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Background: Pregnancy-specific vitamin reference ranges are currently not available
for maternal vitamin management during pregnancy. This study aimed to propose
pregnancy-specific vitamin reference ranges and to investigate the factors influencing
vitamin levels during pregnancy.

Methods: A cross-sectional study that included pregnant women from 17 cities in
4 provinces in western China was conducted from 2017 to 2019. A total of 119,286
subjects were enrolled in the study. Serum vitamin A, vitamin D, and vitamin E levels were
measured. A multivariable linear regression model and restricted cubic spline function
were used to analyze the factors related to vitamin levels.

Results: The reference ranges for vitamin A, D, and E levels were 0.22-0.62
mg/L, 5-43ng/mL, and 7.4-23.5 mg/L, respectively. A linear relationship was
found between vitamin E level and age (3 = 0.004; 95% confidence interval [Cl],
0.0037-0.0042; p < 0.001), and a nonlinear relationship was found between vitamin
D (p nonlinear = 0.033) and vitamin A levels and age (p nonlinear < 0.001). Season,
gestational trimester, and regions were related to the levels of the three vitamins in the
multivariable models (o < 0.05).

Conclusions: The lower limit of vitamin A during pregnancy was the same as the
reference value currently used for the general population. The reference ranges of
vitamins D and E during pregnancy were lower and higher, respectively, than the currently
used criteria for the general population. Vitamin A, D, and E levels differed according to
age, season, gestational trimester, and region.

Keywords: vitamin A, pregnancy, vitamin D, vitamin E, reference range

INTRODUCTION

Maternal vitamin levels during pregnancy are closely linked to the health and survival of mothers
and their offspring (1-10). From 1995 to 2005, ~19 million pregnant women had vitamin
A deficiency and ~9.8 million pregnant women had night blindness worldwide, mostly from
Southeast Asia and Africa (11). A systematic review in 2016 reported that more than half of
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pregnant women and newborns had vitamin D deficiency
in five global regions (12). The vitamin levels in pregnant
women remains a global health concern, especially in
developing countries.

Many health organizations have defined thresholds for all
types of vitamin deficiency (13-15). However, the vitamin
reference ranges during pregnancy are still not specified (16,
17). Owing to the physiological changes during pregnancy,
the vitamin reference values may differ from those of healthy
individuals (16). Recent studies that focused on the effects of
multivitamin supplementation on maternal and fetal outcomes
had inconsistent conclusions (4, 7, 9, 10, 18-21). The differences
may be attributed to the different supplement programs, different
regions, and lack of vitamin reference ranges. Vitamin A, D,
and E levels are commonly studied to identify any relation with
adverse perinatal outcomes (22-25). Especially for vitamin D,
establishing prenatal requirement and defining the optimal cut-
off point of adequate vitamin D levels are still challenged and
intensely debated (21, 24).

It is necessary to establish vitamin references during
pregnancy that could provide support for vitamin
supplementation programs for pregnant women. In addition,
information about the nutritional status of these vitamins during
pregnancy based on a large sample survey is lacking in China.
Accordingly, the present study aimed to investigate the levels of
vitamins A, D, and E in >100,000 pregnant women in western
China and to propose reference values of vitamins A, D, and E
for women during pregnancy. We also examined the relationship
between vitamins and potential influencing factors, including
age, pregnancy trimester, season, and regions.

MATERIALS AND METHODS

Population

An epidemiological study was conducted to investigate the
levels of three vitamins during pregnancy in women from
17 cities in 4 provinces in western China between 2017 and
2019. Pregnant women who visited the outpatient clinics of the
Departments of Obstetrics of Hospitals and underwent serum
vitamin measurements were included in the study. The exclusion
criteria were (1) missing measurements of vitamin levels, (2)
missing information on age, and (3) age < 18 years. The ages,
exact time of the vitamin tests, gestational ages, and cities of
residence of the pregnant women were collected. The research
protocols were approved by the Medical Ethics Committee of
the Xi’an Jiaotong University. Written informed consent was
obtained from all subjects.

Laboratory Test

The serum levels of vitamin D2 [25(0OH)D2], D3 [25(0OH)D3],
A (retinol), and vitamin E (a-tocopherol) were assessed using
a liquid chromatography mass spectrometer (Shimadzu LC-
MS8030, Shimadzu, Kyoto, Japan). Standard curves were
established in accordance with the standard material data of the
instrument test (R? > 0.995). The levels of vitamins D2, D3, A,
and E were calculated on the basis of the standard curve function.

