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The metabolic pattern  
for monitoring and management 

of gestational diabetes

The objective of this paper was to analyze the metabolic 
model for the monitoring and management of gestational 
diabetes. This is a descriptive, retrospective and observatio­
nal study, based on the medical records from the database 
of the “Alessandrescu-Rusescu” Institute for Maternal and 
Child Health, Bucharest. There were included 157 patients 
who showed up for consult in every trimester of pregnancy. 
Fat accumulation during pregnancy is variable and may de­
pend on the woman’s pre-pregnancy metabolic status and 
other lifestyle variables such as diet and physical activity. 
Pregnancy represents a critical period of growth, develop­
ment and physiological change, providing an opportunity 
for early lifestyle intervention. The goal of identifying an 
effective lifestyle program for the gestational period that 
leads to healthy fetal development and subsequent normal 
weight offspring less likely to develop obesity and its comor­
bidities is unique and could mitigate the intergenerational 
cycle of obesity. The main objective in the management 
of obesity during pregnancy is prevention. Basically, apart 
from pre-conceptional weight loss in the management 
of obese pregnant women, glucose screening should be 
considered in obese women in early pregnancy to rule out 
undiagnosed pregestational diabetes.
Keywords: gestational diabetes, pregnancy, metabolic 
pattern, pregnancy, abdominal circumference

Obiectivul acestui studiu este analiza modelului metabolic 
în monitorizarea și managementul diabetului gestațional. 
Am realizat un studiu descriptiv, retrospectiv și observațional, 
utilizând baza de date a Institutului Național pentru Sănătatea 
Mamei și Copilului „Alessandrescu-Rusescu”, Bucureşti. Am 
inclus 157 de parturiente, care au fost monitorizate în fiecare 
trimestru de sarcină. Curba ponderală în timpul sarcinii este 
variabilă și poate depinde de statusul metabolic al pacientei 
anterior sarcinii, precum și de alte variabile ce țin de stilul de 
viață, precum dieta și activitatea fizică. Sarcina reprezintă o 
perioadă critică, cu variații ale statusului ponderal și fiziologice, 
ce conferă o oportunitate pentru a interveni precoce în privința 
stilului de viață. Un stil de viață optim în perioada gestațională 
conduce la o dezvoltare fetală corespunzătoare și ulterior 
la o greutate optimă a bebelușilor, reducând astfel riscul de 
apariție a obezității și a comorbidităților, fapt ce poate iniția 
ciclul intergenerațional al obezității. Obiectivul principal în 
managementul obezității în sarcină este prevenția. Practic, 
dincolo de scăderea ponderală din perioada anterioară sarcinii 
în managementul gravidei obeze, monitorizarea precoce a 
nivelului glucozei serice trebuie luată în considerare la pacientele 
obeze încă de la debutul sarcinii, pentru a exclude diabetul 
pregestațional nediagnosticat.
Cuvinte-cheie: diabet gestațional, sarcină, model metabolic, 
circumferință abdominală
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1. Introduction
Globally, the prevalence rate of overweight or obe­

sity between 1980 and 2013 increased by 27.5% for 
adults and by 47.1% for children, to a total of 2.1 billion 
individuals considered overweight or obese(1). These 
increases have been seen in both developed and devel­
oping countries. However, the prevalence of overweight 
and obesity is higher in developed countries than in 
developing countries at all ages. In developed countries, 
more men were considered overweight or obese than 
women; the opposite has been observed in developing 
countries(2). In the United States of America, obesity 
rates are 12.4% for boys under 20 years old, 31.7% for 
men with the age of 20 or older, 13.4% for girls younger 

than 20, and 33.9% for 20-year-old women or older. 
Prevalence rates increased between 1992 and 2002, 
but have stabilized ever since(1).

The World Health Organization (WHO) define nor­
mal weight as a Body Mass Index (BMI; weight [kg]/
height [m]2) of 18.5-24.9, overweight as a BMI of be­
tween 25 and 29.9, and obesity as a BMI of 30 or higher(3).

A study from 2020 found obesity and maternal age to 
be the two most important factors independently affect­
ing the risk of gestational diabetes(4). The study included 
17,145 pregnant women who enrolled at 15 to 20 weeks 
of gestation from 1 August 2018 to 1 March 2019. A 
2-hour 75 g oral glucose tolerance test (OGTT) was per­
formed for each participant at 24-28 weeks of gestation. 
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The study concluded that pre-pregnancy overweight and 
obesity, increased gestational BMI from conception to 
15-20 weeks of gestation, and older age were associated 
with an increased risk of gestational diabetes.

