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Abstract: Objective: To explore the relationship between pregnancy related complications and neonatal weight with
body mass index (BMI) and maternal age in early pregnancy. Methods: Related information about 2,070 cases
of primipara with single birth delivered in the obstetrics department of our hospital was analyzed. These above
subjects were grouped according to their BMI and age. Relationship between pregnancy related complications and
neonatal weight with BMI and mother’s age in early pregnancy was further investigated. Results: BMI increased less
in the overweight group than in the normal group and low weight group during pregnancy (P<0.05). The overweight
and obese group had a higher incidence of gestational hypertension and diabetes mellitus in early pregnancy than
the normal group (P<0.05). Besides, the average neonatal weight of the obese group was higher than that of the
normal group (P<0.05). The incidence of gestational diabetes mellitus in the senior age group was higher than that
in the younger age group (P<0.05). Logistic regression showed that being overweight, obese and older age were all
risk factors related to pregnancy complications and low birth weight. Conclusion: Pregnancy related complications
and outcomes are closely related to BMI and mother’s age in early pregnancy.
Keywords: BMI, childbearing age, pregnancy related complications, neonatal weight

Introduction
Studies have shown that body mass index
(BMI) before pregnancy is closely related to
both pregnancy complications (hypertension,
diabetes mellitus) and neonatal related complications. In addition, productive weight control during pregnancy and childbearing at
younger age are of great significance in optimizing perinatal outcomes [1-3]. In recent
years, with social progress and the implementation of the two children policy in China,
more and more people choose late marriage
and late childbearing, resulting in the postponement of childbearing [4]. Some studies
have found that the metabolic rate was decreased, and the incidence of adverse outcomes
of mother and fetus were increased with increasing age of pregnant women. Being aged
over 45 years old and abnormal BMI of pregnant women before pregnancy may lead to adverse outcomes of both mother and fetus [5,

