Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy Dove

ORIGINAL RESEARCH

Association Between Maternal Fasting Plasma
Glucose Value and Fetal Weight Among Singletons
of Mothers with Gestational Diabetes Mellitus

Yingying Wei (@', Jiahuan Peng®*, Han Li', Mengtian Wei', Hao Peng', Kai Wang®', Yongfu Yu?,
Qizhi He3

IClinical and Translational Research Center, Shanghai Key Laboratory of Maternal Fetal Medicine, Shanghai First Maternity and Infant Hospital, School
of Medicine, Tongji University, Shanghai, People’s Republic of China; 2Department of Biostatistics, School of Public Health, Fudan University, Shanghai,

People’s Republic of China; 3Department of Pathology, Shanghai First Maternity and Infant Hospital, School of Medicine, Tongji University, Shanghai,
People’s Republic of China

*These authors contributed equally to this work

Correspondence: Qizhi He, Department of Pathology, Shanghai First Maternity and Infant Hospital, School of Medicine, Tongji University, No. 2699,
West Gaoke Road, Pudong District, Shanghai, 201204, People’s Republic of China, Fax +86-2120261141, Email gizhihe2013@163.com

Purpose: Infants with macrosomia are more likely to be born to mothers with gestational diabetes mellitus (GDM). This study aimed
to investigate the associations between maternal blood glucose levels and fetal weight, placental weight, and risk of macrosomia in
mothers with GDM.

Patients and Methods: This retrospective study included 3211 singletons of mothers with GDM at the Shanghai First Maternity and
Infant Hospital between January 2017 and December 2019. All women underwent an oral glucose tolerance test (OGTT) during the
24-28 weeks gestation period. Data on fetal and placental parameters were collected at delivery. Multiple linear regression models
were used to evaluate the associations of maternal blood glucose levels with fetal weight and placental weight, while multiple logistic
regression model was used to estimate the association between maternal blood glucose levels and the risk of macrosomia.

Results: The prevalence of GDM in our study was 7%. Fasting plasma glucose (FPG) was positively correlated with fetal weight
(r*=0.0329, P<0.001), and macrosomia risk (odds ratio [OR], 2.42; 95% confidence interval [CI], 1.93-3.04; P<0.001). After adjusting
for gestational age, the result remained significant (OR, 2.67; 95% CI, 2.11-3.38; P<0.001). In contrast, there was no significant
relationship between 1-h plasma glucose (1hPG) or 2-h plasma glucose (2hPG) and fetal weight (P=0.18, P=0.46). Additionally, 1hPG
or 2hPG was not strongly associated with macrosomia risk (OR, 0.95; 95% CI, 0.85-1.05; P=0.32 vs OR, 0.94; 95% CI, 0.85-1.05;
P=0.28). Maternal blood glucose levels did not affect placental weight. The associations were similar in women carrying male and
female fetuses.

Conclusion: Maternal fasting plasma glucose levels were strongly associated with increased birth weight and macrosomia risk. Our
findings suggest that fasting plasma glucose may predict birth weight.
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Introduction
Gestational diabetes mellitus (GDM) has been traditionally defined as a result of varying degrees of glucose intolerance
during pregnancy.! The incidence rate of GDM in the Western Pacific Region has increased in recent years, affecting
10.3% (range, 4.5-20.3%) of pregnancies.” In addition, GDM increases the likelihood of long-term maternal and fetal
complications, such as obesity, glucose metabolism disorders, and cardiovascular disease.” Moreover, infants born to
diabetic mothers have an increased risk of developing short-term complications.”

The most common short-term complication associated with GDM is macrosomia, which occurs in 15-45% of infants
born to affected mothers. The incidence rate of macrosomia in mothers with GDM is three-fold higher than those without
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GDM.* According to the Pedersen hypothesis, maternal serum glucose values are elevated in women with GDM.> The
placenta allows a significant quantity of blood glucose to enter fetal circulation; however, maternal or exogenous insulin
is excluded.® Consequently, macrosomia is caused by increased fetal fat stores due to hyperglycemia and fetal insulin
secretion.” As a result of macrosomia, neonates are more likely to be admitted to neonatal units and develop shoulder
dystocia, clavicle fractures, and brachial plexus trauma. Cesarean birth, postpartum hemorrhage, and vaginal laceration
are some of the maternal complications associated with macrosomia.® '* During pregnancy, the intrauterine growth of the
fetus is closely monitored as it is an important parameter for assessing neonatal health.' Tt is crucial to pay attention to
the correlation between fetal weight and maternal blood glucose levels in pregnancies with GDM. Many studies have
reported on the effects of maternal blood glucose levels on fetal weight, placental weight, and risk of macrosomia.'*'
However, conflicting results are available in the literature. To our knowledge, data is limited on the effects of fasting
plasma glucose (FPG), 1 h plasma glucose (1hPG), and 2 h plasma glucose (2hPG) on these parameters in GDM.

