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Abstract

Both inadequate and excessive gestational weight gain (GWG) have been shown to increase the risk of adverse pregnancy outcomes, but the
risk profiles of GWG rate are unclear. We aimed to examine the associations between GWG rate in the second/third trimester and a spectrum
of pregnancy outcomes. This study consisted of 14 219 Chinese rural nulliparous women who participated in a randomised controlled trial of
prenatal micronutrient supplementation during 2006-2009. The outcomes included stillbirth, neonatal and infant death, preterm birth, macro-
somia, low birth weight (LBW) and large and small for gestational age (LGA and SGA, respectively). GWG rate was divided into quintiles within
each BMI category. Compared with women in the middle quintile, those in the lowest quintile had higher risks of neonatal death (adjusted OR
2:27;95 % CI 1-03, 5-02), infant death (adjusted OR 1-85; 95 % CI 1-02, 3-37) and early preterm birth (adjusted OR 2:33; 95 % CI 1-13, 4-77), while
those in the highest quintile had higher risks of overall preterm birth (adjusted OR 1-28; 95 % CI 1-04, 1-59), late preterm birth (adjusted OR 1-25;
95 % CI 1-00, 1-56), LBW (adjusted OR 1-48; 95 % CI 1-02, 2-15), macrosomia (adjusted OR 1-89; 95 % CI 1-46, 2-45) and LGA (adjusted OR 1-56; 95
% CI'1-31, 1-85). In conclusion, very low and very high GWG rates in the second/third trimester appear to be associated with adverse pregnancy
outcomes in Chinese nulliparous women, indicating that an appropriate GWG rate during pregnancy is necessary for neonatal health.
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Gestational weight gain (GWG), which is a modifiable factor influ-
encing maternal and neonatal outcomes, remains a highly contro-
versial topic, mainly reflected in the difficulty in balancing the risks
of inadequate against excessive gain. Meta-analyses have shown
that inadequate GWG is associated with increased risks of small
for gestational age (SGA), low birth weight (LBW) and preterm
birth®, while excessive GWG is associated with increased risks
of large for gestational age (LGA), macrosomia and caesarean
delivery™®. However, previous studies had some limitations —
most studies used total GWG as the exposure measure, but few
used rate of weight gain per week of gestation (GWG rate)~1%,
Unlike total GWG, GWG rate does not heavily rely on the duration
of pregnancy?, and thus is less likely to bias the association of
GWG with pregnancy outcomes. An improved understanding
of the association may provide insight into normative GWG in
Chinese population. In addition, most studies focused on morbid-
ity outcomes, and few dealt with mortality outcomes, such as
neonatal and infant death®'?-'> which are of greater concern
worldwide. Most previous studies were also conducted in

Caucasian populations, especially in American women, and there
have been few such studies in non-Caucasian populations.
The risk profiles between Caucasian and non-Caucasian popula-
tions might be different, as race—ethnicity factor was associated
with both pattern of GWG"® and pregnancy outcomes”.

Therefore, we performed a prospective cohort analysis to
comprehensively assess the associations of GWG rate in the
second/third trimester with a spectrum of adverse pregnancy
outcomes, including mortality and morbidity indicators, among
Chinese nulliparous women.

Methods
Study population

Data for this prospective cohort analysis were retrieved
from a randomised control trial (clinicaltrials.gov identifier:
NCT00133744). The trial was conducted in five counties of
Hebei province in China during 20062009 to investigate the

Abbreviations: GW, gestational week; GWG, gestational weight gain; IOM, Institute of Medicine; LBW, low birth weight; LGA, large for gestational age; SGA,

small for gestational age.
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18775 pregnant women

A4

945 were excluded:
28 moved out
815 abortions
33 dropped out
2 maternal death
67 multiple birth

\4

17830 pregnant women with available information on early pregnancy BMI

3611 were excluded:
23 without end pregnancy weight
3561 with end pregnancy weight measured over 2
weeks before delivery
23 with extreme gestational weight gain values
4 having infants died from an accident

