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ABSTRACT

Background Small for gestational age (SGA) poses

a significant concern for newborns, being linked to
neonatal complications and potential metabolic disorders
in adulthood, especially when born to mothers with
gestational diabetes mellitus (GDM), elevating their risk of
complications and mortality. However, the pregnancy risk
factors and glycaemic control associated with SGA infants
born to mothers with GDM remain unclear.

Aim To identify the pregnancy risk factors and glycaemic
control associated with SGA infants born to mothers with
GDM.

Method This case—control study was conducted among
1910women with GDM in China. Data were collected by
the integrated electronic medical record system. Using
1:4 propensity score matching analysis, we adjusted for
gestational age as confounder. Univariate and multivariate
analyses were performed to identify risk factors.

Results Risk factors for SGA born to mothers with

GDM included a history of low birth weight, gestational
hypertension, oligohydramnios, short maternal height,
underweight pre-pregnancy body mass index and
inadequate weight growth. While SGA was protected by
weakly positive ketonuria levels in the first trimester,
multiparous, anaemia and previous uterine scar were
protective factors for SGA. Moreover, 2-hour postprandial
glucose and haemoglobin A1c in the second trimester, as
well as the 0-hour and 2-hour 75g oral glucose tolerance
test (OGTT) were linked to risk of SGA.

Conclusions SGA infants are the result of multifactorial
interactions among GDM pregnant women. Notably,
glycaemic control levels were associated with SGA. There
is a need for enhanced perinatal monitoring and antenatal
care to reduce SGA.

BACKGROUND

Gestational diabetes mellitus (GDM) is a
glucose intolerance that develops or first
becomes detectable during pregnancy,’
which has the most common metabolic

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Propensity score matching effectively controlled for
confounding variables and reduced bias, enhancing
the study’s result validity. This approach provided
credible insights into risk factors and glycaemic
control for small-for-gestational-age infants born to
mothers with gestational diabetes mellitus.

= A large population size increases statistical power,
enabling the detection of subtle associations and
providing more generalisable findings.

= As a case—control study relying on retrospective
data from medical records, there might be limita-
tions the incorporation of subjective information.

= The findings may primarily apply to the specific
population from which the data was collected, limit-
ing their generalisability to other regions or diverse
populations.

disease and affected up to 25% of pregnant
women.? In China, the prevalence of GDM
has been increasing, with 14.8% of pregnant
women now affected.” This condition gives
rise to a range of short-term and long-term
maternal and fetal health issues, particularly
associated with increased pace of fetal growth.
Fetuses receive increased amounts of glucose
through maternal hyperglycaemia, which
promotes insulin secretion and increases fetal
growth.” Furthermore, hyperglycaemia causes
placental vascular dysfunction, reducing the
supply of oxygen and nutrients to the fetus.”
There is still 2.7% GDM pregnant women
who deliver children that experience fetal
growth restrictions (FGRs).® Additionally,
the incidence of smallfor-gestational-age
(SGA) infants born to mothers with GDM was
6.45% in China.’ However, limited research
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Figure 1

Flow diagram of selection of GDM pregnant women in this study. AGA, appropriate for gestational age; GDM,

gestational diabetes mellitus; LGA, large for gestational age; PSM, propensity score matching; SGA, small for gestational age.

is available on SGA infants born to Chinese women with
GDM.

SGA infants are commonly defined as having birth
weight below the 10th percentile for a given gestational
age and sex,” including infants who are naturally small
without pathological growth restriction. In China, the
total number of SGA births is the fifth highest in the
world,” imposing a tremendous medical and socioeco-
nomic burden. SGA infants have an increased risk of
adverse perinatal outcomes, such as stillbirth, asphyxia or
birth defects. Additionally, compared with appropriate-
for-gestational-age (AGA) infants, SGA infants are prone
to have poor cognitive or psychological outcomes as well
as metabolic diseases, such as type 2 diabetes, insulin resis-
tance and arterial hypertension in adulthood.'”"" In addi-
tion, GDM has been linked to delayed development and
stunted fetal growth.'” This linkage may exacerbate the
adverse health outcomes of SGA. Epidemiological studies
show that SGA infants born to mothers with GDM have
higher rates of neonatal complications or death.” ' They
are also at higher risk of developing long-term cardiovas-
cular offspring hospitalisation.'” Given the seriousness of
the consequences, identifying its potential influencing
factors is of great significance for the screening and
prevention of SGA births among GDM pregnant women.

