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Purpose: In order to gain more knowledge on the risk of gestational diabetes mellitus (GDM), and to provide evidence for clinical
guidance on the optimum level of serum folic acid and vitamin B12, this study aimed to clarify the relationship between serum folic
acid and vitamin B12 and the risk of GDM.

Patients and Methods: This retrospective case—control study was conducted based on the clinical information system of the
Maternal and Child Health Hospital of Hubei Province. Clinical data including maternal socio-demographical characteristics, serum
folic acid, and vitamin B12 were collected. Logistic regression analyses and restricted cubic splines were performed to examine the
impact of serum folic acid and vitamin B12 on the risk of GDM.

Results: Significantly elevated risks of GDM were observed in groups with high serum folic acid concentration (OR = 1.84, 95% CI:
1.07-3.16), and in low vitamin B12 concentration (OR = 2.14, 95% CI: 1.26—3.65). After stratified by age, the increased risk of GDM
was still noticed in a low level of vitamin B12 among mothers aged <30 years (OR = 4.76, 95% CI: 1.45—15.61). In mothers with pre
—pregnancy BMI <24, elevated risk of GDM was significantly associated with a high folic acid (OR = 2.09, 95% CI: 1.11-3.93) or
a low vitamin B12 concentration (OR = 2.24, 95% CI: 1.22—4.14). Moreover, the risk of GDM was on the decline with the increased
level of folic acid in the beginning, and it started to manifest an upward trend when the serum folic acid reached 19.02 ng/mL.
Conclusion: This study demonstrated that serum folic acid excess or vitamin B12 deficiency could contribute to the increased risk of
GDM, and revealed the potential side effect of serum folic acid overdose. As serum folic acid and vitamin B12 tests are widely applied
in clinical practice, this finding could help clinicians to evaluate maternal risk from a new perspective.
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Introduction
Gestational diabetes mellitus (GDM) is a common endocrine disease during pregnancy, which is related to the elevated
risk of adverse pregnancy outcomes including cesarean section, premature birth, dystocia, premature rupture of
membranes, intrauterine infection, macrosomia, stillbirth, and fetal malformation." GDM patients also have higher life
—span risks of hyperglycemia in both mothers and their offspring.” The estimated prevalence of GDM was 14.0% in
global, which was 12.7%, 9.2%, and 14.2% in low, middle, and high income countries, respectively.3 Although medical
health-care technology has developed rapidly in recent years, the incidence of GDM is still on the rise and it has become
a global problem.** The prevention of GDM is of great significance to promote the health of mothers and their offspring
worldwide.

As individual modifiable factors, more and more attention has been paid to the effects of micronutrition supplements
on GDM, including folic acid and vitamin B12. Folic acid and vitamin B12, classified as B—family water—soluble
vitamins, are involved in one—carbon metabolism and important reactions for DNA methylation and nucleic acid, amino

acid, and lipid metabolism.® It is well established that dietary and supplemental intakes of folic acid are recommended for
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the prevention of neural tube defects. According to the latest clinical practice guideline by the Society of Obstetricians
and Gynaecologists of Canada (SOGC), women with no history of neural tube defect were recommended to take 400ug
or 1000ug folic acid supplement per day,” while it was 400ug or 800ug recommended by the US Preventive Services
Task Force (USPSTF).® Additionally, total folic acid intake during pregnancy should reach 600ug dietary folic acid
equivalent per day including 400ug folic acid supplements, which is suggested by the Chinese Nutrition Society.’

Folic acid and vitamin B12 closely interacted, and either of their deficiencies could lead to hyperhomocysteinemia
and classical megaloblastic anemia.'® While the overdose of folic acid and vitamin B12 might have potential side effects
on GDM. Previous studies showed controversial results on the relationship between folic acid and vitamin B12 and the
risk of GDM. A study carried out in China by Li et al showed that continuous folic acid supplementation of more than
800pg per day before and during pregnancy could significantly increase the risk of GDM, as confirmed by Zhu et al.'""'
However, another longitudinal study based on the prospective data of the Nurses’ Health Study II showed a dose
—response relationship of the higher the folic acid supplement and the lower the risk of GDM."?