A retrospective cohort study by Whitaker (2004) of 
more than 8400 children in the USA in the early 1990s 
reported that those children born to obese moth­
ers (based on first-trimester BMI) had twice as likely 
chances of being obese by the age of 2 years old(5). If a 
woman had a BMI of 30 or more in the first trimester, 
the prevalence of childhood obesity (BMI greater than 
the 95th percentile based on CDC criteria) at ages of 2, 
3 and 4 years old was 15.1%, 20.6% and 24.1%, respec­
tively. This was between 2.4 and 2.7 times higher than 
the prevalence of obesity seen in children of mothers 
whose BMI was in the normal range (18.5-24.9). This 
effect was only slightly modified by birth weight.

Therefore, both pre-pregnancy maternal obesity and 
the presence of maternal diabetes may independently 
affect the risk of adolescent obesity in the offspring.

Maternal obesity is also a risk factor for fetal 
macrosomia.

2. Materials and method
The objective of this paper is to analyze the metabolic 

model for the monitoring and management of gesta­
tional diabetes. This is a descriptive, retrospective and 
observational study, based on the medical records from 
the database of the “Alessandrescu-Rusescu” Institute 
for Maternal and Child Health, Bucharest. 

There were included 157 patients who showed up for 
consult in every trimester of pregnancy. All the patients 
had the minimal age of 18, and gave their written consent 
for enrolling in the study. There have been taken into 
consideration the demographical data (age), the anthropo­
metric data (Body Mass Index, abdominal circumference), 
and a complete set of paraclinical data in order to assess 
which patients had a higher risk of developing gestational 
diabetes (GD) depending on BMI, and to monitor the dif­
ferences in abdominal circumferences during all three 
trimesters of pregnancy regarding patients with diabetes 
as well as those who were non-diabetic. 

The statistical analysis was conducted using Graph­
Pad 8 and MedCalc 14.1.

3. Results and discussion
The study was conducted on 157 patients who were 

divided into two lots: A – 66 obese women who had their 
BMI higher than 25 kg/m2, and B – 91 normal weight 
women who had their BMI below 25 kg/m2.

Obesity is further characterized by BMI in class I (30-
34.9), class II (35-39.9), and class III (greater than 40)(6).

Maternal obesity during pregnancy has been associa­
ted with adverse pregnancy outcomes, including hyper­
tensive disorders of pregnancy, gestational diabetes and 
the need for surgical delivery(7). The risk of developing 
gestational diabetes for patients with the BMI higher 
than 25 is 5.5 times higher compared to patients whose 
BMI was lower than 25. The result is not statistically 
significant, but it should be taken into consideration.

Table 1 Age of pregnant women involved in the study

Variable Age

Sample size 157

Lowest value 18

Highest value 44

Arithmetic mean 26.6943

95% CI for the mean 25.7145 to 27.6740

Median 26

95% CI for the median 26 to 27

Variance 38.6239

Standard deviation 6.2148

Relative standard deviation 0.2328 (23.28%)

Standard error of the mean 0.4960

Coefficient of Skewness 0.7603 (P=0.0003)

Coefficient of Kurtosis 0.3791 (P=0.2958)

Shapiro-Wilk test for normal distribution W=0.9380 
reject Normality (P<0.0001)
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A study from 2016 showed that maternal obesity is 
accompanied by maternal and fetal complications during 
and after pregnancy(8). The study revealed that the risks 
seem to increase with the degree of obesity. The study 
started from the premise that leptin plays a role in the 
development of obesity-related complications.

A study from 2019 showed that maternal obesity 
during pregnancy is associated with cardiovascular 
disease and mortality in the offspring(9). The study 

results showed that offspring of obese (BMI≥30 kg/m2) 
and overweight (BMI 25-29.9 kg/m2) mothers had an 
increased risk of type 2 diabetes compared to mothers 
with normal BMI, after adjusting for gestation when 
weight was measured, maternal history of pre-preg­
nancy diabetes, maternal history of hypertension, age 
at delivery, parity, socioeconomic status and offspring 
sex: HR 3.48 (95% CI; 2.33, 5.06) and HR 1.39 (1.06, 
1.83), respectively.

