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Abstract.In this study, we assessed the effects of pre-pregnancy
body mass index (BMI) and gestational weight gain (GWG) on
the pregnancy outcomes of women of advanced age using a
back-propagation (BP) artificial neural network. We conducted
a retrospective analysis on postpartum and hospital delivery
data from 1,015 women of advanced maternal age (AMA)
hospitalized at the Fujian Provincial Maternity and Children's
Hospital from January to June, 2017. Pre-pregnancy overweight
was found to increase the incidence of gestational diabetes
mellitus (GDM), hypertensive disorders complicating preg-
nancy (HDCP) and fetal macrosomia. In addition, poor weight
gain during pregnancy increased the chances of pre-term births
(PTBs). Furthermore, excessive weight gain during pregnancy
increased the incidence of macrosomia in women of AMA. On
the whole, the findings of this study suggest that controlling the
pre-pregnancy BMI and the GWG may reduce the incidence
of adverse pregnancy outcomes in women of AMA. The BP
neural network is suitable for the study of weight changes in
this population.

Introduction

Pregnancy weight management is a goal of prenatal care in
China. Since the implementation of the two-child policy, the
proportion of pregnant women of advanced maternal age
(AMA, pregnant women >35 years of age) has increased; this
proportion accounts for approximately 60% of all pregnancies,
and half of these women are older than 40 years (1). Women
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of AMA are more frequently overweight before the preg-
nancy (2), and are more likely to have had internal and surgical
diseases, and are more likely to be multiparas; in addition, age
is an independent risk factor for maternal and child adverse
outcomes (3). Therefore, AMA pregnancy management aims
to improve pregnancy outcomes.

Pre-pregnancy overweight may lead to gestational
diabetes mellitus (GDM), hypertensive disorders complicating
pregnancy (HDCP), fetal macrosomia, and other adverse
pregnancy outcomes (4). Women of AMA may disregard preg-
nancy weight management recommendations, and excessive
weight gain during pregnancy can increase the incidence of
adverse outcomes (5).

Controlling pre-pregnancy weight and gestational weight
gain (GWG) reduces the incidence of GDM, HDCP, preterm
births (PTBs), shoulder dystocia and the incidence of large for
gestational age (LGA) births; weight control increases vaginal
delivery rates, and decreases the incidence of low birth weight
and of small for gestational age (SGA) births (6). Therefore,
the evidence-based management of pre-pregnancy and gesta-
tional weights maximizes good pregnancy outcomes.

In this study, we analyzed the clinical data of 1,015
women of AMA admitted to Fujian Provincial Maternity
and Children's Hospital to detect associations between their
pre-pregnancy body mass indexes (BMIs) or GWGs and their
pregnancy outcomes.

Materials and methods

Study population. From January to June, 2017, 1,015 women
of AMA delivered babies at the Fujian Provincial Maternity
and Children's Hospital. We included data from women older
than 35 years of age at delivery with single pregnancies who
had had >5 prenatal checkups We excluded data from women
with internal and surgical diseases, and those with incomplete
information. The Ethics Committee of the Fujian Provincial
Maternity and Children's Hospital approved the study and
waived the need for informed consents given its retrospective
nature.

Research methods. We collected medical and hospitalization
information, including data on pregnancy outcomes (GDM,
HDCP and PTB) and neonatal complications (macrosomia
and SGA). Data were grouped according to the women's age
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during childbirth into an advanced age group (35-40 years)
and a super-advanced age group (=40 years).

Alternatively, data were grouped according to the
women's pre-pregnancy BMIs [according to the guidelines
for pregnancy weight management published by the National
Institute of Medicine (IOM) in 2009 (7)] into the underweight
group (BMI <18.5 kg/m?) with 105 cases; normal weight
(BMI 18.5-24.9 kg/m?) group with 789 cases; overweight
group (BMI 25.0-29.9 kg/m?) with 107 cases; and, obese
group (BMI =30 kg/m?) with 14 cases. Finally, we also
subdivided data according to GWG among women with
normal BMIs (IOM guidelines) into 3 subgroups as follows:
A (GWG <I11.5 kg with 188 cases), B (GWG between 11.5
and 16.0 kg with 405 cases), and C (GWG >16.0 kg with
196 cases). We compared the mean variables and outcome
incidences between the groups.