Specifically, serum folic acid and vitamin B12 can indirectly reflect individual supplements consumption.'* The
potential effects of serum folic acid and vitamin B12 on the risk of GDM could provide evidence for the clinical guidance
of nutrition supplements. These blood tests were recommended to assist in clinical assessments, but their deficiency or
excess has no clear standards.'>'® On this point, studies conducted by Li et al and Lai et al showed that higher folic acid
concentrations and lower vitamin B12 concentrations contributed to higher risks of GDM.'”'® Whereas a meta—analysis
conducted by Wang et al found no clear association between serum folic acid and vitamin B12 and GDM risk."” These
inconsistent results promote studies based on different populations to clarify the relationship between folic acid and
vitamin B12 and GDM risk.

In summary, to gain more knowledge on the risk of GDM derived from folic acid and vitamin B12, and to provide
evidence for clinical guidance on the optimum level of serum folic acid and vitamin B12, this study aimed to clarify the
relationship between serum folic acid and vitamin B12 and the risk of GDM.

Materials and Methods
Study Population

This retrospective case—control study was conducted based on the clinical information system of the Maternal and Child
Health Hospital of Hubei Province. Clinical data were obtained from pregnant women who visited the hospital from 2019
to 2021. The inclusion criteria of this study were participants with detailed clinical information including clinical
diagnosis of GDM, the blood test result of serum folic acid and vitamin B12 (756 cases). After removing mothers
with multiple pregnancies (7 cases) or with type 2 diabetes (5 cases), 744 eligible participants including 147 GDM
patients and 597 controls were recruited.

Data Collection

Clinical data including maternal age, pre—pregnancy weight, height, gravidity, family history of diabetes, serum
folic acid and vitamin B12, and GDM diagnostic information were collected from the electronic medical records.
Among them, maternal age was classified into <30, 30—34, and >35 years; and gravidity was classified into three
groups of 1, 2, and >3. The pre—pregnancy BMI was calculated by self—reported pre—pregnancy weight and height
(kg/m?). According to the Chinese standard of obesity, the maternal pre—pregnancy BMI was classified into
underweight (BMI <18.5), healthy weight (18.5-23.9), overweight (24-27.9), and obese (>28). Self-reported
family history of diabetes was defined as one or more clinically diagnosed diabetes patients within three
generations of maternal participants. Serum folic acid and vitamin B12 were measured by the chemiluminescence
method and tested by MAGLUMI 2000 (Shenzhen New Industries Biomedical Engineering Co., Ltd. (Snibe),
Shenzhen, China) CLIA analyser. Data of serum folic acid and vitamin B12 were classified by four interquartile
ranges (IQR) (<10.77, 10.77-14.10, 14.11-19.10, and >19.11 ng/mL; <265.40, 265.40—-334.69, 334.70—405.79,
and >405.80 pg/mL, respectively). Moreover, according to the recommendations of the International Association
of the Diabetes and Pregnancy Study Groups Consensus Panel,”* GDM was diagnosed by 75g oral glucose
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tolerance test (OGTT) during 24—28 weeks of gestation on the following criteria: fasting blood glucose >5.1
mmol/L, and/or 1-hour blood glucose >10.0 mmol/L, and/or 2—hour blood glucose >8.5 mmol/L.

