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Abstract
In this study, we found for the rst time that macrosomal newborns were associated with lower protein
density when mothers with GDM were analyzed by infrared ATR-FTIR (Attenuated Total Re ection Fourier
Transform) spectroscopy, and the Genetic Algorithm (GA) mathematical model associated with Linear
Discriminant Analysis (LDA). This is a case-control study, comprised of a total of 49 newborns from
mothers with GDM compared with 45 newborns from mothers without GDM. The evaluated neonatal
outcomes were: type of delivery, prematurity, weight in relation to gestational age, apgar, macrosomia,
and head/chest perimeter. Furthermore, we correlated the presence of these neonatal adverse effects with
the density of proteins in GDM. The neonatal outcomes observed in newborns of mothers with GDM
showed prematurity (p = 0.018), minimum head circumference (p = 0.027), abdominal circumference (p
<0.01) and macrosomia (p <0.01) when compared to newborns of mothers without GDM. Prematurity
and macrosomia occurred with greater signi cance among pregnant women diagnosed with gestational
diabetes (p <0.05). There was a correlation between macrosomal newborns and low protein density
con rmed by ATR-FTIR (GA-LDA) in diabetic pregnant women. On the other hand, macrosomal newborns
of mothers with GDM were correlated with women who showed lower density of protein when analyzed
by ATR-FTIR (GA-LDA). In this study, we observed that macrosomia was associated with low protein
density of a mother with GDM. The approach described here, can be useful for the identi cation and
exploration of macrosomia inunder various pathophysiological conditions of maternal GDM.

Introduction
Newborns of women with Gestational Diabetes Mellitus (GDM) are more likely to have complications at
birth. Among the most common complications that occur in these in newborns are macrosomia, shoulder
dystocia at birth1, congenital heart defects2, congenital malformations3, hyperbilirubinemia, respiratory
distress4,5 and stillbirth6.
Recent studies show that the mother’s obesity, advanced age7, triglyceride8, and hypertension and chronic
stress can be associated with increased fetal cortisol promoting insulin resistance9. Currently, the
mechanism of GDM pathophysiology is not completely understood, principally how it harms newborns. It
is believed that GDM associated with other maternal negative factors is directly related to fetal
macrosomia. However, it is known that maternal hyperglycemia contributes to transplacental transfer of
glucose to the fetus, stimulating fetal pancreatic β cells to release insulin, resulting in macrosomal
growth10,11, with an increase in fat deposition in the abdominal circumference12 and loss of maternal and
infant well-being during delivery. There are also the possible later sequels, such as seizure activity,
neurologic damage, developmental delay, personality disorders, obesity and type 2 diabetes13.
Currently, there is great clinical concern regarding these outcomes that are unfavorable in the
development and in birth of the fetus of women with GDM, generating complications in the last quarter of
pregnancy and in most cases these can occur in anaccelerated manner, especially in relation to
macrosomal growth. However, methods of macrosomia prediction are not yet well established, and this
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limits obstetric decisions14. For this reason, it is important to discover new biomarkers to predict adverse
neonatal outcomes of newborns from mothers with GDM.
Fourier Transform Infrared spectroscopy (FTIR), which together with Attenuated Total Re ectance (ATR),
is an important technique in the biomedical area, and its use in biological studies is promising, with a
capacity to detect and quantify biomolecules present in cells and tissues altered by different
diseases15,16.
In a previous study, our group found an increase in blood plasma protein density identi ed by ATR-FTIR in
women with GDM17. In this study, our aim was to correlate the adverse neonatal outcomes according to
the protein density of mothers with GDM.

