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Abstract
Objective: To establish optimal gestational weight gain (GWG) in Chinese pregnant
women by Chinese-specific BMI categories and compare the new recommenda-
tions with the Institute of Medicine (IOM) 2009 guidelines.
Design: Multicentre, prospective cohort study. Unconditional logistic regression
analysis was used to evaluate the OR, 95 % CI and the predicted probabilities of
adverse pregnancy outcomes. The optimal GWG range was defined as the range
that did not exceed a 1 % increase from the lowest predicted probability in each
pre-pregnancy BMI group.
Setting: From nine cities in mainland China.
Participants: A total of 3731 women with singleton pregnancy were recruited from
April 2013 to December 2014.
Results: The optimal GWG (ranges) by Chinese-specific BMI was 15·0 (12·8–17·1),
14·2 (12·1–16·4) and 12·6 (10·4–14·9) kg for underweight, normal weight and
overweight pregnant women, respectively. Inappropriate GWG was associated
with several adverse pregnancy outcomes. Compared with women gaining weight
within our proposed recommendations, women with excessive GWG had higher
risk formacrosomia, large for gestational age and caesarean section, whereas those
with inadequate GWG had higher risk for low birth weight, small for gestational
age and preterm delivery. The comparison between our proposed recommenda-
tions and IOM 2009 guidelines showed that our recommendations were compa-
rable with the IOM 2009 guidelines and could well predict the risk of several
adverse pregnancy outcomes.
Conclusions: Inappropriate GWG was associated with higher risk of several
adverse pregnancy outcomes. Optimal GWG recommendations proposed in the
present study could be applied to Chinese pregnant women.
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Gestational weight gain (GWG) has been reported to
be essential for pregnancy outcomes. Excessive GWG
increases the risks of maternal and neonatal complications,
including gestational diabetes mellitus (GDM), hyperten-
sive disorders, caesarean section, post-partum weight
retention, macrosomia, large for gestational age (LGA)
infants and offspring overweight/obesity(1–5). Inadequate
GWG is linked with increased risks of small for gestational
age (SGA) newborns, low birth weight (LBW) infants,
preterm delivery and failure to initiate breast-feeding(1,4).

In recent years, there are an increasing number of
overweight and obesity in China and other developing
Asian countries(6). The prevalence of overweight(7,8) and
obesity(9,10) among Chinese reproductive-aged women
was 10–24 % and 2·6–9·2 %, respectively. On the other
hand, almost 9·0 % women in China were underweight,
whereas it was only 2·0 % in the USA(11). Evidence has
shown that women with higher pre-pregnancy BMI were
more likely to have a series of adverse maternal and
neonatal outcomes, such as macrosomia, LGA, caesarean
section, GDM and gestational hypertension(12–17). In con-
trast, pregnant women with lower BMI were at increased
risk for LBW, SGA, intrauterine growth-restricted infants
and preterm delivery(12,13,17).

So far, there is no international consensus on the recom-
mendation about GWG. The United States Institute of
Medicine (IOM) revised new GWG guidelines according
to the WHO BMI categories in 2009, considering the inci-
dences and risks of several potential outcomes such as fetal
growth, preterm birth, caesarean section, and maternal and
offspring obesity(18). Due to the lack of official GWG rec-
ommendation for Chinese pregnant women, IOM 2009
GWG guideline was also used in China(19). However, the
IOM guidelines are based mainly on Caucasian women,
which may limit its generalisability to other populations.
Moreover, the WHO BMI criterion may not be directly
applicable to the Chinese populations, owing to racial
difference in body composition and dietary habits between
Chinese andWestern populations. It has been reported that
Asian women were more likely to have a lower BMI and a
smaller GWG than those in Europe and North America(20).
Given the variations in race ethnicity, diet and other factors
between Chinese and Western populations, the appropri-
ateness of using the IOM 2009 GWG recommendations
for Chinese women should be examined.

Studies conducted in Hong Kong(21) and New York(22)

calculated proper GWG among pregnant women with
good pregnancy outcomes. More studies conducted in
different countries and regions(23–32) suggested optimal
GWG with the lowest risk of various adverse pregnancy
outcomes. However, to date, no study has been reported
in China to create the optimal GWG considering multiple
maternal and neonatal outcomes. Therefore, the purpose
of this multicentre prospective study is to create the optimal
GWG using a quantitative approach to estimate the total
predicted probability of the composite maternal and

neonatal outcomes. We aimed to define GWG ranges for
Chinese women according to Chinese-specific BMI classi-
fication and to examine whether the proposed GWG
ranges can improve pregnancy outcomes in comparison
with IOM 2009 GWG guidelines.

