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Abstract
Objective: To investigate the association of folic acid (FA) supplementation with
birth weight, the risk of small for gestational age (SGA) and low birth weight
(LBW) in singleton and twin pregnancy.
Design: A population-based cross-sectional survey.
Setting: Twenty counties and ten districts in Shaanxi Province of northwestern
China, 2013.
Participants: 28 174 pregnant women with their infants, covering 27 818 single
live births and 356 twin live births.
Results: The prevalence of FA supplementation in singletons and twins was 63·9 and
66·3 %. The mean birth weight was 3267 (SD 459·1) g, 2525 (SD 534·0) g and 2494
(SD 539·5) g; the prevalence of SGA was 14·3, 51·4 and 53·4 %; the prevalence of
LBW was 3·4, 42·4 and 46·6% among singleton, twin A and twin B, respectively.
Compared with non-users, women with FA supplementation were (β 17·3,
95%CI 6·1, 28·4; β 166·3, 95%CI 69·1, 263·5) associatedwith increased birth weight,
lower risk of SGA (OR 0·85, 95% CI 0·80, 0·92; OR 0·45, 95% CI 0·30, 0·68) and LBW
(OR 0·82, 95% CI 0·71, 0·95; OR 0·50, 95% CI 0·33, 0·75) in singletons and twins, and
more prominent effects in twins. Moreover, there were significant interactions
between FA supplementation and plurality on birth weight, SGA and LBW.
Conclusions: The present study suggests the association of periconceptional 0·4 mg/
d FA supplementationwith increased birthweight and reduced risk of SGA and LBW
in both singletons and twins, and this association may be more prominent in twins.
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Introduction

Birth weight, serving as an important indicator of foetal
growth,has been influenced by foetal and maternal factors
and affected adult later-life health(1–3). Small for gestational
age (SGA) and low birthweight (LBW) are higher risk factors
of morbidity and mortality of infants(4–6). Maternal nutrition
before and during pregnancy plays a critical role in preg-
nancy outcome(7–9); the recommendations had been
given in many countries, including China, for women of

child-bearing age to take folic acid (FA)(10–12). Since 2009,
free FA supplementation at a dose of 0·4 mg/d during the
periconceptional period has been given to the women of
child-bearing age in China under a policy issued by the
Ministry of Health to ensure good maternal and child
health. The policy was implemented through the three-level
network of health care in China. The health administration
department in the rural areas or the districts of urban areas
is in charge of purchase and management of FA supple-
ments. In rural areas, the township hospital distributes the
supplements to the village clinics where village doctors
are responsible for its free distribution to thewomen in need.
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And the women in urban areas might go to the community
health service centre for a free supplement(13). However, to
date, the effects of FA on other pregnancy outcomes, such as
birth weight, SGA and LBW, remain inconclusive except neu-
ral tube defects(14,15) and congenital diseases(16,17). Besides,
previous studies mainly focused on the effects of FA supple-
mentation on birth weight in singleton births(18–24); no studies
had compared the effects of FA supplementation on birth
weight indicators in the same samples of singleton and twin
births in the round. The present study aimed to explore
whether the associations of FA supplementation with birth
weight, SGA and LBW are consistent in singletons and
twins, as well as the potential effect modifications concerning
plurality in a large population-based cross-sectional survey
in China, involving 28 174 pregnant women with their
infants, during 2010–2013.

Methods

Study design and participants
A population-based, cross-sectional epidemiological sur-
vey aiming to investigate the risk factors of birth outcomes
was conducted between August and December 2013 in
Shaanxi Province of northwest China. Infants born during

2010–2013 and their mothers were recruited using a strati-
fied multistage random sampling method, which has been
described elsewhere(25,26). Briefly, according to the propor-
tion of rural and urban residents and the fertility level of the
population of the whole province of Shaanxi, firstly twenty
counties and ten districts were sampled randomly. And
then six villages each from six townships were selected
randomly in each sampled county; six communities each
from three streets were selected randomly in each sampled
district. Finally, thirty and sixty participants were selected
randomly in each sampled village and community, respec-
tively. 30 027 of 32 400 pregnant women completed the
questionnaire in the survey (response rate 92·7 %). In our
study, 1853were excluded for the following reasons:miscar-
riage (n 704); terminations (n 42); stillbirth (n 15); triplet
births (n 2); FA supplementation was unknown (n 606);
missing data for birth weight (n 484). The final study sample
included 28 174 women with their infants – 27 818 single
live births and 356 twin live births. Figure 1 displays the flow
diagram with exclusion criteria in this study.

