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Avoiding excessive pregnancy weight gain to
obtain better pregnancy outcomes in Taiwan
Huann-Cheng Horng, MDa,c,d, Ben-Shian Huang, MDd,f, Yen-Feng Lu, MDd,g, Wen-Hsun Chang, BS, MPHa,b,e,
Jyh-Shin Chiou, MDd,g, Po-Lun Chang, PhDc, Wen-Ling Lee, MD, PhDh,i,∗, Peng-Hui Wang, MD, PhDa,d,f,j,∗

Abstract
Pregnancy weight gain may be associated with adverse pregnancy outcomes. The article aims to explore the relationship between
weight change and pregnancy outcome in the Taiwanese pregnant women.
The retrospective cohort study enrolled women with vertex singleton pregnancy at University-associated Hospital between 2011

and 2014. Pregnancy weight change was separated into 3 groups, based on the Institute of Medicine (IOM) guidelines: below (n=
221); within (n=544); and above (n=382). Analysis of variance, x2 tests, generalized linear models, and logistic regression models
were used for statistical comparisons.
Pregnant women with weight change above IOM guidelines had a significant increase in both maternal and perinatal complications

compared with normal controls (odds ratio [OR] 1.65, 95% confidence interval [CI] 1.03–1.98; P= .043; OR 1.45, 95%CI 1.01–1.87;
P= .049, respectively). This finding was not found in pregnant women with weight gain below IOM guidelines. Moreover, age (OR
1.08, 95% CI 1.02–1.15; P= .0011), pre-pregnancy weight (OR 1.04, 95% CI 1.01–1.09; P= .0008), pre-pregnancy body mass
index (BMI; OR 1.15, 95%CI 1.06–1.30; P< .0001), weight at the time of delivery (OR 1.05, 95%CI 1.02–1.13; P< .0001) and BMI at
the time of delivery (OR 1.15, 95% CI 1.06–1.39; P< .0001), all contributed to increased maternal complications but not perinatal
complications, whereas parity (OR 0.23, 95% CI 0.12–0.41; P< .0001) and gestational age (OR 0.50, 95% CI 0.35–0.62; P< .001)
were associated with fewer maternal complications.
Our study reconfirmed that for Taiwanese pregnant women, the approximate pregnancy weight gain recommended by IOM in

2009 was associated with the fewest maternal and perinatal complications. If approximate pregnancy weight gain cannot be
attained, even less weight gain during pregnancy is still reasonable without significantly and adversely affectingmaternal and perinatal
outcomes in Taiwan.

Abbreviations: BMI = body mass index, CI = confidence interval, GA = gestational age, GDM = gestational diabetes mellitus,
HR = hazard ratio, IOM = Institute of Medicine, NSD = normal spontaneous vaginal delivery, NTD = new Taiwan dollars, OR = odd
ratio, PIH = pregnancy-induced hypertension, SGA = small-for-gestational age.
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1. Introduction

In 2009, the Institute of Medicine (IOM) updated the weight gain
recommendations during pregnancy, ranging from 11.5 to 16kg
(from 25 to 35 lb) for women with normal weight.[1] Excessive
pregnancy weight gain might increase risk of maternal and
Editor: Fabio V. Comim.

This study is partly supported by grants from the Ministry of Science and Technology,
Hospital (V106C-129; V106D23-001-MY2-1; V106A-012; V107C-136; R92001; and R
decision to publish, or preparation of the manuscript. No additional external funding w

The corresponding authors have the right to grant and do grant on behalf of all autho
authors have no funding and conflicts of interest to disclose.
a Department of Obstetrics and Gynecology, b Department of Nursing, Taipei Veterans
dDepartment of Obstetrics and Gynecology, e Department of Nursing, f Institute of Clin
and Gynecology, National Yang-Ming University Hospital, Ilan, h Department of Medicin
Institute of Technology, New Taipei City, j Department of Medical Research, China Me
∗
Correspondence to Peng-Hui Wang, Department of Obstetrics and Gynecology, Taip

Medicine, 201, Section 2, Shih-Pai Road, Taipei, Taiwan (e-mail: phwang@vghtpe.gov
Cheng-Hsin Street, Taipei 112, Taiwan (e-mail: johnweiwang@gmail.com).