6]. Many previous studies have also explored
the influence of BMI before pregnancy and age
on pregnancy complications and outcomes, but
most of them are only regional studies with differences [7, 8]. Therefore, our present study
analyzed the data of 2,070 pregnant women
with single child pregnancies in a coastal city of
southern China, aiming to explore the influence
of BMI in early pregnancy and age on pregnancy
related complications and neonatal weight.
Materials and methods
Research subjects
A retrospective analysis was made of 2,070
cases of parturients who completed antenatal
examination regularly and gave birth between
January 2016 and September 30, 2018 in the
obstetric clinic of The First Affiliated Hospital of
Fujian Medical University. Inclusion Criteria: 1.
singleton pregnancy; 2. primipara; 3. complete
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prenatal examination. Exclusion criteria: 1. parturient with previous diabetes history and hypertension; 2. parturient received abortion or
induced labor due to various reasons; 3. parturient with pre pregnancy immune system diseases; 4. parturient with severe liver and kidney dysfunction before pregnancy; 5. parturient with birth defects; 6. parturient with incomplete clinical data.
Informed consent is not necessary because
this retrospective study uses patient data anonymously. The research has been approved
by the Ethics Committee of The First Affiliated
Hospital of Fujian Medical University.
Methods
The following information of the parturient was
collected through their previous medical records: age, height, weight (in 8- and 39-week
gestational age), delivery related data (including gestational week and delivery mode) and
the occurrence of gestational hypertension
and diabetes. Information of the corresponding neonates (including the weight, asphyxia
and premature rupture of membranes) was
also collected.
Grouping criteria and principles
Weight grouping [9]: The parturients fell into
four groups according to their BMI before pregnancy as following: low weight group (BMI<
18.5 kg/m2), normal group (BMI between 18.524.9 kg/m2), overweight group (BMI between
25-30 kg/m2) and obese group (BMI≥30 kg/
m2).
Age grouping includes the lower age group (<24
years old), mid age group (24 to 35 years old),
and the older age group (≥35 years old).
Diagnosis of pregnancy hypertension: Systolic
blood pressure ≥140 mmHg and/or diastolic
blood pressure ≥90 mmHg measured at least
twice in the same arm.
Diagnosis of gestational diabetes mellitus (according to the relevant diagnostic standards of
fasting blood glucose measurement and oral
glucose tolerance test) refers to the latest edition of scientific definition standard of Obstetrics and Gynecology [10, 11].
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Weight grouping of the neonates acts in accordance with the following principles: Neonates
less than 2.5 kg are identified as low weight
infants and more than 4.0 kg are macrosomia
[12].
Outcome measures
We aimed to investigate the correlation between pregnancy related complications such
as gestational hypertension and diabetes and
the neonatal weight with the weight and age
of parturients in early pregnancy.
Statistical analysis
SPSS 22.0 software was employed to analyze the data of these research subjects. The
measurement data were expressed by mean ±
SD, and the comparison between groups was
conducted by t-test or one-way ANOVA of independent samples. The enumeration data were
expressed in n (%), and chi square test was
used for comparison between groups. Two factor Logistic regression analysis was used to
detect the risk factors of pregnancy related
complications and low birth weight infants.
The variables were assigned according to the
classification variables and were screened by
the step forwards (Ward) method, with 0.05 as
the inclusion standard, and 0.10 as the
exclusion standard. Relative risk is expressed
by the adjusted odds ratio (OR value). Bilateral
test was used for analysis. The difference was
considered as statistically significant with
P<0.05.
Results
General data of the research subjects
In our selected subjects, the proportion of the
parturient in low weight group, normal group,
overweight group and obese group is 18.79%
(389 cases), 67.00% (1,387 cases), 12.03%
(249 cases) and 2.18% (45 cases), respectively. Among them, the cases of parturient in the
lower age group, mid age group and older age
group are 187, 1551 and 332, respectively.
Statistics indicated that the average age of
the subjects was 29.7 ± 4.6 years old, average
height was 160.6 ± 4.6 cm, the average BMI
during pregnancy was increased by 5.41 ± 1.58
kg/m2 and the average neonatal weight was
3.23 ± 0.53 kg. As shown in Figures 1 and 2.
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than the normal group (t=4.843, P<0.001). The
weight gain during pregnancy of the overweight
group was much less than that of the normal
group with statistically significant differences
(t=5.137, P<0.001). In addition, weight gain of
the obese group was also lower than the normal group but with no statistically significant
differences (t=1.697, P=0.090). As shown in
Table 1.
Comparison of neonatal outcomes in different
BMI groups in early pregnancy

Figure 1. Composition of parturients in low weight
group, normal group, overweight group and obese
group of this study.

Average neonatal weight and the proportion of
low weight infants in the obese group and
overweight group were both higher than those
in normal group (P<0.01). Besides, average
neonatal weight in the low weight group was
obviously lower than that of the normal group
(P<0.01). In addition, the percentage of macrosomia in low body group was lower than that in
normal group (P<0.05). There was no significant difference in the percentage of low birth
weight infants in each group. As shown in Table
2.
Comparison of pregnancy complications of
parturients in different BMI groups in early
pregnancy

Figure 2. Age grouping of the parturients in our study.

Comparison of BMI growth, weight gain and
age of pregnant women with different BMI in
early pregnancy
The results showed that the average age of the
low weight group was the lowest, lower than
that of normal group (t=5.550, P<0.001), and
the average age of overweight group was the
highest, significantly higher than that of normal
group (t=4.020, P<0.001). At the same time, no
significant difference existed in height among
groups (t=3.176, P=0.520). Mean value of BMI
increase during pregnancy in the overweight
group and obese group was lower than that in
normal group with statistically significant differences (t=4.653, P<0.001; t=2.632, P<0.01).
Meanwhile, the low weight group had higher
increased mean value of BMI during pregnancy
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Our study analyzed the relationship between
different BMI and pregnancy related complications. The results showed that no significant
difference existed in the incidence of gestational hypertension and diabetes between the
low weight group and the normal group. The
incidence of gestational hypertension and diabetes in the obese group and overweight group was higher than that in normal group (P<
0.05). What is more, is that the obese group
had a significantly higher incidence than the
overweight group (P<0.05). As shown in Table
3.
Pregnancy complications, neonatal weight and
neonatal status of singleton pregnancy in different age groups
Senior age group had higher incidence of gestational diabetes mellitus than the other two
groups (P<0.05). No significant difference in
the incidence of gestational hypertension and
average neonatal weight was found among
these three groups (P>0.05). Besides, average
neonatal weight among the three groups also
had no statistically significant difference (P=
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Table 1. General materials of singleton pregnancy in different BMI groups in early pregnancy
Groups
Low weight group (n=389)
Normal group (n=1,387)
Overweight group (n=249)
Obese group (n=45)

