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Abstract

Background: The prevalence of metabolic syndrome has been rising worldwide in recent decades. Determining the associations
between metabolic syndrome and its components in midpregnancy with neonatal anthropometric indices and outcomes is a major
challenge in both public health and clinical care.

Methods: This prospective cohort study was performed on 238 pregnant women at 24-28 weeks of gestation. Metabolic syndrome
was recognized with 3 or more of the following criteria: triglyceride > 247 mg/dL; HDL < 61 mg/dL; GCT > 140 mg/dL;
prepregnancy body mass index > 30 kg/m2; and blood pressure > 130/85 mmHg. Statistical analysis was performed through
descriptive statistics, including mean, standard deviation, frequency, and percentage, Mann-Whitney test, Chi-square test, Fisher’s
exact test, linear and logistic regression in SPSS 21.0. P values < 0.05 were considered significant.

Results: There was a significant association between blood hypertriglyceridemia in weeks 24-28 and anthropometric indices,
including weight, height, and jaundice, in the first 24 hours of birth. Metabolic syndrome also had a significant relationship with
jaundice (P=0.002). The results of linear regression analysis revealed that metabolic syndrome was positively associated with birth
weight (B=0.18, P=0.003) and height (B=0.18, P=0.009). Among the components of metabolic syndrome, the results showed a direct
relationship between increased blood triglyceride of the mother and newborn’s weight (B=0.11, P=0.011) and height (B=0.14,
P=0.007). Also, increased BMI had a significant direct relationship with the newborn’s weight (B=0.11, P=0.023) and height (B=0.12,
P=0.023). Moreover, decreased HDL had a significant reverse relationship with the newborn’s weight (B=0.09, P=0.042).

Conclusion: Presence of metabolic syndrome and its components in midpregnancy may influence neonatal outcomes, especially
anthropometric indices. However, more studies should be conducted to further investigate these relationships.
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Introduction
Metabolic syndrome (MetS) consists of a set of risk fac-  lipid disorders, increased blood sugar, and abdominal obe-
tors for cardiovascular diseases, including hypertension,  sity. The incidence of the metabolic syndrome is high and

- 7 I X3 7 A 2 A, 3 3 5 . . . .

Corresponding author: Dr Lida Mo, B , Mo, b@modares.ac.ir TWhat is “already known” in this topic:

L Department of Reproductive Health and Midwifery, Faculty of Medical Science, IF is widely well kn.own that metabolic Synqrome is a multiple
Tarbiat Modares University, Tehran, Iran risk factor for cardiovascular and metabolic diseases. Normal
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Medical Sciences, Hamadan, Iran syndrome, and it has been suggested that pregnancy may be a
good stress test for carbohydrates, lipids, and vascular
physiology. Cognition of the metabolic syndrome during
pregnancy can help identify a subgroup of neonates exposed to
this syndrome during fetal development.

— What this article adds:
The results of this study indicated that presence of metabolic