A4

14219 pregnant women remained in the final analyses

Fig. 1. Flowchart of study participants.

effects of prenatal micronutrient supplementation on pregnancy
outcomes. The details of the trial, such as inclusion criteria of par-
ticipants, have been presented elsewhere'®, Briefly, 18 775 nul-
liparous women were enrolled before gestational week (GW) 20
and individually randomised to receive a daily supplement con-
taining folic acid, Fe—folic acid or multiple micronutrients from
early pregnancy to delivery. The women were followed up
monthly from enrolment through delivery, and their infants were
followed up until 1 year after birth. A total of 4556 women were
excluded due to moving out of the hospital catchment area
(n 28), spontaneous or induced abortions (7 815), dropout
(7 33), maternal death (72 2), multiple birth (12 67), missing
end pregnancy weight (72 23), end pregnancy weight measured
over 2 weeks prior to delivery (72 3561), extremely low ( < 10 kg)
or extremely high ( > 35 kg) GWG (72 23) or death of infant due to
an accident (2 4). Thus, 14 219 women were included in the
analysis (Fig. 1). There were no significant differences in demo-
graphic characteristics between the women who were excluded
and those who were included in the study (Supplementary Table
S1. Among the 14 219 included women, 7378 were enrolled
before GW 12, and 6841 were enrolled during GW 12-20. The
demographic characteristics and adverse pregnancy outcomes
were not substantially different between women enrolled before
GW 12 and those enrolled during GW 12-20 (Supplementary
Table S2). Women enrolled before GW 12 had slightly longer
gestational age at delivery (39-6 v. 39-4 weeks), higher Hb con-
centration at enrolment (126-4 v. 1225 g/1) and lower rates of
preterm (4-5 v. 7-6 %) and LBW (1-9 v. 2-4 %) than those enrolled
during GW 12-20. Because the GWG was lower before GW 12

but higher thereafter, different calculation methods for GWG
rate in second/third trimester were applied in the following
analyses.

The institutional review boards of the US Centers for Disease
Control and Prevention (Atlanta, GA) and Peking University
(Beijing, China) approved the trial. All women gave informed
consent to participate in the trial. The analyses of already col-
lected data were exempt by the institutional review boards.

Rate of gestational weight gain

The exposure measure used in the present analysis was rate of
GWG in second/third trimester which is preferable over the total
GWG, as the latter is intrinsically associated with gestational
age""V and, thus, with pregnancy outcomes, particularly preterm
and birthweight outcomes. Because the GWG rate was low in
first trimester, and high and linear in second/third trimester'®,
the GWG rate in second/third trimester was respectively calcu-
lated for women enrolled before GW 12 and those enrolled dur-
ing GW 12-20. For women enrolled before GW 12, the GWG
from enrolment to delivery was firstly calculated by subtracting
the weight at enrolment from the end pregnancy weight, which
was defined as the last recorded weight measured within 2
weeks before delivery. Then their exclusive GWG in second/
third trimester was determined as the difference between
GWG from enrolment to delivery and the estimated first-trimester
GWG?; the latter was calculated as: (12 weeks — GW at enrol-
ment) X 0-11 kg/week, the GWG rate in first trimester for
Asians1®, Finally, their GWG rate in second/third trimester was
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calculated by dividing the GWG in second/third trimester by the
number of weeks between GW 12 and end-pregnancy weight. For
women enrolled during GW 12-20, the GWG rate was calculated
by subtracting the weight at enrolment from the end-pregnancy
weight and then dividing by the number of weeks between the
two measurements. As GWG rate differs with maternal BMI??,
the GWG rate in second/third trimester was divided into quintiles
within each BMI category.

