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Abstract
Fat-soluble vitamins during pregnancy are important for fetal growth and development. The present study aimed at exploring the association
between vitamin A, E and D status during pregnancy and birth weight. A total of 19 640 women with singleton deliveries from a retrospective
study were included. Data were collected by the hospital electronic information system. Maternal serum vitamin A, E and D concentrations were
measured during pregnancy. Logistic regression was performed to estimate the association between the vitamin status and low birth weight
(LBW) or macrosomia. Women with excessive vitamin E were more likely to have macrosomia (OR 1·30, 95 % CI 1·07, 1·59) compared with
adequate concentration. When focusing on Z scores, there was a positive association between vitamin E and macrosomia in the first (OR 1·07,
95 % CI 1·00, 1·14), second (OR 1·27, 95 % CI 1·11, 1·46) and third (OR 1·28, 95 % CI 1·06, 1·54) trimesters; vitamin A was positively associated
with LBW in the first (OR 1·14, 95 % CI 1·01, 1·29), second (OR 1·31, 95 % CI 1·05, 1·63) and third (OR 2·00, 95 % CI 1·45, 2·74) trimesters and
negatively associated with macrosomia in the second (OR 0·79, 95 % CI 0·70, 0·89) and third (OR 0·77, 95 % CI 0·62, 0·95) trimesters. The study
identified that high concentrations of vitamin E are associated with macrosomia. Maintaining a moderate concentration of vitamin A during
pregnancy might be beneficial to achieve optimal birth weight. Further studies to explore the mechanism of above associations are warranted.
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Fat-soluble vitamins, including vitamins A, D and E, play an
important role in the growth and development of humans.
They include vitamins A, E, D, etc. Deficiency of fat-soluble vita-
mins may cause adverse pregnancy outcomes. In pregnant
women, vitamin A deficiency causes night blindness and may
increase the risk of maternal mortality(1). Vitamin E deficiency
has been postulated to play a role in pre-eclampsia(2). Low con-
centrations of blood vitamin D in pregnant women have been
associated with pregnancy complications(3). It is common that
mothers have deficient or excessive amount of fat-soluble vita-
mins during pregnancy. Vitamin A deficiency affects about 19
million pregnant women, mostly in Africa and South-East Asia,
causing night blindness(4). Maternal vitamin D deficiency has
been a crucial issue globally, as it can lead to a series of perinatal
complications and subsequent fetal growth(5). In contrast, a sur-
vey of vitamins A and E of pregnant women in six provinces of
northern China found the common situation of excess vita-
min E(6).

Low birth weight (LBW), defined as infant birth weight
<2500 g, is one of the adverse birth outcomes, which may lead

to higher infant mortality, dysplasia(7) and non-communicable
diseases such as hypertension(8), diabetes(9) and stroke(10).
Macrosomia, defined as infant birthweight≥4000 g, is increasing
in developing countries and is associated with childhood
obesity(11). Evidence about the effect of maternal fat-soluble vita-
mins during pregnancy on infant birth weight is inconsistent in
the literature. Some studies found that maternal vitamin A and
vitamin E concentrations at 18–30 gestational weeks were not
associated with birth weight or fetal growth retardation(12).
However, Cohen et al. revealed that vitamin A (retinol) concen-
tration during mid-pregnancy was positively associated with the
risk of small for gestational age (SGA, i.e. birth weight below the
10th percentile for the same gestational age)(13). Scholl et al.
found that vitamin E (i.e. α-tocopherol) at 28 gestational weeks
was positively correlated with birth weight and reduced the risk
of SGA(14). In ameta-analysis of sixteen studies, maternal vitamin
D deficiency had an increased risk of LBW (OR 2·39, 95 % CI
1·25, 4·57)(15). Similar findings have been reported in an umbrella
reviewofmeta-analyses of observational studies(16). However, in
an overview of forty-two systematic reviews, mixed results were
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presented for the associations between maternal vitamin D and
LBW(17). Current literature relating maternal vitamin D to birth
weight is inconclusive.

Studies exploring the association between fat-soluble
vitamins and birth weight are rare in China, and the existing ones
were poorly designed (e.g. having a relatively small sample
size, measuring vitamins at or about partum only, not matching
between observation and control groups, not controlling
for covariates, not detailing the study design, etc.)(18–20).
Therefore, the present study was conducted to explore the asso-
ciation between maternal serum vitamin A, E and D concentra-
tions during pregnancy and birth weight, based on a large-scale
retrospective study among the Chinese population.

Methods

Study design and setting

A retrospective study was conducted in the Tongzhou Maternal
and Child Health Hospital of Beijing (Tongzhou hospital), China,
from July 2015 to January 2018. Tongzhou is a district located in
the southeast of Beijing, with a population of 1·58 million resi-
dents by the end of 2018. The district is positioned as the subsid-
iary administrative centre of Beijing, and its industrymainly focus
on culture tourism and technology innovation.

Study population

Pregnant women who had prenatal care in Tongzhou hospital
between July 2015 and December 2017 were provided to have
routine serum vitamin A (retinol), E and D measurement. The
study participants were women who had vitamin A, E and D
measurement during pregnancy, had given birth in the
Tongzhou hospital and whose complete background informa-
tion was available (n 19 851). Women who had multiple fetuses
(n 153), fetal death (n 52), stillbirth (n 5) or incorrectly reported
infant birth weight (n 1; 353 g) were excluded from the study.
The final study population were 19 640 (online Supplementary
Fig. S1). Oral informed consentwas obtained from the participants
before any measurement.

