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The incidences of maternal obesity and obesity-related maternal, fetal and 
neonatal complications have increased considerably. Obese people may have 
lower, normal or increased fat mass independent from their body mass index. 
We aimed to investigate the relationships between antenatal steroid therapy 
and maternal body fat ratio for the risk of Respiratory distress syndrome 
(RDS) in preterm infants. 

Pregnant women and their newborn infants between 24-34 weeks of gestation, 
who received a full course of antenatal steroid therapy were included in the 
study. Mother’s body weight, body mass ındex (BMI), and body compositions 
(muscle, fat, water) were calculated using the bioelectrical impedance method 
5 days after giving birth. Neonatal characteristics and respiratory outcomes 
were noted. 

A total of 42 mothers and their single premature infants were included in the 
study. Nineteen (45.2%) infants developed RDS (Group 1) while 23 (54.8%) 
infants did not develop RDS (Group 2). The mean body fat mass (kg), fat 
ratio (%), truncal fat mass (kg), and truncal fat ratio (%) were statistically 
significantly higher in Group 1 than in Group 2. The incidence of RDS was 
significantly higher in the group of mothers with a body fat ratio >30.0% 
(n=15/24, 62.5%) when compared with the group of mothers with a body fat 
ratio ≤ 30% (n=4/18, 22.2%) (p=0.013).

Maternal adipose tissue plays an important role and should be taken into 
consideration especially in obese women, before giving antenatal steroids to 
achieve positive effects of the therapy in preterm infants.

Key words: premature, newborn, maternal adipose tissue, antenatal steroid, respiratory 
distress syndrome, RDS.

Antenatal steroid therapy, which is applied 
to pregnant women who are at high risk of 
preterm delivery between 24-34 weeks of 
gestation, has been shown to decrease the 
frequency and severity of neonatal respiratory 
distress syndrome (RDS) and the risk of 
neonatal mortality by accelerating fetal 
lung maturity.1 Currently, antenatal steroid 

therapy is one of the most evidence-based 
perinatal approaches and is recommended by 
many obstetric organizations and societies.2 
Betamethasone (two doses of 12 mg given 
intramuscularly (IM) 24 hours apart) is the 
most commonly used corticosteroid drug 
for fetal lung maturation.3 However, the 
effectiveness of antenatal steroid therapy may 
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be altered by many maternal, placental, and 
fetal factors and cannot always prevent the 
development of RDS in the preterm infant. 

In the last decades, the prevalence of obesity has 
increased dramatically all over the world.4,5 In 
accordance with this, the incidences of maternal 
obesity and obesity-related maternal, fetal, 
and neonatal complications have increased 
considerably. These complications include 
gestational diabetes, hypertensive pregnancy 
disorders, intrauterine fetal death, preterm 
birth, and related neonatal morbidities.6,9 
Maternal metabolic abnormalities, 
inflammation, and alterations in placental 
transport can contribute directly or indirectly 
to altered regulation of fetal lung development 
and may cause respiratory morbidities in the 
newborn infant.10,11 Obesity also changes body 
composition and physiology, and this may 
alter the pharmacokinetic parameters of drugs 
such as absorption, volume of distribution, 
and clearance.12

Furthermore, the dose of antenatal 
bethametasone is constant regardless of 
the mother’s body weight.2,3 In addition, as 
the length of the syringe needle is standard, 
and fat tissue thickness is increased in 
obese patients, an intramuscular injection 
of betamethasone may not reach muscular 
tissue, and it may infiltrate the fat tissue. 
Steroid drugs are known to have an affinity 
to the adipose tissue, and this “intra-adipose” 
injection may cause different drug effects 
and pharmacokinetics. In two recent studies, 
maternal body mass index (BMI) has not 
been found to effect neonatal prematurity-
related morbidities in those receiving 
antenatal steroids.13,14 In these studies, only 
prepregnancy BMI was used to identify obese 
and nonobese mothers. Antenatal steroids 
are commonly applied during the second 
trimester of pregnancy when most of the 
gestational weight gain has already occurred, 
and BMI has changed. Additionally, although 
frequently used to classify obesity, BMI does 
not measure adiposity, as it is calculated 
using only height and weight, not body 
composition. Obese people may have lower, 
normal, or increased fat mass independent 
from their BMI. Therefore, in this study, we 
aimed to investigate the relationships between 
antenatal steroid therapy and maternal body 

fat ratio for the risk of RDS in preterm infants. 