In this study, we examined the association between maternal blood glucose levels and fetal weight, placental weight,
and risk of macrosomia in pregnant women with GDM.

Materials and Methods

Study Design and Participants

Between January 2017 and December 2019, 86,398 singleton pregnant women were hospitalized in the Shanghai First
Maternity and Infant Hospital, School of Medicine of Tongji University, and 6176 women were diagnosed with GDM.
The exclusion criteria were as follows (n=2965):

1. Preeclampsia, hypertension, hypothyroidism, preterm labor and heart/liver/kidney disease (n=933);
2. Major congenital fetal malformations (n=15);

3. Intrauterine fetal death or stillbirths (n=10);

4. Data missing (n=2007).

Finally, a total of 3211 women with GDM were included in this study. Through diet and behavior modification, all
women achieved glycemic control. None of the patients were treated with insulin or metformin. This study was approved
by the Scientific and Ethical Committee of the Shanghai First Maternity and Infant Hospital affiliated to Tongji
University. All individuals provided verbal and written consent.

Data Collection

At each patient’s first visit during pregnancy (12—16 weeks gestation), an interview was held to obtain information on
maternal age, height, pregnancy weight, gravidity, parity, and assisted reproductive technology (ART) utilization.
Maternal blood glucose levels (FPG, 1hPG, and 2hPG), glycated hemoglobin (HbAlc), total cholesterol (TC), triglyceride
(TG), apolipoprotein Al (ApoAl), apolipoprotein B (ApoB), and ApoA1/ApoB (A1/B) were measured at 24-28 weeks
gestation. Data on childbirth was acquired from our institution’s labor and delivery databases. These comprised gesta-
tional age (GA), infant birth weight, sex, length, placental weight, length and width of placenta, cord length, and mode of
delivery.

Relative Definitions
The International Association of Diabetes and Pregnancy Study Groups (IADPSG) has established diagnostic standards
for GDM.'® This criterion is met if any single threshold value of a 75 g or 2 h oral glucose tolerance test (OGTT) is
reached or exceeded between 24-28 weeks gestation (fasting value, 5.1 mmol/L; 1 h value, 10.0 mmol/L; or 2 h value,
8.5 mmol/L).

During the first trimester of pregnancy, ultrasonography was used to measure the fetal length from the crown to rump
to calculate GA, which corresponds to the last menstrual period of women. In this study, birth weight >4000 g was

1
defined as macrosomia.'”
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Nurses weighed infants immediately after delivery using an electronic weight scale. A ruler was used to measure the
length, width of placenta, and cord length. Using a computerized scale, placentas with attached membranes and umbilical
cord were weighed.

We calculated body mass index (BMI) (kg/m?) by dividing the weight (kg) by the height * (m?).

The Ponderal Index (PI) was calculated as fetal weight / (fetal length)3 x 100.

Statistical Analysis

We identified the mean + SD, median (interquartile spacing), and minimum and maximum values for each continuous
variable, and Wilcoxon rank sum test was used for intergroup comparisons. Categorical variables are expressed as
number (percentages), and Chi-square test was used to analyze intergroup differences. Multiple linear regression models
were used to evaluate the associations of maternal blood glucose levels with fetal weight and placental weight, while
multiple logistic regression model was used to estimate the association between maternal blood glucose levels and the
risk of macrosomia. The associations were examined after adjusting for gestational age, fetal sex, maternal age, and
pregnancy BMI, or without any adjustment. All analyses were conducted using SAS 9.4 (SAS Institute, Cary, North
Carolina).

Results

Pregnant Women with GDM: Prevalence and Features

A total of 6176 of the 86,398 singleton pregnant women in our study were diagnosed with GDM based on the IADPFG
standards. The prevalence of GDM in our study was 7%. A total of 3211 women with GDM were analyzed based on the
inclusion criteria (Figure 1).