Copyright © 2018 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the Creative Commons Attribution-No
commercial, as long as it is passed along unchanged and in whole, with credit to the

Medicine (2018) 97:4(e9711)

Received: 9 October 2016 / Received in final form: 4 January 2018 / Accepted: 8 Jan

http://dx.doi.org/10.1097/MD.0000000000009711

1

perinatal morbidity, such as gestational hypertension (pregnan-
cy-induced hypertension: PIH),[2,3] preeclampsia,[2,4,5] cesarean
delivery,[2,6] macrosomia,[2,7–9] low Apgar scores,[6] hypoglyce-
mia,[6,7] admission to the neonatal intensive care unit,[6]

prolonged hospital stays of neonates,[6] and childhood obesity.[9]

In addition to this, excessive pregnancy weight gain also increases
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the risk of gestational diabetes mellitus (GDM), resulting in
deleterious effect on the pregnancy outcome.[10–13] Therefore,
avoiding excessive pregnancy weight gain may be a good solution
to reduce GDM.[12]

Obesity also shows a negative impact on the hemodynamic
stability in pregnant women. The hemodynamic changes in obese
pregnant women include higher arterial blood pressure,
hemoconcentration, and altered cardiac function, resulting in
prevalent hypertensive disorders,[14] and subsequently contrib-
uting to poor maternal and perinatal outcomes.[15–17] A recent
nationwide population-based retrospective cohort study in
Taiwan showed that obesity (hazard ratio [HR] 7.21, 95%
confidence interval [CI] 1.58–32.84) was an independent risk
factor for the development of intracranial hemorrhage later
among pregnant women.[15] In addition, these hypertensive
disorders during pregnancy also increased the risk of placental
abruption, small-for-gestational age (SGA) newborns, lower
Apgar scores, and perinatal mortality.[18–20]

The previous Taiwan’s experience has shown that the total
pregnancy weight gain should be <11.5kg among women with
normal weight and within 10kg for women with overweight,
because the risk of macrosomia might increase 9-fold (odds ratio
[OR] 9.63, 95% CI 1.76–52.74),[21] which subsequently
contributed to an increased risk for adverse maternal and
neonatal outcome.[21–24] The previous study by D’Angelo et al
have suggested that women may benefit from targeted inter-
ventions during the preconception and conception periods, which
may promote positive maternal and infant health behaviors,
experiences, and reproductive outcomes.[25] On the other hand,
pregnant women with gestational gain below the IOM guidelines
might be at higher risk for placental abruption, SGA newborns,
and low birth weight neonates.[23,26] However, the value of
preventive strategy for adequate pregnancy weight gain in
Taiwan is still unclear. Thus, we conducted this retrospective
cohort study, which enrolled healthymothers who participated in
an individual 15-minute dietary and lifestyle education program
in one of the medical school-associated hospitals in Taiwan.
Assessed for eligibility
Recruitment of patients based on their 

willingness and preference after a 
thorough discussion

n = 1374

< 11.5 kgs
n = 221

11.5-16 kgs
n = 554

> 16 kgs
n = 382

Excluded n = 227
Does not meet inclusion criteria n = 170
Does not want to participate in: n = 57

Figure 1. Flow chart of group allocation.
2. Materials and methods

In this retrospective cohort study, we provided health education
on various prenatal topics and subsequently monitored body
weight gain during the whole course of their pregnancy. The
study was conducted over a 4-year period from January 2011
through December 2014 in pregnant women at the National
Yang Ming University Hospital in Taiwan. Approval for the
study was obtained from the hospital’s ethics committee, and
informed consent was obtained from all patients (YMUH
Institutional Review Board 2010A029). All pregnant women
who began prenatal care (the first antenatal visit) at our hospital
were screened to determine whether they were eligible for the
study. In addition to the perinatal care program provided by
Taiwan Health Promotion Administration, Ministry of Health
and Welfare, all pregnant women participated in an individual
15-minute dietary and lifestyle education program conducted by
physicians and nurse staff at every clinic visit. This programwas a
free couple (pregnant women and their spouses)-specific dietary
and lifestyle intervention, which differed from the traditional
education programs for general prenatal topics during pregnancy
(group containing 10–15 couples). The program consisted of a
total of 10 classes, 3 of them in the first 20 weeks of gestation, 4
between 20 and 30 weeks and 4 after the 30 weeks of gestation.
The contents of the classes focused on the dietary education,
2