Statistical Analysis

In this study, serum folic acid and vitamin B12 were regarded as the key independent variables, and GDM as a dependent
variable. Additionally, maternal demographic characteristics including age, pre—pregnancy BMI, gravidity, and family
history of diabetes were applied as the covariates. All of the participants were classified into GDM patient group and the
control group. The Shapiro—Wilk tests were applied to the normality examination of continuous variables. Non-normal
continuous variables were presented as median (IQR) and categorical variables were summarized as count (percentages).
The differences in the prevalence of GDM among subgroups stratified by maternal demographic characteristics and folic
acid and vitamin B12 concentrations were compared by Chi—square tests for categorical variables and/or Wilcoxon—
Mann—Whitney tests for continuous variables. Logistic regression analyses were performed to examine the impact of
serum folic acid and vitamin B12 on the risk of GDM, and the corresponding odds ratios (ORs) and 95% confidence
intervals (ClIs) were obtained. The third quartile of folic acid and vitamin B12 were used as references in the logistic
regression models. First, the risks of GDM were evaluated by an unadjusted logistic regression model (model 1) and
a logistic regression model adjusted for age, BMI, gravidity, and family history of diabetes (model 2). Second, the risks
of GDM were further explored by logistic regression models stratified by age with two categories of <30 years (model 3)
and >30 years (model 4) which adjusted for BMI, gravidity, and family history of diabetes. Third, age, gravidity, and
family history of diabetes were adjusted in logistic regression models according to pre—pregnancy BMI of <24 (model 5)
and >24 (model 6). Shapiro—Wilk tests, Chi—square tests, Wilcoxon—-Mann—Whitney tests, and logistic regressions were
performed by SAS 9.4 (SAS Institute Inc., Cary, NC, USA). Moreover, potential nonlinear relationships between serum
folic acid/vitamin B12 and the risk of GDM were examined by the restricted cubic splines (RCS). We adopted RCS with
4 knots, and the medium of folic acid and vitamin B12 were used as references to obtain the ORs. The RCS regression
analysis was performed by R 4.2.1 (The R Foundation for Statistical Computing, Vienna, Austria). Two-sided P<0.05
was regarded as statistically significant.

Results

The prevalence of GDM was 19.76% in this study (Table 1). Mothers aged 30—34 were observed to have the highest
prevalence of GDM (25.51% vs 13.13%, P=0.0005). The median age of GDM patients was significantly higher than the
control group (P=0.0002). Notably, the results showed that a higher prevalence of GDM was observed in mothers with
higher pre—pregnancy BMI (7.94% vs 36.36%, P < 0.0001). The median BMI of GDM patients was significantly higher
than the control group (P < 0.0001). Mothers who have a family history of diabetes presented a higher prevalence of
GDM (41.38% vs 18.88%, P=0.0029).

The serum folic acid and vitamin B12 were categorized into four groups according to the median and
interquartile concentrations, and the prevalence of GDM among the subgroups is shown in Table 2. There was
no significant difference in the prevalence of GDM among the four folic acid levels. Specifically, mothers with
higher levels of serum vitamin B12 concentrations presented a lower prevalence of GDM (29.79% vs 14.52%,
P=0.0004). The median vitamin B12 concentration of GDM patients was significantly lower than the control
group (P=0.0015).

The effects of serum folic acid and vitamin B12 on the risk of GDM are shown in Table 3. Model 1 showed the
unadjusted results of logistic regression analysis, and model 2 was adjusted for age, BMI, gravidity, and family history of
diabetes. Both model 1 and model 2 showed significantly elevated risks of GDM in the Q4 group of folic acid compared
to the Q3 group (OR = 1.70, 95% CI: 1.01-2.86; OR = 1.84, 95% CI: 1.07-3.16, respectively). For vitamin B12, the Q1
group showed increased risks of GDM in model 1 and model 2 (OR =2.48, 95% CI: 1.49—4.15; OR = 2.14, 95% CI: 1.26
—3.65, respectively). And a decreasing trend in the risk of GDM was observed among mothers with higher vitamin B12
concentration (P for trend <0.05). After stratified by age, the increased risk of GDM was still noticed in the Q1 level of
vitamin B12 among mothers aged <30 years (OR = 4.76, 95% CI: 1.45—-15.61), but there were no significant associations
between folic acid/vitamin B12 and the risk of GDM among mothers aged >30 years. Furthermore, among mothers with
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Table | Demographic Characteristics and Clinical Outcomes of Maternal with GDM and Control