Vitamin A, E and D measurement

Venous blood samples were taken from the participants in each
trimester of pregnancy (first trimester≤13 weeks, second trimes-
ter 14–27 weeks and third trimester ≥28 weeks). The serum vita-
min A and E concentrations were measured in all trimesters,
while vitamin D concentration was not measured in the first tri-
mester. It should be noted that not all participants had the vita-
min A and E tests in each trimester.

The serum samples were kept away from light since collec-
tion and stored at −80°C. In the pre-processing, proteins and
impurities were removed from samples by centrifugation.
Vitamins to be measured were extracted by using extraction
agent, and supernatant liquid was re-dissolved by mobile phase
(methanol and pure water). Vitamins A and E were measured by
high-performance liquid chromatography (Agilent) with a flow
rate of 1·0 ml/min. Vitamin D (sum of 25-hydroxyvitamin D2

and D3) was measured by liquid chromatography mass

spectrometry (LC–MS/MS 6340, Agilent) with a flow rate of
0·3 ml/min. The standard curve equation was made according
to the measured concentrations of the standard substance, and
results of quality control samples and testing samples were
calculated from the equation. When the quality control values
were all in the range of mean ± 2 SD, then the batch could be
regarded as in control, and the test results of samples could
be reported.

Data collection

Data were collected from the hospital’s electronic information
system, including the results of vitamin A, E andDmeasurement,
sociodemographic information, maternal pre-pregnancy BMI,
gestational weight gain, folic acid usage (between 1 to 3 months
pre-pregnancy and 3 months post-conception), gestational
weeks at the time of vitamin tests in each trimester, delivery
and neonatal outcomes (including gestational age, newborn
sex, birth weight, fetal death and stillbirth). The information of
vitamin supplementation was not collected, as we paid more
attention to the internal exposure of vitamin concentrations that
represented by serum concentration.

This study was conducted according to the guidelines laid
down in the Declaration of Helsinki, and all procedures involv-
ing human subjects were approved by the Institutional Review
Board (IRB 00001052-19005) of the Peking University Health
Science Centre. All data used for analysis were anonymous.

Variables and definitions

The outcome variable was birth weight, measured immediately
after delivery by midwives. Birth weight <2500 g was
defined as LBW(21), while birth weight ≥4000 g was defined as
macrosomia(22). Birth weight between 2500 and 4000 g was con-
sidered as normal birth weight.

Serum vitamin A, E and D concentrations were independent
variables. According to the WHO(4), concentrations of serum
vitamin A (retinol) were categorised into deficient (<0·7 μmol/
l), insufficient (0·7–1·05 μmol/l), adequate (1·05–2·45 μmol/l)
and excessive (≥2·45 μmol/l). Vitamin E concentrations were
classified into three groups, deficient (<5·0 mg/l), adequate
(5·0–20·0mg/l) and excessive (≥20·0mg/l)(23). There is not yet
broad consensus on what constitutes vitamin D deficiency, and
we defined 25-hydroxyvitamin D concentration <20 ng/ml as
vitamin D deficiency, 20–30 ng/ml as insufficiency, 30–70 ng/ml
as adequacy and ≥100 ng/ml as excess according to the
Endocrine Society and the American Association of Clinical
Endocrinologists(24,25).

Pre-pregnancy BMI was calculated with self-reported weight
and height before pregnancy and classified into four groups
(<18·50, 18·50–23·99, 24·00–27·99, ≥28·00 kg/m2). Gestational
weight gain was calculated from prenatal weight (no more than
4 weeks before delivery) and pre-pregnancy weight. Preterm
birth was defined as live births with <37 gestational weeks(26).

Statistical analyses

Frequencies or proportions were presented as descriptive statis-
tics for categorical variables. The concentrations of vitamins
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during each trimester were assessed for normality by the
Shapiro–Wilk test. The median (quartile 1, quartile 3) was used
to describe the central tendency and dispersion tendency of vita-
min concentrations. Differences of the proportion of LBW/mac-
rosomia in the maternal characteristics and vitamin status were
explored by χ2 tests. Multiple logistic regression analysis was fur-
ther performed to assess the independent effect of different con-
centrations (deficiency, insufficiency, sufficiency and
excessiveness) of vitamins in each trimester on LBW/macroso-
mia. To maximise the statistical power and minimise bias that
might occur if missing vitamins and gestational weight gains data
were excluded, we performed multivariate multiple imputation
with chained equations to impute missing values. To solve the
possible problem of separation in logistic regressions, we used
Firth’s bias reduction method; the R studio software and ‘logistf’
packagewere used for data analyses. Variables with a P< 0·10 in
χ2 tests were included in the regression model as potential con-
founders. Pre-pregnancy height and examination season were
additionally adjusted in vitamin D analyses. Considering the rel-
atively low prevalence of vitamin A and E deficiency and excess
in Tongzhou district, and in order to further examine their
impacts on birth weight, vitamin A, E and D concentrations in
each trimester were normalised and we treated the Z-scores as
the crucial explanatory variables. The relationship between
Z-score of vitamin concentration and LBW/macrosomia was
then tested by logistic regression analysis. Considering the pre-
dominant influence of preterm birth and to further verify the dif-
ference of vitamin concentrations in different birth weight
groups, we performed a stratified analysis by preterm birth using
Student’s t test. A P value of <0·05 was considered as statistically
significant. Statistical analyses were mainly performed by the
SPSS software (version 20; IBM SPSS Statistics).