including essential nutrition during pregnancy, such as essential
amino acids, ferrum, folic acid, and trace elements supplementa-
tion, and calorie calculation of food, and life-style education,
including exercise and rest. Body weight was recorded every
week. This mandatory proceduremarked the official beginning of
prenatal care in our hospital. Pre-pregnancy weight, height, and
body mass index (BMI, weight (kg)/height2 (m)) were based on
health care provider assessment, which was documented at the
first antenatal visit. Total weight gained during pregnancy,
including the patient’s BMI, was determined.
Inclusion criteria included singleton vertex births, healthy

pregnant women with normal body weight who received regular
prenatal care and delivered at our hospital, signed informed
consent by the patient. Normal weight was calculated as a pre-
pregnancy BMI between 18.5 and 24.9.
Exclusion criteria included pregnant women who had fetal

anomalies, diabetes mellitus, chronic hypertension, preterm
delivery of less than 34 weeks, which might underestimate the
influence on changes in maternal weight, incomplete data on
other variables of interest, and elective cesarean delivery due to
malpresentation, placenta previa, previous cesarean delivery or a
history of uterine surgery. The flow chart that allocated patients
into different groups is shown in Figure 1.
Pregnancy weight gain was based on the IOM guidelines and

was separated into 3 groups: below IOM guidelines (<11.5kg);
within IOM guidelines (11.5–16kg, normal controls); and above
IOM guidelines (>16kg).
The following adverse maternal and perinatal outcomes were

examined: GDM, preeclampsia, PIH, abnormal labor, postpar-
tum hemorrhage, fourth-degree laceration, cesarean delivery,
macrosomia (birth weight of 4500g or more), nonreassuring fetal
status, Apgar score of <7 at 1 minute, meconium aspiration,
preterm births, and low birth weight (birth weight 2500g or less).
Medical costs for hospitalization during delivery were recorded
and analyzed. Abnormal labor included prolongation, protrac-
tion, and arrest disorders. Classification of the fetal heart rate
(FHR) tracings was based on the 3-tier classification system
according to the American College of Obstetricians and
Gynecologists (ACOG).[27] Category 2 tracings were considered
indeterminate. This category required evaluation and surveil-
lance and possibly other tests to ensure fetal health. Category 3
tracings were considered abnormal and required prompt
evaluation. Vaginal delivery was categorized as normal sponta-
neous vaginal delivery (NSD) or operative vaginal delivery with
vacuum and/or forceps (instrument delivery).
We used SAS version 9.2 (SAS institute Inc, Cary, NC) for all

analyses to account for the complex sample design. Descriptive
statistics are presented as the means and standard deviation or
percentages. Pearson‘s chi-square tests were used for categorical
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variables. Medical cost comparisons of maternal and perinatal
outcomes were analyzed by the generalized linear model. The
risks of maternal and perinatal complications were presented as
ORs using logistic regression according to the following groups:
pregnancy weight gain, pre-pregnancy weight, weight at delivery,
weight change, pre-pregnancy BMI, BMI at delivery, and BMI
change. A P value of less than .05 was regarded as statistically
significant.
3. Results

Of the 1147 pregnant women who met study criteria, 19.27%
had a pregnant weight gain of less than 11.5kg (below IOM
guidelines), 47.43% had a pregnancy weight gain within 11.5
to 16kg (within IOM guidelines), and 33.30% had a pregnancy
weight gain of more than 16kg (above IOM guidelines).
Among the 3 groups, there were statistically significant
differences in pre-pregnancy weight, weight at time of delivery,
BMI at time of delivery, maternal and perinatal complications,
and perinatal birth weight (Table 1). Women with weight gain
above IOM guidelines appeared to, be heavier in weight at the
time of delivery have higher BMI at time of delivery, have
higher maternal and perinatal complication rates. Women with
weight gain below IOM guidelines exhibited heavier weight
during the pre-pregnancy period, but they exhibited lighter
weight at time of delivery, lower BMI at the time of delivery,
and low birth weight in newborns. However, in the
comparisons of the 3 groups, there was no statistic significance
(Table 1).
Pregnancy outcome in the womenwith different weight gains is

listed in Table 2. Consistent with the increased risk of maternal
complications in women with weight gain above IOM guidelines,
these pregnant women had a higher risk of GDM, dysfunction
labor, and cesarean delivery. In addition, women with weight
gain above IOM guidelines were at increased risk of macrosomia
and meconium aspiration. However, among the 3 groups, there
was no significant difference in PIH, preeclampsia, postpartum
hemorrhage, fourth-degree laceration, macrosomia, category 2/3
Table 1

Clinical characteristics.

