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Background: As an important endocrine hormone regulating glucose metabolism,
fibroblast growth factor 21 (FGF21) is increased in individuals with gestational diabetes
mellitus (GDM) after 24 gestational weeks. However, it is unknown whether the increase in
FGF21 precedes the diagnosis of GDM.

Methods: In this nested case-control study, 133 pregnant women with GDM and 133
pregnant women with normal glucose tolerance (NGT) were identified through propensity
score matching, and serum FGF21 levels were measured at 14 to 21 gestational weeks,
before GDM is routinely identified. The differences in FGF21 levels were compared. The
association between FGF21 and the occurrence of GDM was evaluated using logistic
regression models with adjustment for confounders.

Results: The serum FGF21 levels of the GDM group at 14 to 21 gestational weeks were
significantly higher than those of the NGT group overall (P < 0.001), with similar results
observed between the corresponding BMI subgroups (P < 0.05). The 2nd (OR 1.224,
95% CI 0.603–2.485), 3rd (OR 2.478, 1.229–5.000), and 4th (OR 3.419, 95% CI 1.626–
7.188) FGF21 quartiles were associated with greater odds of GDM occurrence than the
1st quartile after multivariable adjustments.

Conclusions: The serum FGF21 levels in GDM groups increased in the early second
trimester, regardless of whether participants were stratified according to BMI. After
adjusting for confounding factors, the FGF21 levels in the highest quartile were
associated with more than three times higher probability of the diagnosis of GDM in the
pregnancy as compared to levels in the first quartile.

Keywords: FGF21, gestational diabetes mellitus (GDM), nested case-control study, propensity score matching
(PSM), early second trimester
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INTRODUCTION

Gestational diabetes mellitus (GDM), defined as glucose
intolerance during pregnancy, has an incidence of 7% to 17.5%
among pregnant women in China (1–4). GDM can adversely
affect mothers and fetuses, resulting in an increased risk of
delivery-related complications and type 2 diabetes mellitus
(T2DM) (3, 5, 6). Appropriate intervention in pregnant
women with GDM can reduce the risk of adverse pregnancy
outcomes (7–10). Early diagnosis of GDM before 24 weeks of
gestation may provide more time for pregnant women with high
risk of GDM for appropriate intervention. However, early
identification of GDM is very difficult (2, 11), as GDM is a
complex metabolic process of insulin resistance and islet b cell
proliferation disorders (2, 12), with many changes in metabolic
factors preceding hyperglycemia (13, 14).

Fibroblast growth factor 21 (FGF21), an important endocrine
factor regulating glucose and lipid metabolism (15–17), may be a
potential factor associated with GDM prediction, as it was
recently found that serum FGF21 increased after 24 gestational
weeks in GDM patients (18–20). Studies showed that FGF21
reduces blood glucose and regulates blood lipids without causing
hypoglycemia in obese or type 2 diabetes patients (21–23), and
FGF21 increases insulin sensitivity and improves islet b cell
secretion and proliferation (15, 22, 23). As a metabolic factor,
FGF21 increases in type 2 diabetes and obesity patients (23, 24),
which might be a kind of compensation for insulin deficiency
(25) and one study confirmed that serum FGF21 increased
before type 2 diabetes was diagnosed in women (26). Due to
FGF21 increasing in both GDM and T2DM and the similarity of
the pathogenesis of these two diseases (2), we hypothesized that
increases in FGF21 compensate for GDM. FGF21 may increase
earlier than we are generally aware, and this increase may
precede the hyperglycemia of GDM. However, to the best of
our knowledge, no study has focused on the changes in FGF21
before the diagnosis of GDM.

Therefore, we intend to analyze the difference in serum levels
of FGF21 between individuals with GDM and those without
GDM early in the second trimester and analyze the relationship
between FGF21 and GDM through a nested case-control study
by propensity score matching to eliminate confounding factors.
MATERIALS AND METHODS

Study Population
This study was a nested case-control design carried out by
screening the Down’s syndrome screening cohort (14–21
gestational weeks) between January 2019 and October 2019
and was approved by the Ethics Committee of Obstetrics and
Gynecology Hospital of Fudan University. All participants were
informed of the purpose of the study and signed informed
consent forms. Among the cohort of 2,540 participants, 1,368
pregnant women signed informed consent forms for our study.

The inclusion criteria: women with a singleton pregnancy in
the Down’s syndrome screening cohort (14–21 gestational
Frontiers in Endocrinology | www.frontiersin.org 2
weeks) and records of oral glucose test (OGTT) at 24 to 28
weeks of pregnancy. A total of 1247 pregnant women who met
the inclusion criteria were included in the study. Individuals with
any of the following were excluded: no GDM diagnostic
information; pregnancy with twins or triplets; diabetes history;
malignant tumors; serious metabolic diseases including
Cushing’s syndrome, hyperthyroidism and hypothyroidism; or
severe hypertension.