Table 1 summarizes the main characteristics of maternal, fetal, and placental data at delivery, and laboratory tests. The
mean + SD of the maternal age, elderly pregnancy rate, and pregnancy BMI was 3244 years, 27.7%, and 26.8+3.2 kg/m?,
respectively. Multigravida and multiparity rates were 55.9% and 0.9%, respectively. Of the women, the mean + SD
gestational age was 39.3+0.8 weeks and 52.38% of the infants were male. The mean weight of the fetus and placenta was
3366 g and 547 g, respectively, and 192 fetuses (6%) were diagnosed with macrosomia. Median (range) glucose values
for FPG, 1hPG, and 2hPG were 4.7 (3-8), 9.8 (4.3-15.3), and 8.5 (3.7-14.2) mmol/L, respectively, on the OGTT results.
Approximately half of all pregnancies were delivered by cesarean section.

Relationship Between OGTT Results and Fetal, Placental Weight Among Women with

GDM

The relationship between OGTT-FPG and fetal weight was strongly positive (linear regression: y=2757.38+128.83x,
1?=0.033, P<0.001) (Figure 2), and remained unchanged after adjusting for gestational age, fetal sex, maternal age, and
pregnancy BMI at 12—16 weeks gestation. No significant relationships were observed between 1hPG or 2hPG and fetal
weight (P=0.18, P=0.46). Placental weight has no significant relationship with OGTT results, including FPG (P=0.2),
1hPG (P=0.48), and 2hPG (P=0.22).

Figure 3 illustrates the significant relationship between fetal and placental weight (linear regression: y=2772.67
+1.08x, r°=0.035, P<0.001).

Relationship Between OGTT Results and Risk of Macrosomia
The relationship between OGTT results and macrosomia risk is presented in Table 2. For each unit increase in FPG, the
risk of macrosomia increased 1.42-fold (OR, 2.42; 95% CI, 1.93-3.04; P<0.001). After adjusting for gestational age, the
macrosomia risk increased 1.67-fold (OR, 2.67; 95% CI, 2.11-3.38; P<0.001). After adjusting for fetal sex, maternal age
and pregnancy BMI, the macrosomia risk increased 1.06-fold (OR, 2.06; 95% CI, 1.59-2.66; P<0.001).

However, neither the 1hPG nor 2hPG was strongly associated with macrosomia risk (OR, 0.95; 95% CI, 0.85-1.05;
P=0.32 vs OR, 0.94; 95% CI, 0.85-1.05; P=0.28).
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B I3 Major congenital fetal malformations (n=15);
3. Intrauterine fetal death or stillbirths (n=10);

4. Data missing (n=2,007);

1) Missing maternal height or weight (n=876);

2) Missing fetal and placental data (n=270);

3) Missing Laboratory tests data (n=861); j

Analytic sample
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,211)

Figure | Flow chart of women with GDM included in this study.

Comparison of Male and Female Fetuses

Table 3 compares 3211 pregnant women who carried a male or female fetus (n=1682 and n=1529, respectively). Male

fetus weight, length, PI, and fetal/placental weight (F/P) at delivery were significantly higher than that in the female fetus

(P<0.01), as expected.

We compared the two groups based on mean glucose levels at each OGTT time point, to identify a possible

independent relationship between fetal sex and maternal glucose metabolism. There were no significant intergroup
differences in FPG, 1hPG, or 2hPG (P=0.73, P=0.58, P=0.84).

Table | Clinical Characteristics of Pregnant Women with GDM (N=3211)

Variables N (%) Mean * SD Median (IQR) Min, Max
Age(years) 32+4 32 (29, 35) 19, 51
Elderly pregnant, n (%, >35) 889 (27.7)
Pregnancy BMI (kg/m?) 26.8+3.2 26.5 (24.5, 28.8) (15.6, 38.9)
Multigravida, n (%) 1796 (55.9)
Multiparous, n (%) 28 (0.9)
Gestational age(weeks) 39.2+0.8 39.3 (38.6, 39.9) (37.0, 41.3)
Male fetus (%) 1682 (52.38)

(Continued)
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Table | (Continued).