Ascertainment of folic acid supplementation
In China, the policy of free FA supplementation at a dose of
0·4mg/d during the periconceptional period has been carried

Pregnant women assessed
in the cross-sectional survey (n 32 400)

Refused to participate (n 2373)
Excluded from the survey (n 1369)
• Being pregnant but not live birth (n 761) 
• Triplets birth (n 2)
• Unknown Timing of FA supplementation (n 606)

Births in 28 658 women 
Single live births (n 28 298)
Twin live births (n 360)

Further excluded for birth weight missing (n 484)
• Single live births (n 480)
• Twin live births (n 4)

Births in 28 174 women 
Single live birth weight analyzed (n 27 818)
Twin live birth weight analyzed (n 356)

Fig. 1 Study flow diagram with exclusion criteria. FA, folic acid

2974 B Zhang et al.

https://doi.org/10.1017/S1368980019004580 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980019004580


out since 2009. The women who plan to be pregnant might
get FA supplements freely in village clinics or community
health service centres. In this study, FA supplementation
was recorded via a retrospective in-person interview.
Women were asked to report the brand and duration of FA
supplementation use. In this study, womenwho took FA pills
of 0·4mg/d at any time from preconception (12weeks before
pregnancy) until the end of the first trimester (1–12weeks
during pregnancy) were classified as FA users(14). FA supple-
mentation was divided into four patterns according to
the period of use: (1) preconceptional use (12weeks before
pregnancy); (2) postconceptional use (1–12weeks during
pregnancy); (3) periconceptional use (12weeks before
pregnancy and 1–12weeks during pregnancy); (4) no use
(no supplementation during the above periods). We also
collected FA supplementation in the second trimester
(13–27weeks during pregnancy) and third trimester
(≥28weeks during pregnancy). This information was used
for sensitivity analysis.

Ascertainment of birth outcome
Birth weight and gestational age (GA) were recorded from
a review of theMedical Certificate of Birth. Birthweight was
measured with precision to the nearest 10 g. GA was calcu-
lated in weeks based on the first day of the last menstrual
period (LMP)(22,27,28). Information about LMP was obtained
from the Medical Certificate of Birth. SGA was defined as
the infant whose birth weight was <10th centile based
on the GA–gender-specific Chinese reference for foetal
growth(29). LBW was defined as birth weight <2500 g.
Plurality was defined according to the number at births
(singletons or twins)(30).

Assessment of covariates
Questionnaires administered via retrospective in-person
interview were used to collect participants’ characteristics.
Covariates consideredwere infant gender (female ormale),
residence (rural or urban), maternal age (<25, 25–29,
30–34, ≥35), maternal education (non-educated, primary,
secondary, high school, college or above), household
wealth index (poor, middle, rich), antenatal care (ANC)
visits (<7 or ≥7), gravidity (1, 2, ≥3), parity (1, ≥2), GA
(continuous), alcohol drinking (yes or no), passive
smoking (yes or no), tea drinking (yes or no),
pregnancy-induced hypertension (PIH; yes or no), cold
(yes or no), iron supplementation during pregnancy
(yes or no), birth order (twin A, twin B). The household
wealth index was built by principal component analysis
based on four variables representing the family economic
level (monthly income, monthly expenditure, housing con-
dition, vehicle), which was classified according to tertiles of
poor, middle and rich(31). Maternal active smoking was also
one of the important predictors of reduced birth weight(32),
which should be considered as a confounder. However,

the percentage of active women smokers was extremely
low in China(33), especially among women of child-bearing
age (0·3 % for women with singletons and none for women
with twins in our study). Therefore, the covariate of active
smoking was not included in the present analysis.