One hundred forty subjects were diagnosed with GDM by a
75-g oral glucose test (OGTT) at 24 to 28 weeks of pregnancy
according to the Diagnostic Criteria for Gestational Diabetes
issued by the International Association of Diabetes and
Pregnancy Study Groups (27, 28). GDM was diagnosed if any
one of the following was met: (1) fasting plasma glucose ≥5.1
mmol/L; (2) 1-h plasma glucose ≥10 mmol/L; or (3) 2-h plasma
glucose ≥8.5 mmol/L.

Finally, 133 individuals with GDM and 133 individuals with
normal glucose tolerance (NGT) were identified as our research
subjects through propensity score matching. In the process of
object matching, the following multiple covariates and potential
confounding factors associated with GDM were considered: age,
body mass index (BMI) early in the second trimester, ethnicity,
and the number of parities. Since all GDM subjects were Han
Chinese and the number of parities is similar (zero or one) in
Chinese women, age and BMI were finally determined as
matching variables. The GDM and NGT pregnant women
were matched in a 1:1 ratio using the nearest neighbor
algorithm (caliper width 0.04 of the SD for the logit propensity
score) without replacement. The flowchart of the selection of the
analyzed GDM population and the matched control population
is shown in Figure 1.

Considering that BMI is an important factor that affects
FGF21 levels and the occurrence of GDM (29–32), comparative
analyses of the BMI subgroups were performed in this study.
Participants were grouped on the basis of the Chinese BMI
classification standard into underweight (BMI < 18.5 kg/m2),
normal weight (18.5 ≤ BMI < 24 kg/m2), overweight (24 ≤ BMI <
28 kg/m2) and obese (BMI ≥ 28 kg/m2) subgroups (33).

Detection of Serum FGF21
Serum was collected during Down’s syndrome screening (14–21
gestational weeks) and stored at −20°C. The serum levels of
FGF21 were detected by an Abcam ELISA kit (ab222506,
Cambridge, UK).

Statistical Analysis
All statistics were performed by SPSS software. Psmatch 3.04 of
the R language extender in SPSS software (Version 25.0; IBM,
NY, US) was used for propensity score matching. The results are
expressed as the mean ± standard deviation if the data followed a
normal distribution, while abnormally distributed measurements
are reported as the median (interquartile range). The t-test,
Mann-Whitney U test, Kruskal-Wallis one-way ANOVA test,
chi-square test, or Fisher’s exact test was used to compare the
differences in variables among groups as required. All reported P
values were two-tailed. Binary logistic regression analysis models
were used to estimate the associations of FGF21 with GDM.
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Model 1 was adjusted for the known risk factors for GDM,
including age, BMI, family history of metabolic diseases and
parity. P < 0.05 was considered statistically significant.
RESULTS

To verify the effect of eliminating confounding factors after
sample matching, the age, BMI, gestational weeks at blood
sampling, gestational weeks at OGTT, family history of
metabolic diseases and parity in the overall GDM and NGT
groups and each corresponding subgroup were compared, and
the results are reported in Table 1. It should be noted that
statistical analysis between underweight subgroups was not
performed due to the small number of cases (2 of GDM, 1 of
NGT). As expected, there was no significant difference in age,
BMI, gestational age, family history of metabolic diseases or
parity between the GDM and NGT groups, regardless of whether
analyzed overall or by corresponding subgroup (P>0.05, Table
1), which suggested that the effect of confounding factors was
sufficiently reduced after matching.
Frontiers in Endocrinology | www.frontiersin.org 3
Then, the differences in serum levels of FGF21 among the
corresponding groups were analyzed (Table 1). The FGF21 levels
of the GDM group [58.59 (33.34–105.03) pg/ml] were
significantly higher than those of the NGT group [24.20
(23.91–67.89) pg/ml] overall (P<0.001), with similar results
observed between the corresponding BMI subgroups (all
P<0.05). In GDM group, the FGF21 levels in the normal BMI
subgroup [51.67 (28.86–87.49) pg/ml] were the lowest, followed
by the overweight group [75.43 (43.52–159.17) pg/ml], and the
levels were highest in the obese group [177.42 (88.89–307.22) pg/
ml], with a significant difference between the obese group and the
normal BMI group (P = 0.002, Bonferroni corrected). However,
there was no significant difference among the different BMI NGT
subgroups (Bonferroni, P = 0.154).

