pregnancy, mother's stress and
anxiety, mother’s perinatal infections, mother’s pregnan-
cy or chronic diseases (e.g. preeclampsia, diabetes,
autoimmune diseases), and the mother's condition of
exercise.[2–4]

Cigarette smoking is one of the most important risk
factors associated with adverse maternal, fetal, and
neonatal outcomes.[5] As a result of increased public
health education, smoking rates have tended to decrease
compared with previous years.[6] However, some women
continue to smoke during pregnancy. A study in the
United States of America (USA) showed that 8% of
pregnant women smoked at any time during pregnancy.[7]

The rate of smoking during pregnancy in studies in
Turkey ranged from 2–17%.[8] It is difficult to get the
true prevalence of smoking during pregnancy due to
incomplete records and self-reported systems. Studies
based on biochemical markers such as exhaled carbon
monoxide and urinary cotinine have indicated that preg-
nant women underreport both smoking status and the
extent of smoking.[9] Secondhand smoke in pregnancy is
also one of the important causes of the elevation of coti-
nine levels in the blood. Many adverse effects of smoking
on pregnancy have been reported. In a study conducted
in the USA, 5 to 8% of preterm births, 13 to 19% of term
infants with intrauterine growth restriction, 5 to 7% of
preterm-related deaths, and 23 to 34% of sudden infant
death syndrome were found to be related to prenatal
smoking.[10]

Anemia is a leading global health problem affecting
millions of women of reproductive age.[11] Anemia during
pregnancy is a fundamental indicator of maternal mortal-
ity and poor birth outcomes in both developing and
developed countries.[4] Many studies showed that low
maternal hemoglobin (Hb) (<110 g/L) was associated
with poor birth outcomes (LBW, preterm birth, small
for gestational age (SGA), stillbirth, and perinatal and
neonatal mortality) and adverse maternal outcomes

(postpartum hemorrhage, preeclampsia, and blood trans-
fusion).[3,4,12]

When the literature is reviewed, it will be seen that
many factors are affecting fetal birth weight. Obesity,
anemia, and smoking are the most important public
health factors of our century. However, although these
three variables have been shown in the literature to be
separately effective on fetal birth weight, it is known that
they are also effective on each other.[13] It has also been
shown that anemic women have higher umbilical cord
oxygen levels.[14] For this reason, this study aimed to
examine the relationships of these variables with each
other separately and examine the effects of these vari-
ables on fetal birth weight by correcting the confounding
effect.

This study aimed to investigate the effect of body
mass index, smoking, and anemia on fetal birth weight on
term pregnant women who had a vaginal delivery in our
clinic.

Methods
Study design

This study was a retrospective cross-sectional study.
This study included patients who had a spontaneous
vaginal delivery at Selçuk University Medical Faculty
Hospital between January 1st, 2018, and June 15th,
2020. The Local ethics committee of Selçuk University
approved the study.

Inclusion and exclusion criteria

The inclusion criteria were as follows: being at 37 weeks
of gestation and later and spontaneous vaginal delivery.
The exclusion criteria were as follows: induced or spon-
taneous preterm deliveries, maternal systemic diseases
(e.g. preeclampsia, hypertension, diabetes), uterine and
fetal anomalies, cesarean deliveries (Fig. 1).

Birth outcomes and maternal variables

The gestational week was calculated according to the
women’s last menstrual period or ultrasound results in
the first trimester. The measurement of Hb and hemat-
ocrit (Hct) levels during birth supported the diagnosis of
anemia. Hb levels were compared in three categories in
this study: (1) Hb <10 g/dL, (2) ≥10<11 g/dL, (3) Hb ≥11
g/dL. Anemia was defined as having a Hb level <11
mg/dL. The birth weight was categorized as LBW<2500
g, normal birth weight (NBW) ≥2500–3999 g, and
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macrosomia ≥4000 g. Hemogram and hematocrit values
of the patients were blood results before birth. Body mass
index (BMI) was accepted as the pre-birth measurements.