Results

General characteristics of participants

Of the total 19 640 women included in this study, the majority
were between 21 and 30 years (64·9 %), had high school educa-
tion and/or above (78·6 %), of Han ethnicity (94·0 %), were pri-
miparous (60·3 %), had pre-pregnancy normal weight (BMI,
18·50–23·99 kg/m2, 63·1 %) and had used folic acid between
1–3 months pre-pregnancy and 3 months post-conception
(91·2 %). The prevalence of preterm birth in the study was
3·9 %. The proportion of LBW and macrosomia was 2·6 and
8·2 %, respectively (Table 1).

Maternal vitamin status

There were 16 703, 5520 and 2192 women having the vitamin A
and E measurements in the first, second and third trimesters,
respectively. There were 11 634 women having vitamin D mea-
surement in the second trimester and 6609 women in the third
trimester. Table 2 presented the median concentrations of
serum vitamins A, E and D during three trimesters. The propor-
tion of vitamin A deficiency was relatively low during three tri-
mesters (no more than 0·1%). However, a growing tendency of

vitamin A insufficiency from the first to third trimesters was seen.
Reversely to that of vitamin A, excess vitamin E increased from
0·2% in the first trimester to 13·7% in the third trimester. The defi-
ciency (second: 29·6%, third: 29·8 %) and insufficiency (second:
32·9%, third: 32·6%) of vitamin D remained to be stably high dur-
ing pregnancy (Table 2).

Association between maternal serum vitamin
concentrations and birth weight

Table 3 illustrated the univariate association between maternal
characteristics and LBW or macrosomia. Table 4 showed the
association between vitamin status and LBW and macrosomia
by univariate analysis. Tables 5 and 6 present the independent
effects of vitamin status in different trimesters on LBW and mac-
rosomia, respectively. As seen in Table 5, there was no signifi-
cant effect of different vitamin A, E or D concentrations on
LBW. As seen in Table 6, excessive vitamin E concentration in
the second trimester was associated with a higher risk of macro-
somia (OR 1·30, 95 % CI 1·07, 1·59). There was no other
statistically significant association of vitamin concentration
with the risks of macrosomia, after controlling for potential
confounders (Table 6).

Table 1. Maternal characteristics and birth outcomes (n 19 640)
(Numbers and percentages)

n %

Maternal age (years)
≤20 137 0·7
21–30 12 747 64·9
>30 6756 34·4

Maternal education
Below high school 4114 21·4
High school or college 7648 39·8
University or higher 7472 38·8

Maternal ethnicity
Han 18 467 94·0
Other race 1172 6·0

Parity
Primiparous 11 845 60·3
Multiparous 7795 39·7

Maternal pre-pregnancy BMI (kg/m2)
<18·50 2129 11·0
18·5–23·99 12 145 63·1
24·00–27·99 3756 19·5
≥28·00 1222 6·4

Gestational weight gain (kg)
<10 2089 13·3
10–17 8665 55·0
>17 5001 31·7

Folic acid usage
Yes 17 904 91·2
No 1736 8·8

Preterm birth
Yes 771 3·9
No 18 869 96·1

Newborn sex
Boy 10 103 51·4
Girl 9537 48·6

Infant birth weight status
Low birth weight 518 2·6
Normal 17 526 89·2
Macrosomia 1596 8·2
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Table 2. Vitamin A, E and D concentrations during three trimesters
(Median values and quartile 1, quartile 3 (Q1, Q3); numbers and percentages)

First trimester Second trimester Third trimester

n % n % n %

Vitamin A 16 703 5520 2192
Median (μmol/l) 1·54 1·57 1·50
Q1, Q3 (μmol/l) 1·33, 1·75 1·36, 1·78 1·33, 1·75
Deficient 10 0·1 7 0·1 2 0·1
Insufficient 454 2·7 161 2·9 93 4·2
Adequate 16 065 96·2 5283 95·7 2077 94·8
Excessive 174 1·0 69 1·3 20 0·9

Vitamin E 16 073 5520 2192
Median (mg/l) 10·0 14·6 16·0
Q1, Q3 (mg/l) 8·7, 11·5 12·3, 17·2 14·0, 18·4
Deficient 14 0·1 0 0 0 0
Adequate 16 648 99·7 5028 91·1 1892 86·3
Excessive 41 0·2 492 8·9 300 13·7

Vitamin D n/a 11 634 6609
Median (ng/ml) n/a 26·2 26·1
Q1, Q3 (ng/ml) 18·4, 34·3 18·5, 34·5
Deficient n/a 3447 29·6 1972 29·8
Insufficient n/a 3823 32·9 2157 32·6
Adequate n/a 4364 37·5 2480 37·5

n/a, Not available.

Table 3. Association between maternal characteristics and low birth weight (LBW) or macrosomia by univariate analyses (n 19 640)
(Numbers and percentages)

LBW Normal BW Macrosomia

P*n % n % n %

Maternal age (years)
≤20 4 2·9 120 87·6 13 9·5 <0·001
21–30 311 2·4 11 499 90·2 937 7·4
>30 203 3·0 5907 87·4 646 9·6

Maternal education
Below high school 117 2·8 3638 88·4 359 8·7 0·039
High school or college 212 2·8 6831 89·3 605 7·9
University or higher 180 2·4 6711 89·8 581 7·8

Maternal ethnicity
Han 494 2·7 16 470 89·2 1503 8·1 0·410
Other race 24 2·1 1055 90·0 93 7·9

Parity
Primiparous 330 2·8 10 596 89·5 919 7·8 0·022
Multiparous 188 2·4 6930 88·9 677 8·7

Maternal pre-pregnancy BMI (kg/m2)
<18·50 63 3·0 1988 93·4 78 3·7 <0·001
18·5–23·99 312 2·6 10 958 90·2 875 7·2
24·00–27·99 104 2·8 3231 86·0 421 11·2
≥28·00 31 2·5 1018 83·3 173 14·2