Total n=1147
<11
n=2

Age 29.02±4.36 29
Pre-pregnancy weight, kg

∗
53.49±8.13 56

Weight at time of delivery, kg† 67.18±9.20 64
Pre-pregnancy BMI 21.08±3.06 22
BMI at time of delivery‡ 26.52±3.45 24
Cost during hospitalization (NTD)x 24488.61±3721.65 239
Maternal complication rate, %jj 0.23±0.56 0
Perinatal complication rate, %¶ 0.20±0.52 0
Birth weight, g# 3152.61±369.88 3032
Gestational age, wk 38.41±1.17 38
Apgar score at 1 minute 7.90±0.32 7
Apgar score at 5 minute 8.96±0.20 8
∗
Gr. 1 vs Gr. 2, P= .027; Gr. 1 vs Gr. 3, P= .034; Gr. 2 vs Gr. 3, P= .463.

† Gr. 1 vs Gr. 2, P= .275; Gr. 1 vs Gr. 3, P= .021; Gr. 2 vs Gr. 3, P= .043.
‡ Gr. 1 vs Gr. 2, P= .687; Gr. 1 vs Gr. 3, P= .046; Gr. 2 vs Gr. 3, P= .057.
x Gr. 1 vs Gr. 2, P= .485; Gr. 1 vs Gr. 3, P= .107; Gr. 2 vs Gr. 3, P= .723.
jj Gr. 1 vs Gr. 2, P= .332; Gr. 1 vs Gr. 3, P= .035; Gr. 2 vs Gr. 3, P= .026.
¶ Gr. 1 vs Gr. 2, P= .088; Gr. 1 vs Gr. 3, P= .062; Gr. 2 vs Gr. 3, P= .041.
# Gr. 1 vs Gr. 2, P= .142; Gr. 1 vs Gr. 3, P= .028; Gr. 2 vs Gr. 3, P= .201.
Gr.=group, BMI=body mass index (kg/m2), NTD=new Taiwan Dollars (1/33 US dollars).
Data are presented as mean± standard deviation (SD).
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FHR tracings, Apgar scores of <7 at 1 minute, preterm births,
and low-birth weight (Table 2).
The generalized linear regression model revealed that the

medical costs increased significantly with the following factors:
age (P= .0338), pregnancy weight gain above IOM guidelines
(P= .0079), GDM (P= .0109), PIH (P < .0001), preeclampsia
(P= .0152), postpartum hemorrhage (P< .0001), cesarean
delivery (P< .0001), macrosomia (P= .0062), category 2/3
FHR tracings (P< .0021), meconium aspiration (P= .0048),
and preterm births (P= .0034) (Table 3). Gestational age (GA),
pregnancy weight gain below IOM guidelines, parity, fourth-
degree laceration, Apgar scores of<7 at 1 minute, and low birth
weight were not associated with increased medical costs
(Table 3).
In Table 4, the significant predictors of adverse maternal and

perinatal outcomes included pre-pregnancy weight, weight at the
time of delivery, pre-pregnancy BMI, BMI at the time of delivery
and changes in BMI according to the logistic regression model.
Our results demonstrated that the highest accuracy rate in
forecasting maternal complications was 79.0% in BMI at the
time of delivery. The highest rate in forecasting neonatal
complications was 65.2% in weight at the time of delivery.
Moreover, analysis of predictors of maternal complications in
pregnancy weight gain revealed that pregnancy weight gain
above IOM guidelines (OR 1.65, 95% CI 1.03–1.98) and age
(OR 1.08, 95% CI 1.02–1.15) were associated with more
maternal complications, whereas parity (OR 0.23, 95%CI 0.12–
0.41) and GA (OR 0.50, 95% CI 0.35–0.62) were associated
with lower maternal complications. In addition, analysis of
predictors of adverse perinatal outcomes revealed that pregnancy
weight gain above IOM guidelines (OR 1.45, 95% CI 1.01–
1.87), non-NSD (OR 2.85, 95% CI 1.45–3.56) and age (OR
1.06, 95% CI 1.01–1.12) were associated with more perinatal
complications, while parity (OR 0.66, 95% CI 0.45–0.91) and
GA (OR 0.65, 95% CI 0.56–0.77) were associated lower
perinatal outcomes (Table 4).
Theoperative vaginal delivery (instrumentdelivery) rate increased

in women with pregnancy weight gain above IOM guidelines
.5kg (Gr. 1)
21 (19.27%)

