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Abstract

Background: To explore the correlation of pre-pregnancy body mass index (BMI) and gestational weight gain (GWG) with the occur-
rence of birth defects. Methods: Clinical data of pregnant women were collected in Zhuzhou Central Hospital from January 2019 to
December 2021. A total of 10,086 newborns, including 175 newborns with birth defects. Birth defect cases were identified, and 350
cases of pregnant women without birth defects were randomly selected as the control group by control case matching (1:2). Clinical
baseline data were compared between the two groups, and logistic single-factor analysis was performed to examine the correlation be-
tween pre-pregnancy BMI, GWG, and birth defects. Results: The study consisted of a total of 175 cases of birth defects, including
circulatory system 114 (65.14%) cases, musculoskeletal system 34 (19.43%) cases, urinary system 15 (8.57%) cases, and 12 (6.86%)
cases of other birth defects. There were no statistical differences in parity between the two groups (p > 0.05). However, statistically
significant differences were observed in maternal age, pre-pregnancy medication history, and the perinatal TORCH (Toxoplass, Other
(Syphilis, Hepatitis B), Rubivirus, Cytomegalovirus, Herpesvirus) (p < 0.05). Logistic single-factor analysis revealed that the proportion
of birth defects in obese women was significantly higher than that in the control group (5.14% vs. 1.14%, p = 0.013). In the birth defect
group, the distribution of inadequate, appropriate, and excessive GWG was 9.71%, 34.86%, and 55.43%, respectively. However, no
statistical differences were found in the types of birth defects based on maternal BMI and GWG. Conclusion: The primary focus on
addressing birth defects should center around the prevention and control of congenital heart disease. Abnormal pre-pregnancy BMI is a
risk factor for birth defects. Effective control of GWG contributes to preventing adverse outcomes in newborns. Therefore, both women
of childbearing age and pregnant women need to pay attention to weight management.
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1. Introduction

Birth defects refer to structural, functional, or
metabolic abnormalities that occur before birth due to ge-
netic or environmental factors, or a combination of both [1].
The factors leading to birth defects are complex, with more
than 80,000 known types [2]. Globally, approximately 8
million newborns are born with birth defects every year [3].
In the United States, about 1 in 33 infants is born with a
birth defect [4]. According to estimates in 2018, China adds
about 900,000 cases of newborns with birth defects each
year, accounting for 5.6% [2]. Birth defects are the main
causes of early miscarriages, stillbirths, neonatal and infant
deaths, and congenital disabilities [5]. They significantly
affect the survival and quality of life of children, causing
considerable suffering and imposing substantial economic
burdens on the affected children and their families. There-
fore, preventing birth defects is a major public health con-
cern to improve child survival and enhance their quality of
life.

The currently recognized independent high-risk fac-
tors for birth defects include maternal age, medication his-
tory, and genetic and environmental factors. With eco-

nomic development and improved living standards, the in-
cidence of obesity and associated chronic metabolic dis-
eases has been continuously rising [6]. Moreover, obesity
can be transmitted across generations [7,8]. Maternal obe-
sity may affect the overall health of the offspring through
mechanisms such as chronic inflammatory responses, dys-
functional adipose tissue, dysfunction of the hypothalamic—
pituitary—adipose axis, epigenetic changes, genetic factors,
and disruptions in gut microbiota [9,10], although the spe-
cific mechanisms remain unclear. Monitoring gestational
weight gain (GWG) is part of prenatal care, and both in-
sufficient and excessive GWG can have adverse effects on
the developing fetus. However, currently, the relationship
between GWG and birth defects is not well understood.
Thus, this study aims to explore the correlation between
pre-pregnancy body mass index (BMI), GWG, and birth
defects by analyzing the clinical data of birth defect cases
and normal newborns, aiming to provide a foundation for
early-life interventions and ensuring the quality of the birth
population.
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2. Study Subjects and Methods
2.1 Subjects

Retrospective study the clinical data of pregnant
women at Zhuzhou Central Hospital of Zhuzhou from Jan-
uary 2019 to December 2021. A total of 10,086 new-
borns, including 175 newborns with birth defects. The col-
lected data included various factors such as age, height, pre-
pregnancy weight, GWG, parity, pregnancy history, pre-
pregnancy and pregnancy medication usage, and adverse
habits such as smoking and alcohol consumption.