Gestational weight gain (kg)
<10 112 5·4 1872 89·6 105 5·0 <0·001
10–17 191 2·2 7950 91·7 524 6·0
>17 64 1·3 4353 87·0 584 11·7

Folic acid usage
Yes 472 2·6 15 981 89·3 1451 8·1 0·936
No 46 2·6 1545 89·0 145 8·4

Preterm birth
Yes 326 42·3 442 57·3 3 0·4 <0·001
No 192 1·0 17 084 90·5 1593 8·4

Newborn sex
Boy 248 2·5 8825 87·4 1030 10·2 <0·001
Girl 270 2·8 8701 91·2 566 5·9

* The P value is reported from χ2 test.
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Association between vitamin (A, D or E) concentration
(Z-score) and birth weight

The higher vitamin A concentrations in the first trimester (OR
1·14, 95 % CI 1·01, 1·29), second trimester (OR 1·31, 95 % CI
1·05, 1·63) and third trimester (OR 2·00, 95 % CI 1·45, 2·74) were
associated with the higher risk of LBW. Vitamin Awas negatively
associated with macrosomia in the second trimester (OR 0·79,
95 % CI 0·70, 0·89) and third trimester (OR 0·77, 95 % CI 0·62,
0·95). Vitamin E was positively associated with macrosomia in
the first trimester (OR 1·07, 95 % CI 1·00, 1·14), second trimester
(OR 1·27, 95 %CI 1·11, 1·46) and third trimester (OR 1·28, 95 %CI
1·06, 1·54). No significant association between maternal vitamin
D and macrosomia was found in the second trimester, and vita-
min D was negatively associated with macrosomia in the third
trimester (OR 0·87, 95 % CI 0·77, 0·98) (Table 7). Stratified analy-
sis showed that, among women of preterm delivery, those who
had LBW infant had higher vitamin A concentrations in the sec-
ond and third trimesters than those who had normal birth weight
infant. Among women of non-preterm delivery, vitamin A

concentrations in the first and third trimesters of those who
had macrosomia infant were higher than those who had normal
birth weight infant; vitamin E concentrations in all trimesters of
those who had macrosomia were higher than those who had
normal birth weight infant (Table 8).

Discussion

The study found that the prevalence of LBW and macrosomia
were 2·6 and 8·2 %, respectively. Maternal vitamin D deficiency
and excess vitamin E were relatively severe during the mid- and
late pregnancy. Excess vitamin E was relevant to higher risk of
macrosomia compared with adequate vitamin E concentration
in the second trimester. Vitamin A (Z score) was positively asso-
ciated with LBW in all trimesters and negatively associated with
macrosomia in the second and the third trimesters. Maternal
vitamin E status correlatedwith the risk of macrosomia positively
in all trimesters. Among women of non-preterm delivery,
vitamin A concentrations of those who had LBW infant were

Table 4. Association between vitamin A, E and D status and low birth weight (LBW) or macrosomia by univariate analysis

Vitamin
concentrations

First trimester Second trimester Third trimester

LBW
Normal
weight

Macro-
somia P LBW

Normal
weight

Macro-
somia P LBW

Normal
weight

Macro-
somia P

Vitamin A
Deficient/

insufficient
9 429 26 0·090 6 146 16 0·689 0 89 6 0·178

Adequate/
excessive

430 14 498 1311 140 4746 466 69 1874 154

Vitamin E
Adequate n/a* n/a n/a 132 4470 426 0·085 59 1694 139 0·960
Excessive n/a n/a n/a 14 422 56 10 269 21

Vitamin D
Deficient n/a n/a n/a 63 3100 284 0·105 45 1775 152 0·144
Insufficient n/a n/a n/a 100 3395 328 67 1919 171
Adequate n/a n/a n/a 118 3877 369 60 2256 164

n/a, Not available.
* Number of women with vitamin E deficiency or excessive in the first trimester were not sufficient to perform a χ2 test.

Table 5. Association between vitamin A, E and D concentrations and low birth weight (LBW) by multiple logistic regressions*
(Numbers and percentages; odds ratios and 95 % confidence intervals)

Vitamin concentrations

First trimester Second trimester Third trimester

LBW: n % OR 95% CI LBW: n % OR 95% CI LBW: n % OR 95% CI

Vitamin A
Deficient/insufficient 13 2·0 0·97 0·65, 1·52 26 3·2 0·99 0·69, 1·50 n/a† n/a
Adequate 492 2·9 1 482 2·8 1 n/a n/a
Excessive 13 8·1 1·09 0·50, 3·36 10 7·4 1·09 0·47, 3·83 n/a n/a

Vitamin E
Adequate n/a n/a 483 2·9 1 430 2·8 1
Excessive n/a n/a 35 2·7 0·97 0·71, 1·35 88 3·3 1·01 0·81, 1·27

Vitamin D
Deficient n/a n/a 135 2·6 1 118 2·5 1
Insufficient n/a n/a 177 2·9 1·01 0·80, 1·27 198 3·2 1·02 0·82, 1·27
Adequate n/a n/a 198 3·0 1·00 0·80, 1·26 194 2·8 1·007 0·81, 1·25

n/a, Not available.
* Maternal age, preterm birth, sampling time, gestational weight gain were adjusted in the regression models. Pre-pregnancy height and examination season were additionally
adjusted for vitamin D analyses.

† Number of women with vitamin A deficiency or insufficiency in third trimester were not sufficient to perform regression analyses. Vitamin E in the first trimester was bypassed for
similar reasons.
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higher than those who had normal weight infant in the first and
third trimesters, and vitamin E concentrations of those who had
macrosomia were higher than those who had normal weight
infant.