11.5–16kg (Gr. 2)
n=544 (47.43%)

>16kg (Gr. 3)
n=382 (33.30%)

.38±4.41 29.01±4.59 28.30±4.11

.20±10.06 52.92±7.72 53.12±8.08

.40±9.23 65.33±7.69 71.52±9.15

.02±4.08 20.83±2.92 20.82±2.71

.52±4.01 25.88±3.52 27.95±3.34
24±3166.82 24433.67±3514.82 24981±4099.12
.16±0.51 0.13±0.53 0.33±0.63
.21±0.41 0.16±0.48 0.26±0.52
.87±368.35 3118.67±366.68 3234.22±373.43
.13±1.09 38.41±1.15 38.58±1.21
.96±0.26 7.94±0.28 7.88±0.39
.97±0.11 8.96±0.23 8.95±0.26
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Table 2

Clinical characteristics and adverse outcomes associated with pregnancy weight gain.

Total n=1147 (%) <11.5kg n=221 (%) 11.5–16kg n=544 (%) >16kg n=382 (%) P

Parity <.0001
0 540 (47.08) 71 (32.13) 229 (42.10) 240 (62.83)
1 or more 607 (52.92) 150 (67.87) 315 (57.90) 142 (37.17)

Maternal complications
GDM
No 1133 (98.78) 217 (98.19) 543 (99.82) 373 (97.64) .008
Yes 14 (1.22) 4 (1.81) 1 (0.18) 9 (2.36)

PIH
No 1125 (98.08) 216 (97.74) 536 (98.52) 373 (97.64) .575
Yes 22 (1.92) 5 (2.09) 8 (1.48) 9 (2.36)

Preeclampsia
No 1133 (98.78) 217 (98.19) 541 (99.45) 375 (98.17) .146
Yes 14 (1.22) 4 (1.81) 3 (0.55) 7 (1.83)

Dysfunction labor
∗

No 1113 (97.04) 220 (99.54) 533 (97.98) 360 (94.24) <.0001
Yes 34 (2.96) 1 (0.46) 11 (2.02) 22 (5.76)

PPH
No 1138 (99.21) 220 (99.55) 541 (99.45) 377 (98.69) .360
Yes 9 (0.79) 1 (0.45) 3 (0.55) 5 (1.31)

Fourth-degree laceration
No 1123 (97.91) 217 (98.19) 537 (98.71) 369 (96.60) .082
Yes 24 (2.09) 4 (1.81) 7 (1.29) 13 (3.40)

Cesarean delivery
No 107 8 (93.98) 217 (98.19) 523 (96.14) 338 (88.48) <.0001
Yes 69 (6.02) 4 (1.81) 21 (3.86) 44 (11.52)

Perinatal complications
Macrosomia
No 1134 (98.87) 220 (99.55) 540 (99.26) 374 (98.17) .089
Yes 13 (1.13) 1 (0.45) 4 (0.74) 8 (2.09)

Category 2/3 FHR tracings
No 1132 (98.69) 219 (99.10) 536 (98.53) 377 (98.69) .823
Yes 15 (1.31) 2 (0.09) 8 (1.47) 5 (1.31)

Apgar score <7†

No 1144 (99.74) 221 (100.00) 543 (99.82) 380 (99.48) .425
Yes 3 (0.26) 0 (0.00) 1 (0.18) 2 (0.52)

Meconium aspiration
No 1035 (90.24) 206 (93.21) 505 (92.91) 324 (84.82) <.0001
Yes 112 (9.76) 15 (6.79) 39 (7.09) 58 (15.18)

Preterm birth
No 1089 (94.94) 204 (92.31) 517 (95.04) 368 (96.34) .093
Yes 58 (5.06) 17 (7.69) 27 (4.96) 14 (3.66)

Low birth weight
No 1118 (97.47) 182 (95.29) 530 (97.43) 376 (98.43) .168
Yes 29 (2.53) 9 (4.71) 14 (2.57) 6 (1.57)

FHR= fetal heart rate, GDM=gestational diabetes, PIH=pregnancy-induced hypertension, PPH=postpartum hemorrhage.
∗
Dysfunction labor=prolongation, protraction, and arrest disorders.