Statistical analysis. We performed all statistical analyses using
SPSS 21.0 software (SPSS, Inc.). We calculated measurement
data as the means + standard deviation (SD). We used one-way
ANOVA for testing hypotheses between groups and used the
Scheffe test for comparing between groups to prove the signifi-
cance of ANOVA. Chi-square tests for qualitative difference
analyses. We applied a logistic regression analysis to examine
the influence of variables on the pregnancy outcomes. Values
of P<0.05 were considered to indicate statistically significant
differences.

Back-propagation (BP) neural network applications. Among
the 1,015 women, 800 cases of AMA were randomly selected
as the training dataset. The BP neural network is a supervised
model divided into 3 layers (input, hidden and output) (8).
In this study, we designed a 3-layer BP neural network to
examine the effects of pre-pregnancy BMI and GWG on
pregnancy outcomes. We set the characteristic value x1 as the
pre-pregnancy BMI and x2 as the GWG; the output value yl
included GDM, HDCP, PTB, macrosomia, SGA and neonatal
birth weight (NBW). The two input values (x1 and x2) were set
as the input layer nodes, and the output values were set as the
output layer nodes (yl) (Fig. S1).

Results

General conditions of women of AMA. We collected clinical
data from 1,015 women, 809 in the advanced-age group
(79.7%) and 206 in the super-advanced age group (20.3%).
Among the women in the advanced age group, 93 (11.50%)
were underweight, 623 (77.01%) were at a normal weight,
83 (10.26%) were overweight and 10 (1.23%) were obese. In
addition, among the women in the super-advanced age group,
12 (5.83%) were underweight, 166 (80.58%) were at a normal
weight, 24 (11.65%) were overweight and 4 (1.94%) were obese.
The women in the super advanced maternal age group had a
higher incidence of overweight and obesity than those in the
advanced maternal age group (P<0.05) (Table I).

Association between maternal age at birth and pregnancy
outcome. We found a higher incidence of GDM, HDCP and
macrosomia in the super-advanced maternal age group than in
the advanced age group (P<0.05; Table II).
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Association between pre-pregnancy BMI and pregnancy
outcome. As shown in Table III, overweight women had a
significantly greater incidences of GDM, HDCP and fetal
macrosomia than women who were at a normal weight (both
P<0.05). In addition, birth weight differed significantly among
the 4 groups (P<0.05).

Association between GWG and pregnancy outcome in the
normal BMI group. The incidence of GDM in the low GWG
group (group A) was 38.30%, which was higher than that in the
normal GWG group (group B; 27.41%). The risk of developing
HDCP and macrosomia was also increased in women with a
high GWG. The risks of PTB were higher in women with low
GWG than those in the normal GWG group (group B). The mean
NBWs differed between the 3 groups of mothers (Table III).

BP neural network training results. Data from 800 women
of AMA were randomly selected for the training dataset.
We used the pre-pregnancy BMI as input x1, the GWG as
input x2, and the pregnancy outcome as output yl. We factored
in 6 pregnancy outcomes (GDM, HDCP, PTB, macrosomia,
SGA and NBW). As a result, we established 6 neural networks
to train the 6 pregnancy outcomes separately. We used data
from 215 women of AMA and pre-pregnancy BMI, GWG
and pregnancy outcomes to validate the BP neural network
training model. The prediction accuracy of the 6 pregnancy
outcomes from the BP neural network training model is
presented in Table I'V.

We compared the weighted influence of pre-pregnancy
BMI and GWG on the pregnancy outcomes. Pre-pregnancy
BMI affects the development of GDM by about half the influ-
ence of GWG; the pre-pregnancy BMI and GWG had similar
influences on HDCP and macrosomia. The influence of
pre-pregnancy BMI on SGA and on NBW was slightly greater
than that of GWG on the same outcomes (Table IV).

Discussion

Women of AMA are more likely to be overweight and this
factor, together with other medical variables, increases their
risk of maternal and child adverse outcomes (1,3). Prenatal
education and weight control can improve pregnancy outcomes.