The inclusion criteria were as follows: (1) having
undergone a normal pre-pregnancy health checkup, with
no pre-pregnancy medication usage or adverse habits; (2)
availability of complete prenatal examination data; (3) no
family history of psychiatric illness, dementia, birth de-
fects, hypertension, diabetes, or other hereditary diseases;
(4) no history of illnesses such as heart disease, tubercu-
losis, liver disease, kidney disease, chronic hypertension,
anemia, blood disorders, psychiatric illness, diabetes, or
thyroid dysfunction; (5) residing in the city for more than
a year; and (6) willingness to cooperate with clinical data
collection.

The exclusion criteria were: (1) residing in the city
for less than a year; (2) abnormal results of pre-pregnancy
health checkup, pre-pregnancy medication usage, or ad-
verse habits; (3) incomplete prenatal examination data; (4)
presence of relevant family history and/or past medical
history; and (5) availability of convenient and safe non-
invasive methods for monitoring gestational weight gain.
This study was approved by the ethics committee of the hos-
pital.

2.2 Methods

The clinical data of the pregnant women were col-
lected. The collected information included the following:

(1) Basic information of pregnant women: this in-
cluded their age, height, pre-pregnancy weight, GWG, pre-
marital examination results, adherence to a healthy diet,
maintenance of a regular lifestyle, and parity.

(2) Maternal health conditions: details about the
women’s health were recorded, including their pre-
pregnancy and pregnancy medication history, instances of
pregnancy-related complications, any adverse pregnancy
history, and a history of psychiatric and neurological ab-
normalities.

(3) Maternal adverse habits: information regarding
habits such as smoking, alcohol consumption, and drug use.

(4) Basic information about pregnant women before
delivery: information regarding weight, uterine height, and
abdominal circumference.

(5) Labor process and newborn information: compre-
hensive information about the labor process and the new-
borns.

The criteria for inclusion in the control group were as
follows: when diagnosing a newborn with a birth defect

during childbirth, two healthy infants were randomly se-
lected as controls. These control infants had to meet the
following conditions: pregnant women with age difference
of no more than 2 years, and they should be from the same
geographical area and have the same gender, and deliv-
ery time of no more than 3 moths compare with matched
birth defect cases. Moreover, the selected controls had to
have no obvious adverse pregnancy outcomes. During the
study period, a total of 175 cases of birth defects were iden-
tified, and throng control case matching (1:2) selected as
controls. 350 cases of pregnant women without birth de-
fects were randomly selected as the control group by con-
trol case matching (1:2). Matching factors include maternal
age, pre-pregnancy BMI, delivery time of pregnant women
and birth weight of newborn.

The diagnostic criteria for identifying birth defects
involved a comprehensive approach. Clinical monitoring
was conducted according to the requirements of the “China
Birth Defects Monitoring Program” and the 23 categories of
birth defect diagnostic criteria outlined in the “China Birth
Defect Working Manual” published by the National Defects
Monitoring Center.

Pre-Pregnancy BMI and Gestational Weight Gain Groups

The BMI was calculated using the formula: weight
(kg) = (height (m))2. The method for calculating GWG in-
volved subtracting the weight before delivery from the pre-
pregnancy weight. Measurements were taken in the morn-
ing, on an empty stomach, after bowel movement, and at
approximately 25 °C. The GWG of the pregnant women
was categorized according to the “Guidelines for Monitor-
ing and Evaluation of Maternal Weight Gain During Preg-
nancy in China” [11] published by the China Nutrition So-
ciety in 2021 (Table 1).