Subsequently, the relationship of FGF21 and GDM was
explored using logistic regression analysis by stratifying study
subjects into quartiles for FGF21 (Q1 ≤ 27.83 pg/ml, Q2 28.00 to
45.82 pg/ml, Q3 46.81 to 83.87 pg/ml, Q4 ≥84.09 pg/ml; Table
2). Compared with Q1, we found that Q3 was associated with a
high risk of GDM (adjusted for age, BMI, family history of
metabolic diseases and parity) (OR 2.478, 95% CI 1.229–5.000;
P = 0.011). Moreover, Q4 was related to a higher risk of GDM
FIGURE 1 | The flowchart of the selection of the analyzed GDM population and the matched control population.
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TABLE 1 | Baseline characteristics of the study population and the serum levels of FGF21 in different groups.

NGT GDM P value

Total
N 133 133 NA
Age (y) 29.54 ± 2.62 29.53 ± 2.27 0.972
BMI (kg/m2) 22.50 (20.85–24.21) 22.80 (20.70–24.50) 0.704
Gestational weeks at blood sampling (w) 16.39 ± 0.92 16.48 ± 0.79 0.393
Gestational weeks at OGTT (w) 25.93 ± 1.36 25.63 ± 1.25 0.339
Family history of metabolic diseases (N) 22 30 0.216
Parity 0.360
0 109(82.0) 103(77.4)
1 24(18.0) 30(22.6)
FGF21 (pg/ml) 24.20 (23.91–67.89) 58.59 (33.34–105.03)** <0.001

BMI (kg/m2) ≥28
N 9 9 NA
Age (y) 28.67 ± 1.73 28.70 ± 1.65 0.967
BMI (kg/m2) 29.73 (28.68–33.59) 30.70 (29.60–32.65) 0.730
Gestational weeks at blood sampling (w) 16.00 ± 1.12 16.44 ± 0.73 0.332
Family history of metabolic diseases (N) 4 2 0.620
Parity 1.000
0 8(88.9) 7(77.8)
1 1(11.1) 2(22.2)
FGF21 (pg/ml) 33.35 (30.60–103.90) 177.42 (88.89–307.22)* 0.011

24≤BMI (kg/m2) <28
N 28 32 NA
Age (y) 29.75 ± 2.96 29.42 ± 2.19 0.625
BMI (kg/m2) 25.48 (24.50–26.40) 25.40 (24.50–26.38) 0.935
Gestational weeks at blood sampling (w) 16.57 ± 1.03 16.63 ± 0.83 0.825
Family history of metabolic diseases (N) 5 13 0.102
Parity 0.165
0 21(75) 29(90.6)
1 7(25) 3(9.4)
FGF21 (pg/ml) 44.20 (27.38–109.83) 75.43 (43.52–159.17)* 0.042

18.5≤BMI (kg/m2) <24
N 95 90 NA
Age (y) 29.59 ± 2.59 29.70 ± 2.35 0.804
BMI (kg/m2) 21.58 (20.39–22.86) 21.55 (20.30–23.03) 0.981
Gestational weeks at blood sampling (w) 16.37 ± 0.86 16.43 ± 0.79 0.621
Family history of metabolic diseases (N) 13 15 0.572
Parity 0.073
0 79(83.2) 65(72.2)
1 16(16.8) 25(27.8)

　 FGF21 (pg/ml) 33.36 (21.74–66.78) 51.67 (28.86–87.49)** 0.005
Frontiers in Endocrinology | www
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Data are presented as the mean ± standard deviation, median (interquartile range) or N (%). Data on age and gestational weeks at blood sampling were compared using the t-test; BMI and
FGF21 were compared using the Mann-Whitney U test; family history of metabolic diseases and parity were compared using the chi-square test and Fisher’s exact test. *P<0.05 and
**P<0.01 compared with the control groups. NGT, normal glucose tolerance group; GDM, gestational diabetes mellitus group; N, number; BMI, body mass index; FGF21, fibroblast
growth factor 21, NA, not applicable.
TABLE 2 | Associations of serum FGF21 concentrations (pg/ml) early in the second trimester of pregnancy with the risk of gestational diabetes mellitus.