Association of pre-pregnancy weight and pregnancy outcomes
for women with AMA. Age is a risk factor for pre-pregnancy
overweight (2), and overweight can trigger GDM, HDCP,
macrosomia and other adverse pregnancy outcomes (9-11). In
this study, we demonstrated that women of AMA and over-
weight were more likely to develop GDM than women with
normal pre-pregnancy BMIs. A previous study demonstrated
that the risk of developing GDM among women who were
overweight before pregnancy was greater than the risk among
pregnant women with normal pre-pregnancy weights (2). The
body's glucose tolerance becomes impaired with age due to
gradual islet 3-cell dysfunction (12), and being overweight is
associated with insulin resistance, insulin secretion abnormal-
ities, and insulin receptor abnormalities(1). Thus, women of
AMA and who are overweight are more prone to GDM during
pregnancy than their younger counterparts. The prevalence of
HDCP in obese pregnant women is up to 6-fold greater than
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Table I. Maternal baseline characteristics between women in the advanced-age group and those in the super-advanced age group.

Advanced age Super-advanced age
Characteristic group n (%) group n (%) . P-value
Total population 809 (100) 206 (100) - -
Educational attainment
Bachelor degree or below 185 (22.87) 46 (22.33) 0.03 0.87
Bachelor degree or above 624 (77.13) 160 (77.67)
Parity (times)
<2 764 (94.44) 195 (94.66) 0.02 0.9
>2 45 (5.56) 11 (5.34)
History of cesarean section 323 (39.93) 83 (40.29) 0.01 0.92
Pre-pregnancy BMI category
Underweight 93 (11.50) 12 (5.83) 4.54 0.03*
Normal weight 623 (77.01) 166 (80.58)
Overweight 83 (10.26) 24 (11.65)
Obese 10 (1.23) 4(1.94)
“Indicates statistical significance (P<0.05).
Table II. Comparison of pregnancy outcomes between women of advanced age and those with a super-advanced age.
Advanced age group Super-advanced age group no
(n=809), n (%) (n=206), n (%) v P-value
GDM
Y 229 (28.31) 78 (37.86) 7.11 0.01°
N 580 (71.69) 128 (62.14)
HDCP
Y 25 (3.09) 11 (5.34) 243 0.02*
N 784 (96.91) 195 (94.66)
PTB
Y 29 (3.58) 10 (4.85) 0.72 04
N 780 (96.42) 196 (95.15)
Macrosomia
Y 56 (6.92) 19 (9.22) 04 0.03*
N 753 (93.08) 187 (90.78)
SGA
Y 15 (1.85) 3 (1.46) 0.15 0.7
N 794 (98.15) 203 (98.54)

1P<0.05 and "P<0.01. Y represents women with this symptom, N represents women without this symptom. Comparisons were only made
between the women with symptoms group in the advanced age group and super-advance age group. GDM, gestational diabetes mellitus;
HDCP, hypertensive disorder complicating pregnancy; PTB, pre-term birth; SGA, small gestational age.

that in pregnant women with a normal weight (10), and the
probability of developing preeclampsia is also higher among
these women (13). A multicenter cohort study on the association
between pre-pregnancy BMI and pregnancy outcomes found
that the incidence of pre-eclampsia increased with maternal
pre-pregnancy weight (14). Women of AMA undergo progres-
sive damage to their uterine myometrial vascular endothelial
cells (decreased vasoconstriction and sclerosis), which causes

ischemia or oxidative stress. In addition, the adipose tissue in
women of AMA who are also overweight secretes excessive
adipokines that increase blood pressure during pregnancy. The
results of this study demonstrated that women of AMA and
high pre-pregnancy BMIs had the greatest risk of developing
HDCP.

The occurrence of PTB and pre-pregnancy BMI in this
study had a 'U'-shaped association, with the incidence of PTB
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Table IV. BP network predicts the accuracy of 6 pregnancy
outcomes and the importance of pre-pregnancy BMI and
GWG for pregnancy outcomes.