BMI (kg/m2) in
Early pregnancy
17.18 ± 1.33
20.86 ± 1.58
25.40 ± 1.15
30.50 ± 2.93

Age (year)

Height (cm)

28.4 ± 4.3***
29.8 ± 4.6
31.1 ± 4.6***
30.7 ± 5.4

160.9 ± 4.8
160.6 ± 4.6
160.4 ± 4.5
160.7 ± 4.9

BMI increase
Weight gain (kg)
(kg/m2)
5.81 ± 1.48*** 14.99 ± 3.87***
5.45 ± 1.56
13.86 ± 4.12
4.90 ± 1.53*** 12.55 ± 3.92***
5.04 ± 2.46**
12.20 ± 5.38

Note: Compared with the normal group, **P<0.01, ***P<0.001. BMI: body mass index.

Table 2. Comparison of neonatal weight in different BMI groups in
early pregnancy
Groups

Cases

Neonatal
weight (kg)

Low weight group 389 3.16 ± 0.41**
Normal group
1,387 3.28 ± 0.44
Overweight group 249 3.43 ± 0.50**
Obese group
45
3.57 ± 0.70**

Percentage of low Percentage of
weight infants
macrosomia
(n, %)
(n, %)
13 (3.34)
10 (2.57)*
40 (2.88)
72 (5.19)
8 (3.21)
31 (12.45)**
3 (6.67)
10 (22.22)**

incidence of gestational
diabetes mellitus and macrosomia (OR: Senior age
group: 2.6, OR: Senior age
group: 1.8) also increased with age. As shown in
Tables 5-8.
Discussion

With the increasing implementation of eugenics, female BMI, is an important
Table 3. Analysis of pregnancy complications and BMI in early pregindicator to evaluate the
nancy
nutritional status of women before and during
Percentage of
Percentage of
pregnancy, and it is also
Groups
Cases gestational hypertension gestational diabetes
(n, %)
mellitus (n, %)
considered as the main
indicator to evaluate womLow weight group
389
9 (2.31%)
32 (8.23%)
en’s health and the first
Normal group
1,387
27 (1.95%)
142 (10.24%)
monitoring indicator for
*
*
Overweight group
249
10 (4.02%)
49 (19.68%)
pregnant women [13, 14].
*,#
*,#
Obese group
45
5 (11.11%)
20 (44.44%)
Many studies have point#
Note: Compared with the overweight group, P<0.05; compared with the normal group,
ed out that being under*
P<0.05. BMI: body mass index.
weight during pregnancy
will lead to the birth of
0.980). Percentage of macrosomia and low
low weight infants, but excessively high BMI
weight infants in the senior age group is highwould lead to the occurrence of macrosomia
er than the other two groups (P<0.05) and no
[15]. At the same time, too much weight gain
significant difference exists between the other
during pregnancy will not only increase the intwo groups (P>0.05). As shown in Table 4.
cidence of adverse pregnancy outcomes, but
also induce general postpartum obesity in inThe relationship between BMI in early pregfants and pregnant women [16]. In this study,
nancy and age with pregnancy complications
we found that the incidence of gestational hyand pregnancy outcome
pertension, diabetes and macrosomia in the
overweight group was significantly higher than
After BMI in early pregnancy and age were
that in the normal group. Besides, the obese
embedded, related pregnancy complications
group had a higher incidence of gestational
and the neonatal weight were analyzed by two
hypertension and diabetes than the overweifactor Logistic regression analysis. The results
ght group. What is more, excessively increasshowed that the risk of gestational diabetes
ed BMI was found to elevate the incidence of
mellitus (OR: overweight group: 2.0, obese
gestational diabetes. In addition, the average
group: 7.1) and hypertension (OR: overweight
neonatal weight of the normal group was lowgroup: 2.5, obese group: 5.1) increased with
er than that of the obese group and the overincreasing BMI in early pregnancy. Besides, the
Note: Compared with the normal group, *P<0.05, **P<0.01. BMI: body mass index.