syndrome and its components in midpregnancy may influence
neonatal outcomes, particularly anthropometric indices.
Therefore, attention to metabolic syndrome and its components
can improve pregnancy and neonatal outcomes.
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increasing (1). The prevalence of MetS has been rising
worldwide in rec ent decades, and it is a major challenge
in both public health and clinical care (2). In the presence
of this syndrome, the incidence risk of ischemic cardio-
vascular diseases and diabetes mellitus increases 2 and 5
times, respectively (3). MetS in its today’s form was first
proposed in Diabetes Journal by Reaven et al in 1988 (4).
They suggested that insulin resistance is the common risk
factor for a group of diseases, including hyperglycemia,
hypertension hypertriglyceridemia, and low HDL-
cholesterol, and they named it X syndrome to emphasize
its unknown aspects. About a year later, Kaplan added
probably the most important component of this set: ab-
dominal obesity (fatty deposits in subcutaneous tissues)
(5). MetS is a multifactorial disease whose underlying
disorder is insulin resistance (6). Obesity is responsible for
the increased prevalence of MetS (7). The prevalence of
obesity in the world following industrialization and mech-
anized living has reached a pandemic point during the
recent century (8). Studies have shown that an increase in
BMI is strongly associated with a higher risk of metabolic
syndrome in obese and overweight people (9, 10). Ac-
cording to reports, 60% of individuals with MetS are
obese (11). From 2003 to 2012, overall prevalence of the
metabolic syndrome in the United States was 33%, with
significantly higher prevalence in women compared to
men (12). There is a high prevalence of MetS in the Irani-
an adult population, with large variations based on differ-
ent measurement criteria. The overall estimation of MetS
prevalence was 36.9% based on the Adult Treatment Pan-
el III (ATP III) criteria, 34.6% according to the Interna-
tional Diabetes Federation (IDF), and 41.5% (95% CI:
29.8-53.2%) based on the Joint Interim Societies (JIS)
criteria. Also, the prevalence of MetS was lower in men
than in women based on the ATP III criteria and the IDF
criteria (13). MetS increases the risk of diabetes, cardio-
vascular diseases, gestational hypertension, preeclampsia,
and preterm birth in pregnancy. The prevalence of MetS
in pregnancy increases with decreasing glucose tolerance.
Previous studies have also shown that glycemic profile is
a useful diagnostic tool for identifying MetS-related meta-
bolic abnormalities in pregnancy and predicting severe
perinatal outcomes (APO) (14, 15).

On the other hand, newborns are exposed to a stressful
intrauterine environment caused by metabolic syndrome
and its components. Therefore, the risk of macrosomia,
hypoglycemia, preterm labor, intrauterine growth retarda-
tion, and jaundice increases in these newborns (16). Alt-
hough there are few studies on MetS during pregnancy
and its effect on developing fetus and the newborns, the
results of the studies focusing on individual components
of MetS indicate the effect of the components of this syn-
drome on neonatal outcomes. The literature suggests an
association between maternal lipid profile and neonatal
anthropometric indices (17-19). For example, Mudd et al
(2015) indicated that HDL and TG levels were related to
birth weight among overweight/obese women, while birth
weight was related to TC among normal weight women
(20). In addition, it is shown that gestational diabetes or
even impaired glucose tests were associated with birth
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weight and neonatal outcomes such as jaundice (21). The
risk of jaundice in newborns of diabetic mothers is more
than normal newborns. There are numerous reasons for
incidence of hyperbilirubinemia in newborns of diabetic
mothers, including prematurity, polycythemia, and macro-
somia (22). Moreover, it is observed that newborns of
obese or overweight mothers are mostly macrosomia and
need prolonged hospital readmission (23, 24). On the oth-
er hand, newborns that are large for their gestational age
(LGA) and macrosomia are exposed to a stressful intrau-
terine environment caused by components of metabolic
syndrome. Therefore, they are at risk of developing MetS
in their future life, and the cycle of obesity and insulin
resistance continues in the next generation (25).

This study was performed to determine the relationships
between MetS and its components in 24-28 weeks of ges-
tation on neonatal outcomes (weight, height, head circum-
ference, jaundice during the first 24 hours after birth, and
rehospitalization of the newborn due to jaundice in the
first 10 days after birth).

Methods

This prospective cohort study was performed on 238
pregnant women attending Nilou and Shahid Akbarabadi
laboratories in Tehran in 2014. To prevent selection bias,
convenience sampling was used and all pregnant women
who met the inclusion criteria were enrolled in the study.
The 2 selected laboratories, located in the north and south
of Tehran, are among the largest laboratories in Tehran;
thus, provide service to people with different socioeco-
nomic status. The study population consisted of pregnant
women who referred to the laboratories to have their rou-
tine glucose challenge test (GCT) with 50 gr glucose. The
inclusion criteria were as follow: (1) gestational age: 24-
28 weeks; (2) mother's age: 18-45 years; (3) singleton
pregnancy; (4) no chronic or systemic disease in mother;
and (5) Iranian nationality.