Vitamin D level was calculated as the total of vitamin D2 and
D3 levels.

Statistical Analyses

Normal distribution was tested with the Kolmogorov-Smirnov
test and QQ plot for vitamins A, D, D2, D3, and E. Continuous
variables are expressed as means =+ standard deviations
or medians (interquartile ranges). Categorical variables are
presented as numbers (%). The differences in vitamin levels
between the multiple groups were compared using analysis of
variance for normally distributed data and the Kruskal-Wallis
test for non-normally distributed continuous data.

We modeled the trends of the vitamin levels over months
of serum collection with restricted cubic spline functions in
the linear model. The correlations for age in vitamin A and
D levels were fitted with a second-order polynomial. The
relationship between age and vitamin E was fitted with a
first-order polynomial. Restricted cubic splines with a linear
regression model were applied to test the relationship between
vitamin levels and other factors, and to determine whether the
correlation was linear. Three knots were prespecified at the 5th,
50th, and 95th percentiles of vitamin levels. Multivariable linear
models were used to analyze the potential influencing factors
of vitamin E level because of the significant linear relationship
between age and vitamin E level. Vitamin E was log base
10 transformed before the linear regression analysis because
of a right-skewed distribution. Multivariable linear regression
models with restricted cubic splines were used to analyze the
relationships between vitamin D and A levels because of an
evident nonlinear trend between age and vitamin levels. Both
models included age, season, gestational trimesters, and regions.

The vitamin reference ranges were defined as vitamin levels
within the 2.5th and 97.5th percentiles in the study population
and in different seasons and gestational trimesters. Two-sided
p < 0.05 were considered statistically significant. R 3.5.1, and
SPSS 24.0 (SPSS, IL, USA) were used for the statistical analyses
in the study.

RESULTS

Basic Characteristics of the Study

Population

The basic characteristics of the pregnant women are summarized
in Table 1. A total of 119,286 pregnant women were included
in the study. The mean age of the pregnant women was 28.3
+ 4.5 years. Of these, 107,627 (90.2%) were aged < 35 years
and 11,659 (9.8%) were aged > 35 years. Regarding pregnancy
stages, 22,800 patients were in their first trimester, 6,999 were in
their second trimester, and 14,416 were in their third trimester,
accounting for 51.6, 15.8, and 32.6% of the total number of
pregnant women in the first, second, and third trimesters,
respectively, for whom gestational trimester information was
available. In this study, information regarding the exact region
was available for 113,523 pregnant women. Most of the pregnant
women were from the Shaanxi Province (n = 82,735, 72.9%).
The number of vitamin measurements in spring (n = 30,399,
25.5%), summer (n = 33,944, 28.5%), autumn (n = 31,403,
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TABLE 1 | Basic characteristics of study participants.