6015

Int J Clin Exp Med 2020;13(8):6012-6018

Relationship between pregnancy related complications, BMI and age
Table 4. Comparison of pregnancy complications and neonatal outcomes in different age groups
Cases

Neonatal
weight (kg)

Lower age group 187
Mid age group
1551
Older age group 332

3.25 ± 4.03
3.27 ± 4.45
3.32 ± 5.27

Groups

Percentage
Percentage
Percentage of
Percentage of
of low weight
of gestational
gestational diabetes macrosomia
infants (n, %) hypertension (n, %)
mellitus (n, %)
(n, %)
6 (3.21%)
3 (1.60%)
6 (3.21%)
6 (3.21%)
42 (2.71%)
35 (2.26%)
159 (10.25%)
88 (5.67%)
a
a
16 (4.82%)
13 (3.92%)
78 (23.49%)
29 (8.73%)a

Note: Compared with the other two groups (Lower age group and Right age group), aP<0.05.

Table 5. The results of Logistic regression analysis on risk factors of gestational diabetes mellitus
Risk factors
Overweight
Obesity
Older age

Regression coefficient
0.693
1.960
0.955

OR value 95% CI P value
2.0
1.4-2.9 0.000
7.1
3.8-13.3 0.000
2.6
1.9-3.5 0.000

Note: OR: odds ratio; CI: confidence interval.

Table 6. The results of Logistic regression analysis on risk factors of gestational hypertension
Risk factors
Overweight
Obesity

Regression coefficient
0.916
1.629

OR value 95% CI P value
2.5
1.6-3.9 0.000
5.1
2.4-10.7 0.000

Note: OR: odds ratio; CI: confidence interval.

Table 7. The results of Logistic regression analysis on risk factors of macrosomia
Risk factors
Low weight
Overweight
Obesity
Lower age
Older age

Regression coefficient
0.182
0.095
0.833
0.182
0.588

OR value
1.2
1.1
2.3
1.2
1.8

95% CI P value
0.6-2.3 0.527
0.5-2.3 0.853
0.7-7.9 0.173
0.5-2.8 0.602
1.0-3.3 0.046

inted out that the proportion of
low weight infants was more easily induced by low weight pregnant
women. Our results may also be
related to the normal weight gain
of low weight pregnant women in
our study [17]. Because of the
general implementation of weight
management and related education in our obstetric clinic, weight
management in pregnancy has
been commonly recognized. In this
study, the average weight gain of
low and normal weight pregnant
women met the requirements of
world pregnancy management.
The weight gain of the obese and
overweight group was obvious,
but was also in line with the latest relevant research conclusions.
This situation also needs further
efforts of obstetricians and pregnant women in the future [18].