† Apgar score at 1 minute.
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compared with the other 2 groups (Table 5). Moreover, greater
medical expenses were needed for operative vaginal delivery
compared with NSD (new Taiwan dollars [NTD] 23359.98±
614.21 vs 22740.40±779.33, P= .0124). However, there was no
significant difference in clinical adverse outcomes between operative
vaginal delivery and NSD groups (data not shown).
4. Discussion

Through adequate weight control, pregnant women with
pregnancy weight gain within IOM guidelines have fewer
maternal complications and fewer perinatal complications
compared with women with pregnancy weight gain above or
below IOM guidelines.[21,22,26] However, maintaining appropri-
4

ate maternal weight may not be easy, as demonstrated by the
frequency of excessive pregnancy weight gain. It was previously
demonstrated by Johnson et al that nearly three-fourths of
pregnant women exhibited weight gain above IOM guidelines.[2]

Our study demonstrated a feasible modality of achieving
adequate weight control using individual 15-minutes dietary
and lifestyle education counseling. Of 1147 pregnancies, nearly
half of the pregnant women were able to maintain their body
weight gain within IOM guidelines.
Although there is ample evidence that pregnant weight gain is

associated with adverse maternal and neonatal outcomes, the
subjects in these studies were overweight or obese for the most
part.[2–8] The strength of our study is that the pre-pregnancy body
weight in the study population is within normal limits.



Table 3

Medical cost comparison of clinical characteristics and adverse outcomes.

Cost
∗

P

Age 17.44 .0338
GA, wk 19.11 .6885
Weight gains

<11.5 kg �32.91 .3271
11.5–16kg (ref: 24433.67±3514.82)
>16 kg 301.06 .0079

Parity
0 (ref: 24525.20±3955.22)
1 or more �108.45 .2230

Labor
NSD (ref: 24411.37±3668.85)
Non-NSD 9510.33 <.0001

Maternal complication
GDM No (ref: 24468.25±3814.28)

Yes 1144.52 0.0109
PIH No (ref: 24424.74±3642.77)

Yes 2081.13 <.0001
Preeclampsia No (ref: 24432.33±3730.37)

Yes 1083.82 .0152
PPH No (ref: 24480.92±3635.17)

Yes 3318.48 <.0001
Fourth-degree laceration No (ref: 24468.82±3714.56)

Yes 9.77 .9714
Cesarean delivery No (ref: 24434.52±4198.63)

Yes 8775.72 <0.0001
Perinatal complication

Macrosomia No (ref: 24430.67±3715.41)
Yes 1321.42 .0062

Category 2/3 FHR tracings No (ref: 24465.29±3842.12)
Yes 1802.77 .0021

Apgar score <7† No (ref: 24479.67±3728.22)
Yes 988.49 .1941

Meconium aspiration No (ref: 24403.37±3692.18)
Yes 1387.55 .0048

Preterm birth No (ref: 24458.41±3724.24)
Yes 1554.69 .0034

Low birth weight No (ref: 24465.22±3697.05)
Yes .168

FHR= fetal heart rate, GA=gestational age, GDM=gestational diabetes, NSD=normal spontaneous vaginal delivery, PIH=pregnancy-induced hypertension, PPH=postpartum hemorrhage, ref= reference.
∗
Cost (�b )=medical cost in New Taiwan dollars (1/33 US dollars); ref= reference.

† Apgar score at 1 minute.

Table 4

Predicting model using logistic regression by maternal weight and body mass index.

Maternal complications Perinatal complications

OR 95% CI P C OR 95% CI P C

Pregnancy weight gain 0.772 0.650
<11.5 kg 0.74 (0.58, 1.22) .2612 0.92 (0.68, 1.42) .5609
11.5–16kg (ref) 1
>16 kg 1.65 (1.03, 1.98) .0433 1.45 (1.01, 1.87) .0493

Parity
0 (ref) 1
1 or more 0.23 (0.12, 0.41) <.0001 0.66 (0.45, 0.91) .0239

Labor
NSD (ref) 1
Non-NSD 1.34 (0.87, 1.65) .8941 2.85 (1.45, 3.56) .0024

Age 1.08 (1.02, 1.15) .0011 1.06 (1.01, 1.12) .0067
Gestational weeks 0.50 (0.35, 0.62) <.0001 0.65 (0.56, 0.77) <.0001
Pre-pregnancy weight 1.04 (1.01, 1.09) .0008 0.764 1.04 (1.01, 1.15) .0127 0.644
Weight at time of delivery 1.05 (1.02, 1.13) <.0001 0.775 1.05 (1.01, 1.20) .0017 0.652
Weight change 5.91 (0.88, 6.85) .0783 0.754 1.92 (0.84, 3.56) .4774 0.644
Pre-pregnancy BMI 1.15 (1.06, 1.30) <.0001 0.777 1.09 (1.03, 1.26) .0044 0.648
BMI at time of delivery 1.15 (1.06, 1.39) <.0001 0.790 1.11 (1.05, 1.24) .0004 0.649
BMI change 1.22 (1.08, 1.56) .0004 0.764 1.11 (1.03, 1.31) .0414 0.642