All tests were analyzed in Shahid Akbarabadi laboratory.

The study was confirmed by the Ethics Committee of
Faculty of Medical Sciences in Tarbiat Modares Universi-
ty, Tehran, Iran.

The present study was part of a larger study that investi-
gated the association between metabolic syndrome and its
components with maternal and neonatal outcomes. Given
that no specific information was available on the preva-
lence of metabolic syndrome and its components in preg-
nancy and there was no similar study to use to estimate the
sample size, the research team initially conducted a pilot
study on 70 individuals. Then, the frequency and inci-
dence of each of the components of metabolic syndrome
and maternal and neonatal outcomes were evaluated. Fi-
nally, the sample size was estimated using the lowest inci-
dence of outcome and the lowest incidence of the compo-
nents of metabolic syndrome. The lowest incidence of
components of metabolic syndrome was related to hyper-
tension and the lowest incidence of neonatal outcomes
was associated to neonatal hypothyroidism in neonatal
screening tests.
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The sample size was calculated as follows:
P; = Prevalence of hypertension in midpregnancy in
mothers under study F;=0.071
P, = Prevalence of hypothyroidism in neonates born
from mothers under study
Py+Py D014 +D0.07L
P=0.014, P="2 | p=————=0.0425, 1-P=0.9575,
77 = 7.84 d2 = 0.0016  — Z2P0-D]
2 2 dz 9

= 199.39=200 + by calculating

_ T.Baw0.0425x 0/9575

0.0016
a 10% drop =220

Sample size was estimated using a sample size formula
of 220. Considering that the cohort study was prospective
and there was a chance of participants dropping out of the
study in the follow-up period, the sample size increased to
about 10%, and a total of 241 patients were included. For-
tunately, there were no drop-outs, but there were 3 cases
of intrauterine fetal death (IUFD)who were excluded
from the study.

The aims of the study were explained and written con-
sent was obtained from the participants.

Upon entry into the study, a complete reproduc-
tive/medical history with some demographic characteris-
tics were obtained by a trained midwife and recorded as
reproductive and demographic data, including age, educa-
tional level, parity, ethnicity, height, prepregnancy weight,
prepregnancy BMI, gestational age, use of complements
during pregnancy (acid folic, iron, calcium and multivita-
min), history of diabetes, hypertension, obesity, and
dyslipidaemia. Gestational age in all participants was es-
timated by last menstrual period (LMP) and confirmed by
early ultrasound estimations of gestational age. After his-
tory taking, mothers’ weight, height, blood pressure, and
later the result of glucose challenge test (GCT) were regis-
tered.

BMI was computed using self-reported prepregnancy
weight and height measurement (weight in kilograms di-
vided by the square of height in meters). The participants
were asked about their prepregnancy weight. In case they
did not remember it, the weight at first prenatal visit was
considered as prepregnancy weight. The reason is that the
first prenatal visit usually occurs in the first weeks of
pregnancy (4-8 weeks) when there is very little difference
between the present and prepregnancy weight. Systolic
and diastolic blood pressures, which were measured upon
entry into the study, were taken on the right arm after a
15-minute rest in a sitting position. The measurement was
repeated after 10 minutes on the same arm and the mean
value obtained from the 2 measures was registered as the
participant’s blood pressure. GCT results (blood sugar 1
hour after consumption of 50 gr oral glucose in nonfasting
condition and regardless of the last meal ) were obtained
and registered at the laboratory, and values > 140mg/dL
were considered as impaired results.