Maternal weight and height were measured at enrolment
before GW 20, using standardised equipment by trained staff. If
weight at enrolment was used to calculate early-pregnancy
BMI, some women enrolled during GW 12-20 would be classified
into wrong BMI categories, due to the weight gain during GW
12-20. Therefore, for women enrolled during GW 12-20, we esti-
mated the weight in first trimester as weight at enrolment minus
estimated weight gain during GW 12-20; the latter was calculated
as: (GW at enrolment — 12 weeks) X 0-56 kg/week, the GWG rate
in second trimester for Asians'®. Early-pregnancy BMI (kg/m?)
was estimated as first trimester weight in kg divided by the square
of height in m. Women were then classified into four BMI catego-
ries, according to the WHO guidelines for Asians®”: under-
weight, < 185 kg/m?% normal weight, 185-23 kg/m?
overweight, 23-1-27-5 kg/m? and obese, > 27-5 kg/m?.

Furthermore, an additional exposure measure was the rate of
total GWG. The total GWG was firstly calculated by subtracting
the first-trimester weight from the end-pregnancy weight, and
the total GWG rate was calculated by dividing the total GWG
by the number of weeks between the last menstrual period
and the end-pregnancy weight® and then divided into quintiles
in the same manner as previously described. The mean total
GWG of the included women was 12:9 (4-7) and 11-5 (4-6) kg
for their GWG in second/third trimester.

Adverse pregnancy outcomes

The outcomes of interest included mortality indicators and other
adverse pregnancy outcomes. The mortality indicators included
stillbirth, neonatal death, early neonatal death, perinatal death,
infant death and total mortality from GW 28 to 1 year after birth.
Stillbirth was defined as fetal death occurring on or after GW 28.
Neonatal death was defined as death occurring within 28 d after
birth, early neonatal death as death occurring within 7 d after
birth, and infant death as death occurring within 365 d after birth.
Perinatal death was defined as the sum of stillbirth plus early
neonatal death, and total mortality as the sum of stillbirth plus
infant death. All mortality events were determined through
active community surveillance and validated by registration cer-
tificates or hospital records®.

The other adverse pregnancy outcomes included preterm
birth, LBW, macrosomia, SGA and LGA. Preterm birth was defined
as live birth within 37 completed GW from the first day of the
last menstrual period; early preterm birth as birth occurring within
32 completed GW; and late preterm birth as birth occurring
within 32-37 completed GW. LBW was defined as birth
weight < 2500 g, and macrosomia as birth weight > 4000 g. SGA
and LGA were defined as birth weight below the 10th percentile
for gestational age and above the 90th percentile for gestational
age, respectively.

Statistical analysis

Continuous variables are presented as means and standard
deviations, while categorical variables are shown as numbers
and percentages. Differences across the GWG rate quintiles
were assessed by ANOVA for continuous variables and the
x* test for categorical variables. Multivariable logistic regression
models were used to estimate the adjusted OR and 95 % CI for
pregnancy outcomes across different GWG rate quintiles, with
the middle quintile serving as the reference group. In multivari-
able models, we adjusted for maternal age (< 25, 25-29 or > 30
years), educational level (high school or above, middle school,
or elementary school or less), occupation (farmer or other), eth-
nicity (Han or other), micronutrient supplementation (folic
acid, Fe—folic acid or multiple micronutrients), BMI in early
pregnancy (<18-5, 18.5-23, 23-1-27-5 or>27-5 kg/mz),
Hb level at enrolment (100-109, 110-119, 120-129 or > 130
g/D and gestational age at enrolment (as a continuous variable).
We further adjusted for gestational age at delivery (< 37 or > 37
weeks) in models for mortality indicators, LBW and macroso-
mia. When we estimated the adjusted OR and 95 % CI for a
given pregnancy outcome, only women at risk of that outcome
were taken into consideration. That is, all 14 219 women were
included in analyses of stillbirth, then women whose preg-
nancy ended in stillbirth (72 49) were excluded from analyses
of other pregnancy outcomes.

