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BACKGROUND: Pre-pregnancy weight and gestational weight gain (GWG) are important factors in both mater-
nal and infant outcomes. Little information is available in relation to different levels of pre-pregnancy body mass 
index (BMI) and body weight gain on obstetric outcomes in Taiwan. This study investigated the associations be-
tween pregnancy complications with pre-pregnant BMI and GWG, in Taiwanese women. METHODS: Data were 
extracted from a delivery room information bank on all women delivering singleton babies in a medical center. 
Eight hundred and sixty pregnant women were included. The collected variables included basic information, 
GWG, and pregnancy and neonatal outcomes. Pregnant women were categorized according to their pre-pregnant 
BMI and GWG to evaluate the impacts of pre-pregnant BMI and maternal weight gain on the risk of pregnancy 
complications. Univariate and multivariable logistic regression analyses were performed, and odds ratios were 
calculated. RESULTS: Pre-pregnancy BMI≥24 kg/m2 increased the risks of gestational diabetes mellitus, pree-
clampsia, and preterm labor. Preeclampsia and Cesarean delivery were positively associated with high weight 
gains (>18 kg), whereas a low birth weight and preterm labor were strongly associated with low weight gains 
(<10 kg). A higher birth weight was found with a GWG of >14 kg in women who were underweight and normal 
weight before pregnancy. CONCLUSION: An appropriate maternal BMI (18.5-24 kg/m2) at conception followed 
by a suitable gestational weight gain (10-14 kg) has substantial impact on the overall health of pregnant women 
and would lead to better obstetric management for Taiwanese women. 
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INTRODUCTION 
It was reported that compared to women with a normal 
pre-pregnancy body mass index (BMI), underweight 
women were more likely to deliver small-for-gestational-
age (SGA) infants.1 Pre-pregnancy obesity produces in-
creased risks of preeclampsia, eclampsia, gestational dia-
betes, a cesarean delivery, and macrosomia.2 Also, gesta-
tional weight gain (GWG) is an important factor in both 
maternal and infant outcomes.3,4 The largest amount of 
maternal weight gain was found in whites living in devel-
oped countries.5 Asian populations in general had lower 
weight gains.6 Thorsdottir et al.7 suggested in an Ameri-
can population study that unnecessary GWG had no bene-
ficial effects on health and inferred that a low weight gain 
should also be avoided to optimize birth outcomes. At-
tempts were made to categorize pre-pregnancy BMI and 
maternal weight gain in relation to risks of pregnancy 
complications and adverse birth outcomes. In 1990, the 
Institute of Medicine (IOM) in the US last revised guide-
lines for weight gain during pregnancy, which recom-

mended an optimal weight gain range for women based 
on their pre-pregnancy BMI.8 The Japan Society of Ob-
stetrics and Gynecology also issued guidelines for opti-
mal weight gain during pregnancy based on the pre-
pregnancy BMI.9 However, little information is available 
in relation to different levels of pre-pregnancy BMI and 
body weight gain on obstetric outcomes in Taiwan.  At 
present, there is only a recommendation for maternal 
weight gain from the Department of Health (DOH) in 
Taiwan for women with a normal weight before preg-
nancy.   
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    Therefore, we conducted this retrospective cohort 
study to investigate associations between pregnancy 
complications with the pre-pregnancy BMI and GWG, in 
Taiwanese women.  
 