Then, the participants were asked to refer to the labora-
tory in fasting condition during the next week to give 5 cc
blood to have their high-density lipoprotein (HDL) and
triglyceride (26) serum levels measured. Due to daily
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changes in blood triglyceride (26), TG, and HDL sam-
pling are taken between 7-9 AM after 12-14 hours of fast-
ing during the previous night. The triglyceride and HDL
levels were measured by photometric method using the
diagnosis kit manufactured by Pars Azmoon Company,
Iran. Moreover, blood glucose level test in GCT test was
conducted by enzymatic glucose oxidase method using
Pars Azmoon Company kits. There is no definition for
MetS in pregnancy and there are no data on diagnostic
criteria for this syndrome during pregnancy in midwifery
and gynecological references (14, 27-30). Thus, the crite-
ria provided by the recent National Cholesterol Education
Program, Adult Treatment Panel III (31) was adapted for
the study population. Considering that the participants
were pregnant, abdominal circumference was not used,
and obesity was defined as a prepregnancy BMI higher
than 30 kg/m?. Moreover, given remarkable changes in the
lipids level during pregnancy, hypertriglyceridemia was
considered above the 75" percentile. Also, HDL was con-
sidered below the 25" percentile. Therefore, metabolic
syndrome was diagnosed if 3 or more of the following risk
factors were present: triglyceride level > 249 mg/dL;
HDL-cholesterol level < 61 mg/dL; GCT > 130 mg/dL,
prepregnancy BMI > 30 kg/m?; and blood pressure level >
130/85 mmHg. All participants went through routine pre-
natal care till delivery by an obstetrician in a private clin-
ic, or in Akbarabadi hospital, or in a health center by a
midwife. The neonatal anthropometric indices of birth
weight, height, and head circumference were obtained and
registered from the newborns’ birth certificates. Jaundice
in the first 24 hours after birth refers to cases that were
examined and diagnosed by a neonatologist. One of the
outcomes studied was hospitalization of neonates due to
jaundice in the first 10 days of birth, which was defined as
follows in the present study: if a neonate was hospitalized
due to jaundice above 12 mg and received phototherapy
after the mother was discharged.

Statistical analysis was performed through descriptive
statistics, including mean, standard deviation, frequency,
and percentage, Mann-Whitney test, Chi-square test, Fish-
er’s exact test, linear and logistic regression in SPSS 21.0.
P value less than 0.05 was considered significant.

Results

Overall, 241 pregnant women with gestational age of
24-28 weeks were enrolled in the study. Three participants
were excluded due to intrauterine fetal death (IUFD) oc-
currence; thus, 238 pregnant women were studied.

The mean age of the pregnant women was 29.59+4.55
years. Most of the participants (156; 73.2%) aged 25-35
years had university education and normal prepregnancy
BMI. Moreover, most of them were primiparous, with the
mean birth age of 38.29+1.7 weeks; also, the mean weight
of the newborns was 3147+4.43 gr (Table 1).

The associations between metabolic syndrome in preg-
nancy and its components with neonatal anthropometric
are presented in Table 2.

There was a significant association between blood hy-
pertriglyceridemia in weeks 24-28 and anthropometric
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Table 1. Demographic information of mothers (N = 238)

Demographic characteristics Number (%)
Age

25< 42(17.8)

25-35 175(73.2)

35> 21(9)
Education

Primary 15(6.6)

Diploma 73(30.5)

University 150(62.9)
Pregnancy number

Primiparous 136(57.3)

Multiparous 102(42.7)
Prepregnancy BMI (kg/m?)

30< 162(68.1)

30> 76(31.9)
Pregnancy age during delivery (week)

37< 19(8)

37-40 210(88.2)

40> 9(3.8)
Neonatal characteristics

Boy 127(53.5)

Girl 111(46.5)
Jaundice on the first day of birth 10(4.2)
Re-hospitalization due to jaundice in the first 10 days after birth 44(18.5)
Birth weight (gr)

2500< 13(5.6)

2500-4000 223(93.4)

4000> 2(1)
Birth weight (gr) 3148(4.46)
Birth height (cm) 49.68(2.48)
Birth head circumference (cm) 34.24 (1.70)

Data are means — standard deviation (SD) or n (%).