To assess the robustness of our results, we repeated the main
analyses using the rate of total GWG. To compare estimates of
association with those reported in previous studies, we further
repeated our main analyses using the recommended GWG rates
in the second/third trimester provided in the 2009 Institute of
Medicine (IOM) guidelines"”. Women were then divided into
three groups: less than, within or greater than the guideline in
each BMI category, stratified as follows: underweight, < 18-5
kg/m?; normal weight, 18.5 to < 25 kg/m?; overweight, 25 to <
30 kg/m?; and obese, > 30 kg/m?. All analyses were performed
with SPSS software (version 20.0; SPSS Inc.). Statistical tests were
two-sided, and P<0-05 was taken to indicate statistical
significance.

Results

The mean maternal BMI in early pregnancy was 21-9 (sp 2-8) kg/
m?. Among the 14 219 nulliparous women, 1187 (8-3 %) were
categorised as underweight, 8897 (62:6 %) as normal weight,
3522 (24-8 %) as overweight and 613 (43 %) as obese.
Opverall, the mean rate of GWG in the second/third trimester
was 0-47 (sp 0-19) kg/week, with values of 0-58 (sp 0-23) kg/
week for underweight, 0-48 (sp 0-18) kg/week for normal
weight, 0-42 (sp 0-18) kg/ week for overweight and 0-38 (s
0-19) kg/week for obese (Table 1). Maternal characteristics,
including maternal age, height, education level, occupation, ges-
tational age at enrolment and Hb level at enrolment across quin-
tile groups of GWG rate in second/third trimester, are shown in
Table 2.

Among all women included in this study, forty-nine (3-4 %o)
pregnancies ended in stillbirth, while 14 170 ended in live births.
Among the live births, there were sixty-two (4-4 %o) early
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Table 1. Characteristics of gestational weight gain (GWG) rate and Institute of Medicine (IOM) guidelines in second/third trimester
(Mean values and standard deviations)

Overall GWG rate in second/third trimester by quintiles (kg/week)
GWG rate
GWG in in second/
second/third third
trimester trimester
(kg) (kg/week) Lowest Lower Middle Higher Highest

Early-pregnancy BMI* n Mean sp Mean sp Mean sp Mean sp Mean sp Mean sp Mean sp IOM guidelines

Underweight 1187 1378 532 058 023 031 007 045 003 055 003 066 004 093 019 0-44-0-58
Normal weight 8897 1179 445 048 018 026 008 038 002 046 002 055 003 075 014 0-35-0-50
Overweight 3522 1045 439 042 018 019 011 034 002 041 002 049 003 067 013 0-23-0-33
Obese 613 939 471 038 019 013 014 030 003 038 002 046 003 063 011 0-17-0-27
Total 14219 1152 463 047 019 024 010 037 004 045 004 054 006 074 016 NA

NA, not available.

* For presenting ‘Overall’ and ‘GWG rate in second/third trimester by quintiles’ portions, the early-pregnancy BMI was categorised as underweight (< 18-5 kg/m?), normal weight
(18-5-23-0 kg/m?), overweight (23-1—27-5 kg/m?) and obese (> 27-5 kg/m?); for presenting ‘IOM guideline’ portion, the early-pregnancy BMI was then categorised as underweight
(< 18:5 kg/m?), normal weight (18-5 to < 25 kg/m?), overweight (25 to < 30 kg/m?) and obese (> 30 kg/m?).