Table 1. Weight gain during pregnancy and recommended
weekly weight gain in the middle and late stages of pregnancy
based on pre-pregnancy BMI classification.

Pre-pregnancy BMI classification (kg/m?) Total gain range (kg)

Underweight (<18.5) 11.0-16.0
Normal (18.5-23.9) 8.0-14.0
Overweight (24.0-27.9) 7.0-11.0
Obese (>28.0) 5.0-9.0

BMI, body mass index.

2.3 Statistical Analysis

The control group were selected by case control
matching (1:2) [12,13]. Data analysis was conducted using
SPSS 26.0 software (IBM, Armonk, NY, USA). Normally
distributed continuous data were represented as the mean
=+ standard deviation (T £ s). Categorical data were pre-
sented as frequencies (n), and data comparisons were con-
ducted using chi-squared tests or the Monte Carlo method.
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A p-value < 0.05 was considered statistically significant.
Two-sided tests were performed, with a significance level
set at a = 0.05.

3. Results
3.1 General Characteristics of the Maternal Population

A total of 525 parturients were included in the study.
Their mean age was 30.3 + 4.16 years, with 478 (91.05%)
participants being younger than 35 years and 47 (8.95%)
being 35 years or older. Among the participants, 83 had
low pre-pregnancy weight, 352 had normal weight, 77 were
classified as overweight, and 13 were categorized as obese.
Regarding GWG, 48 participants had gained inadequate
weight, 205 had gained appropriate weight, and 272 had
gained excessive weight. The distribution of primiparous,
second-parous, and multiparous women was 165, 188, and
172 cases, respectively. There were 224 cases of primi-
parity, 276 cases of second parity, and 25 cases of third or
higher parity. Additionally, 167 patients had experienced
pregnancy-related complications, whereas 358 did not ex-
perience any complications. Among the participants, 464
did not use any medication during pregnancy, while 61 did.
Postpartum checkups revealed that 157 participants showed
normal results, whereas 346 participants showed abnormal
findings (Table 2).

3.2 Distribution of Birth Defects

Among the 175 cases of birth defects, there were 21
different types. The top three types were circulatory system
114 (65.14%) cases, musculoskeletal system 34 (19.43%),
urinary system 15 (8.57%). These defects were categorized
based on the system involved, as follows: circulatory sys-
tem defects, including congenital heart disease and vascu-
lar malformations; musculoskeletal system defects, includ-
ing polydactyly/syndactyly, clubfoot, and umbilical hernia;
urinary system defects, including congenital inguinal her-
nia and hypospadias; digestive system defects, including
anal atresia, esophageal atresia, and small bowel atresia;
and other system defects, including cleft lip/palate, sacral
agenesis, and cerebral ventricle malformation. The specific
data are presented in Table 3.

3.3 Comparison of General Characteristics between the
Birth Defect Group and the Control Group

Differences in age, pre-pregnancy BMI, GWG, par-
ity, number of pregnancies, pregnancy-related compli-
cations, perinatal examinations, medication during preg-
nancy, smoking history, and alcohol consumption history
were compared between the two groups (Table 4). We
found that age (>35 years), medication use during preg-
nancy, and perinatal TORCH (Toxoplass, Other (Syphilis,
Hepatitis B), Rubivirus, Cytomegalovirus, Herpesvirus)
showed statistically significant differences between the two
groups (p < 0.000, odds ratio (OR) (95% confidence inter-
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Table 2. Clinical Characteristics of 525 Maternities.

Characteristics No. (%)
Age (year)

<35 478 (91.05)

>35 47 (8.95)
BMI

Underweight 83 (15.81)

Normal weight 352 (67.05)

Overweight 77 (14.67)

Obesity 13 (2.47)
Weight gain

Insufficient 48 (9.14)

Appropriate 205 (39.05)

Excessive 272 (51.81)
Parity (No.)

1 165 (31.43)

2 188 (35.81)

>3 172 (32.76)
Births (No.)