Table 2. The relationship between MetS and its components with neonatal outcomes (N = 238)

Neonatal outcomes

Metabolic Syndrome Level
Components Weight Height
(gr) (cm)
Bp (mm/gh) >130.85 3198 49.81
<130.85 3145 49.68
p-value 0.654* 0.741*
BMI (kg/m?) >30 3151 49.71
<30 3105 49.30
p-value 0.521* 0.243*
GCT (mg/dl) >140 3163 49.71
<140 3139 49.67
p-value 0.971* 0.817*
TG (mg/dl) >249 3206 50
<249 2982 48.69
p-value 0.001* 0.006*
HDL (mg/dl) >61 3175 49.92
<61 3147 49.67
p-value 0.454* 0.213*
Metabolic syndrome Yes 3292 50.26
No 3139 49.65

p-value 0.228* 0.189*

Head circumference

Jaundice of the first 24 Re-hospitalization due to

(cm) hours after birth jaundice
34.40 1(10) 2(4.5)
34.22 9(90) 42(95.5)
1* 0.673¥ 0.527¢
34.50 1(10) 409.1)
34.23 9(90) 40(90.9)
0.604* 0.528 v 0.399 ¥
34.18 7(70) 18(40.9)
34.29 3(30) 26(59.1)
0.375%* 0.041 v 0.885 ¥
34.16 7(10) 15(34.1)
33.79 3(10) 29(65.9)
0.765* 0.003 v 0.083 ¥
34.69 8(80) 13(29.5)
34.22 2 31(70.5)
0.457* 0.033 v 0.286 ¥
34.50 3(30) 38(88.6)
34.23 7(70) 5(11.4)
0.526* 0.002 v 0.125 ¥

BP, blood pressure; BMI, Body Mass Index; GCT, Glucose Challenge Test; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides.

*Mann-Whitney U Test
v Chi-squared test or Fisher exact test whenever n <5 compared with controls
P <.05 was defined as significant.

indices, including weight, height, and jaundice in the first
24 hours of birth. On the one hand, low HDL and im-
paired GCT were significantly correlated with jaundice in
the first 24 hours after birth (P<0.05). MetS in midpreg-
nancy had a significant association with jaundice in the
first 24 hours after birth (P=0.002).

Linear regression test was used to control underlying
variables, including age, education, number of pregnan-
cies, age at delivery, newborn gender, and history of low
birth weight. The results showed a direct association be-
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tween increased blood triglyceride of the mother and
newborn’s weight (B=0.11, P=0.011) and height (B=0.14,
P=0.007). Moreover, among other components of meta-
bolic syndrome, increased BMI had a significant direct
association with the newborn’s weight (B=0.11, P=0.023)
and height (B=0.12, P=0.023). Also, decreased HDL had a
significant inverse association with birth weight (B=0.09,
P=0.042). MetS in midpregnancy had a significant associ-
ation with weight (B=0.18, P=0.003) and height (B=0.18,
P=0.009) in the newborn (Table 3).
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Table 3. The effect of MetS and its components on neonatal anthropometric indices in the presence of the underlying variables — linear regression

test
Neonatal anthropometric indices
Weight at birth Height at birth (cm) Head circumference (cm)
Effective (gr)
variables P-value Standardized P-value Standardized Coeffi- P-value Standardized
Coefficients (Beta) cients (Beta) Coefficients (Beta)
Mother age (year 0.511 -0.03 0.025 -0.13 0.478 -0.04
Education (year) 0.007 0.15 <0.001 0.26 <0.001 0.28
N. of pregnancy 0.085 0.09 0.022 0.13 0.006 0.19
History of low- 0.002 -0.15 0.026 -0.12 0.105 -0.09
birth weight
gestational age at <0.001 0.66 <0.001 0.54 <0.001 0.45
delivery (week)
Newborn’s Gender 0.001 -0.15 0.055 -0.09 <0.001 -0.18
BMI 0.023 0.11 0.023 0.12 0.977 0.002
Blood pressure 0.454 -0.04 0411 -0.04 0.801 0.01
GCT 0.321 0.05 0.503 0.03 0.397 -0.05
Triglyceride 0.011 0.11 0.007 0.14 0.411 0.04
Cholesterol — HDL 0.042 0.09 0.311 0.05 0.597 0.03
MetS (yes) 0.003 0.18 0.009 0.18 0.376 0.06

BP, blood pressure; BMI, Body Mass Index; GCT, Glucose Challenge Test; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides.