Table 2. Maternal characteristics according to quintiles of gestational weight gain (GWG) rate in second/third trimester
(Numbers and percentages; mean values and standard deviations)

Quintiles of GWG rate in second/third trimester (n 14 219)

Lowest Lower Middle Higher Highest
(n2855) (n2812) (n2861) (n2851) (n 2840)
n % n % n % n % n % P
Maternal age (years) 0-90
<25 2068 724 2020 718 2060 72.0 2067 72:5 2079 732
251t0< 30 680 238 684 24.3 687 24.0 663 233 645 22.7
>30 107 3-8 108 3-8 114 4.0 121 4.2 116 41
Maternal height (cm) 0-00***
<155 352 12-3 346 12-3 418 14-6 490 17.2 573 20-2
>155-160 1163 40-7 1267 451 1307 45.7 1366 479 1267 44.6
>160-165 1010 354 899 320 879 307 777 273 765 26-9
> 165 330 116 300 10-7 257 90 218 76 235 83
Education 0-00**
High school or above 525 18-4 507 18.0 511 179 422 14.8 541 19.0
Middle school 2291 802 2274 809 2317 810 2379 834 2237 78-8
Primary school or less 39 1.4 31 11 33 11 50 1.8 62 2.2
Occupation 0-00**
Farmer 2606 913 2568 91.3 2671 934 2638 925 2548 897
Other 249 87 244 87 190 6-6 213 75 292 10-3
Ethnicity 0-59
Han 2826 99.0 2784 99.0 2822 986 2815 987 2803 987
Other 29 1.0 28 1.0 39 14 36 1.3 37 1.3
Gestational age at enrolment (weeks)t
Mean 11.3 116 12.2 12.3 13-4 0-00***
) 4.4 4.4 4.5 4.5 4.7
<12 1743 61-0 1580 562 1456 50-9 1458 511 1141 40-2 0-00***
12-20 1112 39.0 1232 43-8 1405 491 1393 489 1699 59-8
Gestational age at delivery (weeks)
<37 179 6-3 165 58 165 58 150 5.3 213 75 0-00**
>37 2676 937 2647 941 2696 94.2 2701 94.7 2627 92:5
Hb at enrolment (g/1) 0-00***
100-109 144 5.0 118 4.2 152 5.3 135 4.7 200 70
110-119 598 210 608 216 623 218 678 238 730 257
120-129 1267 44.4 1250 44.5 1238 433 1221 428 1139 401
>130 846 29-6 836 297 848 29-6 817 287 771 272
Micronutrient supplementation 0-89
Folic acid 936 328 943 335 943 33.0 946 332 967 34.0
Fe—folic acid 969 339 949 338 973 34.0 961 337 911 321
Multiple micronutrients 950 333 920 327 945 33.0 944 331 962 339

** P<0-01, *** P<0-001.
1 Because gestational age at enrolment was adjusted as a continuous variable, both its means and standard deviations, and n and % are presented.
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Table 3. Risk for offspring mortality outcomes by quintiles of gestational weight gain (GWG) rate in second/third trimester*

(Adjusted odds ratios and 95 % confidence intervals)

Quintiles of GWG rate in second/third trimester

Highest
Adjusted

Higher

Middle

No. of

Lower
Adjusted

Lowest
Adjusted

95 %

No. of Adjusted 95 % No. of

95 % Adjusted

No. of

No. of No. of 95 %

Pregnancy
outcomes

cases OR Cl cases OR Cl cases OR cases OR Cl cases OR Cl

cases

0-26, 1.74

067
110
1.99
1.60

8
22

0-50, 2.82

118
1.