Characteristic Total Year 2017 Year 2018 Year 2019
n=119,286 n=100,521 n = 8,829 n = 9,936
Age (year) 283+44 283+45 28+45 282+42
Age group, n(%)
<35 107,627 90,345 8,076 (91.5%) 9,206 (92.7 %)
(90.2%) (89.9%)
>35 11,659 (9.8%) 10,176 753 (8.5%) 730 (7.3%)
(10.1%)
Age category, n(%)
<20 1,230 (1.0) 1,000 (1.0) 139 (1.6) 91 (0.9)
20— 76,625 (64.2) 64,531 (64.2) 5,744 (65.0) 6,350 (63.9)
30- 39,711 (33.3) 33,477 (33.3) 2,823(32) 3,411 (34.3
40- 1,720(1.5) 1,513 (1.5) 123 (1.4) 84 (0.9)
Gestational age, n(%)?
1st trimester 22,800 (51.6) 19,101 (50.4) 1,715 (48.3) 1,984 (72.3)
2nd trimester 6,999 (15.8) 5,675 (15) 836 (23.6) 488 (17.8)
3rd trimester 14,416 (32.6) 13,145 (34.6) 999 (28.1) 272 (9.9)
Region, n(%)°
Shaanxi 82,735 (72.9) 66,237 (69.9) 7,715(87.4) 8,783 (88.4)
Ningxia 5509 (4.9) 5,154 (5.4) 254 (2.9) 101 (1.0)
Qinghai 10,846 (9.5) 10,139 (10.7) 567 (6.4) 140 (1.4)
Shanxi 14,433 (12.7) 13,228 (14.0) 293 (3.3) 912 (9.2)
Season of vitamin test, n(%)
Spring 30,399 (25.5) 24,984 (24.9) 2,680 (30.4) 2,735 (27.5)
Summer 33,944 (28.5) 29,141 (29.0) 2,128 (24.1) 2,675 (26.9)
Autumn 31,403 (26.3) 26,850 (26.7) 2,140 (24.2) 2,413 (24.9)
Winter 23,540 (19.7) 19,546 (19.4) 1,881 (21.3) 2,113 (21.3)
Vitamin level
Vitamin A (mg/L) 0.4 0.4 0.38 0.4
(0.33-0.46) (0.33-0.47) (0.32-0.44) (0.34-0.46)
Vitamin E (mg/L) 12.8 12.9 121 1.9
(10.56-15.7)  (10.6-15.9)  (10.2-14.8) (10-14.4)
Vitamin D (ng/mL) 1565 17.8 14.4 14.4
(10.56-22.9) (11.9-26.7)  (9.8-20.9) (9.9-21)
Vitamin D2 (ng/mL) 0.6 - 0.6 0.5
(0.4-0.9) (0.4-0.9) (0.4-0.8)
Vitamin D3 (ng/mL) 13.4 - 13.3 13.5
(9-20) (8.9-20) (9-20)

Age was presented as mean =+ standard deviation and vitamin levels were presented as
median [interquartile range (IQR)].
444,215 cases of gestational age information; 113,523 cases of region information.

26.3%), and winter (23,540, 19.7%) were comparable. The mean
levels (mg/L) of vitamins A, E, D, D2, and D3 were 0.4 (0.33-
0.46), 12.8 (10.5-15.7), 15.5 (10.5-22.9), 0.6 (0.4-0.9), and 13.4
(9.0-20.0), respectively.

Frequency Distribution of the Vitamin

Levels

The distribution histograms and QQ plots of the vitamin levels
are shown in Figure 1. The levels of vitamins A, D, D2, D3, and E
showed an abnormal distribution (p < 0.001), and were right-
skewed. Vitamin A levels had the highest kurtosis (2,314.9 +
0.01) and skewness values (20.2 = 0.01), and the vitamin D levels

were closer to having a normal distribution (kurtosis: 1.53 = 0.04;
skewness: 1.12 = 0.02).

Monthly Variation of the Vitamin Levels

The vitamin levels in different months are shown in Figure 2.
Fluctuations in the vitamin D and D3 levels over time are evident.
Vitamin D and D3 levels were the lowest in January but increased
thereafter. They reached the peak point in August and then
declined. The levels of other vitamins showed a trend to remain
steady over time.

Differences in Vitamin Levels Among the

Gestational Trimesters

The differences in vitamin levels among the different trimesters
are shown in Figure 3. Vitamin D levels were the highest
(14.5ng/mL) in the second trimester, followed by those in the
first (13.1ng/mL, p < 0.001) and third trimesters (11.4ng/mL,
p < 0.001). The vitamin D2 level in the first trimester was lower
than that in the second and third trimesters (both p < 0.001).
Vitamin D3 levels were the highest in the second trimester.
Vitamin A levels were the highest in the second trimester (0.42
mg/L), followed by those in the first (0.41 mg/L, p < 0.001) and
third trimesters (0.37 mg/L, p < 0.001). The vitamin E levels in
the first trimester (11.3 mg/L) was lower than those in the second
(13.8 mg/L, p < 0.01) and third trimesters (16.0 mg/L, p < 0.001).

Differences in Vitamin Levels Among the
Regions

The vitamin A, D, and E levels in the different provinces are
shown in Figure 4. The vitamin D level was the highest in the
Ningxia province (median: 20.05ng/mL) and the lowest in the
Qinghai province (median: 8.0 ng/mL). The vitamin A level was
the highest in the Ningxia province (median: 0.43 mg/L) and the
lowest in the Shanxi province (median: 0.37 mg/L). The Shanxi
province had the highest (median: 15.5 mg/L), while the Shaanxi
province had the lowest vitamin E levels (median: 12.3 mg/L).
The vitamin D2 and D3 levels in the provinces are shown in
Supplementary Figure 1.