Maternal glycaemia is widely recognised for its associ-
ation with perinatal outcomes, including its impact on
offspring birth weight.'® According to Hyperglycaemia
and Adverse Pregnancy Outcome (HAPO), women with
higher glucose levels are considered to be at greater risk."”
Current prenatal treatment goals emphasise tight glucose
monitoring and strict glucose control."® ' Consequently,
women experiencing hypoglycaemia are generally

deemed to be at low risk for antenatal care. Several inves-
tigations have reported an association between maternal
hypoglycaemia and FGR or SGA.**** Presently, the preg-
nancy factors related to SGA infants born to women
with GDM remain unclear. Moreover, few studies have
examined the association between maternal glycaemic
level associated with SGA infants born to mothers with
GDM. After the diagnosis of GDM, timely recognition of
glycaemic abnormalities is critical for normal fetal growth
and development. Therefore, the purpose of this study
was to explore the influencing factors and glycaemic
control during pregnancy associated with SGA infants
born to mothers with GDM in China.

METHODS
Study design and population
This case—control study included pregnancies affected by
GDM who delivered between January 2019 and December
2020 from a tertiary Maternal and Child Health Hospital
in Fuzhou City, Fujian Province. All pregnant women
followed a routine prenatal care protocol, scheduling
frequent visits to the health system to identification of risk
factors and initiation of preventive care measures.**
Eligible participants were pregnant women diagnosed
with GDM based on 75g oral glucose tolerance test
(OGTT) conducted between 24 and 32 weeks of gesta-
tion, following the modified International Association
of Diabetes and Pregnancy Study Groups (IADPSG)
criteria.”” Diagnostic criteria included one or more
elevated glucose levels: fasting plasma glucose (FPG) level
>5.1 mmol/L, 1-hour plasma glucose level >10.0 mmol/L
and 2-hour plasma glucose level >8.5 mmol/L.* Pregnant
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Table 1 Maternal demographic characteristic of AGA group and SGA group matched according to 1:4 PSM analysis
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Variables Items AGA group (n=1528 ) SGA group (n=382) x P value

Maternal age 18~35 1220 (79.8) 305 (79.8) 0.395 1.000°
36~45 305 (20) 76 (19.9)
>46 3(0.2) 1(0.3)

Nationality The Han 1498 (98) 372 (97.4) 0.638 0.424
Minority nationality 30 (2) 10 (2.6)

Residence Urban 825 (54) 196 (51.3) 0.884 0.347
Rural 703 (46) 186 (48.7)

Education Elementary and below 528 (34.6) 126 (33) 3.476 0.324
Secondary/high school 223 (14.6) 45 (11.8)
College/university 770 (50.4) 210 (55)
Postgraduate or above 7 (0.5) 1(0.3)

Occupation Manual worker 284 (18.6) 69 (18.1) 2.074 0557
Mental worker 708 (46.3) 192 (50.3)
Unemployed 381 (24.9) 86 (22.5)
Freelance 155 (10.1) 35(9.2)

Marital status Unmarried 27 (1.8) 8 (2.1) 0.685 0.730°
Married 1497 (98) 374 (97.9)
Divorced or widowed 4 (0.3) 0(0)

Height (cm) >155 1248 (81.7) 275 (72) 22.232 <0.001
150-154.9 197 (12.9) 73 (19.1)
145-149.9 79 (5.2) 29 (7.6)
<145 4(0.3) 5(1.3)

Pre-pregnancy BMI (kg/m?  Normal 1130 (74) 271 (70.9) 9.175 0.01
Underweight 172 (11.3) 64 (16.8)
Overweight/obese 226 (14.8) 47 (12.3)

GWG rate Inadequate gain 690 (45.2) 199 (52.1) 6.107 0.047
Appropriate gain 539 (35.3) 121 (31.7)
Excessive gain 299 (19.6) 62 (16.2)

Bold values were statistically significant. ® Fisher exact test.
AGA, appropriate for gestational age; BMI, body mass index; GWG, gestational weight gain; PSM, propensity score matching; SGA, small for

gestational age.

women with multiple gestations, a clinical diagnosis of
pregestational diabetes mellitus or overt diabetes (FPG
>7.0mmol/L or 2 hours >11.0 mmol/L) were excluded.
A total of 6839 participants were enrolled, all of whom
had complete demographic and clinical data.