1.00 11
1.00

1.00
1.00

0-50, 2.67 7 0-66 025, 1.76 10
22

5

141

13
30
20

49

Stillbirth

0-58, 2-06
0-88, 4-48

0-68, 3-76

052, 1-94

01

18

19

062, 2-15

115

2:34

0-83, 2:69

1-50
2:27
1-89

11
76
62

1

Perinatal death
Neonatal death
Early neonatal

death

18
14

042, 2.70

1.07
0-83

1.06, 5:17

20

1.03, 5-02
0-83, 4-27

0-31,2.25

9

0.75, 3-96

1.72

17

0.70, 2-49

32

23 1

0-53, 2.04

04

17 1.00 17 1
1.00 28

27

0-67, 2-42
0-61, 1.78

1.02, 3-37 21 1.27
1.04

0-98, 2-60

31 1.85
1.60

109
158

Infant death

0-64, 1-83

31 1.08

0-63, 1-85

1.08

28

44

Total mortality

* Adjusted for the following variables: maternal age, educational level, occupation, ethnicity, micronutrient supplementation, BMI in early pregnancy, Hb level at enrolment, gestational age at enrolment and gestational age at delivery.
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neonatal deaths, seventy-six (5-4 %o0) neonatal deaths and 109
(77 %o) infant deaths. Of the seventy-six neonatal deaths,
twenty-two died of asphyxia, twenty-two of premature birth, fif-
teen had birth defects, ten had infection, and seven died of other
or unknown causes; the corresponding numbers for the 109
infant deaths were twenty-seven, twenty-two, twenty-seven,
seventeen and sixteen, respectively. The associations between
GWG rate in the second/third trimester and mortality indicators
are presented in Table 3. Compared with women in the middle
quintile, those in the lowest quintile had higher risks of infant
death (adjusted OR 1-85; 95 % CI 1-02, 3-37) and neonatal death
(adjusted OR 2-27; 95 % CI 1-03, 5-02), and those in the lower
quintile also had a higher risk of neonatal death (adjusted OR
2-34; 95 % CI 1-06, 5-17).

Of the live births, 845 (6:0 %) were preterm, 307 (2:2 %)
were LBW, 570 (4-0 %) had macrosomia, 1366 (9-6 %) were
SGA and 1383 (9-8 %) were LGA. The associations between
GWG rate in second/third trimester and these adverse out-
comes are shown in Table 4. Compared with women in the
middle quintile, those in the lowest quintile had increased risks
of early preterm birth (adjusted OR 2:33; 95 % CI 1-13, 4.77),
while those in the highest quintile had increased risks of over-
all preterm birth (adjusted OR 1-28; 95 % CI 1-04, 1-59), late
preterm birth (adjusted OR 1-25; 95 % CI 1-00, 1-56), macroso-
mia (adjusted OR 1-89; 95 % CI 1-46, 2-45), LGA (adjusted
OR 1-56; 95 % CI 1-31, 1-85) and LBW (adjusted OR 1-48;
95 % CI 1-02, 2:15).

When we repeated the main analysis using the total GWG
rate, the results regarding preterm and birthweight outcomes
were not substantially changed, while no positive association
was found for mortality indicators (Supplementary Table S3).

In an analysis of GWG rate in the second/third trimester clas-
sified according to the 2009 IOM guidelines, the proportions of
women with weight gain less than, within and greater than the
recommendations were 23-0, 35-7 and 41-3 %, respectively. In
comparison with women who showed weight gain within the
recommendation, those with less weight gain had increased
risks of offspring total mortality (adjusted OR 1-55; 95 % CI
104, 2-32), infant death (adjusted OR 1-63; 95 % CI 1.01,
2:63), LBW (adjusted OR 1-41; 95 % CI 1-02, 1-94) and SGA
(adjusted OR 1-15; 95 % CI 1-01, 1-31), while those with greater
weight gain showed increased risks of macrosomia (adjusted OR
1-38;95 % CI 113, 1-67) and LGA (adjusted OR 1-28; 95 % CI 112,
1-45) (Supplementary Table S4).

Discussion

In this prospective cohort analysis of nulliparous Chinese
women, the GWG rate in the second/third trimester was associ-
ated with increased risks of various adverse pregnancy out-
comes, independent of maternal BMI in early pregnancy. In
comparison with women in the middle quintile of GWG rate
in second/third trimester, those in the lowest quintile had
increased risks of infant death, neonatal death and early preterm
birth, while those in the highest quintile had increased risks of
preterm birth, macrosomia, LGA and LBW.
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Table 4. Risk for preterm- and birthweight-related outcomes by quintiles of gestational weight gain (GWG) rate in second/third trimester*

(Adjusted odds ratios and 95 % confidence intervals)