Statistical analysis
The characteristics of participants are reported as mean
(SD) for the quantitative variable, and number (percentage)
for the categorical variable. Student’s t test for continuous
variables and χ2 test for categorical variables were used
in univariate analyses. Based on the data distribution and
type (normal distribution with identity-link function, and
binomial distribution with logit-link function), we fitted
generalised linear models (GLM) and generalised estimat-
ing equation (GEE) models (34–36) to estimate adjusted
regression coefficients, or OR and 95 % confidence inter-
vals (CI) for each birth outcome. The consideration of
potential confounders was based on previous literature
reports(7,20,23,37–40). Stratified analysis by plurality was built
to estimate the association between FA supplementation
and birth weight, the risk of SGA and LBW, respectively.
In addition, effect modification was examined by adding
an interaction term of FA supplementation with plurality
in dataset 1 (singleton and twin A) and dataset 2 (singleton
and twin B) of the total population, respectively.
Furthermore, the association of timing of FA supplementa-
tion with birth weight, risk of SGA and LBW was explored.
Finally, a sensitivity analysis was conducted to evaluate the
robustness of the results by excluding women who spo-
radically continued to consume FA in the second trimester
or third trimester or both (207 cases). And a subgroup
analysis was conducted by infant’s sex.

Statistical analyses were conducted with SAS software
(version 9.4; SAS Institute Inc.). A two-tailed P value
<0·05 was regarded as statistically significant.

Results

Status of folic acid supplementation
The status of FA supplementation is presented in Table 1.
Among all the participants, the prevalence of FA supple-
mentation was 63·9 % in singletons and 66·3 % in the twin
sample. Women with FA supplementation accounted for
4·3 % for preconception, 46·9 % for postconception and
12·7 % for periconception, respectively, among the single-
ton sample; and these figures were 4·5, 45·8, 16·0 %,
respectively, among the twin sample, but there was no stat-
istical significance between singleton and twin samples.

Demographic characteristics of participants
A total of 28 174 women aged 15–49 years were included in
the survey, covering 27 818 single live births and 356 twin
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live births. The mean maternal age of the twin sample was
27·4 (SD 4·7) years, and 26·6 (SD 4·7) years for the singleton
sample. There was no statistically significant difference in

infant’s gender (twin A v. singleton, and twin B v. singleton,
P= 0·643, 0·262, respectively). Other detailed demographic
characteristics of the two samples are presented in Table 1.

Table 1 Maternal and infant characteristics by plurality in northwest China during 2010–2013

Twins (n 356)

Singleton (n 27 818) Twin A Twin B

Variables n % n % n % P value*

Maternal characteristics
Residence
Rural 22 051 79·3 283 79·5 0·917
Urban 5767 20·7 73 20·5

Age (years)
Mean 26·6 27·4 <0·001
SD 4·7 4·7

Age
<25 10 444 37·5 95 26·7 <0·001
25–29 10 979 39·5 164 46·1
30–34 4318 15·5 64 18·0
≥35 2077 7·5 33 9·3

Education
Non-educated 504 1·8 5 1·4 0·843
Primary 2788 10·0 37 10·4
Secondary 13 826 49·7 186 52·2
High school 5583 20·1 67 18·8
College or above 5117 18·4 61 17·1

Household wealth index
Poor 9269 33·3 120 33·7 0·957
Middle 9272 33·3 116 32·6
Rich 9277 33·3 120 33·7

ANC visits
<7 16 492 59·3 198 55·6 0·162
≥7 11 326 40·7 158 44·4

Gravidity
1 14 655 52·7 171 48·0 0·041
2 10 043 36·1 131 36·8
≥3 3120 11·2 54 15·2

Parity
1 16 811 60·4 163 45·8 <0·001
≥2 11 007 39·6 193 54·2

Passive smoking 6844 24·6 82 23·0 0·494
Alcohol drinking 301 1·1 4 1·1 >0·999
Tea drinking 636 2·3 10 2·8 0·513
PIH 432 1·6 19 5·3 <0·001
Cold 10 539 37·9 118 33·1 0·067
Iron supplementation 1387 5·0 35 9·8 <0·001
FA supplementation 17 780 63·9 236 66·3 0·353
Preconception 1197 4·3 16 4·5
Postconception 13 054 46·9 183 45·8
Periconception 3529 12·7 57 16·0

Infants’ characteristics
Gender
Female 12 689 45·6 158 44·4 173 48·6 0·643
Male 15 129 54·4 198 55·6 183 51·4 0·262