All participants in this study were categorised into the
SGA group (case group, <10th percentile), AGA group
(controlling group, between 10th and 90th percen-
tile) and large-for-gestational-age (LGA) group (>90th
percentile) according to the association between gesta-
tional age and birth weight. Finally, for each SGA infant,
four gestational age-matched AGA infants were randomly
selected using propensity score matching (PSM) analysis

(figure 1).

Patient and public involvement
No patients involved.

Data collection and study outcomes

Maternal demographic characteristics, pregnancy char-
acteristics, pregnancy complications and outcomes were
collected retrospectively by one researcher from the elec-
tronic medical record database of one hospital in our
study. In addition, we collected glycaemic levels including
75g OGTT glycaemia, FPG, 2-hour postprandial glucose
and haemoglobin Alc (HbAlc) in the second trimester.
Based on the number of abnormal OGTT values, women
with GDM were stratified into 1, 2 or 3 items of abnormal
OGTT values, respectively (online supplemental material
1).

The primary outcome of this study was SGA infants born
to women with GDM. Gestational age was determined by
subtracting the date of last menstrual period reported by
the mother or by the first ultrasound scan from the date
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Table 2 Pregnancy characteristics of AGA group and SGA group matched according to 1:4 PSM analysis

AGA group SGA group
Variables Items (n=1528 ) (n=382) X2/t P value
Parity Nulliparous 539 (35.3) 195 (51) 32.13 <0.001
Multiparous 989 (64.7) 187 (49)
Assisted reproductive No 1446 (94.6) 362 (94.8) 0.01 0.919
technology
Yes 82 (5.4) 20 (5.2)
Previous uterine scar No 1196 (78.3) 337 (88.2) 19.089 <0.001
Yes 332 (21.7) 45 (11.8)
Family history No 1367 (89.5) 336 (88) 2.809 0.422
Hypertension 76 (5) 26 (6.8)
Diabetes 46(3) 13 (3.4)
Both 39 (2.6) 7 (1.8)
History of abortion or No 896 (58.6) 251 (65.7) 6.393 0.041
miscarriage
Spontaneous miscarriage 348 (22.8) 71 (18.6)
Induced abortions 284 (18.6) 60 (15.7)
History of preterm delivery No 1467 (96) 368 (96.3) 0.087 0.768
Yes 61 (4) 14 (3.7)
History of macrosomia No 1481 (96.9) 379 (99.2) 6.29 0.012
Yes 47 (3.1) 3(0.8)
History of GDM No 1523 (99.7) 382 (100) / 0.590°
Yes 5(0.3) 0 (0)
History of fetal distress No 1512 (99) 380 (99.5) 0.897 0.343
Yes 16 (1) 2 (0.5)
History of low birth weight No 1523 (99.7) 376 (98.4) / 0.011°
Yes 5(0.3) 6 (1.6)
Intrahepatic cholestasis of No 1508 (98.7) 377 (98.7) 0 1
pregnancy Yes 20 (1.3) 5(1.3)
Gestational hypertensive No 1431 (93.7) 324 (84.8) 31.269 <0.001b
disorder
Gestational hypertension 62 (4.1) 31 (8.1)
Preeclampsia and eclampsia 27 (1.8) 22 (5.8)
Chronic hypertension with 4 (0.3) 3(0.8)
superimposed preeclampsia
Chronic hypertension (of any 4 (0.3) 2 (0.5)
cause)
Hyperthyroid No 1487 (97.3) 376 (98.4) 1.576 0.209
Yes 41 (2.7) 6 (1.6)
Hypothyroid No 1434 (93.8) 349 (91.4) 3.045 0.081
Yes 94 (6.2) 33 (8.6)
Anaemia No 1149 (75.2) 307 (80.4) 4.508 0.034
Yes 379 (24.8) 75 (19.6)
Polyhydramnios No 1517 (99.3) 381 (99.7) / 0.479°
Yes 11 (0.7) 1(0.3)
Oligohydramnios No 1490 (97.5) 349 (91.4) 32.314 <0.001
Yes 38 (2.5) 33 (8.6)
Continued
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Table 2 Continued