Materials and methods

Study populations
This prospective study was conducted at hospitals of nine
cities in mainland China, including Beijing, Wuhan,
Chengdu, Shenzhen, Dongguan, Harbin, Shijiazhuang,
Qingdao and Danyang, from April 2013 to December
2014. Pregnant women were considered eligible if they
had regular prenatal care till delivery and maintained
complete data during the study period. Inclusion criteria
were as follows: women with Chinese nationality, aged
20–35 years, had a living singleton pregnancy and
< 12 weeks pregnant. The subjects were excluded if they
had a situation with pre-existing diabetes mellitus or
hypertension, endocrine disease and other complications.
Women with multiple pregnancy or with insufficient infor-
mation about their height, pre-pregnancyweight and gesta-
tional weight were also excluded. A total of 3806 women
were recruited. Due to the extreme small number of obese
women (n 75), we restricted our analysis to underweight
(n 821), normal weight (n 2503) and overweight women
(n 407). Consequently, a total of 3731 women were
included for the analysis (Fig. 1).

Data collection
The baseline data were collected by trained interviewers
through face-to-face interviews. A structured questionnaire
was used to collect information on socio-demographic
characteristics (e.g., maternal age, educational level, occu-
pation and family income), pre-pregnancy body weight
and self-reported height, lifestyle (e.g., regular and passive
smoking, alcohol drinking, insomnia and physical activity),
menstrual and reproductive history and history of diseases.
Information on physical activity was obtained by asking
subjects about their exercise frequency and classified as
never, occasionally, sometimes and frequently. Insomnia
disorder was defined as difficulties in initiating or maintain-
ing sleep.

Anthropometric measurement
The trained staffs measured the participant’s weight with
uniform standards at the first prenatal visit, the 12th
gestational week, the 28th gestational week and prior to
delivery. Pre-pregnancy BMI (kg/m2) was calculated by
dividing self-reported pre-pregnancy weight in kg by the
square of the height in metres. According to the
‘Guidelines for prevention and control of overweight and
obesity in China’(33), maternal pre-pregnancy BMI was
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categorised as underweight (<18·5 kg/m2), normal weight
(18·5–23·9 kg/m2), overweight (24·0–27·9 kg/m2) and
obesity (≥ 28·0 kg/m2). Maternal GWG was calculated by
subtracting the maternal pre-pregnancy weight from the
last measured weight prior to delivery.

Outcomes of interest
Information on maternal outcomes (including gestational
hypertension, GDM and mode of delivery) and the neona-
tal outcomes (including birth weight and gestational
age at delivery) was obtained from the medical records.
Gestational age was determined from last menstrual period
which was defined by ultrasound assessments. Preterm
delivery was defined as delivery occurring before 37 com-
pleted weeks of gestation(34). Neonates with their birth

weight< 2500 g, between 2500 and 4000 g, equal to or
greater than 4000 g were classified as LBW, normal birth
weight and macrosomia, respectively(35). SGA and LGA
neonates were defined as birth weights below the 10th
percentile for gestational age and above the 90th percen-
tile, respectively(36). Gestational hypertension was
diagnosed when the pregnant woman had a blood pres-
sure> 140/90 mmHg after 20th gestational week(37).
GDM was diagnosed using the International Association
of Diabetes in Pregnancy Study Groups criteria(38). The
diagnosis of GDM was made when any of the following
plasma glucose values are exceeded: fasting blood
glucose≥ 5·1 mmol/l, plasma glucose levels at 60 min
≥10·0 mmol/l or at 120 min ≥8·5 mmol/l following a
75 g oral glucose tolerance test at 24–28 gestational weeks.
The mode of delivery was categorised as caesarean section
and vaginal delivery.

Statistical analysis
The comparisons of characteristics among subjects
were conducted based on pre-pregnancy BMI groups.
Continuous variables were expressed as mean values
and standard deviations and evaluated using ANOVA test.
Categorical variables were expressed as numbers
(%, percentage) and evaluated by χ2 test.

Macrosomia, LBW, LGA, SGA, preterm delivery, caesar-
ean section, GDM and gestational hypertension were
chosen as the important pregnancy outcomes which are
known to be affected by GWG. Logistic regression models
were used to obtain the predicted probabilities(25) of
the pregnancy outcomes relating to GWG in different
pre-pregnancy BMI groups. The total predicted probabil-
ities in different BMI groups were estimated by combining
the predicted probabilities of pregnancy outcomes.
To determine the optimal GWG value in different
pre-pregnancy BMI groups, quadratic function model
was used to improve the fitness of the relationship between
GWG and the total predicted probability, as reported by a
previous study(24). The optimal GWG range was defined as
the range that did not exceed a 1 % increase from the lowest
predicted probability(24).