P < .05 was defined as significant.

Table 4. Examining effective factors in development of jaundice in the first 24 hours of birth and rehospitalization due to jaundice — logistic regres-

sion test
Effective factors p-vale Non- Confidence of Adjusted Confidence of 95%
adjusted 95% odds ratio
Model Odds ratio (OR) Lower  Upper (AOR) Lower Upper
Gestational age at birth 0.922 0.83 0.65 1.05 0.97 0.60 1.57
Newborn gender 0.955 1.13 0.31 4.01 1.04 0.25 4.25
Newborn weight 0.726 0.99 0.99 1.000 1.0 0.99 1.001
Blood pressure>130.85 0.123 1.57 0.187 13.2 0.04 0.001 2.46
Effective factors in BMI>30 0.586 1.69 0.20 14.3 0.39 0.01 10.9
jaundice in the first 24 GCT=140 0.547 1.13 0.21 9.62 1.66 0.31 8.82
hours of birth Triglyceride>249 0.011 7.89 1.97 31.6 8.89 1.65 47.7
cholesterol — HDL<61 0.987 0.72 0.19 2.263 0.98 0.15 6.25
Metabolic syndrome 0.012 7.71 1.77 33.6 56.23 2.19 1439.2
gestational at birth 0.026 0.84 0.71 0.99 0.73 0.57 0.95
Newborn gender 0.517 0.73 0.37 1.43 0.79 0.39 1.60
Factors effective in Newborn weight 0.096 1.0 0.99 1.001 1.0 1.0 1.02
readmission due to Blood pressure>130.85 0.114 0.61 0.13 2.79 0.17 0.02 1.02
jaundice BMI>30 0.625 1.66 0.50 5.49 1.44 0.32 6.36
GCT=140 0314 0.75 0.33 1.26 0.65 0.29 1.47
Triglyceride>249 0.124 1.76 0.86 3.58 1.83 0.84 3.94
cholesterol — HDL<61 0.536 1.37 0.66 2.84 1.27 0.58 2.77
Metabolic syndrome 0.127 2.35 0.76 7.28 4.11 0.66 25.4

OR, odds ratio; CI, confidence interval; BP, blood pressure; BMI, Body Mass Index; GCT, Glucose Challenge Test; HDL-C, high-density lipoprotein cholesterol; TG,

triglycerides.
P < .05 was defined as significant.

In the present study, using logistic regression test and
controlling for the effective underlying variables, includ-
ing gestational age at birth, the newborn’s gender, and
birth weight, it was determined whether MetS can cause
jaundice during the first 24 hours of birth or cause read-
mission within 10 days after birth.

The results showed that triglyceride >249 (OR=8.89,
95% CI=1.65-47.7, P=0.011) and MetS in midpregnancy
(OR=56.23, 95% CI=2.19-1439.2, P=0.012) were signifi-
cant predictors of jaundice (Table 4).

Discussion

The aim of the present study was to determine the asso-
ciations between metabolic syndrome and its components
in midpregnancy on neonatal outcomes. The present study
found that MetS in midpregnancy had a significant rela-
tionship with weight, height, and jaundice in the first 24
hours of birth. Among the MetS components, there was a

direct relationship between blood triglyceride level in
midpregnancy and prepregnancy BMI with neonatal an-
thropometric indices, including weight and height. More-
over, birth weight increased with a rise in cholesterol —
HDL. Triglyceride > 249, low cholesterol — HDL, and
impaired GCT were significant predictors of jaundice dur-
ing the first 24 hours after birth.