AGA group SGA group

Variables Items (n=1528 ) (n=382) X2/t P value
Ketonuria in first trimester <0.5 1049 (68.7) 275 (72) 9.963 0.007
(mmol/L)

0.5-3.9 336 (22) 59 (15.4)

>4 143 (9.4) 48 (12.6)
Ketonuria in second trimester <0.5 1090 (71.3) 293 (76.7) 4.903 0.086
(mmol/L)

0.5-3.9 308 (20.2) 59 (15.4)

>4 130 (8.5) 30 (7.9)
Elevated blood glucose in One item 482 (31.5) 161 (42.1) 24.605 <0.001
OGTT

Two items 878 (57.5) 204 (53.4)

Three items 168 (11.0) 17 (4.5)
759 OGTT 0-hour glycaemia (mmol/L) 4.83+0.48 4.64+0.44 7.187 <0.001
759 OGTT 1-hour glycaemia (mmol/L) 9.84+1.41 9.89+1.36 —-0.585 0.559
759 OGTT 2-hour glycaemia (mmol/L) 8.06+1.59 7.83+1.58 2.586 0.01
FPG in the second trimester (mmol/L) 4.87+0.56 4.73+0.49 4.372 <0.001
2-hour postprandial glucose in second trimester (mmol/L) 6.09+1.30 5.7£1.14 5.825 <0.001
HbA1c in the second trimester (mmol/L) 5.26+0.36 5.28+0.35 -1.008 0.314

Bold values were statistically significant. ® Fisher exact test.

AGA, appropriate weight for gestational age; FPG, fasting plasma glucose; HbA1c, haemoglobin Alc; OGTT, oral glucose tolerance test;
the first trimester of pregnancy, 7-10 gestational weeks; the second trimester of pregnancy, 21-24 gestational weeks; the third trimester of
pregnancy, 33-37 gestational weeks; PSM, propensity score matching; SGA, small for gestational age.

of birth. SGA was defined as birth weight below the 10th
percentile for gestational age and sex, based on birth
weight curves in China.” 27

Statistical analysis

All statistical analyses were performed using IBM SPSS,
V.27.0,and R, V.4.1.3. We applied a 1:4 nearest-neighbour
matching with a calliper of 0.01, a preset value for PSM,
to lessen the potential selection bias and obtain matched
data. The outcomes were compared between the SGA
group and the AGA group among GDM pregnant women.
Continuous variables were presented as mean+SD and
compared by using independent t-test. Categorical vari-
ables were presented as the frequency with percentages
and analysed by the ” test or Fisher’s exact test.

We examined the risk factors associated with SGA
infants born to mothers with GDM using the binary
logistic regression model. Variables were carefully chosen
to ensure parsimony of the final model (forward LR,
entry 0.05, removal 0.10). Further, we investigated the
association between maternal glycaemic levels and SGA,
adjusted for various factors, including parity, previous
uterine scar, history of low birth weight, history of abor-
tion or miscarriage, history of macrosomia, gestational
hypertensive disorder (HD), oligohydramnios, anaemia,
pre-pregnancy BMI, height, gestational weight gain
(GWG) rate and ketonuria in first trimester. A two-sided

p value of <0.05 was considered statistically significant in
all analyses.

RESULTS

Selection of GDM pregnant women

A total of 6839 GDM pregnant women were enrolled in
the study according to eligible and exclusion criteria,
including 382 SGA infants, 964 LGA infants and 5493
AGA infants. After the 1:4 PSM analysis, 382 SGA infants
were selected and 1528 AGA infants were randomly
matched with the SGA group according to the gestational
age at birth (figure 1). After propensity analysis, the mean
(SD) gestational age at birth was 38.6 (SD=1.61) weeks in
the AGA group and 38.59 (SD=1.62) weeks in the SGA
group; there was no evidence of differences in the gesta-
tional age between the two groups (p=0.983).