NSD=normal spontaneous vaginal delivery, OR=odds ratio, 95% CI=95% confidence interval, ref= reference, BMI=body mass index (kg/m2), C= accuracy rate.

Horng et al. Medicine (2018) 97:4 www.md-journal.com
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Table 5

Risk of instrument delivery associated with pregnancy weight gain by Pearson’s chi-square test.

<11.5kg n=217 (%) 11.5–16kg n=523 (%) >16kg n=338 (%) P

NSD 176 (81.11) 440 (84.13) 235 (69.53) <.0001
Instrument delivery 41 (18.89) 83 (15.87) 103 (30.47)

NSD=normal spontaneous vaginal delivery, instrument delivery=an assisted vaginal delivery by vacuum or forceps.

Horng et al. Medicine (2018) 97:4 Medicine
This study population also reduced the impact of pre-
pregnancy obesity on the outcomes. The results of our study
showed that weight gain above IOM guidelines significantly
increased not only maternal and perinatal complications but also
medical costs. Our study shows the importance of active
intervention not only in counseling to control overweight or
obesity but also in women exhibiting a normal weight during
pregnancy.[28] Indeed, adequate weight control during pregnancy
significantly reduces medical costs and may also lower the risk of
persistent postpartum obese diathesis.[29] Interestingly, 1 study
reported that maternal pregnancy weight gain was also
associated with offspring childhood obesity during a 3-year
follow-up period.[9] Thus, it is important for both normal and
obese pregnant women to conduct preconception counseling and
exhibit optimal weight gain to reduce maternal and perinatal
complications and medical costs.[30]

In our current study, women with pregnancy weight gain
above IOM guidelines presented with similar PIH and pre-
eclampsia as those within and below IOM guidelines. The
possible reason is unknown, but normal weight before pregnancy
might be one of the causes.
Low Apgar scores are more frequent in neonates of pregnant

women with weight gain above IOM guidelines than in those of
pregnant women with weight gain within IOM guidelines (OR
1.33, 95% CI 1.01–1.76).[6] In our study, newborns of women
with weight gain above IOM guidelines had lower Apgar scores
at 1 minute but did not have lower Apgar scores at 5 minutes. The
possible reason is unknown, but lower Apgar scores were
correlated with more category 2/3 FHR tracings that revealed
fetal distress and abnormal labor in women with pregnancy
weight gain above IOM guidelines; these events subsequently
resulted in the frequent use of instrument and caesarean
deliveries. The perinatal complications are likely to be due to
multiple mechanisms and many unknown or subclinical
metabolic changes in these pregnant women with weight gain
above IOM guidelines are always present.[6] Stotland’s study
demonstrated an increased risk of neonatal hypoglycemia with
excessive gestational gain.[6] Obese women had signs of
adipocyte recruitment and maintenance of adiponectin levels,
significantly contributing to gestation insulin resistance, even
though these women all remained normoglycemic.[31]

Using the logistic regression model, our results demonstrated
that pregnancy weight gain above IOM guidelines might increase
both maternal (OR 1.65, 95% CI 1.03–1.98) and perinatal
complications (OR 1.45, 95% CI 1.01–1.87). After further
analysis, we found that the highest accuracy rate in forecasting
maternal and perinatal complications was BMI at the time of
delivery (79.0%) and weight at the time of delivery (65.2%),
respectively. Although there are different definitions in weight
and BMI, both suggest that the absolute weight status, even
according to BMI or final body weight at the time of delivery, is of
paramount importance, suggesting that targeted intervention in
weight control during the course of pregnancy is useful. Recent
studies have shown that interventions in body weight of women
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who plan to get pregnant might further decrease the incidence of
adverse outcomes in pregnancy.[32–34] Many studies also showed
that targeted efforts and effective interventions during pregnancy
can improve weight gain trajectories and overall health.[35–39]

