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Background: The relationship between vitamin A levels and gestational diabetes mellitus (GDM) is not well understood, and
prospective studies are lacking.

Methods: This was a prospective, longitudinal study. A total of 391 women in early pregnancy were recruited between October and
December 2018 at Shunyi District Maternal and Child Health Hospital (Beijing, China). Serum vitamin A concentration was measured
at enrollment. GDM was diagnosed on the basis of a 75 g oral glucose-tolerance test at 2428 weeks of follow-up. Logistic regression
was used for the analysis.

Results: None of the subjects in the cohort had vitamin A deficiency or excess. At the follow-up, 76 participants had developed GDM.
Participants who developed GDM were older and had higher body mass index, fasting insulin, HbA,, fasting glucose, homeostasis
model assessment for insulin resistance, triglyceride, low-density lipoprotein cholesterol, and high-sensitivity CRP levels, as well as
higher serum vitamin A levels at baseline. On logistic multivariate analysis, higher vitamin A was positively associated with higher
risk of GDM. The adjusted OR was 2.85 (95% CI 1.04-7.80, P=0.042) for Q4 versus Q1 and 1.59 (95% CI 1.11-2.28, P=0.011) for
every 1 SD increase in serum vitamin A levels. In participants within the vitamin A reference range (0.33-0.78 mg/L), the positive
association also maintained significance.

Conclusion: Higher serum vitamin A levels were associated with higher GDM risks, even within the reference range. The results and
possible mechanisms need to be further verified and clarified.
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Introduction

Vitamin A is a fat-soluble essential nutrient that can be obtained from plant and animal food and affects numerous basic
physiological functions, including growth, vision, and metabolism.' Vitamin A circulates mainly in the form of RBP4,
which is transported to tissue and converted into retinoic acid. In past years, vitamin A deficiency was a significant public
health concern, especially in developing countries, and vitamin A supplementation during pregnancy is suggested.”
However, in recent years, serum concentrations of vitamin A in pregnant women in China, especially in Beijing, have
gradually increased.’

Gestational diabetes mellitus (GDM) is one of the most common complications during pregnancy and is also globally
increasing in prevalence.* GDM is associated with adverse obstetric and neonatal outcomes, and also increases the risk of
future type 2 DM, obesity, and cardiovascular disease in mother and child.”® Several risk factors for GDM have been
identified, such as previous GDM, obesity, and polycystic ovary syndrome.” Although maternal nutritional status has also
been linked to GDM,’ the relationship between vitamin A and GDM is not well understood.

Research in this area has mainly focused on RBP4, and most studies have found that RBP4 concentrations were
significantly positively associated with a higher risk of GDM.® However, retinol, the main circulating form of vitamin A,
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has been far less studied. A retrospective study found that vitamin A levels in early pregnancy had a nonsignificantly
positive association with GDM.? Another retrospective case—control study found that lower first-trimester concentrations
of retinol were associated with a risk of insulin-treated GDM.'® So far, no prospective studies have investigated the
relationship between serum vitamin A levels in early pregnancy and the incidence of GDM. In the present study, we

examined maternal vitamin A concentrations in the first trimester and risk of GDM during follow-up.

Methods

The study protocol was approved by the Ethics Committee of Peking Union Medical College Hospital (approval
document hs-1646). This study also followed the Declaration of Helsinki, and all participants signed a written informed
consent form before recruitment.

Study Population

The analysis of this study was based on a prospective longitudinal cohort study aiming to identify risk factors for adverse
pregnant and perinatal outcomes in pregnant women, and more details can be found in our previous published work.'" In
short, 432 women in early pregnancy were recruited between October and December 2018 at the Shunyi District
Maternal and Child Health Hospital (Beijing, China) as the baseline. Women were disqualified from participation if
they 1) had not experienced a singleton pregnancy, 2) had laboratory-confirmed fasting glucose >6.1 mmol/L, HbA
>6.5%, or a prior diagnosis of DM before conception, 3) had a record of autoimmune diseases, including systemic lupus
erythematosus, or were currently on corticosteroids, 4) had a confirmed diagnosis of hyperthyroidism or hypothyroidism,
5) had a miscarriage or induced delivery before undergoing a 75 g oral glucose tolerance test during the 24- to 28-week
gestation period, 6) had a history of liver or kidney malfunction or suspected acute inflammation indicated by CRP
>10 mg/L, or 7) lacked complete records of vitamin A measurements.