A study of 13 701 infants in a hospital in Beijing from 2012 to
2017 found the prevalence of LBW was 5·3 %, and there was no
difference between years(27). The hospital was next to the rail-
way station geographically so that it received patients with com-
plex disorders nationwide, under which condition the
prevalence of LBW might be high. Actually, a previous study
had found the prevalence of LBW between 2013 and 2017 in
the same hospital as our study, and the ratio of singleton preg-
nancy women delivering a babywith LBWwas 2·79 %(28), almost
the same as ours. The prevalence of macrosomia during 2013–
2017 in Hebei province was 6·3 %(29), slightly lower than our
result, reflecting the development level between two areas, in
spite of similar geographic environment and eating habits.

Previous studies referring to the association between LBW
and vitamins A, E or D did not reach an agreement(30–38). The
results of our study (Table 5) were similar to a prospective cohort
study in Ethiopia, which detected no association between vita-
min A deficiency and LBW in neither the second nor the third
trimester(39). However, we speculate the insignificance was
due to the low prevalence of LBW and relatively low ratio of vita-
min A deficiency, insufficiency and excess in our study. In terms
of the association between vitamin E and LBW, our result was
similar to a recent research in Brazil, which detected no associ-
ation between vitamin E concentrations of umbilical cord serum
and weight to gestational age at birth(40). As for vitamin D, our
finding was similar to a mother–offspring cohort in Singapore
that maternal vitamin D status in pregnancy did not influence
infant birth outcomes such as SGA(36). However, our results were
inconsistent with two former studies in China, which reported
relatively severe vitamin D insufficiency (<30·0 ng/ml) (73·65
and 96·41 %)(31,37). We believe that the relatively small sample
size of the former two studies (n 2374 and 1326), and not taking
gestational weight gain as consideration might account for the

inconsistency in results between our study and the former
studies.

Regarding the outcome of macrosomia, we found no signifi-
cant association between any maternal vitamin deficiency or
excess during pregnancy and macrosomia, except that there
existed a tendency that excess vitamin E would lead to macro-
somia more easily than vitamin E adequacy (Table 6). Our find-
ing was consistent with a prospective study in Hunan province,
China, among 1999 pregnant women, which found that excess
vitamin E in the third trimester was related to higher risk of
macrosomia(41). In a mice experiment, prohibitive intake of
high-fat foods during pregnancy also brings abundant vitamin
E for mothers, in which case fetus live in an environment of
higher nutrition, then macrosomia come into being(42).
Besides, another prospective cohort study conducted in South
Korea demonstrated that birth weight were highest when the
concentrations of both vitamins C and E in the second trimester
were high(43). The author explained that vitamin E acted as an
antioxidant, thus defensed against oxidative stress and impair-
ment to fetal growth. Similarly, Scholl et al.(14) related vitamin
E at 28 weeks to the risk of large-for-gestational-age births pos-
itively. Vitamin E can potentiate the synthesis of prostacyclin,
which has a vasodilatory effect(23). Prostacyclin/thromboxane
A2 balance regulates maternal and fetal vascular function during
pregnancy. Decrease in maternal prostacyclin:thromboxane A2
ratio may contribute to intrauterine fetal growth restriction,
owing to inadequate blood flow between placenta and fetus(44).
In all, we believe that the physiological function of vitamin E
itself and/or its catalysate contribute to the association between
the excess of vitamin E and macrosomia.

When regarding Z score of vitamin concentrations as
explanatory variable, we observed the positive association
between vitamin A concentrations in three trimesters and higher
risk of LBW (Table 7). And in the further stratified analysis,
women with LBW infants have higher vitamin A concentrations
than those with normal weight infants except for the first trimes-
ter in preterm group (Table 8). Our result was similar to Cohen

Table 6. Association between vitamin A, E and D concentrations and macrosomia by multiple logistic regressions†
(Numbers and percentages; odds ratios and 95 % confidence intervals)

Vitamin concentrations

First trimester Second trimester Third trimester

Macrosomia: n % OR 95% CI Macrosomia: n % OR 95% CI Macrosomia: n % OR 95% CI

Vitamin A
Deficient/insufficient 46 7·1 0·98 0·72, 1·34 66 7·9 1·20 0·93, 1·56 n/a‡ n/a
Adequate 1475 8·3 1 1466 8·3 1 n/a n/a
Excessive 20 12·0 1·28 0·79, 2·08 9 6·8 0·59 0·29, 1·18 n/a n/a

Vitamin E
Adequate n/a n/a 1408 8·1 1 1294 8·1 1
Excessive n/a n/a 133 9·8 1·30* 1·07, 1·59 247 8·8 1·06 0·91, 1·22

Vitamin D
Deficient n/a n/a 449 8·3 17 412 8·4 1
Insufficient n/a n/a 534 8·4 1·00 0·88, 1·15 507 7·9 0·92 0·80, 1·06
Adequate n/a n/a 558 8·1 0·98 0·86, 1·13 622 8·5 0·99 0·86, 1·13

n/a, Not available.
* P< 0·05.
†Maternal age, education level, parity, preterm birth, newborn sex, sampling time, pre-pregnancy BMI, gestational weight gain were adjusted in the regression models.
Pre-pregnancy height and examination season were additionally adjusted for vitamin D analyses.