Maternal serum TG levels were positively correlated
with neonatal birth weight and height in this study, which
is consistent with previous studies in Iran (32) and similar
to Asian women (33-35). Whyte (2013) indicated that
increased fasting maternal triglyceride was associated
with increased offspring birth weight, independent of ma-
ternal age, BMI, and GDM status. (36). Son’s study in
Korea focused on measuring serum lipids in weeks 24-32
among diabetic women, and the results showed that ma-
ternal triglyceride levels were higher among mothers with
LGA newborns compared to other mothers. It was rec-
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ommended that measuring maternal triglyceride level in
midpregnancy can help identify women who are more
likely to have LGA births. Blood levels of HDL and total
cholesterol had no relationship with birth weight (35).
Moreover, another study reported that an increase of 1
unit in triglyceride in early pregnancy even in nondiabetic
women increased the risk of LGA newborn. In that study,
there was no relationship between total cholesterol and
neonatal outcomes (37).

The results of this study were consistent with those of
Mossayebi’s study (2014) (32) that indicated maternal
triglyceride levels may be a significant predictor of fetal
size in midpregnancy but not in early pregnancy. The
findings of all the above-mentioned studies are in line
with those of the present study, and it can be concluded
that maternal triglyceride level is an independent predictor
of neonatal birth weight, the presence of macrosomia, and
large-for-gestational age (LGA). A positive relationship
between maternal triglyceride levels and birth weight is
confusing, as maternal triglyceride cannot cross out the
placenta (38). According to a physiological mechanism, it
is hypothesized that maternal triglycerides are degraded
by the placental lipoprotein lipase to free fatty acids,
which in turn increases the free fatty acids and their pas-
sage through the placenta (38).

Resistance to insulin in late pregnancy clarifies the rela-
tionship between maternal triglyceride and fetal develop-
ment. In fact, hypertriglyceridemia is one of the features
of resistance to insulin among nonpregnant adults (39).

Moreover, here, it was found that maternal serum HDL
levels in midpregnancy were also positively related to
infant birth weight. The results of several studies showed
a positive relationship between mothers” HDL levels and
fetal development and also the risk of macrosomia (40,
41), which is in agreement with the results of the present
study. For example, Mirsa (2011) indicated that blood
HDL levels in pregnancy among obese or overweight
women had a significant inverse association with birth
weight (19). Ye K (2015) reported that maternal HDL and
TG levels were related to neonatal body size (42). Also,
Mudd (2015) stated that maternal HDL and TG levels
were related to birth weight among overweight/obese
women (20).

However, Mitra found that HDL cholesterol was nega-
tively correlated with birth weight, height, and chest cir-
cumference, whereas triglycerides and LDL cholesterol
were positively correlated with other anthropometric indi-
ces, but not with birth weight. Increased fetal weight gain
related to dyslipidemia is either due to increased nutrient
transfer across the placenta or is associated with hyperin-
sulinemia, which is the indicator of insulin resistance (43).

The results of a study in China by Wen-Yuan Jin
showed that an increase in triglyceride and a decrease in
HDL are associated with increased risk of neonatal mac-
rosomia and gestational diabetes (44).

Results of this study are somewhat in agreement with
the above studies because we found that triglycerides had
a positive relationship with birth weight and length, while
HDL had a significant negative correlation with weight,
but not with birth height.
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However, in Son et al study, in 2010 in Korea, no sig-
nificant correlation was found between total cholesterol,
maternal fasting glucose, or HDL cholesterol levels with
newborn birth weight. This difference with findings of the
present study may be due to the differences in participants'
condition, which was only GDM cases in Son study (35).
Emet (2013) did not discover any relationship between
birth weight and changes in HDL, LDL, and total choles-
terol levels in pregnancy (33).

The mechanisms through which maternal HDL may in-
fluence birth weight is not completely discovered. How-
ever, HDL has several possible roles that can influence
fetal growth and development (45), as it has an important
role in cholesterol transport and homeostasis (46). In addi-
tion, HDL has anti-inflammatory, antioxidant, and an-
tithrombotic properties (45) which may influence placen-
tal circulation and fetal growth. The literature suggests an
association between birth weight and birth of LGA new-
born with prepregnancy BMI (23, 24). In their study, Es-
ma’ili and Gashtasbi pointed out that prepregnancy BMI
played an important role in predicting birth weight, and
birth weight was significantly lower among normal weight
women compared to overweight/obese women (47, 48).
Zhao also showed that maternal overweight and obesity
are correlated with an increased risk of macrosomia and
large-for-gestational age (49).