Birth weight (g)
Mean 3267 2525 2494 <0·001
SD 459·1 534·0 539·5

Small for gestational age 3990 14·3 183 51·4 190 53·4 <0·001
Low birth weight 941 3·4 151 42·4 166 46·6 <0·001
Gestational age (weeks)
Mean 39·6 37·6 <0·001
SD 1·3 2·5
<32 52 0·2 7 2·0 <0·001
32–36 642 2·3 85 23·9
≥37 27 124 97·5 264 74·2

ANC, antenatal care; PIH, pregnancy-induced hypertension, FA, folic acid.
*Comparisons used Student’s t test for quantitative variables and χ2 test for categorical variables.
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Compared with the mean birth weight of the singleton
sample (3267 g; SD 459·1), the mean birth weights of twin
A (2525 g; SD 534·0) and twin B (2494 g; SD 539·5) were
lower (P< 0·001). The prevalence rates of SGA in twin A
and twin B were higher (51·4 and 53·4 v. 14·3 %;
P< 0·001) than that of the singleton sample. The preva-
lence rates of LBW in twin A and twin B were higher
(42·4 and 46·6 v. 3·4 %; P < 0·001) than that of the
singleton sample. The twin sample’s GA was shorter than
that of the singleton sample (37·6 (SD 2·5) v. 39·6 (SD 1·3)
weeks; P< 0·001).

Associations between folic acid supplementation
and birth weight, small for gestational age, low
birth weight by plurality
Figure 2 displays the differences in birth weight, preva-
lence of SGA and LBW, and GA according to the status
of FA supplementation in the singleton and twin samples
(twin A, twin B). Accordingly, compared to non-users,
infants’ birth weight for women with FA supplementation
was higher (3283 v. 3240 g, P< 0·001; 2567 v. 2444 g,
P= 0·040) in singleton and twin A sample, respectively,
but there was no statistically significant difference (2530
v. 2426 g, P = 0·085) in twin B sample. The prevalence of
SGA for women with FA supplementation was lower

(singleton: 13·0 v. 16·8 %, P< 0·001; twin A: 44·1 v.
65·8 %, P< 0·001; twin B: 47·0 v. 65·8 %, P= 0·001) com-
pared to non-users (Fig. 2(b)). Simultaneously, compared
with non-users, the prevalence of LBW for women with
FA supplementation was lower (singleton: 2·9 v. 4·2 %,
P < 0·001; twin A: 37·7 v. 51·7 %, P = 0·012), but there
was no statistically significant difference (44·9 v. 50·0 %,
P = 0·363) in twin B (Fig. 2(c)). Compared with non-users,
GA for women with FA supplementation was not signifi-
cantly different in the singleton sample (39·7 v. 39·6 weeks,
P = 0·306), but was lower in the twin sample (37·4 v.
38·1 weeks, P = 0·007) (Fig. 2(d)).

Stratified analysis was performed by plurality after an
adjustment for major confounding factors (Fig. 3).
Compared with non-users, infants’ birth weight for women
with FA supplementation was higher in the singleton sam-
ple (17·3 g, 95 % CI 6·1, 28·4; P = 0·002), prominently
higher in the twin sample (166·3 g, 95 % CI 69·1, 263·5,
P = 0·001; twin A: 179·1 g, 95 % CI 71·7, 286·6, P= 0·001;
twin B: 153·3 g, 95 % CI 43·5, 263·1, P = 0·006). FA supple-
mentation was associated with a reduced risk of SGA in
both singleton and twin samples (singleton: OR 0·85,
95 % CI 0·80, 0·92, P < 0·001; twins: OR 0·45, 95 % CI
0·30, 0·68, P< 0·001; twin A: OR 0·43, 95 % CI 0·27, 0·70,
P = 0·001; twin B: OR 0·47, 95 % CI 0·29, 0·76, P= 0·002)
and a reduced risk of LBW (singleton: OR 0·82, 95 % CI
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0·71, 0·95, P= 0·008; twins: OR 0·50, 95 % CI 0·33, 0·75,
P= 0·001; twin A: OR 0·38, 95 % CI 0·22, 0·64, P< 0·001),
but there was no significant reduction of LBW in twin B
(OR 0·62, 95 % CI 0·38, 1·03, P= 0·067).