Characteristics and univariate analysis of AGA and SGA

The average age of the participants was 31.67 (SD= 4.36)
years old. Among all women, Han Chinese accounts for
97.91%. Approximately 50% of the participants in both
groups had a college or university education. More than
50% of the women in the SGA group were nulliparous,
which was slightly more than the percentage of women in
the AGA group (35.3%) who were nulliparous (p<0.001).
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Multiparous(Ref:Nulliparous)—

Previous uterine scar(Ref:No)—|

History of low birth weight(Ref:No)—

Anemia(Ref:No)—

Oligohydramnios(Ref:No)=

Gestational hypertensive disorder:

Gestational hypertension(Ref:No)—

Preeclampsia and eclampsia(Ref:No)H

Chronic hypertension with superimposed preeclampsia(Ref:No)=
Chronic hypertension (of any cause)(Ref:No)
Pre-pregnancy BMI(kg/mz)r
Underweight(Ref:Normal
Overweight/Obese(Ref:Normal )

GWG rate=

Variables

Inadequate gain(Ref: Appropriate gain)
Excessive gain(Ref: Appropriate gain)
Height(cm)—

150-154.9(Ref:>155)
145-149.9(Ref:>155)
<145(Ref:>155)

Elevated blood glucose in OGTT:
Two items(Ref:One item)=—

Three items(Ref:One item)—
Ketonuria in Ist trimester(mmol/l): =
0.5-3.9(Ref: <0.5)1

=4(Ref<0.5)

0.1

B3| — T — T T
1 10 100

Odds ratio

Figure 2 Forest plot of the risk factors of small for gestational age (binary logistic regression analysis). BMI, body mass index;

GWG, gestational weight gain; OGTT, oral glucose tolerance test.

The previous uterine scar was shown to be statistically
significant (p<0.001).

In terms of pregnancy history, there were no statistically
significant differences observed in preterm delivery, fetal
distress or GDM. However, a statistically significant associ-
ation was found between a history of abortion or miscar-
riage (p=0.041), macrosomia (p=0.012) and low birth
weight (p=0.011). Regarding pregnancy complications,
statistically significant differences were identified in the
occurrence of oligohydramnios (p<0.001) and anaemia
(p=0.034). In addition, height, pre-pregnancy BMI and
GWG rate were shown to be statistically significant (all
p<0.05). Regarding the glycaemic laboratory parame-
ters, 75g OGTT 0-hour and 2-hour glycaemia, as well as
ketonuria in first trimester, fasting glucose and 2-hour
postprandial glucose in the second trimester showed
statistical significance (p<0.05). However, 75g OGTT
1 hour and HbAlc in the second trimester did not exhibit
significant differences (p>0.05). The characteristics of
the SGA group and AGA group are presented in tables 1
and 2 .

Multivariable logistic regression analysis for the factors of
SGA

The multivariable analysis indicated that history of low
birth weight (OR=5.01, 95% CI 1.21 to 20.72, p=0.026)
was an independent risk factor for SGA. Mothers with
gestational HD were more likely to have SGA (gestational

hypertension: OR=2.78, 95% CI 1.68 to 4.59, p<0.001;
preeclampsia and eclampsia: OR=6.31, 95% CI 3.35 to
11.91, p<0.001). The risk of SGA was fourfold greater in
pregnant women with oligohydramnios than in women
with normal amniotic fluid (OR=4.22, 95% CI 2.5 to
7.12, p<0.001). Mothers with lower height had a higher
risk of SGA (150-154.9cm: OR=2.02, 95% CI 1.46 to
2.79, p<0.001; 145-149.9cm: OR=1.95, 95% CI 1.21 to
3.14, p=0.006; 145cm: OR=7.42, 95% CI 1.76 to 31.25,
p=0.006) compared with >155cm height. Underweight
pre-pregnancy had a 64% more chance of SGA (OR=1.64,
95% CI 1.17 to 2.3, p=0.004) than normal. Also, mothers
who had inadequate weight gain during pregnancy
had a 37% more chance of SGA than appropriate gain
(OR=1.37,95% CI 1.05 to 1.8, p=0.023).

However, the multivariate analysis also revealed that
multiparous was a protective factor (OR=0.55, 95% CI
0.43 to 0.71, p<0.001) compared with nulliparity. The
SGA risk was reduced by previous uterine scar experience
(OR=0.57, 95% CI 0.39 to 0.83, p=0.004). Anaemia was
associated with a decreased incidence of SGA (OR=0.71,
95% CI 0.53 to 0.96, p=0.027). Two or three items with
elevated blood glucose values on OGTT showed a lower
probability of SGA (OR=0.67, 95% CI 0.52 to 0.86,
p=0.002; OR=0.32, 95% CI 0.18 to 0.55, p<0.001) than
one elevated item. Ketonuria levels ranging from 0.5
to 3.9mmol/L in the first trimester had a lower risk of
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Table 3 Logistic regression analysis for SGA based on maternal glycaemic parameters