FGF21 (pg/ml) (quartiles) NGT (N=133) GDM (N=133) Crude OR adjusted ORa

1st Quartile (≤27.83) 43 (32.3%) 24 (18.0%) 1.000 (referent) 1.000 (referent)
2nd Quartile (28.00–45.82) 39 (29.3%) 27 (20.3%) 1.240 (0.616–2.498) 1.224 (0.603–2.485)
3rd Quartile (46.81–83.87) 28 (21.1%) 39 (29.3%) 2.496 (1.244–5.008) 2.478 (1.229–5.000)
4th Quartile (≥84.09) 23 (17.3%) 43 (32.3%) 3.350 (1.645–6.821) 3.419 (1.626–7.188)
P for trend NA NA 0.002 0.002
Values are given as OR (95% CI).
aAdjusted for age, BMI, family history of metabolic diseases and parity.
OR, odds ratio; CI, confidence interval; NGT, normal glucose tolerance group; GDM, gestational diabetes mellitus group; N, number; BMI, body mass index; FGF21, fibroblast growth
factor 21; NA, not applicable.
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(OR 3.419, 95% CI 1.626–7.188; P = 0.001). This demonstrated
that FGF21 levels significantly increased early in the second
trimester, which was an independent risk factor for GDM.
DISCUSSION

To the best of our knowledge, this is the first study to evaluate
the association between the serum levels of FGF21 and GDM
before recommended routine screening period. Through a
propensity-matched nested case-control study, we found that
the FGF21 levels at 14 to 21 gestational weeks in the GDM
groups were significantly higher than those in the NGT groups,
regardless of whether analyzed overall or by corresponding BMI
subgroup. And higher levels of FGF21 were significantly
associated with a higher risk of GDM. Of note, these
relationships were independent of known risk factors for
GDM, including age, BMI, family history of metabolic diseases
and parity.

Due to the important role of FGF21 in regulating glucose
metabolism in the body, its potential role in GDM has gradually
received increasing attention in recent years. Most of the studies
found that the serum levels of FGF21 in GDM women were all
elevated after 24 gestational weeks. Li et al. and Bonakdaran et al.
found that GDM women had higher levels of FGF21 than NGT
pregnant women at 24 to 28 gestational weeks (18, 34). ŠIMJÁK
et al. found that FGF21 in GDM women was higher than that in
NGT pregnant women at 28 to 32 gestational weeks (35). In
addition, four studies showed that FGF21 was also higher in the
GDM group than in the NGT group in the third trimester and
prenatally (20, 35–37).

Notably, we discovered that FGF21 increased significantly at
14 to 21 gestational weeks before the routine GDM diagnosis
time (24–28 gestational weeks). The impaired glucose tolerance
on pregnancy is a continuum from normal to established GDM
(38). It is possible that glucose tolerance of GDM women is
impaired right at the outset (even outside of pregnancy) than that
of non-GDM women. It may be why FGF21 levels in women
who later were diagnosed with GDMwere higher than those with
normal OGTT. Our findings might make it possible for
considering FGF21 as a predictor of GDM. Moreover, GDM
women with normal BMI account for more than half of all GDM
women in China (1, 2, 30, 39), and the possibility of GDM onset
in women with normal BMI is more likely to be ignored and
difficult to predict. Importantly, we found that the FGF21 levels
of the normal BMI GDM subgroup were significantly higher
than that of the normal BMI NGT subgroup, which provided
important theoretical evidence for the early prediction of GDM
in normal BMI pregnant individuals. Prospective studies are
needed to confirm the predictive value of FGF21 for identifying
the women at high risk of GDM.

In addition, our study showed that higher levels of FGF21
were associated with a higher risk of GDM. Our findings raise an
important question regarding the potential mechanism or
causality for the development of GDM with elevation of
FGF21. As studies have found that FGF21 can improve tissue
Frontiers in Endocrinology | www.frontiersin.org 5
insulin sensitivity, promote the proliferation of pancreatic b-
cells, and increase insulin secretion (15, 22, 23, 25), we suspected
that there was a compensatory effect of FGF21 in pregnant
women before GDM was identified (25). In addition, studies
found that there were some differences in pathogenesis between
obese and nonobese GDM women (2, 33, 40), and in our study,
the FGF21 levels of the obese GDM subgroup were significantly
higher than those of normal BMI GDM subgroup, which
suggested that the mechanism of FGF21 resistance might be
different in GDM women with different BMIs. Therefore,
interventions that influence FGF21 levels based on different
BMIs should be focused on for future research to prevent
subsequent GDM.

Though high-quality results were demonstrated in our study
by eliminating the effects of BMI and age through propensity
score matching in a large cohort, there were still limitations. This
was a retrospective study carried out by a Down’s syndrome
screening cohort, which lacked some important information,
such as real-time blood glucose and glycosylated hemoglobin
levels; therefore, the hyperglycemia and insulin resistance status
of the individuals included were unknown. Therefore, it was not
known whether some individuals already had hyperglycemia at
14 to 21 weeks of gestation, which brought a certain degree of
uncertainty in the clinical value of the availability of high FGF21
levels. Nevertheless, our results still showed that higher levels of
FGF21 were significantly associated with higher detection rate of
GDM, which could provide evidence for the earlier identification
of women at high risk of GDM before the recommended GDM
screening period. Prospective studies are needed to confirm the
clinical value of FGF21 for identifying the women at high risk of
GDM. Another limitation was that the pregnant women in this
study cohort were generally younger than 35 years old; therefore,
research on FGF21 in GDM women over 35 years old still needs
to be performed. However, studies have shown that pregnant
women younger than 35 years old account for more than 85%
of the total number of pregnant women in China (41).
Therefore, the findings of this study are still very instructive
and interesting.