1 224 (42.67)

2 276 (52.57)

>3 25 (4.76)
Pregnancy complications

Present 167 (31.81)

Absent 358 (68.19)
Medication use during pregnancy

No 464 (88.38)

Yes 61 (11.62)
Postpartum checkup

Normal 346 (65.90)

Abnormal 157 (29.90)

Not checked 22 (4.19)

Table 3. Distribution of birth defect categories.

Birth defect category No. (%)
Circulatory system 114 (65.14)
Musculoskeletal system 34 (19.43)
Urinary system 15 (8.57)
Digestive system 6(3.43)
Other systems 6(3.43)
Total 175 (100.00)

val (C])), 3.66 (1.97, 6.81), p < 0.000, OR (95% CI), 16.02
(7.67, 33.47), p < 0.000, OR (95% CI), 283.74 (128.36,
627.21), respectively), indicating their independent roles
as risk factors for causing birth defects. However, no sta-
tistically significant differences were observed in terms of
weight gain, parity, number of pregnancies, pregnancy-
related complications, smoking history, and alcohol con-
sumption history (p > 0.05). However, 2 number of births
have was significantly difference (p = 0.002, OR (95% CI),
0.55 (0.37, 0.80). Notably, in the classification of pre-
pregnancy BMI, obesity exhibited statistically significant


https://www.imrpress.com

abnormalities between the two groups (p = 0.01), whereas
low body weight and overweight showed no statistically
significant abnormalities.

3.4 Proportional Analysis of GWG in Birth Defect Cases

We conducted a correlation analysis of GWG in the
175 cases of birth defects. The distribution of inadequate,
appropriate, and excessive GWG cases was 17, 61, and 97,
respectively, constituting proportions of 9.71%, 34.86%,
and 55.43%, respectively (Table 5). Despite the lack of sta-
tistical significance in the comparison of GWG between the
control group and the birth defect group (p < 0.05, Table 3),
based on the proportions of GWG within the birth defect
cases, we considered both insufficient and excessive GWG
as potential risk factors for birth defects.

3.5 Comparison of Pre-Pregnancy BMI and Gestational
Weight Gain in Different Birth Defect Categories

The fetal outcomes were categorized into six groups,
and the frequencies of gestational BMI and weight gain
groups were compared using the Monte Carlo method. The
p-values for both the pre-pregnancy BMI group and the
GWG group were >0.05, indicating no statistically signif-
icant differences (Table 06).

4. Discussion

According to the “National Comprehensive Preven-
tion and Control Program for Birth Defects” issued by
the National Health Commission in 2018, the overall inci-
dence rate of birth defects in China is approximately 5.6%.
In our study, the birth defect rate accounted for 1.74%
(175/10,068), which is lower than the total birth defect rate.
This may be related to the region. The main cause of birth
defects was congenital heart disease, Musculoskeletal sys-
tem and Urinary system approximately 65.14%, 19.43%
and (8.57%) respectively. This is consistent with the data
from China’s birth defect survey [14].

4.1 Birth Defects Are Related to Age, Perinatal TORCH,
and Pregnancy Medication during Pregnancy

In our study, we found that a significant increase in
birth defects occurred when the age was over 35 years old
and perinatal TORCH were positive. It has been confirmed
that advanced maternal age and TORCH were identified as
risk factors for birth defects [15,16]. For TORCH, approxi-
mately 75% of those infected in utero will be asymptomatic
at birth, but as they grow, they will be at significant risk
for developing motor dysfunction, cerebellar dysfunction,
microcephaly, seizures, chorioretinitis, intellectual disabil-
ities, and sensorineural hearing loss [17].