In most studies, prepregnancy BMI is referred to as an
effective factor in fetal growth during pregnancy and neo-
natal anthropometric indices, the best correlation being
found with birth weight. This may be related to insulin
resistance, which is often present in obese or overweight
women during pregnancy. Insulin resistance causes meta-
bolic disorders, resulting in an increase in nutrients to the
fetus, which receives large amounts of glucose through the
placenta, resulting in hyperinsulinemia and accelerated
fetal growth. Pregnant women with insulin resistance have
a higher concentration of triglycerides, which are broken
down by placental lipases into smaller molecules and
transported to the fetal circulation, bringing more energy
to the fetus (50, 51). In addition, insulin resistance en-
hances leucine metabolism and increases macrosomia and
LGA by increasing the rate of amino acids crossing the
fetus and hyperinsulinemia (52).

In the present study, it was observed that MetS and hy-
pertriglyceridemia had a significant relationship with
jaundice during the first 24 hours of birth, and presence of
MetS and hypertriglyceridemia in pregnancy increased the
probability of development of jaundice about 56 and 9
times, respectively. Triglyceride can lead to an increase in
the newborn’s weight, increasing the risk of polycythemia
and increased blood bilirubin (53). Also, diabetes during
pregnancy has considerable adverse effects on the mother
and her fetus or the neonate. Mother’s hyperglycemia may
induce hyperinsulinemia and pancreatic Beta cells hyper-
plasia in fetus. Excess insulin secretion in fetus blood may
cause macrosomia, increase basal metabolism rate, and
increase oxygen consumption and even fetus hypoxemia.
Fetal hypoxia may be followed by erythropoietin overpro-
duction, red blood cell hyperplasia, and increased hemato-
crit level. Polycythemia may enhance blood circulation
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and cause hyperbilirubinemia (54, 55).

A meta-analysis in 2015 showed that triglycerides sig-
nificantly increased in women with GDM compared to
women without insulin resistance, and this finding persist-
ed every 3 trimesters of pregnancy. HDL-C levels were
significantly lower in women with GDM compared to
those without GDM in the second and third trimesters of
pregnancy (56).

Based on the above findings, there was a close relation-
ship between the components of the metabolic syndrome
and its effect on the neonatal anthropometric indices and
outcomes.

Some limitations should be noted: The first limitation of
this study stemmed from the lack of evidence-based iden-
tified definition for MetS in pregnancy; thus, a pregnancy
self-modified version of ATP III definition was used in
this study. Second, the generalizability of the results was
not possible due to the small sample size of the study and
the sampling method (convenience sampling method).

However, the strength of this study was that sampling
was done in 2 of the largest laboratories of Tehran, one of
which was located in the suburbs and the other downtown
to where a large number of people referred from all over
the city; and this may resolve the generalizability problem
of the results to some extent. Moreover, metabolic syn-
drome components such as blood pressure, maternal li-
pids, and GCT in midpregnancy were precisely measured
by the researcher and were not self-reported. Furthermore,
the study topic can pave the way for further studies in the
future. Thus, it is recommended that similar studies be
conducted in larger scopes and in different regions of the
country. Moreover, conducting prospective studies are
also suggested to determine the relationship between MetS
and its components with maternal and neonatal outcomes.

Conclusion

Increased levels of triglyceride and cholesterol HDL
have a correlation with the newborn’s weight and height.
Metabolic syndrome and its components, including hyper-
triglyceridemia, low cholesterol HDL, and impaired GCT,
are significant predictors of jaundice during the first 24
hours after birth. Therefore, attention should be paid to
metabolic syndrome and its components to improve preg-
nancy and neonatal outcomes.
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