Interaction effect analysis of folic acid
supplementation with plurality on birth weight,
small for gestational age, low birth weight
To identify whether the associations were caused by plural-
ity rather than sampling error, the effect modification was
examined by adding an interaction term of FA supplemen-
tation with plurality in dataset 1 (singleton and twin A) and
dataset 2 (singleton and twin B) of the total population,
respectively. Table 2 shows that the main effect terms of
FA supplementation (dataset 1: 17·4 g, 95 % CI 6·2, 28·5,
P= 0·002; dataset 2: 17·2 g, 95 % CI 6·1, 28·4, P= 0·002)
and the interaction terms of FA supplementation by plural-
ity (dataset 1: 160·0 g, 95 % CI 63·4, 256·6, P = 0·001; dataset
2: 139·7 g, 95 % CI 43·1, 236·4, P= 0·005) were positively
correlated with birth weight. The results indicate that birth
weight was approximately 17 g higher in the FA supple-
mentation group compared to non-users for singletons,
and was 177·4 g (160·0þ 17·4) and 156·9 g (139·7þ 17·2)
higher in twin A and twin B.

As regards SGA, compared with non-users, the main
effect terms of FA supplementation (dataset 1 and 2: OR
0·85, 95 % CI 0·79, 0·92,P< 0·001) and the interaction terms
of FA supplementation by plurality (dataset 1: OR 0·52,
95 % CI 0·33, 0·83, P= 0·007; dataset 2: OR 0·59, 95 % CI
0·37, 0·94, P= 0·027) were inversely associated with
SGA, indicating that FA supplementation was associated
with reduced risks of SGA (singleton: OR 0·85; twin A:
OR 0·44 (0·85 × 0·52); twin B: OR 0·50 (0·85 × 0·59)).

For LBW, compared with non-users, the main effect
terms of FA supplementation (dataset 1 and 2: OR 0·82,
95 % CI 0·71, 0·94, P= 0·006) and the interaction terms in
dataset 1(OR 0·44, 95 % CI 0·26, 0·75, P= 0·003) were

inversely associated with LBW, but there was no significant
association for the interaction term in dataset 2 (OR 0·73,
95 % CI 0·43, 1·24, P= 0·248), indicating that FA supple-
mentation was associated with a reduced risk of LBW for
singletons (OR 0·82) and twin A (OR 0·36 (0·82 × 0·44)),
but there was no statistically significant correlation in
twin B (OR 0·60 (0·82 × 0·73)).

Timing of folic acid supplementation and birth
weight by plurality
Figure 4 shows the association between timing of FA sup-
plementation and birth weight, the risk of SGA and LBW in
singletons and twins, respectively. Preconceptional, post-
conceptional and periconceptional FA supplementation
was associated with increased birth weight and reduced
SGA in both singletons and twins. Postconceptional and
periconceptional FA supplementation was associated with
a significant reduction of LBW in singletons and twins, but
there was no significant reduction of LBW in preconcep-
tional FA use in singletons and twins.

Sensitivity analysis
An additional sensitivity analysis indicated a robust associ-
ation of FA supplementation with birth weight, SGA and
LBW when excluding women who sporadically continued
to consume FA in the second trimester or third trimester or
both (online Supplemental Table S1), and no statistically
significant interaction effect was found between FA supple-
mentation and infant’s sex (online Supplemental Table S2).

Discussion

FA supplementation from preconception (12 weeks before
pregnancy) to the first trimester was associated with
increased infant birth weight and reduced risk of SGA
and LBW at birth in both singletons and twins, and this

