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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”. Vitamin E deficiency
has been postulated to play a role in pre-eclampsia®®. Low con-
centrations of blood vitamin D in pregnant women have been
associated with pregnancy complications®. 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”. Maternal vitamin D deficiency has
been a crucial issue globally, as it can lead to a series of perinatal
complications and subsequent fetal growth®. 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©.

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” and non-communicable
diseases such as hypertension®, diabetes” and stroke!®.
Macrosomia, defined as infant birth weight >4000 g, is increasing
in developing countries and is associated with childhood
obesity"!". 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™?.
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)!®. Scholl et al.
found that vitamin E (i.e. a-tocopherol) at 28 gestational weeks
was positively correlated with birth weight and reduced the risk
of SGA™. In a meta-analysis of sixteen studies, maternal vitamin
D deficiency had an increased risk of LBW (OR 2:39, 95 % CI
1-25,4-57)"%, Similar findings have been reported in an umbrella
review of meta-analyses of observational studies'®. However, in
an overview of forty-two systematic reviews, mixed results were

Abbreviations: LBW, low birth weight; SGA, small for gestational age.
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presented for the associations between maternal vitamin D and
LBW!7. 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)820,
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 industry mainly 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 (72 19 851). Women who had multiple fetuses
(n 153), fetal death (72 52), stillbirth (72 5) or incorrectly reported
infant birth weight (1 1; 353 g) were excluded from the study.
The final study population were 19 640 (online Supplementary
Fig. S1). Oral informed consent was 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 D,
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 sp, 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 and D measurement,
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 <2500g was
defined as LBW®P, while birth weight >4000 g was defined as
macrosomia®®?. 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®,
vitamin A (retinol) were categorised into deficient (<0-7 pmol/
D, insufficient (0-7-1-05 pmol/D, adequate (1-05-2-45 pmol/D)
and excessive (>2-45 pmol/D). Vitamin E concentrations were
classified into three groups, deficient (<5-0 mg/D), adequate
(5-0-20-0 mg/D) and excessive (>20-0 mg/D®. 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 >100ng/ml as excess according to the
Endocrine Society and the American Association of Clinical
Endocrinologists?#2>.

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/m?). 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?”,

concentrations of serum

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 y? tests. Multiple logistic regression analysis was fur-
ther performed to assess the independent effect of different con-
centrations  (deficiency, sufficiency  and
excessiveness) of vitamins in each trimester on LBW/macroso-

insufficiency,

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’
package were used for data analyses. Variables witha P < 0-10 in
1 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 ¢ test. A Pvalue 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/m?, 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

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 344
Maternal education

Below high school 4114 214

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 397
Maternal pre-pregnancy BMI (kg/m?)

<18-50 2129 110

18-5-23-99 12 145 63-1

24.00-27-99 3756 195

>28-00 1222 6-4
Gestational weight gain (kg)

<10 2089 133

10-17 8665 55.0

>17 5001 31.7
Folic acid usage

Yes 17 904 91.2

No 1736 88
Preterm birth

Yes 771 39

No 18 869 96-1
Newborn sex

Boy 10 103 51-4

Girl 9537 486
Infant birth weight status

Low birth weight 518 2:6

Normal 17 526 89-2

Macrosomia 1596 82

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).
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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 (umol/l) 1.54 1.57 1.50
Qf1, Q3 (pmol/l) 1.33, 175 1.36, 178 1.33,1.75
Deficient 10 0-1 7 0-1 2 0-1
Insufficient 454 27 161 29 93 4.2
Adequate 16 065 96-2 5283 95.7 2077 94.8
Excessive 174 1.0 69 1.3 20 09
Vitamin E 16 073 5520 2192
Median (mg/l) 10-0 146 16-0
Qf1, Q3 (mg/l) 87,115 123,172 14.0, 184
Deficient 14 01 0 0 0 0
Adequate 16 648 99.7 5028 911 1892 86-3
Excessive 41 02 492 8-9 300 137
Vitamin D n/a 11 634 6609
Median (ng/ml) n/a 26-2 26-1
Q1, Q3 (ng/ml) 184, 34-3 185, 34.5
Deficient n/a 3447 29-6 1972 298
Insufficient n/a 3823 329 2157 326
Adequate n/a 4364 375 2480 375
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
n % n % n % P*
Maternal age (years)
<20 4 29 120 87-6 13 95 <0-001
21-30 311 24 11 499 90-2 937 74
>30 203 30 5907 874 646 9-6
Maternal education
Below high school 117 2.8 3638 884 359 87 0-039
High school or college 212 28 6831 89-3 605 79
University or higher 180 2:4 6711 89-8 581 7-8
Maternal ethnicity
Han 494 27 16 470 892 1503 81 0410
Other race 24 21 1055 90-0 93 7-9
Parity
Primiparous 330 2.8 10 596 895 919 7-8 0-022
Multiparous 188 2:4 6930 889 677 8.7
Maternal pre-pregnancy BMI (kg/m?)
<18-50 63 30 1988 934 78 37 <0-001
18-5-23.99 312 26 10 958 90-2 875 72
24.00-27-99 104 2.8 3231 86-0 421 11-2
>28-00 31 25 1018 83-3 173 14.2
Gestational weight gain (kg)
<10 112 54 1872 89-6 105 5.0 <0-001
10-17 191 22 7950 917 524 60
>17 64 1.3 4353 87-0 584 11.7
Folic acid usage
Yes 472 2:6 15981 89-3 1451 81 0-936
No 46 26 1545 89.0 145 84
Preterm birth
Yes 326 42.3 442 573 3 0-4 <0-001
No 192 1.0 17 084 90-5 1593 84
Newborn sex
Boy 248 25 8825 874 1030 10-2 <0-001
Girl 270 2.8 8701 912 566 59