Group
Variables GDM Control Group Ve P
N (%) N (%)
Age (years) 15.3998 0.0005
<30 39(13.13) 258(86.87)
30-34 88(25.51) 257(74.49)
235 20(19.61) 82(80.39)
Median (P25, P75) 31(29.33) 30(28.33) - 0.0002
Pre—pregnancy BMI 23.0287 <0.0001
<185 10(7.94) 116(92.06)
18.5-23.9 89(19.35) 371(80.65)
24-27.9 33(28.95) 81(71.05)
228 12(36.36) 21(63.64)
Median (P25, P75) 22(20.24) 21(19.23) - <0.0001
Gravidity 0.8980 0.6383
| 62(18.67) 270(81.33)
2 52(21.76) 187(78.24)
>3 33(19.08) 140(80.92)
Family history of diabetes 8.8858 0.0029
No 135(18.88) 580(81.12)
Yes 12(41.38) 17(58.62)
Total 147 (19.76) 597 (80.24) - -

Notes: Continuous variables were presented as medium (P25, P75); categorical variables were presented with count

(percentage).

Table 2 The Interquartile Ranges of Serum Folic Acid/Vitamin B12 in GDM and Control Group

Variables GDM Control Group Fa P
N (%) N (%)
Folic acid (ng/mL) 4.1178 0.2490
Ql (<10.77) 38(20.54) 147(79.46)
Q2 (10.77-14.10) 36(19.25) 151(80.75)
Q3 (14.11-19.10) 29(15.51) 158(84.49)
Q4 (219.11) 44(23.78) 141(76.22)
Median (P25, P75) 13.98(10.48, 21.66) 14.11(10.81, 18.51) - 0.9267
Vitamin B12 (pg/mL) 18.2443 0.0004
QI (<265.40) 56(29.79) 132(70.21)
Q2 (265.40-334.69) 37(20.00) 148(80.00)
Q3 (334.70—405.79) 27(14.59) 158(85.41)
Q4 (=405.80) 27(14.52) 159(85.48)
Median (P25, P75) 306.10(230.30, 390.50) 341.70(277.45, 410.60) - 0.0015

Notes: Continuous variables were presented as medium (P25, P75); categorical variables were presented with count (percentage).

a pre—pregnancy BMI <24, the Q4 group of folic acid (OR = 2.09, 95% CI: 1.11-3.93) and the Q1 group of vitamin B12
(OR =2.24, 95% CI: 1.22—4.14) had higher risks of GDM. Moreover, multivariable analyses on the associations between
serum folic acid/vitamin B12 and fasting blood glucose/1—hour blood glucose/2—hour blood glucose were presented in
Table S1.
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Table 3 Multivariable Analyses on the Relationships Between Serum Folic Acid/Vitamin B12 and the Risk of GDM

Ql
Q2
Q3
Q4
P for trend

Vitamin BI2 (pg/mL)

2.48(1.49, 4.15)
1.46(0.85, 2.52)
Ref
0.99(0.56, 1.77)
<0.0001

2.14(1.26, 3.65)
1.45(0.83, 2.53)
Ref
0.99(0.55, 1.79)
0.0015

4.76(1.45, 15.61)
2.93(0.87, 9.82)
Ref
1.11(0.28, 4.42)
0.0018

1.71(0.92, 3.15)
1.11(0.58, 2.12)
Ref
1.05(0.54, 2.05)
0.1043

2.24(1.22, 4.14)
1.33(0.70, 2.51)
Ref
1.01(0.52, 1.96)
0.0060

Variables Total Stratified by Age Stratified by BMI
Model | Model 2° Model 3° Model 4° Model 5¢ Model 6°
OR(95% CI) OR(95% CI) OR(95% CI) OR(95% CI) OR(95% CI) OR(95% CI)
(Age<30) (Age=30) (BMI<24) (BMI>24)
Folic acid (ng/mL)
Ql 1.41(0.83, 2.40) 1.47(0.85, 2.56) 1.86(0.63, 5.50) 1.29(0.67, 2.49) 1.53(0.79, 2.99) 1.14(0.42, 3.07)
Q2 1.30(0.76, 2.22) 1.25(0.71, 2.19) 1.64(0.53, 5.07) 1.12(0.58, 2.15) 1.66(0.86, 3.21) 0.59(0.21, 1.66)
Q3 Ref Ref Ref Ref Ref Ref
Q4 1.70(1.01, 2.86) 1.84(1.07, 3.16) 2.33(0.78, 6.90) 1.74(0.92, 3.30) 2.09(1.11, 3.93) 1.03(0.35, 3.06)
P for trend 0.6499 0.5560 0.8923 0.3931 0.5378 0.9299