Quintiles of GWG rate in second/third trimester

Highest
Adjusted

Middle Higher
Adjusted

Lower
Adjusted

Lowest
Adjusted

No. of

Adjusted No. of

No. of

No. of

No. of

No. of

Pregnancy
outcomes

cases OR 95 % ClI cases OR 95 % ClI cases OR cases OR 95 % CI cases OR 95 % ClI

cases

1.04, 1-59

1.28
1.54
1.25
1-48
1.06
1-89
1.56

208

18

0-69, 1-09

087
094
0-86
1.07
111
116
111

144

1.00
1.00
1.00
1.00
1.00
1.00
1.00

162
11
151

0-84, 1.32

06

1.

162

0-88, 1-38

1.10
2-33
1.01
1.34
1.02
1.01
0.97

169

845

Preterm

072, 3-.27

0-40, 2-21

10
134

0-26, 1-74

0-67
1.09

1.

113, 477
0-80, 1-28

24
145

70
775
307

1366

Early preterm
Late preterm

LBW

1.00, 1-56

190

068, 1-10

0-86, 1-37

155

1.02, 2:15

82
283

0-71, 1.60
0-93, 132

52
296

52
269
111

0-73, 163

54 09

245

091, 1.97

67
273

0-88, 1-26

077, 1-11

0-92

1.

0-85, 1.22

SGA

Gestational weight rate and pregnancy outcomes 357
21
Q- Previous studies regarding infant mortality were limited by
S5 the use of either total GWG?1% or GWG rate® as the exposure

172

0-88, 1-54

95
248

0-76, 1-35

01

96
251

96 075, 1-34
241

570
1383

Macrosomia
LGA

369

093, 1-33

274

0-85, 1-23

1.02

0-80, 1-17

LBW, low birth weight; SGA, small for gestational age; LGA, large for gestational age.

* Adjusted for the following variables: maternal age, educational level, occupation, ethnicity, micronutrient supplementation, BMI in early pregnancy, Hb level at enrolment, gestational age at enrolment. We further adjusted for gestational age at

delivery in models for LBW and macrosomia.

measure. All of these studies were performed in American
women, but the results were inconsistent. One case—control
study® and one retrospective cohort study® using self-
reported GWG indicated that, in comparison with average
GWG rate or GWG z-scores, low and high GWG were associated
with an increased risk of infant death, mainly driven by early
neonatal or neonatal death'®. The third study reported an
increased risk of infant death in association with inadequate
GWG, but a lower risk with excessive GWG, in comparison
with GWG within the 2009 TOM guidelines"'?. The two remain-
ing studies did not observe any positive associations for neonatal
orinfant death®*!>. In our study of nulliparous Chinese women,
we also found increased risks of infant death and neonatal
death for the lowest quintile, but not for the highest quintile,
compared with the middle quintile of GWG rate in second/third
trimester. Although the association of GWG rate with cause-
specific death were not studied due to the relatively small
number of cases, the primary causes of neonatal or infant death
were asphyxia, premature birth, birth defects (such as congenital
heart defects) and infection.

Our findings regarding birth weight outcomes were partially
consistent with previous studies. A recent meta-analysis using
total GWG showed a higher risk of SGA in association with
inadequate GWG, and higher risks of macrosomia and LGA
in association with excessive GWG, in comparison with
GWG within the IOM guidelines”. Studies using the second/
third-trimester GWG rate also reported an increased risk of
SGA with inadequate GWG rate, and of LGA with excessive
GWG rate, among American and Brazilian women?V.
Inadequate or excessive GWG rate may reflect exposure of
the foetus to reduced or greater amounts of glucose and fatty
acids during development, respectively®>?. In our study, we
found higher risks of LGA and macrosomia for the highest
quintile, but not of SGA for the lowest quintile among nullipa-
rous Chinese women. Unexpectedly, we found an increased
risk of LBW for the highest quintile of GWG rate. We wonder
whether it reflects a true association, as it might be biased by
gestational age at enrolment. For example, women enrolled at
larger gestational age were more likely to have a higher GWG
rate in second/third trimester and a higher rate of LBW.
Although we had adjusted gestational age at enrolment as a
continuous variable, a residual confounding might have still
remained. Additionally, we did not find any positive associa-
tion between GWG rate and LBW when the total GWG or
the second/third-trimester GWG rates classified according to
the 2009 IOM guidelines were used.