A standard questionnaire was used to collect demographics, lifestyle, medical and family history, parity status, and
use of multinutrient supplements at baseline. All participants were regularly followed up during the entire pregnancy in
the same hospital, and at 2428 weeks of gestation, a 75 g oral glucose-tolerance test was administered to all participants.
GDM was diagnosed based on the IADPSG criteria:'* fasting plasma glucose (FPG) >5.1 mmol/L, 1 h PG >10 mmol/L,
and 2 h PG >8.5 mmol/L. A total of 391 women with complete data were eligible for analysis. A participant inclusion

and exclusion flowchart is presented in Figure 1.

432 Chinese pregnant women in early
pregnancy

Diagnosed with diabetes before
pregnancy(n=1)

Blood sample were obtained from 431

pregnant women With definite thyroid disease(n=6)
C-reactive protein>10mg/L(n=11)
Fasting glucose>6.1mmol/L(n=2)

412 potential participants

Miscarried or induced labor before
the 75-g OGTT(n=10)

402 participants completed the 75-g
OGTT

I Without vitamin A data(n=11)

391 women with complete data were
eligible for analysis

Figure | Flowchart of participant inclusion and exclusion.
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Anthropometric Measurements
A portable stadiometer was used to measure height to the nearest 0.1 cm. A calibrated scale was used to measure weight
vertically to the nearest 0.1 kg. Body mass index (BMI) was calculated as weight (kg)/height (m?).

Biochemical Measurements

Blood samples were collected from all participants during the first visit (before 12 weeks of pregnancy) after overnight
fasting (=8 h). PG, insulin, hemoglobin, high-sensitivity CRP (hs-CRP), triglyceride (TG), total cholesterol (TC), high—
density lipoprotein cholesterol (HDL-C), and low—density lipoprotein cholesterol (LDL-C) levels were measured as per
previous publications.'"!* The homeostasis model assessment for insulin resistance (HOMA-IR) was calculated as (FPG
[mmol/L] x fasting serum insulin [mIU/mL])/22.5.

Serum vitamin A concentrations were measured using rapid liquid chromatography—tandem mass spectrometry (LC-
MS/MS) on an Acquity UPLC system (Waters, Milford, MA, USA) in tandem with an AB Sciex 4000 QTrap system
(Applied Biosystems, Foster City, CA, USA). The normal reference range for vitamin A is 0.33-0.78 mg/L. Levels of
vitamin A <0.2 mg/L indicates a deficiency, whereas a level over 1.2 mg/L indicates an excess of vitamin A, according to
the Mayo Medical Laboratory.

Statistical Analysis

Continuous data with normal distribution are expressed as means + SD, while those with abnormal distribution are expressed
as medians (interquartile range). Categorical variables are expressed as percentages or proportions. Student’s #-test, Mann—
Whitney U test, or y° test was used for comparison between groups. Associations between serum vitamin A levels at baseline
and GDM incidence during follow-up were assessed using logistic regression analyses adjusted for confounding factors. ORs
and 95% CI were computed for every 1 SD increase in and quartiles of vitamin A levels. A total of three models were
constructed: Model 1 (not adjusted), Model 2 (adjusted for age, BMI, and parity), and Model 3 (Model 2 + hs-CRP, HOMA-
IR, TG, HDL-C, physical activity, family history of DM, and vitamin A supplementation).

Associations between levels of vitamin A and GDM were evaluated on a continuous scale with restricted cubic spline
curves with four knots, and the model was adjusted for confounding factors as per Model 3. On sensitivity analyses, we
tested the association between vitamin A levels and GDM using logistic regression analyses of participants with normal
vitamin A levels. All statistical analyses were performed using SPSS 25.0 (IBM, Armonk, NY, USA), R 3.6.3, and
Python 3.7. All P values were two-tailed and considered statistically significant at P<0.05.

Results

Baseline Characteristics

Table 1 shows the baseline characteristics of the study population according to GDM status. Participants who developed
GDM during the follow-up period were older and had higher BMI, fasting insulin, HbA ., FPG, HOMA-IR, TG, LDL-C,
and hs-CRP. Participants who developed GDM had less exercise and a higher proportion of family history of DM. None
of the subjects had a vitamin A deficiency or excess. Although most participants had serum vitamin A levels within the
normal range, those with GDM had higher levels.

Table | Baseline characteristics of participants by GDM status

Non-GDM | GDM P

n 324 67
Age (years) 28.9+3.5 30.5+4.0 0.002
Parity (n) I (1) 1 (1) 0.627
Physical activity,n(%)

0-150 minutes per week 163 (50.3) 43 (64.2) 0.015

2150 minutes per week 161 (49.6) 24 (35.8)

(Continued)
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Table | (Continued).