Material and Methods

This study was conducted at the Neonatal 
Intensive Care Unit of Hacettepe University 
Hospital. Pregnant women and their newborn 
infants between 24-34 weeks of gestation 
and who received a full course of antenatal 
steroid therapy (single course, 2 x 12 mg 
betamethasone, 24 hours apart, IM) at least 
48 hours before delivery and a maximum of 7 
days after therapy were included in the study.2 
Women with multiple pregnancies, type 1, 2, 
and gestational diabetes, chronic hypertensive 
disorders or preeclampsia with disturbed fetal 
hemodynamics, maternal use of systemic 
corticosteroids for other acute or chronic 
disorders, premature rupture of membranes >3 
days with/without maternal chorioamnionitis, 
small- or large-for-gestational-age infants, 
infants with congenital pneumonia or early 
neonatal sepsis, metabolic diseases, immune 
or nonimmune hydrops fetalis, and congenital 
anomalies were excluded from the study.

Body weight, BMI, and body compositions 
(muscle, fat, water) were calculated using 
the bioelectrical impedance method 5 
days after birth (TANITA Segmental Body 
Composition Analyser BC-418, Illinois, USA). 
This measurement was done in the fasting 
condition with minimal clothes and without 
shoes, after defecation and urination, at 8:00-
9:00 am in the morning. Height was measured 
to the nearest 0.5 cm without shoes using a 
digital meter mounted on a wall. BMI was 
calculated using the formula: weight (kg) 
divided by height in meters squared, which 
was automatically performed by the TANITA 
analyzer. Standard cut-points were used. 
Underweight was defined as a BMI <18.5, 
normal weight included BMI values between 
18.5 and <25.0, overweight included BMI 
values from ≥25.0 to <30.0, obesity was 
defined as a BMI >30.0 kg/m2, and a high 
maternal body fat ratio was defined as ≥30%, 
while a normal body fat ratio in women was 
defined as 25-30%.15,16

In our study, body composition analysis using 
the bioelectrical impedance method was not 
done just before delivery, as it is contraindicated 



Volume 61 • Number 6 861Maternal Adipose Tissue, Antenatal Steroids and Respiratory Distress Syndrome

for the fetus, and at least 5 days were allowed 
for the mother to lose edema after delivery. 
Maternal prepregnancy body weights were 
not taken into consideration, as antenatal 
steroids are given during pregnancy between 
24-34 weeks of gestation, and the mothers 
have already gained weight due to gestation. 
In addition, most of the mothers change their 
nutrition habits, eat more, and gain a weight 
during pregnancy. Therefore, we used the 
early postpartum maternal body weights to 
represent “pregnancy body weights.” 

In preterm infants, demographic and clinical 
characteristics including gender, gestational 
age, birth weight, mode of delivery, Apgar 
scores, and the development of RDS and major 
neonatal morbities were noted. RDS was 
defined by the presence of respiratory distress 
(grunting, tachypnea, retractions, cyanosis); 
supplemental oxygen and/or positive pressure 
ventilation requirement; typical chest X-ray 
findings with reticulogranular patterns, air 
bronchograms or a ground glass appearance 
in the absence of all signs of suspected/proven 
infection (pneumonia) such as: a) history of 
maternal chorioamnionitis or maternal urinary 
tract infection, b) an elevated or decreased 
leukocyte count (>25000/mm3 or <5000/
mm3), c) an elevated serum CRP (>2 mg/
dL) or procalcitonin level (>2 mg/dL), and 
a positive blood or tracheal aspirate culture, 
which was obtained on the first day of life.17 

The study was approved by Hacettepe 
University Ethics Committee Local Ethics 
Committee for Medical Research (GO15/480-
16), and written informed consents were 
obtained from each mother prior to enrollment 
in the study.

Statistical Analysis

Statistical analyses were performed with the 
Statistical Package for the Social Sciences 
18.0 (SPSS, Inc., Chicago, IL, USA). Normally 
distributed variables were analyzed with 
parametric tests (independent samples t-test). 
Nonnormally distributed variables were 
analyzed with nonparametric tests (Mann-
Whitney U test). Fisher’s exact test and chi-
square tests were used for categorical and 
qualitative variables. A p value of <0.05 was 
considered statistically significant.