This study has some limitations that might affect the medical
costs and adverse outcomes that occur with maternal pregnant
weight gain. First, we did not recruit underweight, overweight or
obese women before conception. However, this aspect is also the
strength of our study.
Second, the medical expenditure was limited only to that at the

time of delivery. The costs of the preventive strategy used in the
current study to educate and care the women to maintain
adequate weight control were not included in the final calculation
of the expenses. If these expenses were taken into consideration,
themedical costs (the concealed cost wasNTD 3000 in each time)
were even higher. However, we believed that these concealed
costs might be compensated by the concealed costs of
complications. The women with instrument-assisted delivery
might have a higher risk of the development of pelvic organ
prolapse and/or urinary incontinence than those with NSD.[40,41]

Moreover, we did not compared the women enrolled in our
preventive strategy with those who took only part in traditional
perinatal care program.
Third, the compliance of the subjects in our current studywas

not evaluated. It is highly possible that the compliance of
pregnant women differed. Some pregnant womenmight carry a
lot of misbeliefs and did not follow the suggestions offered by
this specific dietary and lifestyle intervention program. As
shown in the current study, there were still one-third of study
subjects (33.3%) who had an excess pregnancy weight gain,
suggesting that some women still believed that their babies
would be stronger if they were not concerned with the
pregnancy weight.
Fourth, the study population was relatively small compared

with previous reports, which enrolled 312,412 and 292,568
births, respectively[42,43] Moreover previous studies clearly
showed that different races might impact obesity-related neonatal
complications of pregnancy. Obese Caucasian women and it
younger population had a higher risk to have macrosomic babies
and infant complications than obese African-American women
and it younger population did, respectively.[42,44] Dr Liu’s report
showed both excessive or insufficient maternal weight gain were
associated with increased risks for adverse pregnancy outcomes
in Chinese women.[43] However, the above-mentioned study
population was based on the “Perinatal Health Care Surveillance
System,” therefore the relatively heterogeneous population
cannot be totally avoided.[43] In addition, the study period
was relatively long and medical care might be varied greatly
during this time. On the contrary, our study was carried out in a
short time and in a population that inhabits a country area free of
environmental pollution. In addition, all women received a
similar prenatal and perinatal care based on the Taiwan’s
National Health Insurance program[45,46] along with the
individual 15-minute dietary and lifestyle education program.
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Fifth, adequate nutritional support for pregnant women is an
important issue. Adequate protein intake helps pregnant women
to maintain their health and performance, but this also affects
fetal growth and minimizes adverse outcomes.[47] In addition to
this, it is also well-known that specific diets, such as a plant-based
protein diet, might fail to provide adequate amounts of essential
amino acids.[48,49] Moreover, dietary food intake might vary
within a population, according with race or social background,
for example, regardless of pregnancy weight gain status. In the
current study, the detailed information of food intake was not
recorded. Nevertheless, the study subjects all lived in the same
area pollution-free country site, were all Taiwanese women,
presented homogeneous social background and, all enrolled the
same Taiwan’s healthcare system thus suggesting that the
consideration of the potential bias can be neglected.
Finally, in the current study, medical costs were recorded as a

whole without independently accounting for the maternal and
neonatal components. Based on the fixed payment system for the
labor process, which was guided by Taiwan Diagnosis Related
Groups,[50,51] regardless of women treated with operative
delivery (including caesarean section and instrument-assisted
vaginal delivery) or vaginal delivery by Taiwan National Health
Insurance Administration, Ministry of Health and Welfare, the
cost reduction may be underestimated in the present study. It is
clearly shown that costs of instrumental and caesarean deliveries
were significantly higher than those of vaginal delivery without
spontaneous complications (baseline cost), as shown in Table 3.
The results presented in Table 5 also show that women with
pregnancy weight gain above IOM guidelines (>16kg) had a
significantly increased risk of instrumental delivery.
In conclusion, consistent with previous reports showing the

worse outcome in pregnant women with significantly increased
gestational weight gains,[23,24,52,53] this study highlights the
prospective role of approximate weight gain or even less weight
gain during pregnancy, which could lower maternal and neonatal
complications in the Taiwanese pregnant women, although the
recommendation of the later (gestational weight gain below IOM
guidelines) is still conflicted.[54] Health education on various
prenatal topics and efforts to decrease body weight gain during
pregnancy would be a better strategy to minimize the risk of both
maternal and neonatal complications.
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