The IOM 2009 GWG guidelines recommended
12·5–18 kg for underweight (pre-pregnancy BMI
< 18·5 kg/m2), 11·5–16·0 kg for normal weight
(pre-pregnancy BMI 18·5–24·9 kg/m2), 7·0–11·5 kg for
overweight (pre-pregnancy BMI 25–29·9 kg/m2) and
5–9·1 kg for obese (pre-pregnancy BMI≥ 30·0 kg/m2)
pregnant women classified by WHO BMI categories(39).
According to the IOM 2009 GWG guidelines and our
proposed recommendations, excessive GWG group
was defined as GWG above the upper range of the
recommendations, whereas inadequate GWG group was
defined as GWG below the lower range of the
recommendations. All other women were classified as
having adequate GWG.

Singleton pregnancy
n 3938

nA=439; nB=553; nC=484; 
nD=514; nE=450; nF=421; 
nG=449; nH=397; nI=231; 

Singleton pregnancy
n 3919

Excluded: missing weight gain 
in 12th gestation week (n 19)

Singleton pregnancy
n 3809

Excluded: missing weight gain 

Singleton pregnancy
n 3806

Excluded: missing weight gain 
before delivery (n 3)

Singleton pregnancy
n 3731

Underweight: n 821
Normal weight: n 2503
Overweight: n 407

Excluded: extreme small number
of obese women (n 75)

in 28th gestation week (n 110)

Fig. 1 Study cohort flow chart. Letters A–I represented nine
cities in mainland China (A, Beijing; B, Shijiazhuang; C,
Chengdu; D, Wuhan; E, Dongguan; F, Shenzhen; G, Harbin;
H, Danyang; I, Qingdao)
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OR and 95 % CI of the associations between
pre-pregnancy BMI groups, GWG groups and pregnancy
outcomes were calculated using multivariable uncondi-
tional logistic regression models. Confounding factors,
selected based on the literatures and the comparison
between pre-pregnancy BMI groups, included maternal
age (continuous), parity (primiparous or multiparous), ges-
tational age of delivery (for macrosomia and LBW), family
history of diabetes (for GDM) or family history of hyperten-
sion (for gestational hypertension). Moreover, the compari-
son between the association of pregnancy outcomes with
GWG categorised by our proposed recommendations and
IOM 2009 GWG guidelines was performed using logistic
analyses. Women with adequate GWG judged by our pro-
posed recommendations or IOM 2009 GWG guidelines
were separately served as the reference group. Positive
and negative predictive values, sensitivity, specificity and
AUC for detecting adverse pregnancy outcomes were cal-
culated for our proposed recommendations and IOM 2009
GWG guidelines.

All P values are two sided, and P values of <0·05 were
considered as statistically significant. Statistical analyses
were performed using SPSS 25.0.

Results

The maternal and neonatal characteristics in different pre-
pregnancy BMI groups are shown in Table 1. The majority
of pregnant women had a normal weight (67·1 %),
22·0 % were underweight and 10·9 % were overweight.
Overweight women had less GWG than underweight
and normal weight women. More overweight women
had a family history of diabetes or hypertension than
underweight women. The proportion of primiparous
women decreased with higher pre-pregnancy BMI. The
prevalence of gestational hypertension, GDM, caesarean
section, LGA and macrosomia increased with higher pre-
pregnancy BMI. The prevalence of SGA decreased with
increasing pre-pregnancy BMI. No significant differences
were observed between the three groups in terms of educa-
tional level, occupation, family income, alcohol drinking,
active and passive smoking, insomnia situation, physical
activity and LBW (P> 0·05).

The association between pre-pregnancy BMI and
maternal and neonatal outcomes is shown in Table 2.
Compared with normal weight women, overweight
women had an increased risk of macrosomia, LGA, preterm
delivery, caesarean section, GDM and gestational hyper-
tension, with adjusted OR of 2·07 (95 % CI 1·51, 2·84),
1·77 (95 % CI 1·34, 2·35), 1·92 (95 % CI 1·22, 3·03), 1·36
(95 % CI 1·10, 1·69), 1·40 (95 % CI 1·05, 1·88) and 1·87
(95 % CI 1·10, 3·17), respectively. By contrast, underweight
women had a significantly lower risk of macrosomia (OR
0·46; 95 % CI 0·31, 0·68), LGA (OR 0·53; 95 % CI 0·38,
0·73), caesarean section (OR 0·79; 95 % CI 0·67, 0·93)

and GDM (OR 0·72; 95 % CI 0·54, 0·96) compared with
normal weight women.