Results regarding the association between GWG and preterm
birth reported to date are not consistent across studies. One
meta-analysis indicated that total GWG below the IOM guideline
was associated with a higher risk of preterm birth, while total
GWG above the guideline was associated with a lower risk of
preterm birth”. However, in our study, the lowest quintile of
GWG rate was associated with a higher risk of early preterm
birth, while the highest quintile was associated with overall pre-
term, mainly due to its association with late preterm. Our find-
ings were supported by a cohort study in Peru indicating a U-
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shaped association between GWG rate and the risk of preterm
birth®. One meta-analysis indicated that high total GWG was
associated with a lower risk of preterm birth, while a high
GWG rate was associated with a higher risk of preterm birth®®.
This discrepancy suggests that there may be some bias when
using total GWG, because total GWG is inherently linked to
gestational duration and, thus, to preterm birth. There are a
number of possible biological mechanisms that may be
involved in the association between GWG rate and preterm
birth. A low GWG rate may be an indicator of micronutrient
deficiency (such as vitamins C and E) and reduced expansion
of plasma volume, and the two latter conditions likely lead to
preterm birth®2®, A high GWG rate is associated with altered
placental microbiome profile, including decreased species
richness and altered bacterially encoded metabolic path-
ways??. A decreased species richness has been linked to
insulin resistance, inflammatory phenotypes and infection
and, thus, to preterm; altered bacterially encoded metabolic
pathways, such as decreased abundance of folate biosynthesis
and increased siderophore biosynthesis, were also linked to
increased inflammation and worsened Fe status and, thus, to
preterm %29,

Our study has some strengths. It was the first study to
prospectively and comprehensively investigate the association
of GWG rate in the second/third trimester with a range of preg-
nancy outcomes, including offspring mortality indicators, pre-
term birth and birth weight-related outcomes. Weekly GWG
rate in the second/third trimester of pregnancy, rather than total
GWG, was used as the exposure measure. GWG rate is likely
more meaningful than total GWG in prenatal healthcare with
respect to optimising weight gain during pregnancy. In addition,
we adjusted for Hb and micronutrient status, which may be
important confounders in the association between GWG and
adverse pregnancy outcomes®’32,

However, our study also had a number of limitations. First, data
on potential confounders, such as diet and physical activity®>3%,
were not collected, so we could not exclude the potential con-
founding effects. Furthermore, our sample size was relatively
small, which limited our ability to perform detailed subgroup
analyses according to BMI categories. Furthermore, using early-
pregnancy BMI as the approximation of preconception BMI
might lead to some women being misclassified, although
such misclassification would probably be small. In addition,
about 90 % of women included in the study were farmers, which
would likely restrict the generalisability of the results. Caution
should be used when generalising the results to other ethnic
populations, as our results were derived from a population mainly
comprising Han Chinese women (99 %).

In conclusion, our study comprehensively investigated
the association between GWG rate in second/third trimester
and adverse pregnancy outcomes among Chinese nulliparous
women. Very low and very high GWG rates were associated
with increased risks of various adverse pregnancy outcomes,
and very low GWG rates appeared to be particularly associated
with mortality outcomes. Healthcare providers should integrate
lifestyle and dietary interventions into routine healthcare
during pregnancy to help women optimise their GWGE539),

Large-scale studies in Asian countries®” with more representative

populations are needed to examine whether the associations
observed here persist across BMI categories.
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