‡ Numbers of women with vitamin A deficiency or insufficiency in third trimester were not sufficient to perform regression analyses. Vitamin E in the first trimester was bypassed for
similar reasons.
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et al. that elevated vitamin A in mid-pregnancy might be associ-
ated with an increased risk of SGA(13). And in later pregnancy,
serum vitamin A was negatively related with fetal growth(45).
The association could be explained by inadequate haemodilu-
tion or defective transport(33). If plasma volume expansion is
obstructed in pregnancy, there will be low placental blood flow,
which leads to high maternal vitamin A concentration but low
blood delivery of vitamin A to fetus. Therefore, low plasma vol-
ume expansion is associated with poor fetal growth(46). As for
macrosomia, our study reported a negative association between
vitamin A and macrosomia in the second and the third trimester.
It has been proved in an animal study that diabetic rats delivering
macrosomia had lower vitamin A concentrations(47). This relation
can also be explained by the low blood expansion(46). It appears
that the elevated vitamin A concentrations relate with decreasing
birth weight overall. Further study to clarify the mechanism of
the influence of maternal vitamin A status on infant birth weight
is warranted. Nevertheless, based on the results of our study,
maintaining a moderate concentration of vitamin A during preg-
nancy might contribute to normal birth weight.

Among samples with adequate concentration of vitamin E in
each trimester, we observed a significantly positive association
between vitamin E in all trimesters and macrosomia (Table 7).
In the stratified analysis, among womenwho had full-term deliv-
ery, those who gave birth to macrosomia have higher vitamin E
concentrations, in comparison with those who gave birth to nor-
malweight infants especially in the non-preterm group (Table 8).
In a study, plasma concentrations of vitamin E at entry and at
week 28 were positively related to increased fetal growth (birth
weight), a decreased risk of SGA births and an increased risk of
large-for-gestational-age(14), which had similarities with our
study. Therefore, maintaining a high concentration of vitamin
E during pregnancy may not be good for fetal growth.

Our study had some strengths. First, it is the first study explor-
ing the associations between maternal fat-soluble vitamin
status and birth weight in Beijing, a highly urbanised and
well-developed city in China. Second, we examined the vitamin
status at every stage of pregnancy rather than at delivery and
tested thematernal serum vitamin concentrations directly, which
represented the accumulation of fat-soluble vitamins in recent
time. Third, sample size of this study is relatively large.
Finally, nearly all previous studies classified vitamin status as cat-
egorical variables (‘deficient’, ‘insufficient’, ‘sufficient’, ‘exces-
sive’ or ‘quantiles’); however, we further analysed Z score in
consideration of the low prevalence of vitamin A and E defi-
ciency and severe vitamin D deficiency in Tongzhou hospital.

Limitation of our study should be acknowledged. Our study
was a retrospective study; some variables that might be adjusted
as potential confounders were not collected, especially the
prevalence of chronic diseases such as diabetes and high blood
pressure, which are crucial causes of preterm birth and LBW. The
vitamin concentrations of pregnant women in Tongzhoumay be
different from that of other areas in China. Our results might not
be generalised to population living outside Beijing. There are a
large number of missing measurements of vitamin tests, as par-
ticipants were not compulsory to do tests in all trimesters at the
time of antenatal care, and we have performed multiple imputa-
tion to solve the problem.T
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Conclusion

In conclusion, this study implies a need to be aware of excess
vitamin E and vitamin D deficiency during pregnancy and rela-
tively increasing proportion of macrosomia in China. Excessive
concentration of vitamin E in the second trimester was found to
be associated with macrosomia. Women are thus recommended
to avoid having high concentration of vitamin E during preg-
nancy. Our results that higher maternal vitamin A concentrations
in all three trimesters being associated with higher risk of LBW
and lower risk of macrosomia in the second and third trimesters
suggest maintaining the moderate concentration of vitamin A
during pregnancy. Nonetheless, more prospective studies and
experimental studies arewarranted to illustrate such associations
in different population and the mechanism between vitamins A
and E in pregnancy and fetal growth.

Acknowledgements

The authors sincerely thank the staff in Maternal and
Child Health Care Hospital of Tongzhou District for data
collection.

This study was funded by the Peking University Research
Initiation Fund (BMU2018YJ005) and National Natural
Science Foundation of China (81973053, 81703240). Both
funding bodies had no role in the design, analysis or writing
of this article.

Q. Z. andW. Y. conceptualised the study. M. J., L. X. and N. H.
collected the data.W. Y. analysed the data and drafted themanu-
script. Q. Z. supervised in drafting the manuscript and provided
critical comments on this paper. H. W. provided critical com-
ments on this paper. S. L. was responsible for data management,
and X. X. was responsible for project management. All authors
have read and approved the final manuscript.

All authors declare that they have no competing interests.

Supplementary material

For supplementary material referred to in this article, please visit
https://doi.org/10.1017/S0007114520003347

References

1. WHO (2009) Micronutrient Deficiencies. https://www.who.
int/nutrition/topics/vad/en/ (accessed November 2019).

2. WHO (2016)WHO Recommendations on Antenatal Care for a
Positive Pregnancy Experience. Geneva: WHO.

3. Palacios C, Kostiuk LK & Peña-Rosas JP (2019) Vitamin D sup-
plementation for women during pregnancy. Cochrane
Database Syst Rev, issue 7, CD008873.

4. WHO (2009) Global Prevalence of Vitamin A Deficiency in
Populations at Risk 1995–2005: WHO Global Database on
Vitamin A Deficiency. Geneva: WHO.

5. WHO (2019) Vitamin D Supplementation During Pregnancy.
https://www.who.int/elena/titles/vitamind_supp_pregnancy/
en/ (accessed November 2019).

6. Li H, Ni JJ & Zheng CM (2019) Study of vitamin A and E nutrition
of Chinese northern pregnant women in 2016. China Medical
Herald 16, 64–67, 82.