Previous studies have found that
the age of pregnant women (more
than 40 years old) could increase
Note: OR: odds ratio; CI: confidence interval.
the incidence of gestational hypertension and diabetes [19, 20].
Similarly, our study also pointed
Table 8. The results of Logistic regression analysis on risk facout that the incidence of gestators of low weight infants
tional diabetes in pregnant woRisk factors Regression coefficient OR Value 95% CI P Value
men over 35 years old was highLow weight
0.182
1.2
0.6-2.8 0.534
er than that in mid age group.
However, there was no difference
Overweight
0.693
2.0
0.9-4.2 0.853
in birth weight among different
Obesity
1.808
6.1
2.2-16.7 0.000
age groups. In addition, the perOlder age
0.530
1.7
0.9-3.2 0.123
centages of macrosomia and low
Note: OR: odds ratio; CI: confidence interval.
weight neonates in the older group were higher than those in the
weight group but was higher than that of the
other two groups. These results indicated that
low weight group. Beyond this, no significant
the incidence of adverse outcomes of mother
difference existed in the rate of low weight
and fetus in mothers aged over 35 increased
infants among each group. This is different
with increasing age in southern China. Besifrom previous research conclusions which podes, there was no significant increase in the
6016
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incidence of pregnancy complications in the
mothers younger than 24 years old in the low
age group, which may be related to the age
grouping, and similar reports have also been
reported before [21].
Results of two factor Logistic regression analysis further showed that increased BMI before pregnancy was an independent risk factor
for gestational diabetes, hypertension and low
birth weight. In addition, older age is also an
independent risk factor for gestational diabetes mellitus and macrosomia, which supports
the previous conclusion that old age and weight gain would increase the incidence of pregnancy related complications and adverse outcomes [22].
To sum up, there is a certain correlation
between pregnancy related complications and
outcomes with BMI in early pregnancy and the
age. Thus, we should pay attention to the popularization of the knowledge about controlling
the weight before pregnancy. At the same time,
we suggest that women should have children
at a younger age, preferably at the age of 2535. However, this study is a single center and
regional study, which still needs more multi
regional combined study to further confirm our
conclusion. In addition, other adverse pregnancy outcomes are also our future research
interests.

[2]

[3]

[4]

[5]

[6]

[7]

Acknowledgements
This work was supported by the Sailing Fund
of Fujian Medical University for Effects of PDL1Fc, cyclosporine A and heparin on the model of spontaneous abortion in mice (2018QH1058).

[8]

[9]

Disclosure of conflict of interest
None.
Address correspondence to: Yihong Chen and Shan
Zheng, Department of Obstetrics and Gynecology,
The First Affiliated Hospital of Fujian Medical
University, No.20 Chazhong Road, Taijiang District,
Fuzhou 350000, Fujian Province, China. Tel: +8618906932048; E-mail: chenyihongfj18@163.com
(YHC); Tel: +86-13509356501; E-mail: zhengshan7er2@163.com (SZ)

[10]

[11]

[12]

References
[1]

6017

Rudic-Grujic V, Grabez M, Stojisavljevic S, Novakovic B and Popovic-Pejicic S. Prepregnancy

[13]

body mass index and the risk of gestational
diabetes mellitus. Srpski Arhiv Za Celokupno
Lekarstvo 2017; 145: 275-279.
Abreu LRS, Shirley MK, Castro NP, Euclydes
VV, Bergamaschi DP, Luzia LA, Cruz AM and
Rondó PHC. Gestational diabetes mellitus,
pre-pregnancy body mass index, and gestational weight gain as risk factors for increased fat mass in Brazilian newborns. PLoS One
2019; 14: e0221971.
Zhang X, Xu H, Hu R, Xiong Y, Gu W, Zhou Q and
Li X. Changing trends of adverse pregnancy
outcomes with maternal age in primipara with
singleton birth: a join point analysis of a multicenter historical cohort study in China in 20112012. Acta Obstet Gynecol Scand 2019; 98:
997-1003.
Maier JT, Schalinski E, Gauger U and Hellmeyer
L. Antenatal body mass index (BMI) and weight
gain in pregnancy - its association with pregnancy and birthing complications. J Perinat
Med 2016; 44: 397-404.
Mensah GP, van Rooyen DRM and Ten HamBaloyi W. Nursing management of gestational
diabetes mellitus in Ghana: perspectives of
nurse-midwives and women. Midwifery 2019;
71: 19-26.
Jaffe A, Giveon S, Rubin C, Novikov I, Ziv A and
Kalter-Leibovici O. Gestational diabetes risk in
a multi-ethnic population. Acta Diabetol 2020;
57: 263-269.
Xiao L, Ding G, Vinturache A, Xu J, Ding Y, Guo
J, Huang L, Yin X, Qiao J, Thureraja I and Ben X.
Associations of maternal pre-pregnancy body
mass index and gestational weight gain with
birth outcomes in Shanghai, China. Sci Rep
2017; 7: 41073.
He Y, Xie X, Tang W and Ma X. Maternal and
paternal obesity and adverse pregnancy outcomes in China: a cohort study. Lancet 2017;
390: S52.
Aronne LJ. Classification of obesity and assessment of obesity-related health risks. Obes Res
2002; 10 Suppl 2: 105S-115S.
Nankervis A, Price S and Conn J. Gestational
diabetes mellitus: a pragmatic approach to diagnosis and management. Aust J Gen Pract
2018; 47: 445-449.
Tita and Alan. 279: natural history of pregnancy associated hypertension: outcomes by gestational age at diagnosis. Am J Obstet Gynecol
2015; 212: S151-152.
Adam Z, Ameme DK, Nortey P, Afari EA and
Kenu E. Determinants of low birth weight in
neonates born in three hospitals in Brong
Ahafo region, Ghana, 2016- an unmatched
case-control study. BMC Pregnancy Childbirth
2019; 19: 174.
Teixeira CS and Cabral AC. Nutritional status of
pregnant women under monitoring in pre dis-