Figure 2 shows the associations between GWG and pre-
dicted probability of maternal and neonatal outcomes in
different pre-pregnancy BMI groups. Higher GWG was
associated with a lower risk of LBW, SGA, preterm delivery
and GDM, whereas higher GWG was associated with a
higher risk of macrosomia, LGA, caesarean section and ges-
tational hypertension.

The total predicted probability of composite maternal
and neonatal outcomes in relation to GWG in quadratic
function model stratified by pre-pregnancy BMI categories
is shown in Table 3 and Fig. 3. The predicted probability of
composite adverse outcomes showed a U-shaped curve
with increasing GWG for all BMI groups. The total pre-
dicted probability of composite adverse outcomes was
lowest at 15·0, 14·2 and 12·6 kg, which were defined as
optimal GWG values for underweight, normal weight
and overweight women, respectively. The optimal GWG
ranges, defined as an increased risk < 1 % compared with
optimal GWG, were 12·8–17·1 kg for underweight preg-
nant women, 12·1–16·4 kg for normal weight pregnant
women and 10·4–14·9 kg for overweight pregnant women,
respectively.

Table 4 shows the results of the associations between
multiple maternal and neonatal outcomes and GWG cate-
gorised based on our proposed recommendations and IOM
2009 GWG guidelines. Compared with pregnant women
with adequate GWG judged by our proposed recommen-
dations, excessive GWGwas positively associated with the
risk of macrosomia, LGA and caesarean section, with OR of
2·44 (95 % CI 1·82, 3·27), 2·04 (95 % CI 1·60, 2·62) and 1·43
(95 % CI 1·24, 1·66), respectively, whereas inadequate
GWG was associated with higher risks for LBW, SGA
and preterm delivery, with OR of 2·66 (95 % CI 1·34,
5·26), 2·02 (95 % CI 1·40, 2·93) and 1·56 (95 % CI 1·04,
2·34), respectively. The corresponding OR in comparison
with pregnant women with adequate GWG judged by
the IOM 2009 GWG guidelines were 2·63 (95 % CI 1·93,
3·60) for macrosomia, 2·26 (95 % CI 1·74, 2·93) for LGA,
1·35 (95 % CI 1·17, 1·56) for caesarean section, 2·64
(95 % CI 1·31, 5·33) for LBW, 2·03 (95 % CI 1·38, 2·96) for
SGA and 1·61 (95 % CI 1·02, 2·53) for preterm delivery,
respectively.

Our proposed recommendations exhibited similar pre-
dictive values for adverse pregnancy outcomes to those of
the IOM 2009 GWG guidelines. All of the AUC values of dif-
ferent pregnancy outcomes predicted by our cut-off value
were> 0·50 (AUC ranged from 0·542 to 0·635, all P< 0·05)
(Table 5).

Discussion

The current study examined the proper GWG for each pre-
pregnancy BMI category according to Chinese-specific BMI
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classification. The results showed that inappropriate GWG
was associated with higher risk of several maternal and
neonatal outcomes. The optimal GWG (ranges) proposed
in the present study was 15·0 kg (12·8–17·1) for under-
weight pregnant women, 14·2 kg (12·1–16·4) for normal
weight pregnant women and 12·6 kg (10·4–14·9) for
overweight pregnant women. The comparison between
our proposed recommendations and IOM 2009 GWG

guidelines showed that these two recommendations were
comparable in predicting adverse pregnancy outcomes.

The distribution of pre-pregnancy BMI categories in the
present studywas consistent with the result of another mul-
ticentre study, with 18·9 % in the underweight and 11·1 % in
the overweight, respectively(9). Pre-pregnancy BMI was an
independent predictor of pregnancy outcomes. In accor-
dance with most of the previous studies(12–16), our study

Table 1 Characteristics of the studied population according to Chinese-specific BMI categories (n 3731)

Variables

Pre-pregnancy BMI classification (kg/m2)

P*

Underweight
<18·5

Normal weight
18·5–23·9

Overweight
24·0–27·9

n % n % n %

No. of subjects 821 22·0 2503 67·1 407 10·9
Age (years) 0·002
Mean 27·0 28·0 28·8
SD 3·0 3·2 3·4