Non-GDM | GDM P
Family history of diabetes,n(%) 23 (7.1) 13 (19.4) 0.002
Vitamin A supplement, n (%) 107 (32.9) 18 (26.9) 0.333
BMI (kg/m?) 22.38+3.61 | 24.85+3.88 | <0.001
Fasting insulin (uU/mL) 7.33 (5.10) | 9.86 (8.80) | <0.001
HbA . (%) 5.0£0.3 5.31£0.6 <0.001
Fasting glucose (mmol/L) 4.4£0.7 4.8%1.1 <0.001
HOMA-IR 1.42 (1.10) | 2.22 (1.89) | <0.001
Triglyceride (mmol/L) 0.89 (0.44) 1.12 (0.54) | <0.001
High-density lipoprotein cholesterol (mmol/L) | 1.55+0.29 1.48+0.26 | 0.053
Low-density lipoprotein cholesterol (mmol/L) | 1.97+0.52 2.19+0.62 | 0.003
Total cholesterol (mmol/L) 4.15+0.69 4.32+0.77 | 0.068
hs-CRP (mg/L) 1.86 (2.64) | 3.41 (4.22) | <0.001
Serum vitamin A (mg/L) 0.45+0.10 0.51£0.12 <0.001
0.13) (0.16)

Serum vitamin A status,n(%) 0.212

Within reference range (0.33—0.78mg/L) 293 (90.4%) | 63 (94%)

Above upper limit (>0.78mg/L) 1 (0.3%) 1 (1.5%)

Below lower limit (<0.33mg/L) 30 (9.3%) 3 (4.5%)

Deficiency/excess (<0.2 or >1.2mg/L) 0 0

Notes: Continuous data with normal distribution are expressed as means * SD, while those with abnormal
distribution are expressed as medians (interquartile range). P<0.05 indicated in bold.

Abbreviations: BMI, body mass index; HbA ., hemoglobin A|; HOMA-IR, homeostasis model assessment for
insulin resistance; hs-CRP, high-sensitivity CRP.

Baseline Vitamin A and Risk of GDM During Follow-Up

On logistic regression analyses, 1 SD increase and the highest quartile of baseline vitamin A were significantly and
positively associated with increased risk of GDM during follow-up after adjusting confounding factors: adjusted
ORs were 2.85 (95% CI 1.04-7.80, P=0.042) for Q4 versus Q1 and 1.59 (95% CI 1.11-2.28, P=0.011) for every 1
SD increase (Table 2). On sensitivity analyses of participants with vitamin A levels in the normal range, a similar
association was found between higher vitamin A levels and an increased risk of GDM (Table 3). The associations
between vitamin A levels on a continuous scale and GDM risks were linear in all subjects (overall P=0.011, nonlinear
P=0.378) and participants with vitamin A levels in the normal range (overall P=0.012, nonlinear P=0.807; Figure 2).

Discussion
This prospective study aimed to look at how vitamin A levels in blood related to GDM risk. We found that higher
vitamin A in early pregnancy (and even normal vitamin A levels) was positively associated with GDM risks and not

Table 2 Serum vitamin A at baseline and GDM risk during follow-up

Model | Model 2 Model 3

OR (95% CI) P OR (95% ClI) P OR (95% CI) P
Q2 vs. QI 0.92 (0.39-2.19) | 0.857 0.80 (0.31-2.08) | 0.658 | 0.98 (0.36-2.68) | 0.977
Q3 vs. QI 1.33 (0.56-3.18) | 0.520 0.89 (0.33-2.37) | 0.826 | 1.31 (0.47-3.67) | 0.600
Q4 vs. QI 291 (1.33-6.40) | 0.008 2.22(0.93-5.28) | 0.072 | 2.85 (1.04-7.80) | 0.042
| SD increase | 1.78 (1.37-2.32) | <0.001 | 1.57 (1.16-2.13) | 0.004 | 1.59 (1.11-2.28) | 0.011

Notes: ORs for GDM during follow-up were computed by logistic regression analysis for quartiles of serum vitamin A and
for | SD increases in vitamin A. Model |: not adjusted. Model 2: adjusted for age, BMI, and parity. Model 3: Model 2 + hs-
CRP, HOMA-IR, TG, HDL-C, physical activity, family history of diabetes, and vitamin A supplementation. Statistical
significance (bold values) was set at P<0.05.
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Table 3 Serum vitamin A in normal range at baseline and GDM risk during follow-up