0 200 400
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Fig. 3 (colour online) Birth weight associated with FA supplementation in singletons and twins in northwest China during 2010–2013.
For BW, β was adjusted for all covariates of infant’s gender, residence, maternal age, maternal education, household wealth index,
antenatal care visits, gravidity, parity, passive smoking, alcohol drinking, tea drinking, pregnancy-induced hypertension, cold, iron
supplementation, FA supplementation, gestational age in generalised linear models (GLM) with normal distribution and identity-link
function among singletons, twin A, twin B; and βwas adjusted for all covariates above plus birth order in generalised estimating equa-
tion (GEE) models with normal distribution and identity-link function in twins. For SGA, OR was adjusted for all covariates above
except for GA in GLM with binomial distribution and logit-link function among singletons, twin A, twin B, and OR was adjusted for
all covariates above except for GA, plus birth order in GEE with binomial distribution and logit-link function in twins. For LBW,
OR was adjusted for all covariates above in GLM with binomial distribution and logit-link function among singletons, twin A, twin
B, and OR was adjusted for all covariates above plus birth order in GEE with binomial distribution and logit-link function in twins.
BW, birth weight; FA, folic acid; SGA, small for gestational age; LBW, low birth weight
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associationmight bemore prominent in twins. Our findings
are in accordance with previous studies showing that FA
supplementation is associated with increased birth weight
and reduced risk of LBW and SGA(19–22). In contrast, a
majority of studies principally focused on singleton birth
population, which excluded twin births. And few studies
had compared twin and singleton births in the same sam-
ple. The birth weight of twins could increase 166·3 g if their
mothers took FA, whereas this figure was only 17·3 g for
singletons, and this association became more prominent
when mothers took FA during 1–12 weeks before preg-
nancy. Further, the risk of SGA and LBWmight be reduced
by 55 and 50 % for twins if mothers took FA, but only 15 and
18 % for singletons. Therefore, twins might benefit much
more from earlier-pregnancy FA supplementation. As we
know, twins are the high-risk group of small size at birth
and neonatal mortality(41,42); they require more attention.
Considering the growth and development of the foetus
and infant survival, FA supplementation might be benefi-
cial for pregnant women with a family history of twins.

The association of timing of FA supplementation and
birthweight has beenexplored in singleton birth population.
TheGeneration R study in the Netherlands(19) suggested that
preconceptional FA supplementation is associated with
higher birth weight and lower risk of LBW and SGA. A pro-
spective cohort study in Jiaxing indicated(20) an association
between preconceptional FA supplementation and lower
risk of SGA, but a large prospective cohort study in
Jiangsu and Zhejiang provinces(22) showed that periconcep-
tional or postconceptional FA supplementation is associated
with a reduced risk of SGA and LBW.Nevertheless, our study
found that FA supplementation is associated with increased
birth weight, reduced risk of SGA for women who took FA
during preconceptional, postconceptional and periconcep-
tional periods in both singletons and twins. Similarly, post-
conceptional and periconceptional FA supplementation
was associated with a reduced risk of LBW in singletons
and twins, but there was no significant reduction of LBW
in preconception FA use in both singletons and twins.

Previous studies have suggested that nutrient supplemen-
tation during pregnancy increased infant birthweight through
prolonging gestational weeks(7,43). However, in our study,
there was no difference in gestational weeks between the
FA group and non-FA group in singletons, but the gestational
week of the FA group was a little shorter than that of the non-
FA group in twins. This result implies that increased infant
birth weight with FA supplementation during pregnancy
might not be through prolonging gestational weeks.
Moreover, a higher sex ratio (about 119) at birthwas observed
in our sample, which was close to 118·06 from the Sixth
Censuses of China in 2010(44). Moreover, our sample was in
line with the characteristics of birth population in China.
Meanwhile, a subgroup analysis by infant’s sex suggested
that there was no significant interaction effect between
FA use and infant’s sex on birth weight, risk of SGA
and LBW.T
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The exact mechanisms behind the association of FA defi-
ciency with adverse pregnancy outcomes were not fully
understood(45). FA is an essential water-soluble B vitamin,
acting as a substrate in the biological pathways of cellular
processes(12,46), which might affect foetal growth indirectly
by the optimisation of the FA-dependent homocysteine
pathway because of its critical role in DNA synthesis and
repair, as well as methylation. Higher serum homocysteine
accumulation is associated with decreased foetal growth,
while reduced FA status is associated with elevated homo-
cysteine. Furthermore, the improvement of birth weight
might be due to epigenetic modification for the effect of
periconceptional women with FA supplementation(47).