Variables N (%) Mean £ SD Median (IQR) Min, Max
Weight(g) 3366+393 3350 (3100, 3615) (1905, 5200)
Macrosomia, n (%, >4000g) 192 (6.0)

Length(cm) 50£0.5 50 (50, 50) (43, 60)
Pl(g/lcm®) 2.7+0.3 2.7 (2.5, 2.9) (1.4, 4.2)
ART, n (%) 398 (12.4)

Placental weight(g) 547+68.5 545 (500, 595) (220, 1020)
Placental length(cm) 19+2.4 19 (18, 20) (8, 60)
Placental width(cm) 17.63+2.04 18 (17, 18) (8, 50)
The cord length(cm) 5547 55 (50, 60) (6, 110)
FI/P weight 6.2+1 6.2 (5.6, 6.8) (3.8, 13.5)
Cesarean section, n (%) 1488 (46.3)

FPG (mmol/L) 4.7+0.6 4.6 (43,5.1) (3, 8)
IhPG (mmol/L) 9.8£1.3 10.0 (9.0, 10.5) (4.3, 15.3)
2hPG (mmol/L) 85x1.4 8.6 (7.6,9.2) (37, 14.2)
HbAlc (%) 5.3+0.4 5.2 (5.0, 5.5) (3.0, 11.9)
TC (mmol/L) 5.8%1.2 5.7 (4.9, 6.6) (1.97, .78)
TG (mmol/L) 3419 3.0 (2.2, 4.1) (0.4, 27.4)
ApoAl (g/L) 1.8+£0.4 1.9 (1.6, 2.1) (0.3, 2.8)
ApoB (g/L) 1.2+0.3 1.2 (0.9, 1.4) 0.3, 2.3)
Al/B 1.7£0.5 1.6 (1.3, 1.9) (0.4, 5.5)

Abbreviations: BMI, body mass index; Pl, Ponderal Index; ART, assisted reproductive technology; F/P, fetal/placental; FPG, fasting
plasma glucose; IhPG, |-hour plasma glucose; 2hPG, 2-hour plasma glucose; HbAIc, glycated hemoglobin; TC, total cholesterol;
TG, triglyceride; ApoAl, apolipoprotein Al; ApoB, apolipoprotein B; Al/B, ApoAl/ApoB.

Discussion

Metabolic alterations in pregnant women with GDM are heterogeneous; thus, they may have different fetal outcomes.

Aberrant glucose metabolism during pregnancy, particularly impaired fasting glucose, may operate as an independent risk

factor for an abnormal birth weight of newborns.'® In our study, macrosomia risk and birth weight were correlated with

maternal fasting plasma glucose values.

Fetal weight (g)

Fit Plot for Fetal Weight and FPG
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Figure 2 Relationship between fetal weight and OGTT-FPG results. Fetal weight in relation to OGTT-FPG values in pregnancies with GDM (linear regression: y=2757.38

+128.83x, r*=0.033, P<0.001 ).
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Figure 3 Relationship between fetal and placental weight. Fetal weight in relation to placental weight in pregnancies with GDM (linear regression: y=2772.67+1.08x,
2
r“=0.035, P<0.001).

According to previous reports, macrosomia is the most frequent complication of GDM and is linearly correlated with
maternal plasma glucose levels.'” Our study observed that FPG was related to a higher risk of macrosomia in neonates.
Notably, our data demonstrated a significantly positive relationship between FPG and fetal weight, which is consistent to
the Pedersen hypothesis. However, 1hPG and 2hPG were not associated with fetal weight. Previously, a substantial
negative connection was observed between 2hPG and fetal weight (r°=0.063, P<0.001)."* Impaired FPG and glucose

Table 2 Relationship Between OGTT Results and the Risk of Macrosomia

Variables Algorithm A Algorithm B* Algorithm C*

P value | OR and 95% CI | P value | OR and 95% CI | P value | OR and 95% CI
FPG <0.0001 | 2.42(1.93-3.04) <0.0001 | 2.67(2.11-3.38) <0.0001 | 2.06(1.59-2.66)
1hPG 0.3152 0.95(0.85-1.05) 0.6544 0.98(0.87-1.09) 0.6366 0.97(0.87-1.09)
2hPG 0.2840 0.94(0.85-1.05) 0.4776 0.96(0.86—1.07) 0.4466 1.04(0.94-1.16)

Notes: *After adjusting for gestational age. *After adjusting for fetal sex, maternal age and pregnancy BMI.
Abbreviations: FPG, fasting plasma glucose; |hPG, |-hour plasma glucose; 2hPG, 2-hour plasma glucose; OR, odds ratio; 95% Cl,
95% confidence interval.