2.28(0.78, 6.67)
1.87(0.58, 5.98)
Ref
0.89(0.24, 3.26)
0.0438

Notes: *Adjusted for age, BMI, gravidity, and family history of diabetes. bAdjusted for BMI, gravidity, and family history of diabetes. “Adjusted for age, gravidity, and family history of diabetes; bold represent for P < 0.05.
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Figure | The associations between serum folic acid/vitamin BI12 and GDM risk by RCS regression analysis. (A) The association between serum folic acid and GDM; (B) the
association between vitamin Bl2 and GDM. Adjusted for age, BMI, gravidity, and family history of diabetes.

The results of RCS regression analysis are presented in Figure 1 to examine the nonlinear relationships between
serum folic acid/vitamin B12 and the risk of GDM. Serum folic acid showed a bimodal distribution, while vitamin B12
showed a unimodal distribution. In Figure 1A, folic acid and the risk of GDM showed a significant nonlinear relationship
(1*=7.41, P=0.0246), and linear relationship between vitamin B12 and the risk of GDM is observed in Figure 1B
(*=4.85, P=0.0885). The predicted ORs were on the decline with the increased level of folic acid in the beginning, and it
started to manifest an upward trend when the folic acid reached 19.02 ng/mL. Furthermore, the risk of GDM was

decreased in parallel with the increase of vitamin B12 concentration.

Discussion

This study showed that serum folic acid excess or vitamin B12 deficiency could contribute to the increased risk of GDM.
Specifically, serum folic acid and GDM risk presented a significant “J” shape nonlinear relationship, and the optimum
level was below 19.02 ng/mL. This result was double confirmed by the result of logistic regression analysis that the
highest folic acid quartile was related to the significantly elevated risk of GDM. This threshold value was close to what
was recommended for the general population by the WHO based on the Third National Health and Nutrition Examination
Survey (NHANES III) (20 ng/mL).*! Moreover, the relationship between folic acid and the risk of GDM was emphasized
among pregnant women with BMI <24, and the results also pointed out that women aged <30 years with low serum
vitamin B12 should be alert to the elevated risk of GDM.

Most of previous studies documented that higher serum folic acid or lower vitamin B12 levels were detected in GDM
patients. Jankovic-Karasoulos et al reported significantly higher serum folic acid levels in GDM patients,* and
Krishnaveni et al also reported an increased incidence of GDM among B12—deficient women with elevated serum
folic acid.”® After adjusted for age, parity, smoking status, ethnicity, family history, household income and B12 status,
Saravanan et al reported a 11% higher risk of GDM among women with higher serum folic acid concentration.?* Xie et al
further confirmed the trend effects between serum folic acid concentration and the risk of GDM by both logistic
regressions and RCS regressions.”> Moreover, Li et al and Lai et al conducted the joint analysis of serum folic acid
and vitamin B12 and found higher folic acid and lower vitamin B12 might have contributed to the elevated risk of
GDM.7-18

A few studies declared different viewpoints on the associations between serum folic acid and vitamin B12 and the
risk of GDM. A cross—sectional study performed by Guven et al based on 223 mothers found no significant difference in
folic acid and vitamin B12 concentrations among gestational diabetes and other groups.’® A cohort study conducted by
Chen et al showed significant positive dose—response relationships of higher vitamin B12 concentration and increased
GDM risk.”’