MATERIALS AND METHODS 
Subjects 
The obstetric database at Mackay Memorial Hospital in 
New Taipei City contains prospectively collected data on 
all pregnant women admitted to this hospital. There were 
956 pregnant women identified in the database from April 
to June 2007. Women with a stillbirth, multiple pregnan-
cies, and missing BMI data were excluded. In total, 860 
women with singleton pregnancies were included in this 
study. Demographic characteristics of the pregnant wom-
en included: pre-pregnancy BMI, age, parity, GWG, and 
gestational age at delivery. Gestational weight gain was 
calculated as the difference between the measured weight 
at the last prenatal visit closest to delivery and the self-
reported pre-pregnancy weight. Although maternal pre-
pregnancy weight was self-reported, this method was 
considered accurate even among obese people,10 and was 
used in various studies for calculating pre-pregnant BMI 
and GWG.4,11 Antepartum complications included pree-
clampsia and gestational diabetes mellitus (GDM). Pree-
clampsia was diagnosed by a blood pressure of ≥140 
mmHg or proteinuria of ≥300 mg per 24 hours after the 
20th week of gestation.11 Gestational diabetes mellitus 
was diagnosed on the basis of a 75-g oral glucose toler-
ance test if the following diagnostic criteria were in two 
of three categories: a fasting blood glucose of >100 
mg/dL, plasma glucose levels at 60 min of >180 mg/dL 
and at 120 min of >150 mg/dL after loading.4 Neonatal 
complications included a low birth weight (LBW, birth 
weight of <2500 g), high birth weight (>3500 g), preterm 
labor (gestational wk <37 wk), intrauterine growth re-
striction (IUGR), and fetal distress. Since macrosomia 
frequently occurs and the body frame size is relatively 
smaller in the Taiwanese than that of Caucasian women, 
we used >3500 g as a high neonatal birth weight. Intrau-

terine growth restriction was defined as a mean birth 
weight below the 10th percentile as a cut-off value.12 
 
Exposure variables 
On the basis of self-reported information on weight and 
height from the first pregnancy interview, the pre-
pregnancy BMI (kg/m2) was categorized into under-
weight (BMI <18.5), normal-weight (18.5≤ BMI <24), 
and overweight (BMI ≥24) groups. These categories were 
based on the definition of the DOH classification in Tai-
wan.13 Gestational weight gain was categorized as low 
(<10 kg), medium (10-14 kg), high (14-18 kg), and very 
high (≥18 kg). These cut-offs were chosen because the 
general recommended maternal weight gain is 10-14 kg 
for pregnant women.13 Since there is a 4-kg range, we 
considered 14-18 kg as high and >18 kg as very high 
weight gain categories. 
 
Statistical analysis 
We used SPSS 15.0 (SPSS, Chicago, IL, USA) software 
for all statistical analyses. Demographic data are pre-
sented as the mean±SD. Differences in proportions of 
categorical variables were compared using a chi-square 
test. A multivariable logistical regression was used to 
evaluate the association between GWG and perinatal 
complications. In the multiple logistic regression models, 
categories of GWG and pre-pregnant BMI were mutually 
adjusted to estimate independent associations with a 
number of pregnancy outcomes and birth complications.  
Medium GWG and normal weight BMI were used as ref-
erence groups. We estimated the adjusted odds ratios 
(ORs) for pregnancy outcomes including preeclampsia 
and gestational DM. In addition, the adjusted ORs for a 
number of birth complications and neonatal outcomes 
were estimated. We used significance levels of 0.05 for 
all statistical tests, and ORs are presented with the 95% 
confidence intervals (CIs). 
 
RESULTS 
Demographic data of all subjects showed that the mean 

 

Table 1. Maternal characteristics categorized by different pre-pregnancy body mass index (BMI) levels 
 

Underweight Normal weight Overweight   
BMI <18.5 18.5≤ BMI <24 24 ≤BMI 

p-value 

 n n % n % n %  
 860 143 16.6 583 67.8 134 15.6  

Age (yr)        < 0.001 
19-25 51 21 41.2 23 45.1 7 13.7  
26-30 275 46 16.7 186 67.6 43 15.6  
31-35 388 54 13.9 272 70.1 62 16.0  
≥36 146 22 15.1 102 69.9 22 15.1  

Parity         0.010 
Primiparous 513 97 18.9 353 68.8 63 12.3  
Multiparous 347 46 13.2 230 66.3 71 20.4  

Gestational age (wk)        0.058 
<37 67 14 20.9 37 55.2 16 23.9  
≥37 793 129 16.3 546 68.9 118 14.9  

GWG        0.009 
< 10 106 16 15.1 60 56.6 30 28.3  
10 ≤ GWG < 14 262 42 16.0 180 68.7 40 15.3  
14 ≤ GWG < 18 298 55 18.5 208 69.8 35 11.7  
18 ≤ GWG 194 30 15.5 135 69.6 29 14.9  