Results

A total of 42 mothers and their single premature 
infants were included in the study. Nineteen 
(45.2%) infants developed RDS (Group 1), 
while 23 (54.8%) infants did not develop 
RDS (Group 2). There were no statistically 
significant differences in the mean gestational 
age and birth weight between the two groups 
(30.5±2.5 wk vs. 31.8±2.2 wk, p = 0.075 and 
1335±471 g vs. 1537±468 g, p=0.172). The 
two groups were also similar in the incidences 
of various neonatal morbidities (Table I).

There were no statistically significant 
differences between the incidences of maternal 
overweight (BMI: 25-29.9) and maternal 
obesity (BMI ≥30) between the groups (73.7% 
vs. 65.2%, p=0.555 and 36.8% vs. 17.4%, 
p=0.180 in Group 1 and 2, respectively). 
Among maternal anthropometric parameters, 
which were determined by bioelectrical 
impedance, the mean BMI were statistically 
similar in both groups (28.3±6.4 in Group 1 
and 26.7±4.9 in Group 2, p=0.369). However, 
the mean body fat mass (kg), fat ratio (%), 
truncal fat mass (kg), and truncal fat ratio (%) 
were statistically significantly higher in Group 
1 than in Group 2 (Table II).

The incidence of RDS was 38.5% (n=5) in the 
group of mothers with a BMI <25 (n=13), 
and 48.3% (n=14) in the group of mothers 
with a BMI ≥25 (n=29) (p=0.555). However, 
the incidence of RDS was significantly higher 
in the group of mothers with a body fat ratio 
>30.0% (n=15/24, 62.5%) when compared 
with the group of mothers with a body fat ratio 
≤ 30% (n=4/18, 22.2%) (p=0.013).

The distribution of the body mass indexes and 
body fat ratios in all mothers (n=42) are given 
in Table III. 

Discussion

This is the first study in the literature 
investigating the relationship between 
maternal body composition, adipose tissue, 
and antenatal steroid therapy from the point of 
developing RDS in preterm infants. Antenatal 
steroid therapy for the prevention of RDS 
in preterm infants has been one of the most 
evidence-based approaches in perinatology for 
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decades. However, our study has shown that 
maternal adipose tissue plays an important 
role and should be taken into consideration 
especially in obese women before giving 
antenatal steroids to achieve the positive 
effects of the therapy in preterm infants. 

We thought there might be a few possible 
causes leading to these results. In the literature, 
it has been shown by ultrasonographic 
examinations that standard needles are not 
long enough to reach the gluteal muscle mass 
in IM injections.18 The simplest hypothesis 

is that an insufficient dose of betamethasone 
reaches the muscular tissue and systemic 
circulation, as the length of the standard 
needle might be short for IM injection because 
of the increased thickness of the gluteal fat 
mass in obese pregnant women. Therefore, 
betamethasone will actually be injected into 
the fat tissue, and the absorption, distribution, 
and metabolism (pharmacokinetics) of the 
drug could be altered. This may cause a lower 
maternal plasma level and placental transfer of 
the drug and decreased effectivity in the fetal 
lung tissue. 

Table I. Demographic and Clinical Characteristics of the Preterm Infants in Both Groups. 

Group 1
RDS (+)

n=19

Group 2
RDS (-)
n=23

P

Gender (M/F), n (%) 10 (52.6)/9 (47.4) 13 (56.5)/10 (43.5) 0.658

Gestational age (wk), mean±SD (range) 30.5 ±2.5 31.8±2.2 0.079

(26-34) (25-34)

Birth weight (g), mean±SD (range) 1335 ± 471 1537 ± 468 0.173

(870-2430) (480-2300)

Perinatal hypoxia, n (%) 1 (5.3) - 0.452

Mode of delivery (V/CS), n (%) 2 (10.5)/17 (89.5) 2 (8.7)/21 (91.3)

Apgar score (5th min.), mean±SD (range) 7.2 ± 1.5 8.2 ± 1.6 0.048

(5-10) (5-10)

Resuscitation at birth, n (%) 8 (42.1) 8 (34.8)