In summary, the serum FGF21 levels in GDM women
increased early in the second trimester, regardless of whether
participants were stratified according to BMI. After adjusting for
confounding factors, the FGF21 levels in the highest quartile
were associated with more than three times higher probability of
the diagnosis of GDM in the pregnancy as compared to levels in
the first quartile. In addition to the currently established clinical
and biochemical risk factors, the circulating concentration of
FGF21 represents a potentially useful new biomarker that can
identify pregnant women at risk for GDM.
DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available on
request from the corresponding author. The data are not publicly
available due to privacy or ethical restrictions. Requests to access
these data sets should be directed to ZW, wzh.0409@163.com.
April 2021 | Volume 12 | Article 630287

mailto:wzh.0409@163.com
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Wang et al. Serum FGF21 Correlates With the Risk of GDM
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the ethics committee of Obstetrics and Gynecology
Hospital of Fudan University. The patients/participants provided
their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS

XX, CY, and ZW contributed to the conception of the study. ZW,
CX, and YZ contributed significantly to analysis and manuscript
Frontiers in Endocrinology | www.frontiersin.org 6
preparation. ZW and MY performed the data analyses and wrote
the manuscript. XX and ZW helped perform the analysis with
constructive discussions. All authors contributed to the article
and approved the submitted version.
FUNDING

This work was partly supported by the Shanghai Municipal
Health Bureau (grant 20204Y0404) and National Natural
Science Foundation of China (81871183), and Shanghai
Committee of Science and Technology (18411963400).
REFERENCES
1. Gao S, Leng J, Liu H, Wang S, Li W, Wang Y, et al. Development and

Validation of an Early Pregnancy Risk Score for the Prediction of Gestational
Diabetes Mellitus in Chinese Pregnant Women. BMJ Open Diabetes Res Care
(2020) 8(1):e000909. doi: 10.1136/bmjdrc-2019-000909

2. McIntyre HD, Catalano P, Zhang C, Desoye G, Mathiesen ER, Damm P.
Gestational Diabetes Mellitus. Nat Rev Dis Primers (2019) 5(1):47. doi:
10.1038/s41572-019-0098-8

3. Yan J, Yang H. Gestational Diabetes in China: Challenges and Coping
Strategies. Lancet Diabetes Endocrinol (2014) 2(12):930–1. doi: 10.1016/
S2213-8587(14)70154-8

4. Zhu WW, Fan L, Yang HX, Kong LY, Su SP, Wang ZL, et al. Fasting Plasma
Glucose At 24-28 Weeks to Screen for Gestational Diabetes Mellitus: New
Evidence From China. Diabetes Care (2013) 36(7):2038–40. doi: 10.2337/
dc12-2465

5. Vounzoulaki E, Khunti K, Abner SC, Tan BK, Davies MJ, Gillies CL.
Progression to Type 2 Diabetes in Women With a Known History of
Gestational Diabetes: Systematic Review and Meta-Analysis. BMJ (2020)
369:m1361. doi: 10.1136/bmj.m1361

6. Yu Y, Arah OA, Liew Z, Cnattingius S, Olsen J, Sorensen HT, et al. Maternal
Diabetes During Pregnancy and Early Onset of Cardiovascular Disease in
Offspring: Population Based Cohort Study With 40 Years of Follow-Up. Bmj
(2019) 367:l6398. doi: 10.1136/bmj.l6398

7. Alwan N, Tuffnell DJ, West J. Treatments for Gestational Diabetes. Cochrane
Database Syst Rev (2009) 3):CD003395. doi: 10.1002/14651858.
CD003395.pub2

8. Yew TW, Chi C, Chan SY, van Dam RM, Whitton C, Lim CS, et al. A
Randomized Controlled Trial to Evaluate the Effects of a Smartphone
Application-Based Lifestyle Coaching Program on Gestational Weight
Gain, Glycemic Control, and Maternal and Neonatal Outcomes in Women
With Gestational Diabetes Mellitus: The SMART-GDM Study. Diabetes Care
(2021) 44(2):456–63. doi: 10.2337/figshare.13073030