 
GWG, gestational weight gain. p <0.05 indicates a significant difference by chi-squared test or Fisher’s exact test. 
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Table 2. Unadjusted odds ratio (OR) of neonatal outcome risks and pregnancy complications by pre-pregnancy body mass index (BMI) 
 

 
Birth weight 

<2500 g 
Birth weight 
≥ 3500 g 

Preterm 
labor 

Cesarean 
delivery 

Fetal 
distress IUGR Preeclampsia GDM 

BMI (kg/m2) 
OR 

(95% CI) p OR 
(95% CI) p OR 

(95% CI) p OR 
(95% CI) p OR 

(95% CI) p OR 
(95% CI) p OR 

(95% CI) p OR 
(95% CI) p 

<185 1.70 0.230 1.00 0.986 1.75 0.091 0.63 0.049 1.63 0.166 3.33 0.076 0.45 0.449 1.64 0.557 
 (0.72-4.03)  (0.59-1.67)  (0.91-3.36)  (0.40-1.00)  (0.82-3.26)  (0.88-12.5)  (0.06-3.57)  (0.31-8.54)  

18.5-24 1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  

>24 1.09 0.865 2.30 0.001 2.04 0.029 1.83 0.002 1.13 0.764 0.87 0.899 3.52 0.014 4.48 0.019 
 (0.42-2.81)  (1.44-3.67)  (1.07-3.86)  (1.24-2.71)  (0.51-2.52)  (0.10-7.50)  (1.29-9.62)  (1.28-15.7)  

 
CI: confidence interval; IUGR, intrauterine growth restriction; GDM, gestational diabetes mellitus. p < 0.05 indicated significant difference by Cochran’s and Mantel-Haenszel statistics 
 
 
 

Table 3. Univariate odds ratio (OR) of pregnancy outcomes by gestational weight gain (GWG) according to different categories of the body-mass index (BMI) 
 
.   GWG Birth weight < 2500 g Birth weight ≥ 3500 g Preterm labor Cesarean delivery Fetal distress 

 OR(95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p 
BMI <18.5           

<10 kg 6.33 (1.29-31.1) 0.023 3.80 (0.22-66.2) 0.360 2.73 (0.70-10.7) 0.150 0.19 (0.02-1.59) 0.125 - - 
10-14 kg 1.00  1.00  1.00  1.00  1.00  
14-18 kg 1.62 (0.36-7.27) 0.526 10.7 (1.32-87.1) 0.027 0.11 (0.01-0.96) 0.046 0.48 (0.17-1.33) 0.157 0.47 (0.12-1.79) 0.269 
≥18 kg  0.67 (0.07-6.85) 0.733 20.0 (2.38-168) 0.006 0.43 (0.08-2.29) 0.321 0.86 (0.29-2.55) 0.783 0.43 (0.08-2.29) 0.321 

18.5≤ BMI <24 
< 10 kg 2.03 (0.78-5.25) 0.145 0.48  (0.14-1.69) 0.254 1.45 (0.56-3.75) 0.440 1.23 (0.63-2.41) 0.540 2.25 (0.69-7.36) 0.181 
10~14 kg 1.00  1.00  1.00  1.00  1.00  
14~18 kg 0.71 (0.29-1.73) 0.447 2.04  (1.13-3.66) 0.018 0.56 (0.24-1.27) 0.163 1.16 (0.73-1.85) 0.536 1.25 (0.47-3.35) 0.660 
≥ 18 kg  0.85 (0.31-2.34) 0.748 3.65  (2.00-6.69) < 0.001 0.17 (0.04-0.74) 0.018 1.81 (1.10-2.98) 0.019 1.77 (0.64-4.87) 0.272 

BMI ≥24 
< 10 kg 3.30 (0.60-18.3) 0.171 0.28  (0.80-0.96) 0.043 5.78 (1.11-30.3) 0.038 0.83 (0.31-2.25) 0.719 2.79 (0.24-32.25) 0.412 
10~14 kg 1.00  1.00  1.00  1.00  1.00  
14~18 kg 1.32 (0.20-8.64) 0.772 0.39  (0.13-1.11) 0.077 2.45 (0.42-14.3) 0.319 0.99 (0.39-2.52) 0.975 5.03 (0.54-47.34) 0.158 
≥ 18 kg  1.38 (0.18-10.8) 0.762 1.10  (0.41-2.98) 0.851 1.41 (0.19-10.6) 0.740 2.05 (0.78-5.42) 0.148 1.39 (0.08-23.23) 0.817 