Methods
2.1 Study Design
This is a case-control study, including 49 newborns from mothers with GDM in a reference maternal
institution in Rio Grande do Norte (UFRN), Brazil, between January and October 2018. All anthropometric
measurements including weight, length, and head/chest perimeter of the newborns were analysed and
based shortly after birth, and then categorized according to the WHO.
The results of the outcomes of the newborns were also analysed and based on delivery and
complication: Type of delivery (born via vaginal or lower segment cesarean section), gestational age by
prematurity (<37 weeks), respiratory distress, apgar in the 1st and 5th minute, intensive therapy, jaundice,
malformation, neonatal blood hypoglycemia and macrosomia (large for gestational age, de ned as birth
weight >4000 g). GDM was diagnosed according to the guidelines of the American Diabetes Association
(ADA)18, with blood glucose changes between ≥ 92 mg/dL and < 126 mg/dL during prenatal care.
This study excluded: Stillbirth (de ned as pregnancy loss >24 weeks gestation), spontaneous abortion
(de ned as pregnancy loss ≤23 weeks gestation), termination of pregnancy, loss of follow-up or transfer
of care to another center before the childbirth.
The study was approved by the Ethics Committee of UFRN (CAAE 73305717.2.0000.5292). The
institutions in which the data collection process was carried out gave their endorsement and
authorization for the review of data sources. An informed consent form was signed by all pregnant
women prior to data collection. All procedures were performed in compliance with the Declaration of
Helsinki.
2.2 Control group
The control group included 45 newborns of mothers without GDM (blood glucose < 92 mg/dL post
screening OGTT at 24 - 28 weeks) and no other comorbidities.
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2.3 Blood plasma analysis by ATR-FTIR
The venous blood of the mothers when they were pregnant was collected and centrifuged for the
separation of blood plasma. ATR-FTIR was used to analyze the absorbance biomolecules present in the
blood plasma of pregnant women with GDM and their correlation with adverse neonatal outcomes. In
order to obtain absorption by the spectrophotometer the biological range of the spectral region analyzed
was from 1,800 cm-1 to 900 cm-1. Subsequently, biomolecule absorption was analyzed by the
mathematical model Genetic Algorithm (GA) associated with Linear Discriminant Analysis (LDA) and
compared with plasma samples from mothers without GDM, as described by Paraskevaidi et al., (2017)19
and Neves et al., (2016)20, with some modi cations.
Statistical Analysis
The Shapiro-Wilk normality test was applied to verify the adherence of continuous variables to the normal
distribution. Descriptive analysis of the variables that obtained adherence to the normal distribution was
performed by the mean and standard deviation (Mean ± SD). For variables that did not present normal
distribution in either group, the median and the 25th and 75th percentiles were used. For categorical
variables, the analysis was performed using absolute and relative frequencies. Student's t-test for
independent samples was applied for continuous variables that presented normality. The Mann-Whitney
nonparametric test was used to compare the differences between the distributions of variables that did
not show normality. The chi-square test was used to analyze the association between type of delivery and
categorical variables. In situations where the table cells presented expected frequencies below ve,
Fisher's exact test was applied. A signi cance level of 5% was adopted for all analysis. The software
used for the analysis was the Statistical Package for the Social Sciences (Chicago, USA), version 22.0.

Results
Table 1 shows the prevalence of adverse neonatal outcomes of the 94 newborns, 49 born to a mother
with GDM and 45 born to a mother without GDM. It is possible to verify that the newborn of a mother with
GDM was statistically different from the newborn of a mother without GDM, in relation to the gestational
age in weeks (p < 0.01), which corroborates the ndings of prematurity found in this same group (p =
0.018). When the anthropometric characteristics of the newborns were compared, the mean weight to
length ratio for the newborns exposed and not exposed to GDM showed no statistical difference.
Whereas with the measurements in relation to waist circumference (p < 0.01) and head circumference (p
= 0.027), the group of newborns from mothers with GDM was statistically different when compared to the
group of newborns from mothers without GDM. In this study, it was also observed that the newborns
from mothers with GDM were macrosomal (p < 0.01). However, there were no statistical differences
among newborns of mothers with or without GDM, in relation to type of delivery, sex of newborns, birth
length, apgar in the 1st and 5th minute, neonatal hypoglycemia, jaundice, intensive therapy, malformation
and respiratory distress.
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Table 1
Prevalence of adverse neonatal outcomes in newborns of mothers with and without GDM.
Variables

Newborns of mothers with GDM
(N = 49)