Figure 1. The graphical 
representation of 
pregnant women’s age 
involved in the study

Table 2 Fisher’s test 

Fisher’s exact test

P value 0.1624

P value summary ns

One- or two-sided Two-sided

Statistically significant? 
(alpha<0.05) No

Relative risk 5.515

95% confidence interval 0.6305 to 48.25

Data analyzed GD Without GD Total

IMC>25 4 62 66

IMC<25 1 90 91

Total 5 152 157
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Figure 3. The graphical 
representation of the 
abdominal circumferen­
ces in all trimesters of 
pregnancy

Figure 2. The distribu­
tion of the diabetic and 
non-diabetic patients 
depending on the BMI 
values

Table 3 Abdominal circumferences in all trimesters of pregnancy

Trend t DF Significance

Linear 87.8144 156 P<0.0001

Quadratic 5.6764 156 P<0.0001

Table 4 Within-subjects’ factors

Factor Mean Std. Error 95% CI 

Abdominal circumference I base 1.0489 64.7244 to 68.8680

Abdominal circumference II 80.9809 1.0632 78.8807 to 83.0811

Abdominal circumference III 96.8344 1.0209 94.8179 to 98.8509
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Table 5 Pairwise comparisons

Table 6 Variables

Table 7 Correlation between neonatal complications and overweight, obese and severely obese women

Factors Mean 
Difference Std. error Pa 95% CIa

Abdominal_circumference_I - Abdominal_ circumference_II -14.185 0.254 <0.0001 -14.799 to -13.570

 - Abdominal_ circumference_III -30.038 0.342 <0.0001 -30.866 to -29.210

Abdominal_circumference_II - Abdominal_ circumference_I 14.185 0.254 <0.0001 13.570 to 14.799

 - Abdominal_ circumference_III -15.854 0.193 <0.0001 -16.321 to -15.386

Abdominal_ circumference_III - Abdominal_ circumference_I 30.038 0.342 <0.0001 29.210 to 30.866

 - Abdominal_ circumference_II 15.854 0.193 <0.0001 15.386 to 16.321

Variable Y BMI

Variable X Abdominal_circumference_I 
Abdominal_circumference_I

Sample size 157

Correlation coefficient r 0.8260

Significance level P<0.0001

95% Confidence interval for r 0.7688 to 0.8701

Figure 4. The correla­
tion between the BMI 
value and the abdo­
minal circumference 
during the first trimester 
of pregnancy
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We applied the Bonferroni analysis method to illus­
trate the increase of the abdominal circumference values 
for all the three measurements performed during the 
three trimesters of pregnancy.  

The average growth in the first and second trimesters 
is 14 cm, and the growth in the second and third trimes­
ters is 15 cm. All the differences between the means are 
statistically significant, even though the linear or expo­
nential trend (quadratic) is taken into consideration. 

A study from 2011 aimed at estimating the associa­
tion of maternal overweight and obesity on complica­
tions during pregnancy and childbirth in Denmark(10). 
The study revealed a significantly increased risk for a 

wide variety of pregnancy, birth and neonatal complica­
tions in overweight, obese and severely obese women.

There is a directly proportional and statistically sig­
nificant correlation between the BMI and the abdominal 
circumference during the first trimester of pregnancy 
(r=0.82). 

There is a directly proportional and statistically 
significant correlation between the BMI value and the 
abdominal circumference in the second trimester of 
pregnancy (r=0.79). 

There is a directly proportional and statistically signifi­
cant correlation between the BMI value and the abdomi­
nal circumference in the third trimester of pregnancy.

Table 8 Correlation between BMI and abdominal circumference during the first trimester of pregnancy

Figure 5. The corre­
lation between the 
BMI value and the 
abdominal circum­
ference in the second 
trimester of pregnancy

Sample size 157

Correlation coefficient r 0.7988

Significance level P<0.0001

95% Confidence interval for r 0.7340 to 0.8492

Table 9 Correlation between BMI and abdominal circumference in the second trimester of pregnancy

Sample size 157

Correlation coefficient r 0.7733

Significance level P<0.0001

95% Confidence interval for r 0.7017 to 0.8295
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Figure 6. The correla­
tion between the 
BMI values and the 
abdominal circum­
ferences in the third 
trimester of pregnancy

Figure 7. The correla­
tion between the 
BMI values and the 
difference between the 
abdominal circum­
ferences in the third 
and first trimesters of 
pregnancy

F-test for equal variances P = 0.548
Difference -18.7543

Standard error 4.8706
95% CI of difference -28.3755 to -9.1330

Statistic t test -3.851
Degrees of Freedom (DF) 155

Two-tailed probability P = 0.0002

Table 10 F-test
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Table 11 F-test

F-test for equal variances P=0.548

Difference -18.7543

Standard error 4.8706

95% CI of difference -28.3755 to 
-9.1330

Statistic Test t -3.851

Degrees of Freedom (DF) 155

Two-tailed probability P=0.0002

Figure 8. The difference 
between the abdominal 
circumferences of dia­
betic and non-diabetic 
patients in the first 
trimester of pregnancy

Figure 9. The difference 
between the abdominal 
circumferences of the 
diabetic and non-dia­
betic patients in the 
second trimester of 
pregnancy
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Although there seems to exist an inversely propor­
tional variation trend between the BMI value and the 
abdominal circumference elevation curve, this differ­
ence is not statistically significant. 