9. Brown J, Alwan NA, West J, Brown S, McKinlay CJ, Farrar D, et al. Lifestyle
Interventions for the Treatment of Women With Gestational Diabetes.
Cochrane Database Syst Rev (2017) 5:CD011970. doi: 10.1002/14651858.
CD011970.pub2

10. Yamamoto JM, Kellett JE, Balsells M, Garcia-Patterson A, Hadar E, Sola I,
et al. Gestational Diabetes Mellitus and Diet: A Systematic Review and Meta-
analysis of Randomized Controlled Trials Examining the Impact of Modified
Dietary Interventions on Maternal Glucose Control and Neonatal Birth
Weight. Diabetes Care (2018) 41(7):1346–61. doi: 10.2337/dc18-0102

11. Plows JF, Stanley JL, Baker PN, Reynolds CM, Vickers MH. The
Pathophysiology of Gestational Diabetes Mellitus. Int J Mol Sci (2018) 19
(11):3342. doi: 10.3390/ijms19113342

12. Petra IL, Martin-Montalvo A, Cobo Vuilleumier N, Gauthier BR. Molecular
Modelling of Islet Beta-Cell Adaptation to Inflammation in Pregnancy and
Gestational Diabetes Mellitus. Int J Mol Sci (2019) 20(24):6171. doi: 10.3390/
ijms20246171

13. Ravnsborg T, Svaneklink S, Andersen LLT, Larsen MR, Jensen DM,
Overgaard M. First-Trimester Proteomic Profiling Identifies Novel
Predictors of Gestational Diabetes Mellitus. PloS One (2019) 14(3):
e0214457. doi: 10.1371/journal.pone.0214457

14. Zhao H, Li H, Chung ACK, Xiang L, Li X, Zheng Y, et al. Large-Scale
Longitudinal Metabolomics Study Reveals Different Trimester-Specific
Alterations of Metabolites in Relation to Gestational Diabetes Mellitus.
J Proteome Res (2019) 18(1):292–300. doi: 10.1021/acs.jproteome.8b00602

15. BonDurant LD, Ameka M, Naber MC, Markan KR, Idiga SO, Acevedo MR,
et al. Fgf21 Regulates Metabolism Through Adipose-Dependent and
-Independent Mechanisms. Cell Metab (2017) 25(4):935–44.e934. doi:
10.1016/j.cmet.2017.03.005

16. Salminen A, Kaarniranta K, Kauppinen A. Regulation of Longevity by FGF21:
Interaction Between Energy Metabolism and Stress Responses. Ageing Res Rev
(2017) 37:79–93. doi: 10.1016/j.arr.2017.05.004

17. Staiger H, Keuper M, Berti L, Hrabe de Angelis M, Haring HU. Fibroblast
Growth Factor 21-Metabolic Role in Mice and Men. Endocr Rev (2017) 38
(5):468–88. doi: 10.1210/er.2017-00016

18. Li SM, Wang WF, Zhou LH, Ma L, An Y, Xu WJ, et al. Fibroblast Growth
Factor 21 Expressions in White Blood Cells and Sera of Patients With
Gestational Diabetes Mellitus During Gestation and Postpartum. Endocrine
(2015) 48(2):519–27. doi: 10.1007/s12020-014-0309-8

19. He Q, Zhu S, Lin M, Yang Q, Wei L, Zhang J, et al. Increased GPR120 Level is
Associated With Gestational Diabetes Mellitus. Biochem Biophys Res
Commun (2019) 512(2):196–201. doi: 10.1016/j.bbrc.2019.03.034

20. Dekker Nitert M, Barrett HL, Kubala MH, Scholz Romero K, Denny KJ,
Woodruff TM, et al. Increased Placental Expression of Fibroblast Growth
Factor 21 in Gestational Diabetes Mellitus. J Clin Endocrinol Metab (2014) 99
(4):E591–8. doi: 10.1210/jc.2013-2581

21. Watanabe H, Miyahisa M, Chikamatsu M, Nishida K, Minayoshi Y, Takano
M, et al. Development of a Long Acting FGF21 Analogue-Albumin Fusion
Protein and its Anti-Diabetic Effects. J Control Release (2020) 10(324):522–31.
doi: 10.1016/j.jconrel.2020.05.036

22. Xie T, So WY, Li XY, Leung PS. Fibroblast Growth Factor 21 Protects Against
Lipotoxicity-Induced Pancreatic Beta-Cell Dysfunction Via Regulation of
AMPK Signaling and Lipid Metabolism. Clin Sci (Lond) (2019) 133
(19):2029–44. doi: 10.1042/CS20190093