About pregnancy medication, there are 68 cases with
clearly documented medication names and courses, it was
observed that 48 participants took prenatal nutrients like
iron, calcium, vitamins, and amino acids, whereas 20 partic-
ipants took progesterone for miscarriage prevention, insulin

for blood sugar control, or antihypertensive medications.
Karcz et al. [18] suggest that maternal nutrient deficiencies
might be present during pregnancy and that supplementing
adequate nutrients can promote maternal and infant health.
Similarly, Hansu et al. [19] suggest that supplementing vi-
tamins and minerals during different pregnancy stages can
better maintain maternal and infant health. For supplement-
ing iron, calcium, vitamins, and amino acids during preg-
nancy, we recommend supplementing with nutrients. How-
ever, during pregnancy, we recommend avoiding medica-
tion during pregnancy. Anderson et al. [20] compared
women who were exposed to antidepressants during early
pregnancy with those who were not and found an associ-
ation between antidepressant use in early pregnancy and
specific birth defects such as congenital heart defects. Huy-
brechts et al. [21] found that the use of hydroxychloroquine
in the early stages of pregnancy slightly increased the risk
of cleft lip and urinary system defects.

4.2 BMI and GWG Can Affect Birth Defects

In our study, we found that obesity accounted for
5.14% in the birth defect group, compared to 1.14% in
the control group. The results suggest that pre-pregnancy
obesity is a risk factor for birth defects. However, pre-
pregnancy underweight and overweight do not appear to
influence the occurrence of birth defects. Research has in-
dicated that pre-pregnancy obesity could impair embryonic
development and the health of the offspring [22]. Vena
et al. [23] conducted a systematic review on the relation-
ship between maternal weight and neural tube defects, re-
vealing a significantly higher risk of neural tube defects
in fetuses of obese mothers. However, there is no differ-
ence in being overweight or underweight [23]. Addition-
ally, when analyzing congenital heart diseases, Persson et
al. [24] identified maternal overweight and obesity as high-
risk factors. Another cross-sectional study on birth defects
also found that overweight and obesity were risk factors
[25]. Zhang et al. [26] discovered that compared to women
with normal weight, the risk of spina bifida significantly
increased for both mothers and offspring in obese pregnant
women, whereas the risk of anencephaly in offspring signif-
icantly increased for underweight pregnant women. How-
ever, some researchers did not find a link between maternal
pre-pregnancy obesity and the risk of hypospadias or cryp-
torchidism in male newborns [27].

Considering the results of this study and related lit-
erature, BMI, particularly obesity, is identified as a risk
factor for birth defects. Nevertheless, BMI is not a uni-
versal risk factor for all types of birth defects. Interest-
ingly, in this study, the proportions of insufficient, appro-
priate, and excessive GWG gain were 9.71%, 34.86%, and
55.43%, respectively. Based on the proportion of GWG
in birth defect cases, insufficient or excessive gestational
weight gain is considered a potential risk factor for birth de-
fects. Severe insufficient GWG is associated with a higher
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Table 4. Subgroup analysis of odds ratio (OR) for birth defects.

No. (%)

Subgroup p-value OR (95% CI)
Birth normal  Birth defects

Age (years)

<35 332 (94.86) 146 (83.43)

>35 18 (5.14) 29 (16.57) 0.000 3.66 (1.97, 6.81)
Pre-pregnancy BMI

Normal weight 236 (67.43) 116 (66.29)

Underweight 63 (18.00) 20 (11.43) 0.12 0.65(0.37,1.12)

Overweight 47 (13.43) 30 (17.14) 0.31 1.30(0.78, 2.16)

Obesity 4(1.14) 9(5.14) 0.013 4.58 (1.38, 15.18)
Weight gain during pregnancy

Adequate 144 (41.14) 61 (34.86)

Inadequate 31 (8.86) 17 (9.71) 0.45 1.30 (0.67, 2.51)

Excessive 175 (50.00) 97 (55.43) 0.18 1.31 (0.89, 1.93)
Number of pregnancies

1 104 (29.71) 61 (34.86)

2 142 (40.58) 46 (26.29) 0.11 0.55(0.35, 0.88)