 
Range in parentheses indicates 95% confidence interval (CI).  (-): no data collected for analysis. p < 0.05 indicates a significant difference by Cochran’s and Mantel-Haenszel statistics. 
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BMI was 21.2±3.3 kg/m2, age was 31.7±4.0 yr, gesta-
tional age was 38.4±1.9 wk, parity was 1.5±0.6, and in-
fant birth weight was 3124±486 g. The mean GWG in 
this population was 14.9±4.6 kg. Among all subjects, 
67.8% were in a normal weight range, which left 16.6% 
and 15.6% classified as underweight and overweight be-
fore pregnancy, respectively. Among these subjects, 
30.5% gained 10-14 kg and 34.7% gained 14-18 kg. Only 
12.3% of the groups had low (<10 kg) and 22.5% had 
high GWGs (≥18 kg). Distributions of age range, parity, 
gestational age, and GWG among the 3 pre-pregnancy 
BMI categories are shown in Table 1. 
 
Effects of the pre-pregnancy BMI on pregnancy out-
comes 
Compared to a normal BMI, a higher pre-pregnancy BMI 
increased the risk of a high neonatal birth weight, preterm 
labor, a Cesarean delivery, preeclampsia, and GDM. 
Women with a pre-pregnant BMI of <18.5 showed few 
associations with the pregnancy complications examined 
(Table 2). 
 
Effects of GWG in different categories of BMI on preg-
nancy outcomes 
The risk of a low birth weight was observed with lower 
weight gains in the BMI <18.5 group, whereas a higher 
birth weight was found with a gestational weight gain of 
>14 kg in women who were underweight and normal 
weight before pregnancy, respectively. There was an as-
sociation between low weight gains and preterm labor in 
the high-BMI group (Table 3). 
 
DISCUSSION 
This is the first analysis of pre-pregnancy BMI and GWG 
in relation to pregnancy complications and adverse neo-
natal outcomes among Taiwanese women. Although the 
case number was small and participants were restricted to 
the northern part of the island, this study can be consid-
ered a pilot study in Taiwan. In this study, we classified 
pre-pregnancy BMIs of Taiwanese women according to 
the definition of the DOH in Taiwan. Our classification 
differs from that for Caucasian women in which pre-
pregnant BMIs of <19.8 and >26 were defined as under-
weight and overweight, respectively, based on the quartile 
range of BMI of women at reproductive age.8 Body mass 
index is significantly correlated with adiposity and can 
adequately predict body fat percentage as long as age and 
gender are taken into account.14 However, the relationship 
between body fat percentage and BMI is ethnic-specific. 
Asian countries have a low prevalence of obesity, despite 
their high rates of obesity-related diseases. At the same 
BMI, Asians have a higher body fat percentage compared 
to Caucasians.15 Even among Asians, BMI cut-off points 
for obesity and being underweight differ among various 
countries.16 As maternal anthropometry differs across 
ethnic groups, maternal recommendations based on data 
complied from Caucasians is not applicable to Asians. 
Also, recommendations derived from other Asian coun-
tries might not be suitable for Taiwanese women. 
    We found that women with a pre-pregnancy BMI of 
<18.5 showed few associations with the pregnancy com-
plications studied, while women with a pre-pregnancy 