Cord blood arterial pH, mean±SD (range) 7.33 ± 0.1 7.29±0.1 0.407

(6.99-7.48) (7.12-7.43)

Duration of mechanical ventilation (day), median 
(range)

5 0 0.055

(0-31) (0-23)

Duration of oxygen support (day), median (range) 2 0 0.120

(0-31) (0-35)

Duration of hospitalization (day), mean±SD 
(range)

28.5 ± 16.7 15.9±12.3 0.156

(2-58) (3-59)

Apnea of prematurity, n (%) 5 (26.3) 3 (13.0) 0.433

Postnatal pneumonia, n (%) 4 (21.1) 4 (17.4) 0.764

Patent ductus arteriosus, n (%) 7 (36.8) 3 (13.0) 0.143

Necrotizing enterocolitis (stage 2-3), n (%) 1 (5.3) 1 (4.3) 1.000

Neonatal sepsis, n (%) 2 (10.5) 3 (13.0) 0.458

Intraventricular hemorrhage (all grades), n (%) 1 (5.3) - 0.452

Bronchopulmonary dysplasia, n (%) 3 (15.8) 1 (4.3) 0.313

Mortality, n (%) 1 (5.3) 2 (8.7) 0.645

RDS: respiratory distress syndrome, SD: standart deviation
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Table II. Maternal Bioelectrical Impedance Measurements of Body Composition in Both Groups.

Group 1
RDS (+)

n=19

Group 2
RDS (-)
n=23

P

Maternal age (year), mean±SD (range) 30.3 ± 5.4 29.2 ± 6.8 0.547

(20-39) (19-44)

Maternal body weight (kg), mean±SD (range) 73.9 ± 14.5 66.1 ± 12.6 0.071

(46.8-101.1) (49.7-96.3)

Maternal height (cm), mean±SD (range) 162 ± 5.8 160 ± 6.9 0.313

(152-172) (150-174)

Body mass index (BMI), mean±SD (range) 28.3 ± 6.4 26.7 ± 4.9 0.369

(17.8-43.8) (18.5-38.1)

Maternal overweight (BMI: 25-29.9), n (%) 7 (36.8) 11 (47.8) 0.474

Maternal obesity (BMI≥30), n (%) 7 (36.8) 4 (17.4) 0.180

Maternal overweight+obesity, (BMI ≥ 25), n (%) 14 (73.7) 15 (65.2) 0.555

Maternal body fat ratio>30%, n (%) 15 (78.9) 9 (39.1) 0.013

Body fat mass (kg), mean±SD (range) 25.7 ± 10.1 19.3 ± 6.3 0.023

(7.7-49.5) (8.5-34.3)

Body fat ratio (%), mean±SD (range) 33.5 ± 8.2 27.9 ± 6.1 0.016

(14.3-48.9) (15.9-36.5)

Truncal fat mass (kg), mean±SD (range) 12.2 ± 5.2 8.2 ± 3.0 0.006

(2.5-22.5) (2.7-13.1)

Truncal fat ratio (%), mean±SD (range) 30.2 ± 9.3 22.8 ± 6.8 0.007

(9.1-44.3) (8.8-33.9)

Body fat free mass (kg), mean±SD (range) 48.3 ± 6.3 48.5 ± 5.3 0.892

(37.0-62.8) (39-62.1)

Truncal fat free mass (kg), mean±SD (range) 26.7 ± 2.8 27.2 ± 2.4 0.563

(21.0-31.7) (21.7-33.5)

Truncal muscle mass (kg), mean±SD (range) 25.5 ± 2.7 25.9 ± 2.3 0.569

(20.1-30.3) (20.8-32.0)

Total body water (kg), mean±SD (range) 35.3 ± 4.6 35.5 ± 3.9 0.892

(27.1-46.0) (28.6-45.5)

BMI: body mass index, SD: standart deviation

Table III. The Distribution of the Body Mass Indexes and Body Fat Ratios in All Mothers (n=42).