7. Zhan X (2008) A Follow-up Study on Growth and Development
Status of 0-to 6-Year-Old Children with Low Birth Weight [D].
Hefei: Anhui Medical University.

8. Goldenberg RL, Cutter GR, Hoffman HJ, et al. (1989)
Intrauterine growth retardation: standards for diagnosis. Am J
Obstet Gynecol 161, 271–277.

9. Barker DJ & Lackland DT (2003) Prenatal influences on stroke
mortality in England and Wales. Stroke 34, 1598–1602.

10. Barker DJ (1993) The intrauterine origins of cardiovascular dis-
ease. Acta Paediatr 82, Suppl. 391, 93–99.

11. Liu J, Li Q, Cheng Y, et al. (2017) Association between birth
weight and obesity among children in Dongcheng District of
Beijing. Chin J School Health 38, 1039–1042.

12. Tamura T, Goldenberg RL, Johnston KE, et al. (1997) Serum
concentrations of zinc, folate, vitamins A and E, and proteins,
and their relationships to pregnancy outcome. Acta Obstet
Gynecol Scand Suppl 165, 63–70.

13. Cohen JM, Kahn SR, Platt RW, et al. (2015) Small-for-gestational-
age birth and maternal plasma antioxidant levels in mid-
gestation: a nested case-control study. BJOG 122, 1313–1321.

14. Scholl TO, Chen X, Sims M, et al. (2006) Vitamin E: maternal
concentrations are associated with fetal growth. Am J Clin
Nutr 84, 1442–1448.

15. Kehong Fang, Yuna He, Min Mu, et al. (2019) Maternal vitamin
D deficiency during pregnancy and low birth weight: a system-
atic review and meta-analysis. J Matern Fetal Neonatal
Med 8, 1–7.

16. Theodoratou E, Tzoulaki I, Zgaga L, et al. (2014) Vitamin D and
multiple health outcomes: umbrella review of systematic

Table 8. Association between vitamin A and E concentrations and low birth weight (LBW) and macrosomia, by stratified analysis

Preterm birth Non-preterm birth

LBW Normal weight t P LBW Normal weight t P

Vitamin A (μmol/l)
First trimester 1·63 1·64 0·329 0·742 1·65 1·56 −3·702 <0·001
Second trimester 1·66 1·57 −2·128 0·034 1·61 1·58 −1·359 0·652
Third trimester 1·66 1·53 −1·665 0·100 1·77 1·54 −3·388 0·001

Macrosomia Normal weight t P Macrosomia Normal weight t P

Vitamin E (mg/l)
First trimester 11·100 10·763 −0·229 0·819 10·471 10·210 −4·050 <0·001
Second trimester 15·850 16·132 0·110 0·913 15·250 14·805 −2·579 0·010
Third trimester* n/a n/a n/a n/a 16·959 16·342 −2·172 0·030

n/a, Not available.
* No woman had a preterm birth and macrosomia infant in the third trimester.

Fat-soluble vitamins and birth weight 1065

https://doi.org/10.1017/S0007114520003347  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114520003347
https://www.who.int/nutrition/topics/vad/en/
https://www.who.int/nutrition/topics/vad/en/
https://www.who.int/elena/titles/vitamind_supp_pregnancy/en/
https://www.who.int/elena/titles/vitamind_supp_pregnancy/en/
https://doi.org/10.1017/S0007114520003347


reviews and meta-analyses of observational studies and rand-
omised trials. BMJ 348, g2035.

17. Bialy L, Fenton T, Shulhan-Kilroy J, et al. (2020) Vitamin D sup-
plementation to improve pregnancy and perinatal outcomes:
an overview of 42 systematic reviews. BMJ Open 10, e032626.

18. Zhao ZJ (2017) The Relationship Between Vitamin A Content
and Hypertensive Disorder Complicating Pregnancy and
Pregnancy Outcome [D]. Dalian: Dalian Medical University.

19. Bing HX, Zhang XL & Li XM (2018) Investigate the effect of
serum vitamin A, E and D on fetal development. China
Practical Med 13, 69–70.

20. Zhao Y, Li TY, Wang YT, et al. (2005) Correlation between
vitamin A levels of pregnant women and growth of infants.
J Pediatr Pharm 11, 4–6.

21. WHO (2014) Global Nutrition Targets 2025: Low Birth Weight
Policy Brief. https://www.who.int/publications-detail/WHO-
NMH-NHD-14.5 (accessed May 2020).

22. Boyd ME, Usher RH & McLean FH (1983) Fetal macrosomia:
prediction, risks, proposed management. Obstet Gynecol 61,
715–722.

23. Institute of Medicine (US) Panel on Dietary Antioxidants and
Related Compounds (2000) Dietary Reference Intakes for
Vitamin C, Vitamin E, Selenium, and Carotenoids.
Washington, DC: National Academies Press (US).

24. Holick MF, Binkley NC, Bischoff-Ferrari HA, et al. (2011)
Evaluation, treatment, and prevention of vitamin D deficiency:
an endocrine society clinical practice guideline. J Clin
Endocrinol Metab 96, 1911–1930.

25. Camacho PM, Petak SM, Binkley N, et al. (2016) American
Association of Clinical Endocrinologists and American
College of Endocrinology Clinical Practice guidelines for the
diagnosis and treatment of postmenopausal osteoporosis.
Endocr Pract 22, Suppl. 4, 1–42.

26. Goldenberg RL, Fculhane J, Iams JD, et al. (2008) Epidemiology
and causes of preterm birth. Lancet 371, 75–84.

27. Hu MN, Zhao YZ, Zou XX, et al. (2019) Analysis on incidence
and risk factors of low birth weight. Chin J Reprod Health 30,
127–130.