*The P value is reported from 42 test.
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Table 4. Association between vitamin A, E and D status and low birth weight (LBW) or macrosomia by univariate analysis

First trimester

Second trimester Third trimester

Vitamin Normal Macro- Normal Macro- Normal Macro-
concentrations LBW weight somia P LBW weight somia P LBW weight somia P
Vitamin A
Deficient/ 9 429 26 0-090 6 146 16 0-689 0 89 6 0-178
insufficient
Adequate/ 430 14 498 1311 140 4746 466 69 1874 154
excessive
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 4 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)
First trimester Second trimester Third trimester
Vitamin concentrations LBW: n % OR 95% ClI LBW: n % OR 95 % ClI LBW: n % OR 95 % ClI
Vitamin A
Deficient/insufficient 13 2.0 097 0-65, 1-52 26 3.2 0-99 0-69, 1-50 n/at n/a
Adequate 492 29 1 482 28 1 n/a n/a
Excessive 13 81 1.09 0-50, 3-36 10 74 1.09 047, 3-83 n/a n/a
Vitamin E
Adequate n/a n/a 483 29 1 430 28 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 25 1
Insufficient n/a n/a 177 29 1.01 0-80, 1-27 198 32 1.02 0.82, 1.27
Adequate n/a n/a 198 30 1.00 0-80, 1-26 194 2:8 1-007 081, 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.

1 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.

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 A was 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
(OR1-27,95% 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 correlated with the risk of macrosomia positively
in all trimesters. Among women of non-preterm delivery,
vitamin A concentrations of those who had LBW infant were
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Table 6. Association between vitamin A, E and D concentrations and macrosomia by multiple logistic regressionst
(Numbers and percentages; odds ratios and 95 % confidence intervals)
First trimester Second trimester Third trimester
Vitamin concentrations Macrosomia:n % OR 95%Cl Macrosomia:n % OR 95% Cl  Macrosomia:n % OR 95%Cl
Vitamin A
Deficient/insufficient 46 71 098 072,1.34 66 79 120 093, 1.56 n/at n/a
Adequate 1475 83 1 1466 83 1 n/a n/a
Excessive 20 12.0 1.28 0-79, 2.08 9 68 059 029118 n/a n/a
Vitamin E
Adequate n/a n/a 1408 81 1 1294 81 1
Excessive n/a n/a 133 98 1.30* 1.07, 1-59 247 88 106 091,122
Vitamin D
Deficient n/a n/a 449 83 17 412 84 1
Insufficient n/a n/a 534 84 1.00 088,1-15 507 79 092 0-80,1-06
Adequate n/a n/a 558 81 098 086,113 622 85 099 086,113

n/a, Not available.
* P<0-05.

1 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.
1 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.

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®”. The hospital was next to the rail-
way station geographically so that it received patients with com-
plex disorders nationwide, 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 baby with LBW was 2:79 %%, almost
the same as ours. The prevalence of macrosomia during 2013—
2017 in Hebei province was 63 %%, slightly lower than our
result, reflecting the development level between two areas, in

under which condition

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®3®. 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®. 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®?. 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®?. 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 %)3137). We believe that the relatively small sample
size of the former two studies (7 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®. 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“?.
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®®. 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."? 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®®. 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™®.
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
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Table 7. Association between vitamin A, D and E concentrations (Z-score) and low birth weight (LBW) and macrosomiat

(Odds ratios and 95 % confidence intervals)

Third trimester

Second trimester

95 % Cl

First trimester

Macrosomia 95% ClI

LBW 95 % Cl

95 % ClI

Macrosomia

LBW

Macrosomia 95 % ClI

95 % Cl

LBW

Vitamin A

13 268 3902 4142 1553 1619

12 565

Number of subjects

in the analyses

1.01,1-29 0.97 0-90, 1-04 1.31* 1.05, 1-63 0-79* 0-70, 0-89 2.00* 1.45,2.74 0.77* 0-62, 0-95

1-14*

Vitamin E

13 268 3902 4142 1553 1619

12 565

Number of subjects

in the analyses

1.28* 1.06, 1-54

0-91 0-63, 1-32

1.27% 1-11,1-46

1.07* 1.00, 1-14 0-93 072, 1-20

0-80, 1-06

0-92

Vitamin D

8677 9200 4939 5177

n/a

n/a

Number of subjects

in the analyses

OR

0-87* 0-77, 0-98

095, 1-12 1.02 081, 1-29

03

1.

0-94, 1-29

110

n/a

n/a

n/a, Not available.

*P<0-05.

1 Maternal age, preterm birth, sampling time, gestational weight gain were adjusted when taking LBW as outcome. Maternal age, education level, parity, preterm birth, newborn sex, sampling time, pre-pregnancy BMI, gestational weight gain

were adjusted when taking macrosomia as outcome. Pre-pregnancy height and examination season were additionally adjusted for vitamin D analyses.

W. Yang et al.

et al. that elevated vitamin A in mid-pregnancy might be associ-
ated with an increased risk of SGA"?. And in later pregnancy,
serum vitamin A was negatively related with fetal growth®,
The association could be explained by inadequate haemodilu-
tion or defective transport®®. 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“®. 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“”, This relation
can also be explained by the low blood expansion®. 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 women who 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-
mal weight 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'”, 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 the maternal 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 Tongzhou may 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.
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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 (umol/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 -2172 0-030
n/a, Not available.
*No woman had a preterm birth and macrosomia infant in the third trimester.
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