>3 104 (29.71) 68 (38.85) 0.63 1.12 (0.72, 1.73)
Number of birth

1 134 (38.29) 90 (51.42)

2 202 (57.71) 74 (42.29) 0.002 0.55(0.37, 0.80)

>3 14 (4.00) 11 (6.29) 0.71 1.17 (0.51, 2.69)
Pregnancy-related complications 102 (29.14) 65 (30.29) 0.064 0.70 (0.51, 3.119)
Perinatal TORCH

Normal 333 (95.14) 13 (7.42)

Abnormal 13 (3.72) 144 (82.29) 0.000 283.74 (128.36, 627.21)

Not done 4(1.14) 18 (10.29)
Medication use during pregnancy

No 341 (97.43) 123 (70.29)

Yes 9 (2.57) 52 (29.71) 0.000 16.02 (7.67, 33.47)
Alcohol consumption history

No 336 (96.00) 168 (96.00)

Yes 14 (4.00) 7 (4.00) 1.00 1.00 (0.40, 2.52)
Smoking history

No 318 (90.86) 161 (92.00)

Yes 32 (9.14) 14 (8.00) 0.66 1.16 (0.60, 2.23)

CI, confidence interval; OR, odds ratio, TORCH, Toxoplass, Other (Syphilis, Hepatitis B), Rubivirus, Cy-

tomegalovirus, Herpesvirus.

Table 5. Proportional analysis of GWG in birth defects.

Pre-pregnancy BMI in birth defect cases

GWG Percentage (%)
Low Normal Overweight Obese

Insufficient 6 6 5 0 9.71

Appropriate 7 46 7 1 34.86

Excessive 7 64 18 8 55.43

GWG, Gestational weight gain.

risk of low birth weight, preterm birth, growth retardation,
and microcephaly, whereas excessive GWG is linked to a
higher risk of macrosomia and large-for-gestational-age ba-
bies, highlighting the close relationship between GWG and
fetal birth weight [28,29]. Perumal et al. [28] discussed the
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correlation between GWG and birth defects in 7561 Tanza-
nian women, suggesting the necessity of interventions for
inadequate or excessive GWG to prevent adverse neona-
tal outcomes. Moreover, some studies have found corre-
lations of decreased pre-pregnancy BMI and insufficient


https://www.imrpress.com

Table 6. Comparison of pre-pregnancy BMI and gestational weight gain for different types of birth defects.

Type of birth defect .
Factor Fisher x? P
None  Circulatory =~ Musculoskeletal Urinary Digestive Other
system system system system system
defects defects defects defects defects
Pre-pregnancy BMI group 20.905 >0.05
Normal 236 76 24 10 3 3
Low body weight 63 12 1 2
Overweight 47 21 1 1
Obesity 4 5 1 0
Pregnancy weight gain grouping 9.346 >0.05
Suitable 144 35 16 6 1 3
Insufficient 31 11 5 1 0
Excessive 175 68 13 8 5 3

GWG with the severity of clinical features of optic nerve
development, especially bilateral diseases and severe brain
anomalies [30].

Although BMI and gestational weight gain did not
show statistically significant differences between the con-
trol group and the birth defect group in this study, might
be attributed to the relatively small sample size and poten-
tial influence of confounding biases. Further analysis with
larger sample sizes is needed to confirm the impact of pre-
pregnancy BMI and GWG on fetal birth defects. Never-
theless, trends in the data still suggest that weight manage-
ment is crucial for women of reproductive age and pregnant
women, as it holds significant implications for reducing ad-
verse pregnancy outcomes and improving the overall qual-
ity of the population.

5. Conclusion

In this study, we found advanced age (>35) and peri-
natal TORCH positive were risk factors for birth defects.
During pregnancy, we recommend supplementing with nu-
trients. Although BMI and gestational weight gain did not
show statistically significant differences between the con-
trol group and the birth defect group. We still believe that
managing BMI and GWG during pregnancy is crucial.
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