A systematic review has reported(48) a relationship
between periconceptional FA supplements and increased
twinning. But a population-based cohort study has sug-
gested(49) that FA supplementation during pregnancy is
not associated with an increased occurrence of multiple
births. Our data also found no significant association (crude
OR: 1·26, 95 % CI 0·97, 1·63) between preconceptional FA
supplementation and the occurrence of twins. This prob-
lem requires more evidence. However, our study confirms
a positive association between periconceptional 0·4 mg/d
FA supplementation and increased birth weight in single-
tons and twins, which implies that periconceptional sup-
plementation of 0·4 mg/d would play an active role in
improving birth weight. It is noteworthy that high doses
of FA supplements (≥1 mg/d) might have a detrimental
effect on child’s birth weight and neuropsychological
development(23,50). Thus, further researches are required
to examine the mechanism behind the association of FA
supplementation with foetal development.

Our study has several strengths. First, it was a large
population-based, cross-sectional study with a high
response rate in northwest China using a stratified multi-
stage random sampling method, which is generalisable
to some extent. Second, birth weight and GA were
recorded from a review of Medical Certificate of Birth,
which might be relatively accurate. Third, a multi-param-
eter (birth weight, SGA, LBW) and multi-statistical (strati-
fied analysis, interaction effect analysis, sensitivity
analysis) approach was employed, and the results were
robust and reliable. Besides, the associations of FA supple-
mentation with birth weight, SGA and LBW in twins were
explored, which had not been reported previously.

However, some limitations should be addressed. First,
since this study was observational research, information
on FA supplementation and other covariateswas retrospec-
tively self-reported by mothers after delivery. FA supple-
mentation was not determined and supervised by the
researcher. Therefore, there might be a misclassification
of FA supplementation types due to the retrospective inves-
tigation. To minimise recall bias, efforts were made to help
participants recall as accurately as possible. For one thing,
standard and detailed classification questionnaires were
used to control the recall bias. For another thing, before
the formal investigation, interviewers were trained rigor-
ously and a pilot study was performed. During the analysis,
we just included live births in order to analyse the associ-
ation of birth weight with FA supplementation.We had also
controlled for possible confounders when data-analysing
as far as possible. However, the potential for bias in our
findings as a result of only including live births might still
exist. Accordingly, systematic reviews and meta-analyses
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Fig. 4 (colour online) Birth weight associated with timing of FA supplementation in singletons and twins in northwest China during
2010–2013. For BW, βwas adjusted for covariates of infant’s gender, residence, maternal age,maternal education, household wealth
index, antenatal care visits, gravidity, parity, passive smoking, alcohol drinking, tea drinking, pregnancy-induced hypertension, cold,
iron supplementation, FA supplementation, gestational age (GA) in generalised linear models (GLM) with normal distribution and
identity-link function among singletons, twin A, twin B, and β was adjusted for all covariates above plus birth order in generalised
estimating equation (GEE) models with normal distribution and identity-link function in twins. For SGA, OR was adjusted for all cova-
riates above except for GA in GLM with binomial distribution and logit-link function among singletons, twin A, twin B, and OR was
adjusted for all covariates above except for GA, plus birth order in GEE with binomial distribution and logit-link function in twins. For
LBW, ORwas adjusted for all covariates above in GLMwith binomial distribution and logit-link function among singletons, twin A, twin
B, and OR was adjusted for all covariates above plus birth order in GEE with binomial distribution and logit-link function in twins.
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of high-quality prospective longitudinal data should be
done to assist in clarifying this association. In addition,
causal modelling and mediation analysis of direct and indi-
rect effects could be also helpful. Second, the sample size
was relatively small in the twin sample, and the power of
analysis was limited. The association might be more promi-
nent if the sample size was larger. In addition, data on the
availability of maternal or infant folate biomarkers were
lacking. Finally, observational studies are subject to unob-
served confounding factors even though the observed con-
founding factors are controlled in the multivariable
regression analysis, but residual confounding might still
exist. Maternal height and weight gain during pregnancy
could be an important predictor of the size of the baby
at birth. Unfortunately, maternal height and weight gain
was not recorded in this cross-sectional survey, especially
because mothers could not effectively recall such informa-
tion during pregnancy.

Conclusion

The present study suggests an association of periconcep-
tional 0·4 mg/d FA supplementation with increased birth
weight and reduced risk of SGA and LBW in both singletons
and twins, and this association may be more prominent in
twins. Further researches with high-quality prospective
longitudinal data are required to explore their associations
and interpret underlying mechanisms.
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