23. Pan Y, Wang B, Zheng J, Xiong R, Fan Z, Ye Y, et al. Pancreatic Fibroblast
Growth Factor 21 Protects Against Type 2 Diabetes in Mice by Promoting
Insulin Expression and Secretion in a PI3K/Akt Signaling-Dependent
Manner. J Cell Mol Med (2019) 23(2):1059–71. doi: 10.1111/jcmm.14007

24. Reinehr T, Woelfle J, Wunsch R, Roth CL. Fibroblast Growth Factor 21 (FGF-
21) and its Relation to Obesity, Metabolic Syndrome, and Nonalcoholic Fatty
Liver in Children: A Longitudinal Analysis. J Clin Endocrinol Metab (2012) 97
(6):2143–50. doi: 10.1210/jc.2012-1221

25. Fisher FM, Maratos-Flier E. Understanding the Physiology of FGF21. Annu
Rev Physiol (2016) 78:223–41. doi: 10.1146/annurev-physiol-021115-105339

26. Wang Y, Koh WP, Yuan JM, Pan A. Sex-Specific Association Between
Fibroblast Growth Factor 21 and Type 2 Diabetes: A Nested Case-Control
Study in Singapore Chinese Men and Women. Nutr Metab (Lond) (2017)
14:63. doi: 10.1186/s12986-017-0216-0

27. Agarwal MM, Dhatt GS, Shah SM. Gestational Diabetes Mellitus: Simplifying
the International Association of Diabetes and Pregnancy Diagnostic
April 2021 | Volume 12 | Article 630287

https://doi.org/10.1136/bmjdrc-2019-000909
https://doi.org/10.1038/s41572-019-0098-8
https://doi.org/10.1016/S2213-8587(14)70154-8
https://doi.org/10.1016/S2213-8587(14)70154-8
https://doi.org/10.2337/dc12-2465
https://doi.org/10.2337/dc12-2465
https://doi.org/10.1136/bmj.m1361
https://doi.org/10.1136/bmj.l6398
https://doi.org/10.1002/14651858.CD003395.pub2
https://doi.org/10.1002/14651858.CD003395.pub2
https://doi.org/10.2337/figshare.13073030
https://doi.org/10.1002/14651858.CD011970.pub2
https://doi.org/10.1002/14651858.CD011970.pub2
https://doi.org/10.2337/dc18-0102
https://doi.org/10.3390/ijms19113342
https://doi.org/10.3390/ijms20246171
https://doi.org/10.3390/ijms20246171
https://doi.org/10.1371/journal.pone.0214457
https://doi.org/10.1021/acs.jproteome.8b00602
https://doi.org/10.1016/j.cmet.2017.03.005
https://doi.org/10.1016/j.arr.2017.05.004
https://doi.org/10.1210/er.2017-00016
https://doi.org/10.1007/s12020-014-0309-8
https://doi.org/10.1016/j.bbrc.2019.03.034
https://doi.org/10.1210/jc.2013-2581
https://doi.org/10.1016/j.jconrel.2020.05.036
https://doi.org/10.1042/CS20190093
https://doi.org/10.1111/jcmm.14007
https://doi.org/10.1210/jc.2012-1221
https://doi.org/10.1146/annurev-physiol-021115-105339
https://doi.org/10.1186/s12986-017-0216-0
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Wang et al. Serum FGF21 Correlates With the Risk of GDM
Algorithm Using Fasting Plasma Glucose. Diabetes Care (2010) 33(9):2018–
20. doi: 10.2337/dc10-0572

28. International Association of D and Pregnancy Study Groups Consensus P,
Metzger BE, Gabbe SG, Persson B, Buchanan TA, et al. International
Association of Diabetes and Pregnancy Study Groups Recommendations on
the Diagnosis and Classification of Hyperglycemia in Pregnancy. Diabetes
Care (2010) 33(3):676–82. doi: 10.2337/dc09-1848

29. Sorbye LM, Skjaerven R, Klungsoyr K, Morken NH. Gestational Diabetes
Mellitus and Interpregnancy Weight Change: A Population-Based Cohort
Study. PloS Med (2017) 14(8):e1002367. doi: 10.1371/journal.pmed.1002367

30. Hedderson M, Ehrlich S, Sridhar S, Darbinian J, Moore S, Ferrara A. Racial/
Ethnic Disparities in the Prevalence of Gestational Diabetes Mellitus by BMI.
Diabetes Care (2012) 35(7):1492–8. doi: 10.2337/dc11-2267

31. Dushay J,ChuiPC,GopalakrishnanGS,Varela-ReyM,CrawleyM, Fisher FM, et al.
Increased Fibroblast Growth Factor 21 in Obesity and Nonalcoholic Fatty Liver
Disease. Gastroenterology (2010) 139(2):456–63. doi: 10.1053/j.gastro.2010.04.054