Newborns of
mothers

P
valuea

Total

0.468

64
(68.1%)

without GDM (N
= 45)
Type of delivery, n (%)
Cesarean

35 (71.4%)

29 (64.4%)

Vaginal

14 (28.6%)

16 (35.6%)

Induced labor, n (%)

5 (10.2%)

8 (17.8%)

0.288

13
(13.8%)

Gestational age, weeks

37 (36–38)

39 (38–40)

p<
0.01

38 (37–
39)

Prematurity, n (%)

12 (24.5%)

3 (6.7%)

0.018

15
(16.0%)

Birth length, cm

49 (47–51)

50 (48–51)

0.236

49 (47–
51)

Female

23 (46.9%)

24 (53.3%)

0.536

47
(50.0%)

Male

26 (53.1%)

21 (46.7%)

Waist perimeter, cm

32 (31–34)

32 (30–34)

0.873

32 (31–
34)

Abdominal perimeter,
cm

32 (31–34)

31 (30–32)

p<
0.01

32 (31–
33)

5 (10.5%)

4 (8.9%)

0.027

9 (9.6%)

30
(31.9%)

Sex, n (%)

47
(50.0%)

Head perimeter, n (%)
Minimum
a

Signi cance of difference between groups by Mann-Whitney U test (continuous variables) or
Pearson's or Fisher's chi-square test (categorical variables). 4 (5.2%)
Continuous data are expressed as medians and 25th and 75th percentiles.
Categorical data are expressed as absolute (n) and relative (%) frequency.
Values in bold indicate signi cance at p < 0.05.
Abbreviations: GDM, Gestational Diabetes Mellitus;
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Variables

Newborns of mothers with GDM
(N = 49)

Newborns of
mothers

P
valuea

Total

without GDM (N
= 45)
Medium

22 (44.9%)

32 (71.1%)

54
(57.4%)

Maximum

22 (44.9%)

9 (20.0%)

31
(33.0%)

Apgar in the 1th minute,
points

9 (8–9)

9 (8–9)

0.512

9 (8–9)

Apgar in the 5th minute,
points

9 (9–9)

9 (9–9)

0.922

9 (9–9)

Macrosomia

14 (28.6%)

1 (2.2%)

p<
0.01

15
(16.0%)

Neonatal hypoglycemia

2 (4.2%)

2 (6.9%)

0.629

4 (5.2%)

Jaundice

15 (30.6%)

11 (24.4%)

0.504

26
(27.7%)

Intensive therapy

6 (12.2%)

3 (6.7%)

0.490

9 (9.6%)

Malformation

2 (4.1%)

2 (4.4%)

1.000

4 (4.3%)

Respiratory distress

11 (22.4%)

11 (24.4%)

0.819

22
(23.4%)

Neonatal outcomes, n
(%)