Vitamin D levels in the different cities and months are shown
in Figure 5. Vitamin D levels in Xining were the lowest in all
the months. Weinan had the highest vitamin D levels among
all the cities. Among 12 cities, 2 cities in July, 9 cities in
August, and 1 city in September reached the highest vitamin D
level. The vitamin A, D, and E levels in 17 cities are listed in
Supplementary Table 1.

Changes in Vitamin Levels With Age

The changes in the levels of vitamins A, D, and E with age
are shown in Figure 6. The relationships of the vitamin D2
and D3 levels with age are shown in Supplementary Figure 2.
The vitamin A and E concentrations increased with age, while
pregnant women aged 25-35 years appeared to have higher
vitamin D levels than the younger or older pregnant women.

Multiple Factors Influencing Vitamin Levels
The mean vitamin A, D, and E levels in the different
seasons, regions, and gestational trimesters are listed in
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FIGURE 1 | The distribution histograms of vitamin A (A), D2 (B), D3 (C), A (D), and E (E).

Frontiers in Nutrition | www.frontiersin.org 4 March 2021 | Volume 8 | Article 628902


https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

Gao et al.

Vitamin Levels During Pregnancy

25— ° -o— Vitamin D
[ . ;
204 -e- Vitamin D2
S 454 ~- Vitamin D3
2
c (3 -~ Vitamin A
8 & -- Vitamin E
- e
> 10T
051 oo o o3¢ o ¥ .
0.0 | I 1 1 | | | I 1 | | 1
N ) N L L L X
Q\;b & éé\ ?9‘\ é‘zﬁ)\)o b\s}“\ of’e & P
O & N WA
S &«° Q\ O Y
& w9
Months
FIGURE 2 | The vitamin levels in the different months. The median value of each month was shown in the plot.

Supplementary Table 2. The relationships between the potential
influencing factors and vitamin E levels (log transformation)
are listed in Table 2. The relationships of the potential affecting
factors with the vitamin D and A levels with restricted cubic
spline function are presented in Table 3. The estimate for age
(nonlinear) was statistically significant (p < 0.05), which means
that the relationship between age and vitamin D and A levels was
significantly nonlinear. Age, season, gestational trimesters, and
regions were related to vitamin levels.

Reference Ranges of the Vitamins

The reference ranges and pregnancy trimester- and season-
specific reference ranges of the vitamin levels are listed in Table 4.
For vitamin D level, the lower and upper limits were 5 and
43 ng/mL, respectively. The reference ranges for the vitamin A
and E levels were 0.22-0.62 and 7.4-23.5 mg/L, respectively.
The reference intervals of vitamins in pregnant women without
missing values are listed in Supplementary Table 3.

DISCUSSION

The present study summarized the characteristics of vitamins
A, D, and E during pregnancy in women from western
China and established reference ranges for vitamins A, D,
and E during pregnancy based on a large sample size of
pregnant women. We also found that the vitamin levels
differed according to age, season, gestational trimester,
and region.

So far, vitamin deficiency cutoff points for the general
population have been defined on the basis of the different

nutritional statuses and recommendations by health
organizations (13, 14, 23, 27, 28). Pregnancy-specific reference
values have not been proposed by official organizations.
Researchers suggest that the threshold for vitamin deficiency
should be specific in population subgroups, and only one
cutoff point for vitamin deficiency across all populations is
inappropriate. Vitamin levels may vary according to age,
genetics, inflammation, and pregnancy (13). Pregnancy may
induce a series of physiological alterations and subsequent
changes in biochemical indicators (16). Two recent studies
proposed vitamin reference ranges during pregnancy (16, 29).
One study enrolled 368 healthy Caucasian pregnant women
and proposed gestational trimester-specific reference ranges of
vitamin D levels. However, the sample size was not sufficient
to establish reference ranges. Another review summarized the
reference ranges for all vitamins during pregnancy from different
studies. Owing to the different test methods and percentiles
defined for the ranges in studies, the reference ranges for vitamin
levels from a review with high heterogeneity were difficult
to adopt.