32. AkyildizZI,Polat S,YurekliBS,KocabasGU,TuluceK,TuluceSY, et al. Epicardial
Fat, Body Mass Index, and Triglyceride are Independent Contributors of Serum
FibroblastGrowthFactor 21Level inObese PremenopausalWomen. J Endocrinol
Invest (2015) 38(3):361–6. doi: 10.1007/s40618-014-0185-3

33. Li W, Zhang S, Liu H,Wang L, Zhang C, Leng J, et al. Different Associations of
Diabetes With Beta-Cell Dysfunction and Insulin Resistance Among Obese
and Nonobese Chinese Women With Prior Gestational Diabetes Mellitus.
Diabetes Care (2014) 37(9):2533–9. doi: 10.2337/dc14-0573

34. Bonakdaran S, Khorasani ZM, Jafarzadeh F. Increased Serum Level of Fgf21 in
Gestational Diabetes Mellitus. Acta Endocrinol (Buchar) (2017) 13(3):278–81.
doi: 10.4183/aeb.2017.278

35. Simjak P, Cinkajzlova A, Anderlova K, Klouckova J, Kratochvilova H,
Lacinova Z, et al. Changes in Plasma Concentrations and mRNA
Expression of Hepatokines Fetuin A, Fetuin B and FGF21 in Physiological
Pregnancy and Gestational Diabetes Mellitus. Physiol Res (2018) 67(Suppl 3):
S531–42. doi: 10.33549/physiolres.934017
Frontiers in Endocrinology | www.frontiersin.org 7
36. Megia A, Gil-Lluis P, Naf S, Ceperuelo-Mallafre V, Gonzalez-Clemente JM,
Llaurado G, et al. Cord Blood FGF21 in Gestational Diabetes and its
Relationship With Postnatal Growth. Acta Diabetol (2015) 52(4):693–700.
doi: 10.1007/s00592-014-0705-9

37. Tan BK, Sivakumar K, Bari MF, Vatish M, Randeva HS. Lower Cerebrospinal
Fluid/Plasma Fibroblast Growth Factor 21 (FGF21) Ratios and Placental
FGF21 Production in Gestational Diabetes. PloS One (2013) 8(6):e65254. doi:
10.1371/journal.pone.0065254

38. Yee LM, Cheng YW, Liddell J, Block-Kurbisch I, Caughey AB. 50-Gram
Glucose Challenge Test: Is it Indicative of Outcomes in Women Without
Gestational Diabetes Mellitus? J Matern Fetal Neonatal Med (2011) 24
(9):1102–6. doi: 10.3109/14767058.2010.546450

39. Wang H, Zhai F. Programme and Policy Options for Preventing Obesity in
China. Obes Rev (2013) 14(Suppl 2):134–40. doi: 10.1111/obr.12106

40. Fakhrul-Alam M, Sharmin J, Mashfiqul H, Nusrat S, Mohona Z, Rakibul-
Hasan M, et al. Insulin Secretory Defect may be the Major Determinant of
GDM in Lean Mothers. J Clin Transl Endocrinol (2020) 20:100226. doi:
10.1016/j.jcte.2020.100226

41. Xiong T, Chen P, Mu Y, Li X, Di B, Li J, et al. Association Between Ambient
Temperature and Hypertensive Disorders in Pregnancy in China. Nat
Commun (2020) 11(1):2925. doi: 10.1038/s41467-020-16775-8

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Wang, Yuan, Xu, Zhang, Ying and Xiao. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
April 2021 | Volume 12 | Article 630287

https://doi.org/10.2337/dc10-0572
https://doi.org/10.2337/dc09-1848
https://doi.org/10.1371/journal.pmed.1002367
https://doi.org/10.2337/dc11-2267
https://doi.org/10.1053/j.gastro.2010.04.054
https://doi.org/10.1007/s40618-014-0185-3
https://doi.org/10.2337/dc14-0573
https://doi.org/10.4183/aeb.2017.278
https://doi.org/10.33549/physiolres.934017
https://doi.org/10.1007/s00592-014-0705-9
https://doi.org/10.1371/journal.pone.0065254
https://doi.org/10.3109/14767058.2010.546450
https://doi.org/10.1111/obr.12106
https://doi.org/10.1016/j.jcte.2020.100226
https://doi.org/10.1038/s41467-020-16775-8
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	FGF21 Serum Levels in the Early Second Trimester Are Positively Correlated With the Risk of Subsequent Gestational Diabetes Mellitus: A Propensity-Matched Nested Case-Control Study
	Introduction
	Materials and Methods
	Study Population
	Detection of Serum FGF21
	Statistical Analysis

	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