Pregnancy BP Pre-pregnancy

outcomes Accuracy weight GWG
GDM 89% 0.68 1.31
HDCP 91% 1.16 1.15
PTB 90% 0.57 1.28
Macrosomia 85% 1.22 1.23
SGA 85% 1.35 1.17
NBW 86% 2.26 1.95

BP accuracy presents the result of 6 pregnancy outcomes prediction
by BP network. BP, back-propagation’ GDM, gestational diabetes
mellitus; HDCP, hypertensive disorder complicating pregnancy;
PTB, pre-term birth; SGA, small gestational age.

being higher in women with low pre-pregnancy BMlIs, lower
in women with normal BMIs, and higher again in women with
high pre-pregnancy BMIs. This may be explained by nutrient
deficiencies with insufficient body fluid expansion in women
with low BMIs that increases the spontaneous incidence of
PTB (15), and by the triggering of gestational hypertension,
pre-eclampsia and other inadvertent pregnancy outcomes
that can lead to an increase in iatrogenic PTB in women with
pre-pregnancy overweight (16). Pre-pregnancy BMIs and
GWGs have been shown to be positively associated with NBW
and macrosomia, and to be negatively associated with SGA (4).
A meta-analysis of global pregnancy cases demonstrated
that a low BMI increased the risk of SGA, while a high BMI
decreased this risk (17). Women of AMA tend to present with
hyperlipidemia (1), and higher GWGs than younger women. In
addition, women of AMA are more often diabetic, and more
prone to developing GDM, which increases the chance of
macrosomia (9,18). The incidence of macrosomia in this study
increased with the BMIs of the mothers. In addition, the risk
SGA was greater in women with low pre-pregnancy BMIs than
in women with normal pre-pregnancy BMIs; however, women
with high pre-pregnancy BMI had a decreased risk of SGA.

Association between GWG and pregnancy outcomes in women
of AMA. We found low GWG to be a risk factor for GDM. The
results of BP neural network revealed that the effect of GWG
on GDM was 2-fold stronger than that of pre-pregnancy BMI,
similarly to the results of a previous study (9). In this study, the
women who had regular prenatal checkups received dietary
and exercise guidance after receiving a diagnosis of GDM.
Therefore, they conducted routine blood glucose monitoring
and controlled their weight for the rest of the pregnancy. Strict
pregnancy weight management should maintain a lower GWG
for women with GDM than for women without GDM (4). The
results of this study revealed that the risk of HDCP in women
with excessive GWG was greater than that in women with
normal GWG, but insufficient GWG was not associated with
HDCP. Although excessive GWG is positively associated with
HDCP, distinguishing the cause and effect between GWG and
HDCEP is difficult. Excessive weight gain may increase the
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incidence of HDCP; however, HDCP induces edema and fluid
retention, thus leading to increased weight (10).

The association between GWG and PTB is also controver-
sial. In this study, we found that the incidence of PTB in women
with insufficient GWG was greater than that in women with
normal GWG. The results of our BP neural network revealed
that the influence of GWG on the risk of PTB was 2-fold
greater than the influence of pre-pregnancy BMI, suggesting
that insufficient GWG is the main cause of PTB. In addition,
the risk of macrosomia in women with excessive GWG was
greater than that in women with normal GWG. Insufficient
GWG was not associated with macrosomia. A previous study
found a greater risk of macrosomia in women with excessive
GWG than that in women with normal GWG (19). In this study,
we did not observe reductions in the risk of macrosomia in
women with insufficient GWG. In addition, the risk of SGA in
women with insufficient GWG was greater than that in women
with normal GWG, and excessive GWG was not associated
with SGA. Studies have shown indirect associations between
SGA and GWG (10,20).

In conclusion, according to the findings of this study,
among women of AMA, compared with with those who are
at a normal weight pre-pregnancy, being overweight increased
the risk of GDM, HDCP and macrosomia.The incidence of
macrosomia was higher in the group of women who gained
more weight during pregnancy than those who met the IOM
standard. On the contrary, the incidence of PTB was higher
in the group of women who gained less weight during preg-
nancy than in the group whose GWG met the IOM standard.
According to the recommended IOM guidelines. Women of
AMA should control their pre-pregnancy BMI and maintain
a normal GWG to diminish the risks of adverse pregnancy
outcomes. The BP neural network is a suitable approach for
the study of weight changes in women with AMA during
pregnancy.
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