28. Meng ZX, Jin CY, Wang HJ, et al. (2020) Incidence and risk fac-
tors of low birth weight in Tongzhou district of Beijing: 2013–
2017. Chin J Public Health 36, 1063–1067.

29. Jin Y, Wang XX, Zhao S, et al. (2019) Characteristics of neonatal
weight in Hebei Province in 2013–2017. Mod Prev Med 46,
1783–1785.

30. EggemoenAR, JenumAK,Mdala I, et al. (2017) VitaminD levels
during pregnancy and associations with birth weight and body
composition of the newborn: a longitudinal multiethnic popu-
lation-based study. Br J Nutr 117, 985–993.

31. Wang HP, Xiao YF, Zhang L, et al. (2018) Maternal early preg-
nancy vitamin D status in relation to low birth weight and small-
for-gestational-age offspring. J Steroid Biochem Mol Biol 175,
146–150.

32. Hanson C, Schumacher M, Lyden E, et al. (2017) Status of vita-
min A and related compounds and clinical outcomes in mater-
nal-infant pairs in the Midwestern United States. Ann Nutr
Metab 71, 175–182.

33. Weber D, Stuetz W, Bernhard W, et al. (2014) Oxidative stress
markers and micronutrients in maternal and cord blood in rela-
tion to neonatal outcome. Eur J Clin Nutr 68, 215–222.

34. Mansourian M, Mohammadi R, Marateb HR, et al. (2017)
Comprehensive maternal characteristics associated with birth
weight: Bayesian modeling in a prospective cohort study from
Iran. J Res Med Sci 22, 107.

35. Christian P, Klemm R, Shamim AA, et al. (2013) Effects of vita-
min A and β-carotene supplementation on birth size and length
of gestation in rural Bangladesh: a cluster-randomized trial. Am
J Clin Nutr 97, 188–194.

36. Ong YL, Quah PL, Tint MT, et al. (2016) The association of
maternal vitamin D status with infant birth outcomes, postnatal
growth and adiposity in the first 2 years of life in a multi-ethnic
Asian population: the Growing Up in Singapore Towards
healthy Outcomes (GUSTO) cohort study. Br J Nutr 116,
621–631.

37. Chen YH, Fu L, Hao JH, et al. (2015) Maternal vitamin D defi-
ciency during pregnancy elevates the risks of small for gesta-
tional age and low birth weight infants in Chinese
population. J Clin Endocrinol Metab 100, 1912–1919.

38. Miliku K, Vinkhuyzen A, Blanken LME, et al. (2016) Maternal
vitamin D concentrations during pregnancy, fetal growth pat-
terns, and risks of adverse birth outcomes. Am J Clin Nutr
103, 1514–1522.

39. Gebremedhin S, Enquselassie F & Umeta M (2012)
Independent and joint effects of prenatal zinc and Vitamin A
deficiencies on birthweight in rural Sidama, Southern
Ethiopia: prospective cohort study. PLOS ONE 7, e50213.

40. Silva ABD, Medeiros JFP, Lima MSR, et al. (2019) Intrauterine
growth and the vitamin E status of full-term and preterm new-
borns. Rev Paul Pediatr 37, 291–296.

41. Lu JD (2018) The Effects of Prepregnancy BMI and Pregnancy
Weight on Serum Vitamin A-E of Late Pregnancy [D].
Changsha: Hunan Normal University.

42. Schaiff WT, Knapp FF Jr, Barak Y, et al. (2007) Ligand-activated
peroxisome proliferator activated receptor γ alters placental
morphology and placental fatty acid uptake in mice.
Endocrinology 148, 3625–3634.

43. Lee BE, Hong YC, Lee KH, et al. (2004) Influence of maternal
serum levels of vitamins C and E during the second trimester on
birth weight and length. Eur J Clin Nutr 58, 1365–1371.

44. Majed BH & Khalil RA (2012) Molecular mechanisms
regulating the vascular prostacyclin pathways and their adapta-
tion during pregnancy and in the newborn. Pharmacol Rev 64,
540–582.

45. Mathews F, Youngman L & Neil A (2004) Maternal
circulating nutrient concentrations in pregnancy: implications
for birth and placental weights of term infants. Am J Clin
Nutr 79, 103–110.

46. Salas SP, Rosso P, Espinoza R, et al. (1993) Maternal plasma vol-
ume expansion and hormonal changes in women with idio-
pathic fetal growth retardation. Obstet Gynecol 81, 1029–1033.

47. Yessoufou A, SoulaimannN,Merzouk SA, et al. (2006)n-3 Fatty
acids modulate antioxidant status in diabetic rats and their mac-
rosomic offspring. Int J Obes (Lond) 30, 739–750.

1066 W. Yang et al.

https://doi.org/10.1017/S0007114520003347  Published online by Cam
bridge U

niversity Press

https://www.who.int/publications-detail/WHO-NMH-NHD-14.5
https://www.who.int/publications-detail/WHO-NMH-NHD-14.5
https://doi.org/10.1017/S0007114520003347

	The association between maternal fat-soluble vitamin concentrations during pregnancy and infant birth weight in China
	Methods
	Study design and setting
	Study population
	Vitamin A, E and D measurement
	Data collection
	Variables and definitions
	Statistical analyses

	Results
	General characteristics of participants
	Maternal vitamin status
	Association between maternal serum vitamin concentrations and birth weight
	Association between vitamin (A, D or E) concentration (Z-score) and birth weight

	Discussion
	Conclusion

	Acknowledgements
	Supplementary material
	References