BMI < 25
n (%)

BMI ≥ 25
n (%)

Body fat ratio < 30% 11 (26.2%) 7 (16.7%)

Body fat ratio ≥ 30% 2 (4.8%) 22 (52.4%)

BMI: body mass index
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In the literature, there are many studies 
comparing the pharmacokinetics of steroid 
drugs between normal weight and obese 
individuals. In a study investigating the 
bioavailability of IM human chorionic 
gonadotropin (hCG) used for in-vitro 
fertilization treatment, after both IM and SC 
application, serum hCG levels have been found 
to be significantly lower in obese patients 
compared to nonobese.19 However in another 
study on infertility treatment, there were no 
significant differences between serum hCG 
concentrations measured after 12 hours of IM 
and SC applications. The authors have found 
a strong negative correlation between BMI 
and serum hCG levels and commented that 
the circulating hCG levels were determined 
mostly by body mass rather than the route of 
application.20 In another study, maternal and 
umbilical cord blood serum betamethasone 
concentrations were found to be similar in 
obese and nonobese women.21 In our study, we 
did not measure maternal or neonatal serum 
betamethasone concentrations because of this 
information in the literature. In addition, a 
drug’s serum level may not correlate with its 
tissue level or effects. 

The second hypothesis may be possible: an 
altered metabolism of the betamethasone 
in the adipose tissue. Obesity changes body 
composition and physiology, leading to 
increases in lean body mass, fat mass, and 
the proportion of extracellular water to total 
body water. In obesity, blood volume, cardiac 
output, and renal blood flow are also increased. 
These changes can alter pharmacokinetic 
parameters such as drug absorption, volume 
of distribution, and clearance.12 Steroid drugs 
are highly lipophilic and, in their target 
tissues, steroids are concentrated by an uptake 
mechanism that relies on their binding to 
intracellular receptors. Their distribution 
volume is increased and potentially necessitates 
increased dosing. Although this has not been 
shown to be consistent with certain highly 
lipophilic drugs, a linear relationship has 
been found between the pharmacokinetic 
properties of betamethasone and maternal 
lean body weight, and individualization of 
the betamethasone dose due to maternal lean 
body mass has been suggested.22,23

Adipose tissue expresses numerous 
receptors that allow it to respond to afferent 
signals from other endocrine organs, in 
particular, many enzymes for the activation, 
interconversion, and inactivation of steroid 
hormones. Several steroidogenic enzymes are 
expressed in adipose tissue, and this tissue-
specific glucocorticoid metabolism is primarily 
determined by the enzyme 11-β-hydroxysteroid 
dehydrogenase (HSD)-1, which catalyzes the 
hormonally inactive 11-β-ketoglucocorticoid 
metabolites (cortisone) to hormonally active 
11-β-hydroxylated metabolite (cortisol). 
11-β-HSD1 is highly expressed in adipose 
tissue, particularly in visceral adipose 
tissue. Although 11-Β-HSD1 amplifies local 
glucocorticoid concentrations within adipose 
tissue, it does not contribute significantly to 
systemic glucocorticoid concentrations.24,26 
Therefore, betamethosone trapped in the 
adipose tissue of an obese pregnant women 
might have transformed to another ineffective 
metabolite. 

Apart from an altered maternal and 
fetal effective betamethasone dose and 
pharmacokinetics, obesity or increased fat 
mass itself can have negative effects on the 
developing fetal lung, leading to RDS in the 
postnatal period. Adipose tissue is the largest 
endocrine organ in the body, and increased 
adiposity has been found to be related with 
increased oxidative stress, inflammation, 
insulin resistance, dysregulation of the 
maternal hypothalamic-pituitary-adrenal 
axis, altered glucocorticoid-mediated fetal 
lung development, and surfactant maturation 
leading to fetal lung injury and concomitantly 
disturbed fetal programming.11

The main limitation of our study was the 
relatively small number of cases and control 
groups, as we have excluded all cases with 
maternal obstetric and neonatal morbidities 
affecting the development of RDS in preterm 
infants to homogenize our study group. Most 
studies related to antenatal steroids have been 
performed in an era when obesity was not 
an epidemic problem worldwide. However, 
our study has shown that maternal adipose 
tissue plays an important role and should 
be taken into consideration in obese women 
before giving antenatal steroids. The exact 
physiological/pharmacokinetic mechanisms 
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of antenatal steroid therapy should be 
investigated in different patient populations. 
In the future, this may lead to modifications in 
the type, dose, or method of antenatal steroids 
administration for an optimal response in fetal 
lung.
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