Therefore, we proposed the reference ranges of serum vitamin
A, D, and E based on a study with a large sample size
and a consistent measurement technique to contribute to the
management of the micronutritional status of pregnant women
in China. In the reference ranges we proposed, the lower limit for
vitamin A level was the same as the current vitamin A deficiency
cutoff point (0.7 pmol/L; 0.22 mg/L) (23) developed by WHO.
The normal value for vitamin E in the general population is
5-18 mg/L (30). The lower limit of vitamin E levels in our
study was higher. One study found that high maternal vitamin
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E supplements were related to an increased risk of congenital
heart defects (31). This supports our result that pregnant women
maintain higher vitamin E levels than the general population
owing to their pregnancy and may not need additional vitamin
E supplementation. Moreover, the lower limit of the vitamin
D levels in our study (5ng/mL) was much lower than the
current vitamin D deficiency cutoff point (30 nmol/L; 15 ng/mL)
developed by the Institute of Medicine (28) or the cutoft point
(50 nmol/L; 25ng/mL) developed by the Endocrine Society
(27), which suggests that the current cutoff point for vitamin

D deficiency is not suitable for pregnant women. Whether
vitamin D supplementation during pregnancy is needed is still
a controversial issue (32). The WHO has insufficient evidence
to recommend vitamin D supplementation during pregnancy to
protect against adverse outcomes (13, 21, 24). This may be related
to an inappropriate threshold for vitamin D deficiency.

We found that vitamin levels during pregnancy differed
according to age, season, region, and gestational trimesters.
Vitamin A levels were lower in the third trimester than in the
first and second trimesters, which is in agreement with numerous
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TABLE 2 | Related factors with vitamin E levels with multivariable linear regression

model.
Factors [} 95%ClI p
Age 0.004 0.0037 to 0.0042 <0.001
Season
Spring —0.002 —0.006 to 0.0008 0.146
Summer —0.028 —0.031 to —0.024 <0.001
Autumn —0.013 —0.017 to —0.010 <0.001
Winter ref
Gestational trimester
1st timester ref
2nd trimester 0.088 0.085-0.091 <0.001
3rd trimester 0.154 0.151-0.156 <0.001
Region
Shaanxi —0.030 —0.035 to —0.026 <0.001
Ningxia —0.063 —0.069 to —0.057 <0.001
Qinghai —0.027 —0.032 to —0.022 <0.001
Shanxi ref

The four seasons are defined by date: spring, from March to May; summer, from June to
August; autumn, from September to November; winter, from December to February.

previous reports (17, 23, 33-35). This may be ascribed to the
increased plasma volume and accelerated fetal consumption
with increasing gestational age (17, 23). Nevertheless, vitamin
D level had a positive correlation with gestational trimester.
One possible reason is that most pregnant women in China
follow their physician’s order to take calcium supplements
with vitamin D at the mid and late stages of pregnancy.
Recent studies have reported that vitamin D supplementation
during pregnancy could increase maternal and infant vitamin
D concentrations and improve maternal insulin resistance and
fetal growth (24, 36). Although vitamin E supplementation
during pregnancy was not recommended, we still found that
vitamin E levels increased with gestational trimester. This may
be related to its increased absorption efficiency during the course
of pregnancy. To maintain pregnancy and antioxidant function,
the absorption of vitamin E may increase with gestational age
(14, 37). One of the vitamin E transporters vitamin E-binding

TABLE 3 | Related factors of vitamin D and vitamin A with multivariable linear
regression models and restricted cubic spline.

Variables Vitamin D Vitamin A
B 95%CI P B 95%ClI P
Age (overall)? 0.16 0.07-0.26 <0.001 0.004 0.004-0.005  <0.001
Age (non-linear)® 0.033 <0.001
Season
Spring 1.99 1.49-2.50 <0.001 0.08 0.02-0.03 <0.001
Summer 9.739.21-10.25 <0.001 -0.01 —-0.02to —0.01 <0.001
Autumn 5.78 5.24-6.31 <0.001 -0.02 —-0.08to —-0.02 <0.001
Winter ref ref
Gestational trimester
1st trimester ref ref