Model | Model 2 Model 3

OR (95% CI) P OR (95% CI) P OR (95% CI) P
Q2 vs. QI 0.87 (0.34-2.23) | 0.767 0.90 (0.32-2.52) | 0.855 | 0.92 (0.31-2.69) | 0.884
Q3 vs. QI 1.26 (0.49-3.25) | 0.639 0.97 (0.38-2.50) | 0.961 1.21 (0.45-3.24) | 0.705
Q4 vs. QI 2.69 (1.12-6.48) | 0.027 2.80 (1.18-6.66) | 0.020 | 3.24 (1.18-8.88) | 0.022
| SD increase | 1.64 (1.25-2.15) | <0.001 | 1.68 (1.18-2.38) | 0.004 | 1.71 (1.13-2.58) | 0.011

Notes: ORs for GDM during follow-up were computed by logistic regression analysis for quartiles of serum vitamin A and
for | SD increases in vitamin A. Model |: not adjusted. Model 2: adjusted for age, BMI, and parity. Model 3: Model 2 + hs-
CRP, HOMA-IR, TG, HDL-C, physical activity, family history of diabetes, and vitamin A supplementation. Statistical
significance (bold values) was set at P<0.05.

due to other known risk factors. Prior research has primarily concentrated on vitamin A deficiency, emphasizing its
detrimental impact on both maternal and infant health during pregnancy and postpartum.” Vitamin A deficiency
impairs insulin secretion.’ Certain investigations have revealed that individuals with GDM tend to have lower serum
retinol levels, indicating that GDM serves as an additional risk factor for vitamin A deficiency,'* which has been
attributed to hindrance in the transportation and release of vitamin A from hepatic stores stemming from
hyperglycemia.'

As economic prosperity has grown, vitamin A levels have risen accordingly. A recent study revealed that vitamin
A deficiency among pregnant women in China is now considered a minor public health concern,'® which is consistent
with the present study, where no subjects were found to have vitamin A deficiency. Given the current situation, it is
essential to direct attention towards determining the suitable upper limit for serum vitamin A levels during pregnancy.

A recent study encompassing 119,286 participants from western China proposed a reference range of 0.26—0.63 mg/L
for vitamin A levels in pregnant women during their first trimester,'® but it did not consider adverse maternal or fetal
outcomes. A retrospective study found vitamin A in early pregnancy had a nonsignificantly positive association with
GDM,’ which supports our results to some extent. The other retrospective case—control study found lower first-trimester
concentrations of retinol were associated with risk of insulin-treated GDM,'® which seems contradictory to our results.
However, the average retinol level in the insulin-treated GDM group was comparatively low, suggesting that there could
be individuals with vitamin A deficiency among them, potentially introducing bias to the results.
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Figure 2 Association between vitamin A and GDM using a restricted cubic spline regression model: (A) all subjects; (B) subjects with vitamin A within normal range. Data
were fitted by a logistic regression model with four knots at the 5th, 35th, 65th, and 95th percentiles of vitamin A (reference is the 5th percentile). Solid lines indicate ORs,
and shadows indicate 95% Cls.

Abbreviations: OR, odds ratio; Cl, confidence interval.
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However, the underlying mechanisms that explain the relationship between vitamin A levels and GDM are still unclear. The
primary source of vitamin A intake is diet, where animal products contribute significantly, while plant-based sources serve as
alternative options.'”'® In our study, individuals with elevated serum vitamin A levels also exhibited higher BMI and TG levels,
suggesting a state of excessive nutrition. Given that vitamin A is fat-soluble and GDM is related to adiposity, we speculated that
the relationship between vitamin A and GDM was more likely related to excess adiposity than vitamin A per se. However,
additional research is crucial to validate these observations and provide deeper insights into the specific mechanisms involved.

Our study had some strengths: first, this was the first prospective longitudinal cohort study to evaluate the association
between vitamin A and GDM; and second, the study collected detailed demographic, clinical, and biological information.
There are also limitations to our study: the sample was relatively smal; we did not measure other indicators related to
vitamin A metabolism; and some data, e.g., for diet, sleep, stress, polycystic ovary syndrome, and cigarette smoking,
were lacking, which might cause some bias in the results.

Conclusion
In conclusion, we found a positive association between vitamin A and risk of GDM, even in the current normal reference
range. Further research is required to elucidate this relationship and the underlying mechanisms.

Abbreviations

GDM, gestational diabetes mellitus; BMI, body mass index; Hs-CRP, high-sensitivity CRP; TG, triglyceride; TC, total
cholesterol; HDL-C, high—density lipoprotein cholesterol; LDL-C, low—density lipoprotein cholesterol; HOMA-IR,
insulin resistance.
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