There is a statistically significant difference between 
the abdominal circumferences of diabetic patients in 
their first trimester of pregnancy (184.71 cm versus 
65.96 cm; p=0.0002).

Figure 10. The differen­
ce between the abdo­
minal circumferences 
of the diabetic and 
non-diabetic patients  
in the third trimester  
of pregnancy

Table 12 F-test

Table 13 T-test (assuming equal variances)

 Sample 1 Sample 2

Sample size 7 150

Arithmetic mean 99.1429 80.1333

95% CI for the mean 86.6041 to 111.6816 78.0786 to 82.1881

Variance 183.8095 162.1969

Standard deviation 13.5576 12.7357

Standard error of the mean 5.1243 1.0399

F-test for equal variances P=0.692

Difference -19.0095

Standard error 4.9373

95% CI of difference -28.7627 to -9.2564

Test statistic t -3.850

Degrees of Freedom (DF) 155

Two-tailed probability P=0.0002
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Table 14 F-test

Table 15 T-test (assuming equal variances)

 Sample 1 Sample 2

Sample size 7 150

Arithmetic mean 114.1429 96.0267

95% CI for the mean 101.8917 to 126.3941 94.0538 to 97.9995

Variance 175.4762 149.5161

Standard deviation 13.2467 12.2277

Standard error of the mean 5.0068 0.9984

F-test for equal variances P=0.647

Difference -18.1162

Standard error 4.7441

95% CI of difference -27.4876 to -8.7448

Statistic Test t -3.819

Degrees of Freedom (DF) 155

Two-tailed probability P=0.0002

There is a statistically significant difference between 
the abdominal circumferences of diabetic patients in 
their second trimester of pregnancy (99.14 cm versus 
80.13 cm; p=0.0002).

A study by Galliano and Bellver (2013) showed that 
pre-pregnancy obesity and excessive gestational weight 
gain increase miscarriage rates and obstetric and neo­
natal complications, leading to a lower rate of healthy 
live births(11).

There is a statistically significant difference between 
the abdominal circumferences of the diabetic patients 
during the third semester of pregnancy (114.14 cm ver­
sus 96.92 cm; p=0.0002).

A study from 2011 showed that the prevalence of 
obesity in pregnancy is increasing exponentially(12). 
The study revealed that obesity is associated with an 
increased risk of maternal mortality, gestational diabe­
tes, thromboembolism, preeclampsia and postpartum 
hemorrhage.

4. Conclusions
The objective of this paper was to analyze the met­

abolic model for the monitoring and management of 
gestational diabetes. This is a descriptive, retrospective 
and observational study, based on the medical records 
from the “Alessandrescu Rusescu” Institute for Maternal 
and Child Health database. There were included 157 
patients who showed up for consult in every trimester 
of pregnancy. 

It must be taken into consideration that the BMI value 
above 25 kg/m2 and the elevated abdominal circum­
ference during all three trimesters represent negative 
prognostic factors for the pregnant women as well as 
for the fetus.

Pregnancy represents a critical period of growth, 
development and physiological change, providing an 
opportunity for early lifestyle intervention. The goal of 
identifying an effective lifestyle program for the ges­
tational period that leads to healthy fetal development 
and subsequently to normal weight offspring less likely 
to develop obesity and its comorbidities is unique and 
could mitigate the intergenerational cycle of obesity.

Ultrasonography is used to identify congenital anom­
alies at the beginning of pregnancy. In 1990, Wolfe et 
al. showed that there was a significant impairment of 
adequate ultrasound visualization of fetal anatomy 
when BMI was greater than 36, viewing being down by 
14.5%(13). A decrease in visualization was most marked 
for the fetal heart and spine.

The main objective in the management of obesity 
during pregnancy is prevention.

Fat accumulation during pregnancy is variable and 
may depend on the woman’s pre-pregnancy metabolic 
status and on other lifestyle variables such as diet and 
physical activity.

Basically, apart from preconceptional weight loss in 
the management of obese pregnant women, glucose 
screening should be considered in obese women in early 
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pregnancy to rule out undiagnosed pre-gestational dia­
betes. Folate supplementation of grain products should 
be offered to obese women before conception or in early 
pregnancy.

Thus, the recognition of obesity as a risk factor for 
congenital anomalies remains an important factor to 
be considered by the clinician in the management of the 
obese pregnant women.   n
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