Statistical analysis

Statistical analysis was performed using the Statistical
Package for the Social Sciences (SPSS) version 21.0 soft-
ware (IBM Corp., Armonk, NY, USA). The distribution
of variables was tested for normality using histograms
and the Shapiro-Wilk test. Outliers were analyzed using
boxplot graphics. Parametric continuous data are pre-
sented as mean ± standard deviation, nonparametric con-
tinuous data are presented as median (min–max), and
categorical variables are expressed as number (percent-
age). Data were analyzed using Student’s t-test, the
Mann-Whitney U test, one-way analysis of variance
(ANOVA), the Kruskal-Wallis test, and Pearson’s chi-
square test, where appropriate. Multivariate linear
regression analysis was used to predict fetal birth weight
using age, smoking, BMI, and Hb levels. A p-value <.05
was considered statistically significant.

Results
There were a total of 4137 total deliveries at our tertiary
hospital between January 1st, 2018, and June 15th, 2020.
Of these, 2141 women who underwent cesarean delivery
were excluded from the study. The delivery records of
1996 patients who had vaginal delivery were analyzed.
Of these, 34 patients were excluded from the study
because of fetal problems (fetal anomaly, intrauterine
fetal death, etc.) and 534 patients because of maternal
problems (preeclampsia, gestational diabetes mellitus,
fetal growth restriction, etc.). As a result, a total of 1428
patients’ records were included in this study (Fig. 1).

Analysis was performed on 1428 pregnant women. 72
(5%) of these patients reported smoking, and 1356 (95%)
pregnant women reported not smoking. Gravida and par-
ity were higher in the smoking group than in the non-
smoking group [3(1–6) vs 2(1–8), p=0.001 and 1(0–4) vs
1(0–7), p=0.009]. Hct and Hb levels were statistically dif-
ferent between groups (p=0.026). Fetal birth weight was
lower in the smoking group (2839.7±491.5 vs 3302.1±
381.5, p<0.001). LBW was most common in the smok-
ing group than in the non-smoking group (25% vs 1.2%,
p<0.001) (Table 1).

The comparison of variables according to fetal birth
weight categories is summarized in Table 2. Patients

were divided into three groups, as explained before
(LBW, NBW, and macrosomia). When analyzing LBW
and NBW + macrosomia, all variables except smoking
status and Hb levels were similar between the groups. In
the analyses among the three groups, all variables except
maternal weight, BMI, and smoking status were similar
between the groups. The BMI of the macrosomia group
was significantly higher than in the NBW group (mean
29.7±3.6 versus 28.5±3.3 kg/m2; p=0.045). The smoking
rate in the LBW group was also significantly higher than
in the NBW and macrosomia groups (52.9% vs 4% and
1.9%, p<0.001) (Table 2).

Multivariate linear regression analysis was per-
formed to predict fetal birth weight using age, BMI,
smoking, and Hb level variables. Age, BMI, smoking,
and Hb levels were statistically significant predictors of
fetal birth weight (F(4,1423)=32.212; p<0.001). BMI, smok-
ing, and Hb levels separately predict fetal birth weight.
While BMI and Hb levels positively predicted fetal birth
weight (β=0.134; p<0.001 and β=0.051; p=0.046), smok-
ing was negatively predicted fetal birth weight (β=-
0.245; p<0.001). Smoking was the strongest predictor of
fetal birth weight compared with the other variables.
Equation predicting fetal weight: B= 2707.137 –
2.167*Age + 16.227 * BMI - 444.679 * Smoking (yes=1.
no=0) + 15.469 * Hb (Table 3).

Fig. 1. Flow diagram.



Volume 29 | Issue 2 | August 2021

The effects of body mass index, smoking and anemia on fetal birth weight

109

Discussion
In this study, maternal BMI, anemia, and smoking histo-
ry, which affect fetal birth weight, were investigated. It
was found that fetal birth weight was lower in smokers.
In addition, we found the Hct value to be lower in smok-
ers. In the study, multivariate regression analysis was
performed to eliminate possible confounding effects of
variables on each other. As a result of this analysis, it was
found that smoking, Hb, and BMI values had a signifi-
cant effect on fetal weight. Smoking was found to be the
most effective variable.