Crude Adjusted*

Variables OR (95% Cl) P value OR (95% Cl) P value
759 OGTT 0-hour glycaemia 0.39 (0.29 to 0.53) <0.001 0.4 (0.29 to 0.55) <0.001
759 OGTT 1-hour glycaemia 1.06 (0.97 to 1.15) 0.217 1.04 (0.95 to 1.14) 0.365
759 OGTT 2-hour glycaemia 0.88 (0.82 to 0.95) 0.001 0.88 (0.81 to 0.95) 0.002
FPG in second trimester 0.74 (0.57 to0 0.97) 0.026 0.77 (0.59 to 1.01) 0.063
2-hour postprandial glucose in second trimester 0.79 (0.71 to0 0.88) <0.001 0.81(0.73t0 0.9) <0.001
HbA1c in the second trimester 2.28 (1.6 to 3.25) <0.001 2.4 (1.64 to 3.52) <0.001

Bold values were statistically significant.

*Adjusted for parity, previous uterine scar, history of low birth weight, history of abortion or miscarriage, macrosomia, gestational hypertensive
disorder, oligohydramnios, anaemia, pre-pregnancy body mass index, height, gestational weight gain rate and ketonuria in first trimester.
FPG, fasting plasma glucose; HbA1c, haemoglobin Alc; OGTT, oral glucose tolerance test; the third trimester of pregnancy, 33-37 gestational

weeks.

SGA than <0.5mmol/L (OR=0.59, 95% CI 0.42 to 0.81,
p=0.001). The forest map of multivariate logistic regres-
sion analysis is shown in figure 2.

Association between blood glucose level and the risk of SGA

We further explored the relationship between OGTT,
glycaemic control level in the second trimester and SGA.
Specifically, multivariate analysis adjusted for parity,
previous uterine scar, history of low birth weight, history
of abortion or miscarriage, history of macrosomia, gesta-
tional HD, oligohydramnios, anaemia, pre-pregnancy
BMI, height, GWG rate and ketonuria in first trimester.
In second trimester, 75g OGTT Ohour, 75g OGTT
2hours and 2-hour postprandial glucose were associated
with a decreased risk for SGA (OR=0.4, 95% CI 0.29 to
0.55, p<0.001; OR=0.88, 95% CI 0.81 to 0.95, p=0.002; OR
=0.81,95% CI 0.73 to 0.9, p<0.001). However, 75g OGTT
0-hour glycaemia exhibited a stronger association with
SGA outcomes than 2-hour OGTT and 2-hour postpran-
dial glucose in the second trimester. In contrast, HbAlc in
the second trimester was associated with an increased risk
of SGA (OR=2.4, 95% CI 1.64 to 3.52, p<0.001) (table 3).

DISCUSSION
In this case—control study, several key maternal demo-
graphic characteristics (height, BMI and GWG rate),
pregnancy characteristics (parity, previous uterine scar
and history of LBW), pregnancy complications (HDs,
oligohydramnios and anaemia), glycaemic laboratory
parameters (ketonuria levels in the first trimester, 75¢g
OGTT Ohour, 75g OGTT 2hours, 2-hour postprandial
glucose and HbAlc in the second trimester) were identi-
fied as influencing factors for SGA in women with GDM.
Maternal height exerts the most significant influence.
Our results confirmed that maternal stature below 145
cm is a strong indicator for SGA, aligning with previous
studies.”® This may contribute to inadequate self-nutrition
in GDM pregnant women who are of short stature. The
transition to a sugar-controlled diet may have a significant

impact on the adequate supply of nutrients for fetal
growth. Further, both GWG and BMI serve as reflections
of maternal nutritional status. Our study reveals that inad-
equate weight gain and underweight BMI were associated
with an increased risk of SGA in women with GDM, consis-
tent with prior research.” This heightened risk may be
attributed to pregnant women experiencing inadequate
weight gain or being underweight, potentially indicating
chronic malnutrition, which can be detrimental to fetal
growth and development. Therefore, it is imperative that
hospitals offer comprehensive health education, monitor
pregnancy nutrition and implement personalised nutri-
tion therapy for women diagnosed with GDM.