Table 3 Comparison of Data Between Male and Female Fetus

Variables Male Fetus (N=1682) | Female Fetus (N=1529) | P value
Fetal Weight 3400 (3130, 3660) 3295 (3060, 3560) <0.01
Fetal Length 50 (50, 50) 50 (50, 50) <0.01
Pl 2.7 (2.5, 2.9) 2.6 (2.5, 2.9) <0.01
Placental weight 540 (500, 590) 545 (500, 595) 0.94
F/P weight 6.2 (5.7, 6.9) 6.1 (5.5, 6.7) <0.01
Cesarean section, n (%) | 802 (47.7) 686 (44.9) 0.11
FPG (mmol/L) 4.7 (43,5.1) 4.6 (43,5.1) 0.73
IhPG (mmol/L) 10.0 (9.0, 10.6) 10.0 (9.1, 10.5) 0.58
2hPG (mmol/L) 8.6(7.7,9.2) 8.6 (7.6,9.2) 0.84
HbAlc (%) 5.2 (5.0, 5.5) 52 (5.0,5.5) 0.03

Abbreviations: Pl, Ponderal Index; F/P, fetal/placental; FPG, fasting plasma glucose; |hPG, |-hour plasma glucose;
2hPG, 2-hour plasma glucose; HbAlc, glycated hemoglobin.
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tolerance (IGT) with higher 1 h or 2 h plasma glucose levels on an OGTT are caused by different mechanisms in the
general population, although isolated FPG is a typical sign of insulin resistance and is frequently associated with the
inability of insulin to reduce hepatic glucose output.*® Individuals with isolated IGT display more severe impairments in
beta cell activity with a relative deficit in glucose-induced insulin secretion.?' Given the differing physiological bases of
FPG and IGT, pregnancy outcomes and fetal complications, particularly fetal weight, are expected to vary. Fetal weight
may be differently and independently affected by fasting, 1 h and 2 h glucose values.

Studies on the association between GDM and placental weight have produced mixed findings.'***** OGTT-2h
glucose values and placental weight showed a strong correlation in two studies.'*** Hyperglycemia causes an increase in
the concentration of insulin in the fetal-placental circulation in pregnancies with GDM.? The placenta synthesizes
insulin and insulin-like growth factors to regulate placental growth.”® However, in our study, there was no discernible
relationship between the OGTT results and placental weight. Our study participants were diagnosed after 24 weeks
gestation, and their plasma glucose levels were controlled through strict diet and exercise, as recommended by a doctor.
In addition, a previous study showed that placental weight was not related to HbAlc levels.'* This suggests that
treatment could impact the relationship between maternal plasma glucose levels and placental weight, which may explain
why our data did not indicate any association between the two groups.

Moreover, our data indicated that fetal weight was significantly correlated with placental weight, which was
consistent with previous studies.?”*® Additionally, we divided our study population into those carrying male and female
fetuses. OGTT results showed no significant intergroup differences. Consequently, fetal sex may not affect maternal
glucose metabolism during pregnancy with GDM, which agrees with a previous finding.?’ In contrast, some studies have
previously suggested an association between fetal sex and GDM.>*3* The differences between these results may be due
to the use of diverse diagnostic criteria for GDM and various ethnicities of the participants.

This study had limitations. First, nutritional status and gestational weight gain may have a significant impact on fetal
growth and weight. These variables were not assessed in this study. However, we believe that such a relationship is credible.
When adjusting for gestational age, fetal sex, maternal age, and pregnancy BMI, the relationship described above remained
unchanged. Second, our study included pregnant women with GDM who had achieved glycemic control through diet and
behavioral modifications. We did not include women with normal glucose metabolism as a control group. Therefore, we only
focused on the relationship between maternal glucose metabolism and fetal weight, placental weight, and the association
between maternal glucose metabolism and fetal sex in pregnancy with GDM. Third, we did not consider other adverse
pregnancy outcomes, such as shoulder dystocia, delivery injuries, or the requirement for neonatal intensive care.

Conclusion

In conclusion, our results demonstrate significant associations between maternal FPG levels and higher birth weight, risk
of macrosomia in pregnancies with GDM. Our findings indicate that FPG may be a stronger independent predictor of
birth weight than 1hPG and 2hPG. Additionally, FPG was not highly associated with placental weight. Additional
research is required to assess the association between maternal plasma glucose levels and other pregnancy outcomes.
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