a Signi

cance of difference between groups by Mann-Whitney U test (continuous variables) or
Pearson's or Fisher's chi-square test (categorical variables). 4 (5.2%)
Continuous data are expressed as medians and 25th and 75th percentiles.
Categorical data are expressed as absolute (n) and relative (%) frequency.
Values in bold indicate signi cance at p < 0.05.
Abbreviations: GDM, Gestational Diabetes Mellitus;
This study demonstrates the potential of ATR-FTIR techniques and multivariate models of GA-LDA as
possible methodologies to recognize which biomolecules are possibly involved in the neonatal outcomes
in women with GDM. We used the ATR-FTIR technique to analyze the distribution of the absorbance of
biomolecules such as lipids, proteins, carbohydrates and nucleic acids (Fig. 1) in mothers with and
without GDM. Interestingly, when we evaluated the presence of biomolecules in relation to adverse
neonatal effects, we observed that macrosomal newborns were associated with lower protein density in
the regions of 1.587 cm− 1 (p = 0.049) and 1.589 cm− 1 (p = 0.043) in GDM (Fig. 2).
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Discussion
There are few studies that relate macrosomia and the search for new biomarkers that will predict the
possible mechanism of GDM and its correlation with adverse neonatal outcomes. To our knowledge, our
group was rst that used ATR-FTIR and the mathematical model coupled to the GA-LDA algorithm to
analyze the blood plasma that was collected from women with GDM during pregnancy. With this
methodology we observed a lower density of protein biomolecules with the presence of macrosomia.
Other studies have found similar results regarding the density of certain proteins in the placenta. In fact,
when phosphorylated Adenosine monophosphate-activated protein kinase (p-AMPKα), phosphorylated
Acetyl CoA carboxylase (p-ACC) and proteins of Caveolin-1 (Cav-1) were evaluated, all showed a decrease
and were associated with the presence of macrosomia in newborns of mothers with GDM. On the other
hand, the glucose transporter-1 (GLUT-1) showed an increase when associated with the presence of
macrosomia in newborns of mothers with GDM. These proteins are known to be present in the placenta
and are known to be a glucose transporter21. However, the exact role of these proteins remains unclear,
especially in the involvement of macrosomia.
Macrosomia is directly or indirectly associated with impairment of pancreatic β cell function, sensitivity
to insulin and high maternal blood glucose12,22,23. From our ndings we observed a larger signi cance of
macrosomal in newborns from mothers with GDM. This nding is in agreement with the literature, where
the prelavence is approximately 15–45%24. In addition, other studies have shown that the disharmony of
maternal homeostasis via chronic stress promotes an increase in cortisol and glucose in the fetus,
especially in early pregnancy, triggering insulin resistance, weight gain and fetal prematurity9. In fact, we
also found a signi cant increase in the number of premature babies associated with GDM.
Another gestational factor that can contribute to worse neonatal outcomes, is the increase in adipocytin
secreted by the placenta, which has the role of regulating insulin secretion, inducing a compromised
immune response to hyperglycemia, with an increase in pro-in ammatory cytokines such as IL-1 and IL-6,
and the formation of ROS and TNF-α25,26. This whole cascade can promote maternal obesity, which is
likely to in uence fetal macrosomia. In a recent study conducted in Turkey, it was observed that newborns
were twice as likely to be macrosomal when the mother had a change in BMI, with values ≥ 25 kg/m2 in
the pre-pregnancy phase, or with those who gained ≥ 12 kg during pregnancy27. This reinforces the fact
that maternal obesity is causally associated with factors that promote an increase in the fetal body and
contributes to adverse neonatal outcomes28. Moreover, this becomes even more serious, when the fetus
is exposed to a pregnancy with GDM, which directly in uences gestational development29,30. It is likely
that this can be directly linked to the results by our group, in which women with GDM were more obese
when compared to women without GDM. Still remaining in the context of obesity and macrosomia,
during pregnancy there is an increase in leptin, resistin and visfatin, which are more expressed between
the end of the rst trimester and the beginning of the second trimester. The presence of these proteins
constitutes an in ammatory and insulin resistant microenvironment25. Therefore, further studies are
needed to identify which proteins are possibly associated with macrosomia.
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Conclusion
Pregnancy affected by GDM promotes immediate or long-term negative consequences for women and
their newborns exposed to hyperglycemia, being that the gestational outcomes are not yet well
understood. Therefore, there is a need for new tools that can assist in the early diagnosis of GDM, which
is associated with birth outcomes that have a negative prognosis, such as prematurity, macrosomia, and
increased abdominal and head circumference. This is especially when these fetal changes are caused by
high-risk pregnancies, such as those generated by women with GDM. This study demonstrated that ATRFTIR spectroscopy, together with the multivariate analysis technique of GA-LDA, is the most robust model
and is able to discriminate in blood plasma samples from GDM women the increase in protein
biomolecules that are involved in outcomes of newborns with worse prognosis. These results suggest
that biospectroscopy and chemometrics are tools that are sensitive to biochemical variations caused by
GDM that harm the fetus, and are useful during prenatal care.
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Figure 1
Distributions of the absorbances of biomolecules present in the blood plasma of mothers with and
without GDM.
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Figure 2
Decrease in protein absorbance in GDM mothers and association with macrosomia according to the
regions in the spectrum. Processed spectra for both groups (A). Average spectrum of each processed
group (B).
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