Nulliparous pregnant women with GDM exhibited an
increased susceptibility to SGA births in our study, corrob-
orating findings from a prior retrospective Chinese
study.” This heightened risk can be attributed to phys-
iological disparities between nulliparous and multipa-
rous women. Multiparous women showcased superior
uteroplacental circulation, optimising oxygen and
nutrient delivery to the fetus and creating a conducive
environment for fetal growth.go Conversely, nulliparous
women displayed potential haemodynamic differences,
including a higher pulsatility index of the uterine artery
and elevated blood impedance, contributing to an
elevated risk of SGA.?! * Moreover, multiparous women
were likely to possess a higher degree of maternal adap-
tation to gestational changes, encompassing improved
blood volume expansion and hormonal regulation,
thus fostering a favourable environment for fetal growth
and diminishing the likelihood of SGA. Notably, differ-
ences in risk perception and prenatal care practices were
apparent. Multiparous women, drawing on their expe-
rience, demonstrated proactive management skills for
dietary changes and glycaemic control, resulting in more
effective prenatal care and potentially reducing the risk of
SGA. Conversely, nulliparous women’s relative inexperi-
ence might contribute to delayed or suboptimal prenatal
care, impacting fetal growth outcomes.
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Our research findings revealed an intriguing asso-
ciation, wherein a history of a previous uterine scar
appeared to reduce the risk of SGA births among preg-
nant women with GDM. Remarkably, caesarean sections
are widely preferred by Chinese women, with a national
rate reaching 86.7% in 2018, the highest in Asia.*® In the
context of Chinese obstetric practices, where multiparity
is linked with a higher likelihood of opting for caesarean
sections, it raises the possibility that the protective influ-
ence on SGA outcomes could be influenced by the preva-
lence of caesarean deliveries. It is important to emphasise
that while a history of caesarean section may be associated
with a lower risk of SGA, it does not imply that caesarean
section itself is a recommended method for preventing
SGA. The choice of delivery method should still be based
on medical evaluations, taking into account the specific
circumstances of the current pregnancy and medical
indications.

Women with GDM face an increased risk for HD
due to insulin resistance and the underlying pathology
of the metabolic syndrome.”* HD is closely associated
with birth weight,” and when combined with GDM, it
elevates the risk of adverse outcomes. This corresponds
with our findings that gestational hypertension as well
as preeclampsia and eclampsia are risk factors for deliv-
ering SGA in pregnant women with GDM. HD can induce
spasms in maternal umbilical blood vessels and systemic
small arteries, impacting maternal—fetal circulation and
insufficient oxygen supply. Consequently, this affects the
intrauterine growth and development of the fetus.”® The
presence of HDs, characterized by a decrease in serum
vascular endothelial growth factor and placental growth
factor levels, alongside an increase in soluble fms-like
tyrosine kinase-1 levels, may reflect underlying placental
dysfunction and are related to inhibition in fetal growth
and development.”” ** Oligohydramnios, often seen in
conjunction with HDs,” may indicate complicated preg-
nancies, signifying chronic suboptimal placental func-
tion.*” Such conditions could reduce fetal resources and
are associated with SGA. Thus, maternal blood pressure
should be closely monitored and regular ultrasound
examinations should be performed to assess changes in
pregnancy status.

Contrary to earlier research, this study discovered that
maternal anaemia during pregnancy reduces the inci-
dence of SGA.*" One possible explanation is that women
with GDM are particularly attentive to their diet, incor-
porating supplementation recommended by their obste-
tricians to address anaemia. Consequently, they may
effectively mitigate the risk of SGA through appropriate
nutritional support. Besides, the effect of anaemia on
pregnancy outcomes varies between gestational periods.
Therefore, further research is needed to investigate the
effect of haemoglobin concentration on SGA at different
gestational ages.