We found that the anemia rate was significantly
lower in the LBW group and patients who smoked.
Anemia in pregnancy is a global health problem as the
World Health Organization (WHO) has declared.[15]

Some degree of dilutional anemia may be seen in normal
pregnancy physiology, but iron deficiency anemia can
have severe adverse health problems for both the moth-
er and child.[16] Due to dilutional anemia, the anemia lim-
its of pregnant women and healthy women are different.
The classification recommended by the American
College of Obstetricians and Gynecologists (ACOG) for
anemia is as follows: In the first trimester, Hb (g/dL) and
Hct (%) levels below 11 g/dL and 33%, respectively; in
the second trimester 10.5 g/dL and 32%, respectively;
and in the third trimester 11 g/dL and 33%, respective-
ly.[17] There are many large studies on fetal and maternal
negative effects of severe anemia during pregnancy.[18, 19]

A study by Zamora et al. found that severe antenatal or
postnatal maternal anemia (of any type) was associated
with an increased risk of maternal death (OR=2.36).[18]

Tunkyi et al. found that prematurity, birth weight, and
hypertensive disorders of pregnancy were different
between the anemic and non-anemic pregnancies.[19] In
our study, we did not investigate maternal outcomes
with anemia. We specifically investigated the effect of
anemia and smoking on fetal birth weight. Our study
found that the mean of Hb was lower in the LBW group
compared with the non-LBW group (p=0.035). Also, the
rate of smoking was found high in the LBW group. In
the multivariate linear regression analysis including
smoking, age, BMI, and Hb levels, Hb was found to be a
significant predictor of fetal birth weight (B=15.469;
p=0.046).

Cigarette smoke contains a large number of toxins
that affect the entire body system. Naturally, they also

have effects on fetal health during pregnancy.[10] In a
study by Stephanie et al., it was found that women who
smoked had a lower weight by 200 g.[20] Women who
smoked were 1.5 to 3.5 times more likely to have an
LBW infant in other studies.[21,22] In a study by Chuhao et
al., it was found that passive smoking resulted in LBW.[23]

Smoking was associated with low fetal birth weight, mis-
carriage, stillbirth and neonatal death, preterm prema-
ture rupture of membranes, placental abruption/placenta
previa, preterm birth, congenital malformations.[24]

Various mechanisms describing adverse pregnancy out-
comes associated with maternal smoking have been
observed. These include impaired fetal oxygenation,
varying fetal development, and physiologic response, and
toxin exposure. Data on mechanisms associated with e-
cigarette use are currently mainly available from animal
models.[25,26] In our study, lower birth weight was found in
patients who smoked, similar to the literature. In addi-
tion, in our study, Hb and Hct levels were found lower in
patients who smoked. In literature, it was reported that
smoking caused increase in Hct and Hb levels.[13]

Although it was expected that Hb levels should be high-

Table 1. Comparison of variables according to smoking status. 

Smoking status

Yes No
n=72 n=1356 p 

Age (year) 26.8±5.3 26.3±5.5 .471

Gravida 3 (1–6) 2 (1–8) .001

Parity 1 (0–4) 1 (0–7) .009

Gestational week 38.7±0.99 38.9±1.06 .196

Birth weight 2839.7±491.5 3302.1±381.5 <.001

≥2500 g 54 (%75) 1340 (%98.8) <.001

<2500 g 18 (%25) 16 (%1.2)

Height 163.1±5.5 162.9±4.2 .759

Weight 74.1±9.5 76.0±9.2 .092

BMI 26.8±5.3 26.3±5.5 .065

Hgb (g/dL) 11.8±1.5 12.1±1.3 .059

Hct (%) 35.4±3.9 36.4±3.6 .025

Anemia (Hb <11 g/dL) 57 (%4.9) 1105 (%95.1) .326

Non-anemia (Hb ≥11 g/dL) 6 (%3.3) 178 (%96.7)

Hb <10 g/dL 9 (%12.5) 73 (%5.4) .026

Hb ≥10 g/dL, <11 g/dL 6 (%8.3) 178 (%13.1)

Hb ≥11 g/dL 57 (%83.3) 1105 (%81.2)

Data were analyzed by independent sample t-test, Mann-Whitney U test,
Pearson chi-square test. Data were given as mean ± standard deviation,
median (min–max) or as n (%). BMI: body mass index; Hb: hemoglobin; Hct:
hematocrit.
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er in smoking women than non-smoking women, it was
not found higher. The Hb level we detected in smoking
women may also be high values related to smoking. New
Hb threshold values may be required for pregnant
women who smoke. However, studies conducted with
pregnant women have shown that smoking does no effect
on hematological changes.[27] However, it is not possible
to explain this effect only with smoking, due to the phys-
iological changes that occur during pregnancy, the

unknown frequency of smoking, the unknown blood car-
bon monoxide levels, and the lack of maternal nutrition
and iron support that affect the hemoglobin value. In our
study, in regression analysis, smoking, compared with
non-smoking, negatively affected fetal birth weight.