The results of this study could partly agree with the above studies that folic acid excess and vitamin B12 deficiency
are hazard factors for GDM. But inconsistent with these studies, this study showed no trend effect on the relationship
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between serum folic acid and the risk of GDM overall. Moreover, to reduce the vitamin B12 and folic acid interaction
and to further elucidate the relationships, the results stratified by vitamin B12 and folic acid showed that the trend effect
of folic acid on the risk of GDM might exist on the circumstances of serum vitamin B12 >334.70 pg/mL, while no trend
effect of vitamin B12 was observed among pregnant women with serum folic acid >14.11 ng/mL (Tables S2 and S3).
These biases on the above results might lie in the differences on study design, population, adjusted variables, and
stratification factors.

What is more, this study showed a declined trend in the risk of GDM in serum folic acid below 19.02 ng/mL. It was
in line with a double—blind randomized controlled clinical trial which showed an effective co—treatment of folic acid for
patients of type 2 diabetes under metformin treatment.”® The potential explanation is that folic acid improves endothelial
dysfunction induced by high homocysteine and helps to improve insulin resistance.”” However, folic acid excess and
vitamin B12 deficiency might have side effects on GDM. A previous study has summarized the potential mechanisms of
the elevated risk of GDM derived from folic acid excess and vitamin B12 deficiency.*® High folic acid and low vitamin
B12 could block the folate cycle, and inhibit the conversion of tetrahydrofolate from 5—methyltetrahydrofolate and
methionine from homocysteine, which affects the production of de novo purine and thymidine and impedes DNA
synthesis in association with insulin resistance.’ Additionally, the accumulated homocysteine and the unmetabolized
folic acid might result in an elevated risk of GDM as well.>*>? Interestingly, the associations mentioned above were only
observed among mothers with BMI <24, and the negative association between vitamin B12 and GDM was observed in
pregnant women aged <30 years. In line with this study, van Weelden et al found no associations between folic acid/
vitamin B12 and the risk of GDM among mothers with BMI >30.** Sufficient studies affirmed that obesity and advanced
maternal age were hazard factors for GDM, and these factors might interfere with the impacts of folic acid/vitamin B12
on the risk of GDM.*>3¢

As numerous studies presented inconsistent results, this study applied both linear and nonlinear regression analysis to
explore the relationships between folic acid and vitamin B12 and the risk of GDM in depth. Additionally, few studies
focused on the subgroups stratified by age and BMI, and this study identified that folic acid excess or vitamin B12
deficiency in pregnant women with BMI <24, or vitamin B12 deficiency in pregnant women aged <30 years were at high
risks of GDM. However, this study has several limitations. Firstly, the data of this study was obtained from a single
hospital, therefore it should be cautious when generalizing the results to other populations. Secondly, this study was
based on hospital information system and only considered the serum folic acid and vitamin B12, and the folic acid and
vitamin B12 supplements were failed to obtain. Thirdly, other confounding factors might be associated with GDM were
neither considered in this study, such as physical exercise, dietary energy intake, and desserts intake et al. Fourthly, this
study only considered only one test results of serum folic acid and vitamin B12, future studies to explore the pathogeny
of GDM based on the dynamic surveillances of serum folic acid and vitamin B12 during the pregnancy period were
promoted.

Conclusion

This study provided strengthened evidence on the relationships between folic acid, vitamin B12, and the risk of GDM,
and revealed the potential side effect of serum folic acid overdose (>19.02 ng/mL). As serum folic acid and vitamin B12
tests are widely applied in clinical practice, this finding could help clinicians to evaluate maternal risk from a new
perspective. Specifically, in pregnant women with BMI <24, an increased risk of GDM was observed in the group of folic
acid excess or vitamin B12 deficiency; and in pregnant women aged <30 years, elevated risk of GDM was also associated
to lower vitamin B12 concentration. Longitudinal studies are warranted to explore the underlying mechanism of the
occurrence of GDM caused by folic acid and vitamin B12 among different populations.

Abbreviations
CI, Confidence Interval; GDM, gestational diabetes mellitus; IQR, interquartile range; OR, Odds Ratios; RCS, restricted
cubic spline.
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