Pre-pregnancy BMI (kg/m2) <0·001
Mean 17·5 20·8 25·4
SD 0·8 1·4 1·0

GWG (total) (kg) 0·001
Mean 16·9 16·5 15·1
SD 4·4 4·7 5·2

Gestational week at delivery 0·019
Mean 39·1 39·1 38·9
SD 1·3 1·3 1·5

Birth weight (g) <0·001
Mean 3·3 3·4 3·5
SD 0·4 0·4 0·5

Occupation 0·050
Administrative staff 24 2·9 77 3·1 10 2·5
Blue-collar workers 553 67·4 1786 71·4 270 66·3
Peasants/others 244 29·7 640 25·6 127 31·2

Education level 0·427
Elementary school/less 4 0·5 6 0·2 0
Middle school 41 5·0 152 6·1 27 6·6
High school 133 16·2 379 15·1 67 16·5
Junior college 280 34·1 802 32·0 141 34·6
College or above 363 44·2 1164 46·5 172 42·3

Family income (Yuan) 0·631
≤1000 3 0·4 16 0·6 1 0·2
1001–2999 100 12·2 335 13·4 58 14·3
3000–4999 280 34·1 839 33·5 141 34·6
5000–9999 291 35·4 914 36·5 151 37·1
≥10 000 147 17·9 399 15·9 56 13·8

Parity 0·011
0 563 68·6 1640 65·5 244 60·0
≥1 258 31·4 863 34·5 163 40·0

Alcohol drinking 12 1·5 28 1·1 6 1·5 0·665
Active smoking 18 2·2 41 1·6 9 2·2 0·485
Passive smoking 269 32·8 757 30·2 135 33·2 0·255
Insomnia 42 5·1 116 4·6 21 5·2 0·801
Physical activity 119 14·5 414 16·5 74 18·2 0·210
Family history of diabetes 76 9·3 307 12·3 75 18·4 <0·001
Family history of hypertension 187 23·3 680 27·6 153 38·7 <0·001
Macrosomia (≥ 4000 g) 32 3·9 212 8·5 62 15·2 <0·001
Low birth weight (≤ 2500 g) 19 2·3 45 1·8 9 2·2 0·602
Large for gestational age 47 5·7 274 10·9 76 18·7 <0·001
Small for gestational age 55 6·7 122 4·9 14 3·4 0·032
Preterm delivery 23 2·8 83 3·3 26 6·4 0·003
Caesarean section 329 40·1 1183 47·3 226 55·5 <0·001
Gestational diabetes 65 7·9 295 11·8 69 17·0 <0·001
Gestational hypertension 14 1·7 58 2·3 20 4·9 0·002

GWG, gestational weight gain.
*Continuous variables were evaluated using ANOVA test and categorical variables were evaluated by χ2 test.
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Table 2 OR and 95% CI of the association between pre-pregnancy BMI and maternal and neonatal outcomes (n 3731)

Pregnancy outcomes

Underweight

Normal weight

Overweight

PtrendOR 95 % CI OR 95 % CI

Macrosomia No. of cases 32 212 62
Crude OR 0·44 0·30, 0·64 1·00 1·94 1·43, 2·63 <0·001
Adjusted OR* 0·46 0·31, 0·68 1·00 2·07 1·51, 2·84 <0·001

LBW No. of cases 19 45 9
Crude OR 1·29 0·75, 2·23 1·00 1·24 0·60, 2·55 0·690
Adjusted OR* 1·32 0·70, 2·46 1·00 0·62 0·26, 1·51 0·143

LGA No. of cases 47 274 76
Crude OR 0·49 0·36, 0·68 1·00 1·87 1·41, 2·47 <0·001
Adjusted OR† 0·53 0·38, 0·73 1·00 1·77 1·34, 2·35 <0·001

SGA No. of cases 55 122 14
Crude OR 1·40 1·01, 1·95 1·00 0·70 0·40, 1·22 0·009
Adjusted OR† 1·35 0·97, 1·88 1·00 0·72 0·41, 1·27 0·022

Preterm delivery No. of cases 23 83 26
Crude OR 0·84 0·53, 1·34 1·00 1·99 1·26, 3·13 0·005
Adjusted OR† 0·88 0·55, 1·41 1·00 1·92 1·22, 3·03 0·013

Caesarean section No. of cases 329 1183 226
Crude OR 0·75 0·64, 0·88 1·00 1·43 1·16, 1·77 <0·001
Adjusted OR† 0·79 0·67, 0·93 1·00 1·36 1·10, 1·69 <0·001

GDM No. of cases 65 295 69
Crude OR 0·64 0·49, 0·85 1·00 1·53 1·15, 2·03 <0·001
Adjusted OR‡ 0·72 0·54, 0·96 1·00 1·40 1·05, 1·88 <0·001

Gestational hypertension No. of cases 14 58 20
Crude OR 0·73 0·41, 1·32 1·00 2·18 1·30, 3·66 0·002
Adjusted OR§ 0·85 0·47, 1·55 1·00 1·87 1·10, 3·17 0·030