Another factor effective in fetal weight is maternal
weight status. The relationship between maternal weight
status and fetal weight has been shown in many stud-
ies.[28,29] In our study, we used maternal pre-birth weight

Table 2. Comparison of variables according to fetal birth weight categories. 

LBW NBW Macro  
n=34 n=1341 n=53 p* p† p‡

Age (year) 26.2±6.6 26.3±5.4 26.4±6.5 .923 .985

Gravida 2 (1–6) 2 (1–8) 2 (1–6) .289 .411

Parity 0 (0–4) 1 (0–7) 1 (0–5) .141 .259

Weight 74.0±10.7 75.8±9.1 79.3±11.1 .207 .048 p(ab)=.679
p(ac)=.074
p(bc)=.072

Height 162.2±4.9 163.0±4.3 163.5±4.5 .311 .426

BMI 28.1±3.5 28.5±3.3 29.7±3.6 .350 .037 p(ab)=.664
p(ac)=.071
p(bc)=.045

GW 39.1±1.0 38.9±1.1 39.0±1.2 .182 .307

Smoking   

Yes 18 (%52.9) 53 (%4) 1 (%1.9) <.001 <.001

No 16 (%47.1) 1288 (%96.0) 52 (%98.1)

Hct (%) 35.2±4.5 36.3±3.6 36.4±3.7 .061 .105

Hb (g/dL) 11.6±1.7 12.1±1.3 12.2±1.3 .035 .171

Anemia (Hb <11 g/dL) 3 (%10.7) 175 (%13.8) 6 (%12.0) .645 .842

Non-anemia (Hb ≥11 g/dL) 25 (%89.3) 1093 (%86.2) 44 (%88)

Hb <10 g/dL 6 (%17.6) 73 (%5.4) 3 (%5.7) .010 .051

Hb ≥10 g/dL, <11 g/dL 3 (%8.8) 175 (%13.0) 6 (%11.3)

Hb ≥11 g/dL 25 (%73.5) 1093 (%81.5) 44 (%83)

Results were analyzed using one-way ANOVA (Welch), Kruskal-Wallis test, Independent sample t-test, Mann-Whitney U test and Pearson’s chi-square test. p*: between LBW and
NBW groups; p†: between all groups; p‡: within groups. BMI: body mass index; GW: gestational week; Hb: hemoglobin; Hct: hematocrit; LBW: low birth weight; NBW: normal
birth weight.

Table 3. Linear regression analysis of the factors to predict fetal birth weight. 

B ββ %95 CI t p 

Age (year) -2.167 -0.030 (-5.820) – (1.485) -1.164 .245

BMI 16.227 0.134 (10.202) – (22.251) 5.318 <.001

Smoking (yes) -449.135 -0.245 (-535.936) – (-353.422) -9.559 <.001

Hb 15.469 0.051 (0.275) – (30.663) 1.997 .046

Consant 2707.137 (2448.605) – (2965.668) 20.541 <.001

Results were analyzed by multivariate linear regression. ββ: standardized coefficients; B: unstandardized coefficients; BMI: body mass index; CI: confidence inter-
val; Hb: hemoglobin.



Volume 29 | Issue 2 | August 2021

The effects of body mass index, smoking and anemia on fetal birth weight

111

and BMI. In multivariate linear regression analysis, we
found that BMI was a significant predictor of fetal birth
weight.

The limitations of the study are its design being a ret-
rospective study, the frequency and time of smoking of
the patients are unknown, which type of cigarette is
unknown, the blood carbon monoxide levels of the
patients are unknown, and that all factors affecting
weight gain were not included in the study. The strength
of the study is that more specifically, smoking status and
Hb values are investigated in terms of fetal weight.

Conclusion
Smoking at the end of the pregnancy correlates with
lower birth weight. Higher BMI and higher Hb levels at
the end of the pregnancy correlate with higher birth
weight. However, prospective studies reinforced with
blood and urine analysis will provide more precise results
with the inclusion of the passive smoking of patients.
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