Int J Clin Exp Med 2020;13(8):6012-6018

Relationship between pregnancy related complications, BMI and age

[14]

[15]

[16]

[17]

[18]

tinct prenatal services: the metropolitan area
and the rural environment. Rev Bras Ginecol
Obstet 2016; 38: 27-34.
Anand G and Beuschlein F. Management of endocrine disease: fertility, pregnancy and lactation in women with adrenal insufficiency. Eur J
Endocrinol 2018; 178: R45-R53.
Sacks DB, Coustan DR, Cundy T, Donovan L
and Hod M. Gestational diabetes mellitus: why
the controversy? Clin Chem 2018; 64: 431438.
Gondwe A, Ashorn P, Ashorn U, Dewey KG,
Maleta K, Nkhoma M, Mbotwa J and Jorgensen
JM. Pre-pregnancy body mass index (BMI) and
maternal gestational weight gain are positively
associated with birth outcomes in rural Malawi. PLoS One 2018; 13: e0206035.
Bruno CJ, Locke R, Mackley A and Paul DA. The
association between maternal body mass index and severity of neonatal illness in very low
birth weight infants. J Matern Fetal Neonatal
Med 2009; 22: 560-564.
Koren R, Hochman Y, Koren S, Ziv-Baran T and
Wiener Y. Effect of pre-gestational weight and
gestational weight gain in women with gestational diabetes controlled with medication on
pregnancy outcomes - is recommended weight
gain too liberal? Gynecol Endocrinol 2019; 35:
328-331.

6018

[19] Hwu LJ, Sung FC, Mou CH, Wang IK, Shih HH,
Chang YY and Tzeng YL. Risk of subsequent
hypertension and diabetes in women with hypertension during pregnancy and gestational
diabetes. Mayo Clin Proc 2016; 91: 11581165.
[20] Dorostkar H, Zare NZ, Mahvar AA and Goodarzi
MT. Prevalence of gestational diabetes mellitus in different age groups in Razan, Iran 2014.
J Mazandaran Univ Med Sci 2015; 25: 74-81.
[21] Asare M and Laar AS. Accessing the prevalence of stillbirth rate and associated factors
among women who delivered in a rural hospital: a retrospective cross-sectional analysis. Int
J Health Sci Res 2016; 6: 341-347.
[22] Mohammadi M, Maroufizadeh S, Omani-Samani R, Almasi-Hashiani A and Amini P. The effect of prepregnancy body mass index on birth
weight, preterm birth, cesarean section, and
preeclampsia in pregnant women. J Matern Fetal Neonatal Med 2019; 32: 3818-3823.

Int J Clin Exp Med 2020;13(8):6012-6018