BMI of >24 were associated with preeclampsia, GDM, a 
cesarean delivery, and preterm labor. These results indi-
cated that having a pre-pregnancy BMI above the normal 
range poses a risk for pregnancy complications. A study 
by Wataba et al.11 also found that Japanese women with a 
pre-pregnancy BMI ranging from 18 to 23.9 had the few-
est pregnancy related complications. 
    The recommendations from IOM showed that optimal 
weight gain in pregnancy from the Caucasian women 
were 12-18 kg for low pre-pregnancy BMI (<19.8), 11.5-
16 kg for a moderate pre-pregnancy BMI (19.8-26), and 
7-11.5 kg for a high pre-pregnancy BMI (>26).8 That re-
port was similar to a study performed by Wong et al,17 
who analyzed 500 pregnant women with good pregnancy 
outcomes in Hong Kong. Their recommended weight 
gains for ethnic Chinese women were 13-16.7, 11-16.4, 
and 7-14.4 kg for low (<19), moderate (19-23.5), and 
high (>23.5) pre-pregnancy BMIs, respectively. With the 
current study design, we could not establish weight gain 
recommendations among the different pre-pregnancy 
BMI groups. We found that regardless of the pre-
pregnancy BMI, a GWG of >18 kg increased the risk of 
preeclampsia and a Cesarean delivery. A GWG of <10 kg 
increased the risks of a low birth weight and preterm la-
bor. These results suggest that for all subjects, 10-18 kg 
gains seemed to have no adverse effects during pregnancy. 
However, when the pre-pregnancy BMI was classified in 
relation to weight gain during pregnancy, we found that 
for women with low and normal BMI, a weight gain of 
>14 kg resulted in a higher neonatal birth weight. The 
absence of an association with excessive weight gain in 
the group with a BMI of >24 could be the result of insuf-
ficient power because of limitations due to sample size in 
this study. Because the majority of subjects recruited in 
this study were within a normal weight range, fewer sub-
jects were available in the underweight and overweight 
categories. Distributions in these 2 groups may thus be 
less precise. 
    In conclusion, data from this investigation suggest that 
an appropriate maternal BMI (18.5-24) at conception fol-
lowed by suitable gestational weight gain (10-14 kg) has 
substantial impacts on the overall health of pregnant 
women and can lead to better obstetric management. 
 
AUTHOR DISCLOSURES 
The authors declare that they have no competing interests.  
 
REFERENCES 
1. Rantakallio P, Laara E, Koiranen M, Sarpola A. Maternal 

build and pregnancy outcome. J Clin Epidemiol. 1995;48: 
199-207. 

2. Abenhaim HA, Kinch RA, Morin L, Benjamin A, Usher R. 
Effect of prepregnancy body mass index categories on ob-
stetrical and neonatal outcomes. Arch Gynecol Obstet. 2006; 
275:39-43.  

3. Edwards LE, Hellerstedt WL, Alton IR, Story M, Himes JH. 
Pregnancy complications and birth outcomes in obses and 
normal-weight women: effects of gestational weight change. 
Obstet Gynecol. 1996;87:947-51.  

4. Tsukamoto H, Fukuoka H, Inoue K, Koyasu M, Nagai Y, 
Takimoto H. Restricting weight gain during pregnancy in 
Japan: a controversial factor in reducing perinatal 
complications. Eur J Obstet Gynecol Reprod Biol. 2007;133: 



86                                                       IH Tsai, CP Chen, FJ Sun, CH Wu and SL Yeh 

53-9.  
5. Maternal anthropometry and pregnancy outcome. A WHO 

collaborative study. The Bulletin of WHO. Geneva: World 
Health Organization (WHO). 1995;73 Suppl:1-98. 

6. Abrams B, Carmichael S, Selvin S. Factors associated with 
the pattern of maternal weight gain during pregnancy. 
Obstet Gynecol. 1995;86:170-6.  

7. Thorsdottir I, Thorsdottir JE, Birgisdottir BE, Geirsson RT. 
Weight gain in women of normal weight before pregnancy: 
complications in pregnancy or delivery and birth outcome. 
Obstet Gynecol. 2002;99:799-806.  

8. Institute of Medicine. Nutrition during pregnancy: Part I: 
weight gain, Part II: nutrient supplements. Washington, DC: 
National Academy Press, 1990. 

9. Committee of Nutritional Guideline. Japan Society of 
Obstetrics and Gynecology. Nippon Sanka Fujinka Gakkai 
Zasshi. 1990;51:N-507-10.  