Maternal glycaemic parameters significantly influ-
ence fetal growth, as highlighted by findings from the
HAPO study. Pregnant women with elevated glucose

levels face a higher risk of adverse pregnancy outcomes.
This association is driven by various mechanisms. First,
heightened glucose levels can stimulate increased fetal
insulin production, promoting excessive fetal growth
and contributing to macrosomia.'” Conversely, elevated
glucose levels may, in some instances, impair placental
function, leading to reduced nutrient and oxygen supply
to the fetus, ultimately resulting in growth restriction and
the birth of SGA infants.* Our study found that GDM
women with two or three elevated glucose values, as
opposed to just one, may experience a decreased risk of
SGA. Besides, higher OGTT 0 hour and OGTT 2 hours
were found to be significant predictors of SGA when the
glucose values were analysed as continuous variables.
This may contribute to within the mild elevation range
of blood glucose levels; blood glucose passes through the
placental circulation to the fetus and extra glucose in the
fetus is stored as body fat.* There may be a protective
mechanism ensuring that the fetus receives adequate
nutrients within the normal range. However, this does not
imply that higher blood glucose levels are better. When
blood glucose rises to a certain extent, adaptive responses
may be triggered, leading to the occurrence of SGA.
Therefore, GDM women with elevated OGTT 0-hour and
OGTT 2-hour levels are less likely to deliver SGA infants.
However, they should be aware of more severe distur-
bance in glucose metabolism and insulin sensitivity and
the potential for delivering high birth weight newborns.
In addition, GDM women with low OGTT 0 hour and
OGTT 2 hours do not require excessively strict glucose
control throughout pregnancy, but should be concerned
about the occurrence of FGR. Therefore, personalised
monitoring is crucial for assessing maternal blood glucose
levels, allowing for the adjustment of diet, exercise and
insulin management strategies based on their glycaemic
status.

Our study identified an association between deliv-
ering SGA in pregnant women with GDM and 2-hour
postprandial glucose in the second trimester. Measuring
2-hour postprandial glucose helps evaluate the effec-
tiveness of dietary modifications and glycaemic control
strategies.*® In clinical practice, pregnant women are
advised to control their glycaemic levels through dietary
adjustments when diagnosed with GDM. However, due to
fear of insulin and lack of knowledge about GDM treat-
ment options, some women may follow an overly strict
diet. Consequently, maternal glucose regulation is inad-
equate, which can lead to fetal undergrowth.*’ Hence,
pregnant women diagnosed with GDM should be warned
of the potential risk of SGA if they are found to have
low glucose values. Besides, compared with the late
pregnancy period, timely blood glucose testing in the
second trimester provides a longer time window. More
attention should be paid to glucose status during this
period. Understanding the glycaemic status is a crucial
step in adjusting the diet and exercise plan to achieve
stable blood glucose levels, ensuring normal fetal devel-
opment, and avoiding SGA.
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The multifactorial analysis revealed the association
between elevated HbAlc levels in the second trimester
and an increased risk of SGA, suggesting a potential
impact of long-term glucose control on fetal outcomes.
However, this finding differs from a previous study®
and contradicts the results of instantaneous glycaemic
measures (OGTT and 2-hour postprandial glucose)
in our study. This discrepancy may be attributed to the
curvilinear relationship between HbAlc and fetal weight.
Specifically, normal fetal weight may occur at low HbAlc
levels, while moderately raised levels may result in macro-
somia, and very high HbAlc levels may be associated with
severe intrauterine growth restriction.*® Future research
could explore the relationship between glycaemic
control and birth weight using unrestricted cubic splines
or subgroup analyses to evaluate their correlation. This
approach would contribute to a more comprehensive
understanding of the intricate relationship between
maternal glycaemic and fetal outcomes.

Limitation

There are a few limitations to our analysis. First, data
regarding women’s history of smoking and drinking was
not recorded. Although the incidence of smoking and
drinking among pregnant women is low due to Chinese
customs, smoking and drinking experience may be
potential contributors to SGA. Second, data was collected
from a single hospital and may not be representative of
other areas. Third, this study is a case—control study even
though a PSM analysis was conducted to minimise the
bias. Lastly, this study lies in the inability to accurately
differentiate FGR from overall SGA during the grouping
process, aligning with the specific objectives of the study.
Future research endeavours could consider employing
more specific diagnostic criteria and focusing explicitly
on FGR, offering a more comprehensive understanding
of these distinct fetal growth conditions.

CONCLUSION

SGA infants born to women with GDM are the result
of a multifactorial interaction, including maternal
demographic characteristics, pregnancy characteris-
tics, pregnancy complications, and glycaemic laboratory
parameters. Notably, SGA was correlated with glycaemic
control levels. It is difficult to reverse once SGA has
occurred; perinatal monitoring and antenatal care are
crucial for identifying risk factors that can help predict
and prevent SGA.
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