2nd trimester  3.35 2.93-3.77 <0.001 —0.0003 —0.004 to 0.003 0.864

3rd trimester ~ 5.63 5.08-5.99 <0.001 —0.051 —0.054 to —0.048 <0.001

Region
Shaanxi 10.7 10.1-11.35 <0.001 0.001  —0.005 to 0.006 0.843
Ningxia - 0.03 0.02-0.04 <0.001
Qinghai ref 0.02 0.01-0.02 <0.001
Shanxi - ref

The four seasons are defined by date: spring, from March to May; summer, from June to
August; autumn, from September to November; winter, from December to February.
aoverall association; ®non-linear association.

protein afamin has been reported to increase in maternal blood
with gestational age, which could contribute to the absorption of
vitamin E (25).

Besides gestational trimester, vitamin D and D3 levels were
found to be altered over months and seasons. The reason may be
that vitamin D3, which can be synthesized in the skin by exposure
to sunlight, is the major component of vitamin D. Vitamin D2
can be of plant origin (14). Therefore, vitamin D3 is affected
more by sunlight and season than vitamin D2. In terms of the
influence of districts, we found significant differences in vitamin
A, D, and E levels among provinces, which may be attributed
to the duration of sunlight exposure, clothing, behavior, and
maternal health policies in different regions. Regarding age, we
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TABLE 4 | Reference intervals of vitamin levels in general population and pregnant

women.
Vitamin D Vitamin A Vitamin E
(ng/mL) (mg/L) (mg/L)
Reference values in general >158; >25P >0.22¢ 5-18¢
population
Reference values during pregnancy
Total population 5-43 0.22-0.62 7.4-23.5
Gestational age
1st trimester 5.3-35.6 0.26-0.63 7-19.4
2nd trimester 5.3-45 0.24-0.65 8.56-22.5
3rd trimester 3.2-46.8 0.19-0.62 9.4-26.4
Season
Spring 4.6-33.6 0.23-0.67 7.6-23.9
Summer 7.5-50.4 0.22-0.6 7.2-22.8
Autumn 5.8-41 0.21-0.58 7.4-23.2
Winter 4-31.1 0.22-0.63 7.7-24.2

aGraham (26).

bHolick et al. (27).
®Bastos Maia et al. (23).
9Kratz et al. (30).

found nonlinear relationships between vitamin A and D levels
and age, and a positive linear relationship between vitamin E level
and age. The reason for the change in regulation of the vitamin
levels with age is unclear. Previous studies have reported that
increased plasma levels of 1, 25 (OH), vitamin D3 (calcitriol) and
25(OH)D are related to increased circulating estrogen levels (38—
40). Moreover, estrogen levels increase and reach peak values in
the mid- to late 20s in women and then decline (41). Accordingly,
we speculate that vitamin D levels increased until 30 years of age
and decreased thereafter, owing to the change in hormonal status,
especially estrogen level.

The present study has some limitations. First, the adverse
maternal and fetal outcomes of the study population were not
acquired in this study. In fact, the rate of birth defects in
China has remained 5.6% since 2012. The present vitamin levels
during pregnancy in China did not influence the fluctuation
in the rate of birth defects. Numerous studies have already
demonstrated that vitamin A, D, and E levels are related to
congenital malformation (23, 31, 42, 43). Accordingly, at the
macroscopic level, it may indicate that current vitamin A, D, and
E levels during pregnancy in China may be safe, and vitamin
reference ranges may represent levels of most normal pregnant
women. Although the reference ranges we proposed may be
not precise, it suggests the need for pregnancy-specific reference
ranges for vitamins. Second, although several influencing factors
of vitamin concentrations have already been taken into account,
some potential confounders remain, such as income, educational
level, and vitamin supplementation during pregnancy, which
were not included in the study. Finally, we did not include
all the provinces of China in this study. The study population
was not randomly selected. Further studies with a probability

sampling design to investigate vitamin levels during pregnancy
are needed.

In conclusion, the reference value for vitamin A during
pregnancy was the same as the currently used reference
value in the general population. The reference values for
vitamins D and E during pregnancy were different from the
currently used reference values for the general population, which
may indicate the necessity for establishing pregnancy-specific
reference ranges for vitamins D and E. Vitamin A, D, and E
levels differed according to age, gestational trimester, season,
and region. Evidence from our study may contribute to future
micronutritional management of pregnant women.
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