LBW, low birth weight; LGA, large for gestational age; SGA, small for gestational age; GDM, gestational diabetes mellitus.
*Adjusted for maternal age, parity and gestational age.
†Adjusted for maternal age and parity.
‡Adjusted for maternal age, parity and family history of diabetes.
§Adjusted for maternal age, parity and family history of hypertension.
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Fig. 2 Predicted probabilities of macrosomia ( ), low birth weight ( ), preterm delivery ( ), small for gestational age ( ), large
for gestational age ( ), caesarean section ( ), gestational diabetes mellitus ( ) and gestational hypertension ( ) with increas-
ing gestational weight gain, stratified by pre-pregnancy BMI (underweight, n 821; normal weight, n 2503; overweight, n 407)

Table 3 The quadratic function models and the optimal GWG corresponding to the lowest total predicted probability of combining adverse
pregnancy outcomes, according to pre-pregnancy Chinese-specific BMI categories

BMI category R2 Quadratic function model Optimal GWG (kg)*

Underweight 0·998 Y= 0·0015x2 –0·0432xþ 1·005 15·0 12·8–17·1
Normal weight 0·999 Y= 0·0019x2 –0·0529xþ 1·235 14·2 12·1–16·4
Overweight 0·980 Y= 0·0023x2 –0·0571xþ 1·528 12·6 10·4–14·9

GWG, gestational weight gain; Y, total predicted probability; x, GWG.
*The lower and upper margins of the GWG range represented that total predicted risk of composite adverse outcomes (macrosomia, LBW, LGA, SGA, preterm delivery,
caesarean section, GDM and gestational hypertension) did not exceed a 1% increase from the lowest total predicted probability.
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showed that a significantly higher proportion of overweight
women experienced adverse maternal and neonatal
outcomes, such as macrosomia, LGA, caesarean section,
GDM and gestational hypertension, whereas the risk of
SGA decreasedwith increasing pre-pregnancy BMI. No sig-
nificant difference was noted in the risk of LBW in relation
to pre-pregnancy BMI. This might be due to the small pro-
portion of LBW in the subgroup population.

The GWG recommendations varied by national origin.
One study including 2702 Korean women reported that
the optimal GWG was considerably higher and wider
than recommended by IOM 2009 GWG(28). However,
the optimal GWG among Japanese pregnant women
was narrower than that of the IOM 2009 GWG(24). In the
present study, the suggested GWG defined for under-
weight and normal weight women was generally similar
to IOM 2009 GWG guidelines, although it was a little nar-
rower than that of the IOM 2009 guidelines. However, the
suggested GWG defined for overweight women was
considerably higher than that of the IOM 2009 GWG
guidelines. In the current study, we could not determine
the appropriate GWG for obese women due to the
small sample size. The intrinsic ethnic, population and
regional differences among Chinese women and other
populations might have a potential effect on the weight
gain profile.

So far, no consensus has been reached on the
method of defining optimal GWG among pregnant
women. Optimal GWG has been examined in some epi-
demiological studies, of which varied in statistical methods,
selected adversematernal and infant outcomes(22,25,26,31,40–43).
Recommendations made in Hong Kong(21) and New York(22)

were derived from women with good pregnancy outcomes.
However, thismight be not reliable for the general population
owing to the exclusion of women and infants with any
adverse pregnancy outcome. Some studies(25,26,32,39,44) high-
lighted the importance of fetal growth to determine the
GWG. But more studies(24,27–29,45) emphasised the impor-
tance of both maternal and neonatal pregnancy outcomes.
The IOM 2009 GWG guidelines were established according
to the lowest prevalence of the commonly pregnancy out-
comes from various large studies(18). A meta-analysis of
twenty-five cohort studies from Europe and North America
examined optimal GWG ranges with consideration of
composite adverse outcomes like preeclampsia, gestational
hypertension, gestational diabetes, caesarean delivery,
preterm birth, SGA and LGA(45). In the present study,
a quantitative approach was used to estimate the total
predicted probability of the composite maternal and
neonatal outcomes, including macrosomia, LBW, LGA,
SGA, preterm delivery, caesarean section, GDM and
gestational hypertension.