10. Stunkard AJ, Albaum JM. The accuracy of self-reported 
weights. Am J Clin Nutr. 1981;34:1593-9. 

11. Wataba K, Mizutani T, Wasada K, Morine M, Sugiyama T, 
Suehara N. Impact of prepregnant body mass index and 
maternal weight gain on the risk of pregnancy complications 
in Japanese women. Acta Obstet Gynecol. 2006;85:269-76.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

12. Nohr EA, Vaeth M, Baker JL, Sorensen TIA, Olsen J, 
Rasmussen KM. Combined associations of prepregnancy 
body mass index and gestational weight gain with the 
outcome of pregnancy. Am J Clin Nutr. 2008;87:1750-9. 

13. Department of Health. Taipei, Taiwan: Department of 
Health, Executive Yuan. 2004. 

14. Deurenberg P, Deurenberg-Yap M. Validation of skinfold 
thickness and hand-held impedance measurements for 
estimaion of body fat percentage among Singaporean 
Chinese, Malay and Indian subjects. Asia Pac J Clin Nutr. 
2002;11:1-7.  

15. Pan WH, Yeh WT, Weng LC. Epidemiology of metabolic 
syndrome in Asia. Asia Pac J Clin Nutr. 2008;17(Suppl 1): 
37-42.  

16. Wulan SN, Westerterp KR, Plasqui G. Ethnic differences in 
body composition and the associated metabolic profile: a 
comparative study between Asians and Caucasians. 
Maturitas. 2010;65:315-9.  

17. Wong W, Tang NS, Lau TK, Wong TW. A new 
recommendation for maternal weight gain in Chinese 
women. J Am Diet Assoc. 2000;100:791-6.  

9 



                                                                  Effect of BMI on pregnancy outcomes                                                              87 

 

Short Communication 
 
Associations of the pre-pregnancy body mass index and 
gestational weight gain with pregnancy outcomes in 
Taiwanese women 
 
I-Hsien Tsai MS1,2, Chih-Ping Chen MD3, Fang-Ju Sun MS4,5, Chia-Hsun Wu MD3,  
Sung-Ling Yeh PhD1 

 
1School of Nutrition and Health Sciences, Taipei Medical University, Taipei  
2Department of Nutrition, Mackay Memorial Hospital, Tamshui, New Taipei City  
3Department of Obstetrics and Gynecology, Mackay Memorial Hospital, Tamshui, New Taipei City  
4Department of Medical Research, Mackay Memorial Hospital, Tamshui, New Taipei City  
5Mackay Medicine, Nursing and Management College, Taipei, Taiwan 

 
懷孕前身體質量指數及懷孕期體重增加量與台灣孕婦懷

孕結果相關性之研究 
 
背景：懷孕前體重及懷孕期體重增加量對產後母親及嬰兒併發症的發生有非常

重要的影響。但是在台灣，懷孕前身體質量指數與懷孕期體重增加量對懷孕結

果的相關資料很少，故本研究探討台灣懷孕婦女其懷孕前不同身體質量指數與

懷孕期體重增加量對懷孕結果的相關性。方法：這是一個回顧式的世代研究，

符合本研究個案數為 860 名。資料來源為某醫學中心建置之產房資料庫，輔以

病歷查詢，內容包括孕婦基本資料、懷孕前身高與體重、懷孕期體重變化、懷

孕期併發症等。孕婦根據其懷孕前身體質量指數，及懷孕期體重增加量分組，

來評估不同身體質量指數及體重增加量對懷孕期風險指標的相關性。本研究使

用多元邏輯迴歸分析法，並計算勝算比。結果：當產婦懷孕前身體質量指數≥24 
kg/m2，其發生懷孕型糖尿病、子癇前症及早產的風險增加。懷孕期體重增加量

≥18 公斤與發生子癇前症及剖腹產的風險呈正相關。而懷孕期體重增加量<10 公

斤則與嬰兒早產及出生體重過低的風險有強相關性。懷孕前體重過輕或正常而

懷孕期間體重增加量>14 公斤與嬰兒體重過重相關。結論：孕婦在懷孕前有適

當的身體質量指數(18.5-24 kg/m2)，且懷孕期間體重增加量維持在 10-14 公斤，

對於懷孕婦女整體的健康狀況有正面影響並有較佳的懷孕結果。 
 
關鍵字：身體質量指數、懷孕前體重、懷孕期體重變化、懷孕結果、低出生體

重 
 