It has been suggested that different countries need to
have their own BMI classification criteria based on their
own morbidity and mortality data(46). Previous studies
creating GWG are based on different pre-pregnancy
BMI. The IOM 2009 GWG guidelines used WHO BMI
categories to classify pregnant women to underweight
(BMI< 18·5), normal weight (18·5≤ BMI< 24·9), over-
weight (25·0≤ BMI< 29·9) and obese (BMI≥ 30·0)
women. The pre-pregnancy BMI used in the Korean pop-
ulation was classified according to Asia-specific standards
from the WHO as follows: underweight (BMI< 18·5), nor-
mal weight (18·5≤ BMI< 23), overweight (23≤ BMI< 25)
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Fig. 3 Total predicted probability of adverse pregnancy outcomes (including gestational hypertension, gestational diabetes mellitus,
caesarean section, macrosomia, low birth weight, preterm delivery, small for gestational age and large for gestational age) by gesta-
tional weight gain, stratified by pre-pregnancy BMI ( , underweight, n 821, BMI< 18·5; , normal weight, n 2503, BMI 18·5–23·9;
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Table 4 Comparison between the association of pregnancy outcomes with GWG categorised by our proposed recommendations and IOM 2009 GWG guidelines (n 3731)

Pregnancy outcome

Our proposed GWG categories IOM 2009 GWG categories

Inadequate

Adequate

Excessive

Ptrend

Inadequate

Adequate

Excessive

PtrendOR 95 % CI OR 95 % CI OR 95 % CI OR 95 % CI

Macrosomia No. of cases 27 65 214 14 53 239
Adjusted OR* 0·76 0·48, 1·22 1·00 2·44 1·82, 3·27 <0·001 0·62 0·34, 1·14 1·00 2·63 1·93, 3·60 <0·001

LBW No. of cases 29 20 24 25 20 28
Adjusted OR* 2·66 1·34, 5·26 1·00 1·58 0·80, 3·12 0·222 2·64 1·31, 5·33 1·00 1·35 0·70, 2·61 0·445

LGA No. of cases 42 100 255 26 81 290
Adjusted OR† 0·74 0·50, 1·07 1·00 2·04 1·60, 2·62 <0·001 0·72 0·45, 1·13 1·00 2·26 1·74, 2·93 <0·001

SGA No. of cases 61 62 68 52 64 75
Adjusted OR† 2·02 1·40, 2·93 1·00 0·76 0·54, 1·09 0·082 2·03 1·38, 2·96 1·00 0·75 0·53, 1·06 0·056

Preterm delivery No. of cases 45 55 32 33 49 50
Adjusted OR† 1·56 1·04, 2·34 1·00 0·41 0·26, 0·63 <0·001 1·61 1·02, 2·53 1·00 0·57 0·38, 0·85 0·004

Caesarean section No. of cases 284 547 907 214 521 1003
Adjusted OR† 0·94 0·78, 1·14 1·00 1·43 1·24, 1·66 <0·001 0·91 0·73, 1·12 1·00 1·35 1·17, 1·56 <0·001

GDM No. of cases 137 158 134 111 159 159
Adjusted OR‡ 1·74 1·34, 2·24 1·00 0·60 0·47, 0·76 <0·001 1·77 1·35, 2·33 1·00 0·54 0·43, 0·69 <0·001

Gestational hypertension No. of cases 18 29 45 14 30 48
Adjusted OR§ 1·06 0·58, 1·94 1·00 1·13 0·67, 1·69 0·618 1·02 0·54, 1·96 1·00 0·88 0·55, 1·41 0·577

LBW, low birth weight; LGA, large for gestational age infant; SGA, small for gestational age infant; GDM, gestational diabetes mellitus.
*Adjusted for maternal age, parity, gestational age and pre-pregnancy BMI.
†Adjusted for maternal age, parity and pre-pregnancy BMI.
‡Adjusted for maternal age, parity, family history of diabetes and pre-pregnancy BMI.
§Adjusted for maternal age, parity, family history of hypertension and pre-pregnancy BMI.
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and obese women (BMI≥ 25)(28). One study in Japan was
based on five pre-pregnancy BMI subgroups (17·0–18·4,
18·5–19·9, 20–22·9, 23–24·9 and 25–27·4 kg/m2)(24).
Another study also conducted in Japan creating optimal
GWG only included overweight and obese pregnant
womenwith a BMI ≥ 25 kg/m2(23). Recent research claimed
that Chinese people have an elevated risk for obesity-
related diseases at a lower BMI than Caucasians(47). The
Chinese-specific BMI standard is more recommended for
Chinese owing to its lower cut-off points for BMI catego-
ries(48) and better sensitivity and specificity for identifying
risk factors of diseases(47). Thus, in the present study, the
Chinese-specific BMI criteria rather than WHO BMI
international or Asian BMI categories were used.

Our study showed that excessive GWG is significantly
associated with an increased risk of macrosomia, LGA
and caesarean section, whereas inadequate GWG is signifi-
cantly associated with an increased risk of LBW, SGA,
preterm delivery and GDM. Consistent with our results, a
meta-analysis published in 2017 concluded that inappro-
priate GWG was associated with higher risk of adverse
pregnancy outcomes, including macrosomia, LGA, SGA,
preterm birth and caesarean delivery(49). Although the
observation of an inverse association between GWG and
the risk of GDM was consistent with several studies(15,50–52),
it was contrary to our primary hypothesis. One plausible
explanation was that pregnant women tend to adopt
weight management once being diagnosed with GDM
within 24–28 weeks(15), leading to decreased weight gain
in late pregnancy.

The key point of the GWG targets study is whether the
new GWG targets can improve pregnancy outcomes, com-
pared with the IOM recommendation. The results of the
comparison showed that inappropriate GWG judged by
our proposed recommendations was associated with
higher risk of macrosomia, LBW, LGA, SGA, preterm

delivery and caesarean section, which was consistent with
those judged by the IOM 2009 GWG guidelines. It seems
logical that our proposedGWG recommendation is compa-
rable with the IOM 2009 GWG guidelines and both of these
two recommendations are suitable for Chinese pregnant
women. Moreover, all of the AUC was above 0·50. This
indicated that the GWG cut-offs proposed in the present
study could well predict the occurrence of pregnancy
outcomes such as macrosomia, LBW, LGA, SGA, preterm
delivery, caesarean section and GDM.

To our knowledge, this is the first multicentre study
restricted to Chinese population to estimate optimal
GWG in Chinese pregnant women by applying predicted
probability of a composite adverse pregnancy outcomes.
Data were precisely and prospectively collected from a
nationally representative sample across multiple cities in
China, which enables us to popularise the results of the cur-
rent study to some extent. Some limitations need to be
addressed. First, the pre-pregnancy weight was self-
reported and recall bias was inevitable. Second, the current
study only focused on several adverse pregnancy out-
comes but ignored some rare pregnancy outcomes such
as still birth, neonatal death and congenital malformation.
Third, we could not determine the appropriate GWG for
obese women due to the small sample size. Further studies
with a larger sample size are needed to create GWG recom-
mendation for obese women. Fourth, all maternal and neo-
natal outcomeswereweighted equally in the present study.
However, some other specific adverse outcomes such as
preterm delivery and SGA would be more serious than
others like LGA.

In conclusion, inappropriate GWG was associated with
several unfavourable pregnancy outcomes than an
adequate GWG. The optimal GWG value (ranges) for the
lowest predicted probability of combining adverse preg-
nancy outcomes was 15·0 kg (12·8–17·1) for underweight

Table 5 Predictive values of our proposed recommendations and IOM guidelines for the adverse pregnancy outcomes

Pregnancy outcomes PPV NPV Sensitivity Specificity AUC P

Macrosomia Our recommendations 12·0 95·3 69·9 54·1 0·620 <0·001
IOM guidelines 12·0 96·2 78·1 48·9 0·635 <0·001

LBW Our recommendations 1·6 97·8 27·4 65·7 0·611 0·001
IOM guidelines 1·6 97·9 27·4 67·2 0·603 0·002

LGA Our recommendations 14·3 92·7 64·2 54·1 0·592 <0·001
IOM guidelines 14·6 93·9 73·0 49·0 0·610 <0·001

SGA Our recommendations 4·9 94·8 32·5 65·8 0·573 <0·001
IOM guidelines 5·2 94·9 33·5 67·3 0·570 <0·001

Preterm delivery Our recommendations 4·3 96·9 41·7 66·1 0·583 0·001
IOM guidelines 4·0 96·7 37·1 67·5 0·557 0·026

Caesarean section Our recommendations 51·3 57·1 52·2 56·2 0·542 <0·001
IOM guidelines 50·9 57·6 57·7 50·7 0·542 <0·001

GDM Our recommendations 7·5 84·8 31·2 50·0 0·594 <0·001
IOM guidelines 8·0 84·5 37·1 44·6 0·592 <0·001

Gestational hypertension Our recommendations 2·5 97·6 48·9 52·2 0·505 0·861
IOM guidelines 2·4 97·5 52·2 46·7 0·506 0·848

IOM, Institute of Medicine; PPV, positive predictive value; NPV, negative predictive value; LBW, low birth weight; LGA, large for gestational age infant; SGA, small for
gestational age infant; GDM, gestational diabetes mellitus.
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pregnant women, 14·2 kg (12·1–16·4) for normal weight
pregnant women and 12·6 kg (10·4–14·9) for overweight
pregnant women.
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