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Abstract

Background: Fibroblast growth factor 19 (FGF19) and FGF21 are considered to be novel adipokines that improve glucose
tolerance and insulin sensitivity. In the current study, we investigated serum FGF19 and FGF21 levels in patients with
gestational diabetes mellitus (GDM) and explored their relationships with anthropometric and endocrine parameters.

Method: Serum FGF19 and FGF21 levels were determined by enzyme-linked immunosorbent assay (ELISA) in patients with
GDM (n = 30) and healthy pregnant controls (n = 60) matched for maternal and gestational age. Serum FGF19 and FGF21
levels were correlated with anthropometric, metabolic, and endocrine parameters.

Results: Circulating levels of FGF19 were significantly reduced in patients with GDM relative to healthy pregnant subjects,
whereas FGF21 levels were increased in GDM patients. Serum FGF19 levels independently and inversely correlated with
insulin resistance (increased homeostasis model assessment of insulin resistance, HOMA-IR) and were positively related to
serum adiponectin in both groups. In contrast, serum FGF21 levels independently and positively correlated with insulin
resistance and serum triglycerides and were inversely related to serum adiponectin. In addition, in the combined population
of both groups, those women with preconception polycystic ovary syndrome (PCOS) history had the lowest levels of FGF19,
which were significantly lower than those in GDM patients without PCOS history and those in controls without PCOS
history.

Conclusions: Circulating FGF19 levels are reduced in GDM patients, in contrast with FGF21 levels. Both serum FGF19 and
FGF21 levels are strongly related to insulin resistance and serum levels of adiponectin. Considering the different situation
between FGF19 and FGF21, we suggest that reduced serum FGF19 levels could be involved in the pathophysiology of GDM,
while increased serum FGF21 levels could be in a compensatory response to this disease.
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Introduction

In the past decade, there has been a significant increase in the

incidence of gestational diabetes mellitus (GDM) [1]. Risks of

adverse maternal and fetal outcomes are increased as a

consequence of GDM [2]. GDM poses an increased risk for

development of type 2 diabetes mellitus (T2DM), obesity, and

even cardiovascular diseases later in life for both mother and child

[3–5]. Hyperglycemia alone does not account for all the

complications of GDM, because GDM pregnancies that are

under optimal control of maternal blood glucose levels can still be

prone to the same gestational and postpartum complications [6].

Insulin resistance, the pancreatic b-cell dysfunction, and lipid

metabolism disorders may contribute to the development of GDM

and GDM associated complications. In recent years, investigators

emphasize the role of cytokines and especially adipocytokines that

influence insulin sensitivity as biomarkers of early impaired glucose

metabolism and insulin resistance [7]. Lower adiponectin concen-

trations in early pregnancy predicted GDM and were positively

associated with b-cell dysfunction [8,9]. Additionally, several

studies have described dysregulation of leptin [10], visfatin [11],

TNF-a [12], and retinol binding protein-4 [13] in GDM. Those

adipokines may involve in pathophysiology of GDM and its

complications.

Fibroblast growth factor 19 (FGF19) and 21 (FGF21) belong to

the ‘‘endocrine’’ sub-group of the FGF superfamily [14]. Recently,

both factors were found to act on multiple tissues (including

adipose tissue) to coordinate carbohydrate and lipid metabolism in

response to nutritional status. Whereas FGF19 was mainly

secreted from the small intestine in response to feeding and has

insulin-like actions, FGF21 was mainly secreted from the liver in

response to extended fasting and has glucagon-like effects [14].

Both factors stimulated glucose uptake in 3T3-L1 adipocytes [15].
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Furthermore, comparable efficacy of both FGF19 and FGF21 was

found to correct body weight and serum glucose in obese and

diabetic rodents and primates [15–17]. In addition to its role in

bile acid homeostasis, FGF19 activated an insulin-independent

endocrine pathway that regulates hepatic protein and glycogen

metabolism without affecting lipogenesis [18]. Additionally,

FGF19 repressed gluconeogenesis in liver. On the other hand, a

prominent feature of the pharmacological studies with FGF21 was

its profound effect on insulin sensitivity. FGF21 improved

pancreatic b-cell function and survival by activation of p44/42

mitogen-activated protein kinase [19]. Interestingly, serum FGF19

levels were lower in T2DM patients with metabolic syndrome and

in obese patients [20,21]. In contrast, increased concentrations of

serum FGF21 have been found in subjects with T2DM and in

obese children and adults [22,23]. Moreover, in two 5 years

follow-up studies, high levels of FGF21 predicted impaired glucose

metabolism and T2DM [24,25]. Dysregulation of FGF19 and/or

FGF21 may contribute to the development of those metabolic

diseases. Alternatively, the altered expression of FGF19 and/or

FGF21 may be involved in a complex adaptive response to these

diseases, or a phenomenon reminiscent of hyperinsulinemia and

insulin resistance.

In contrast to other adipokines, few data on circulating FGF19

or FGF21 concentrations is available in GDM. Only one trial

evaluating serum FGF21 concentrations in GDM showed FGF21

was independently associated with markers of insulin resistance

and an adverse lipid profile in pregnancy [26]. To our best

knowledge, no targeted information about the circulating FGF19

levels in GDM is available. In the present study we investigated

both serum FGF19 and FGF21 concentrations in patients with

GDM in one trial. In addition, we analyzed the association of

serum FGF19 and FGF21 with markers of insulin resistance,

glucose and lipid metabolism, as well as other adipokines.

Subjects and Methods

Ethics statement
The study was approved by the research ethical committee of

The First Affiliated Hospital of Sun Yat-sen University and all

subjects gave written informed consent before taking part in the

study.

Subjects and clinical data
This analysis was conducted as part of an ongoing cohort study

in which pregnant women were recruited at the time of

antepartum screening for GDM. Only ethnically Chinese women

with a singleton pregnancy were included in the study. Overall, 30

pregnant women with GDM and 60 pregnant control women

matched for maternal and gestational age were enrolled in the

study.

The diagnosis of GDM was made when any of the following

plasma glucose values were met or exceeded during a 75-g, 2-hour

oral glucose tolerance test (OGTT) at 24–28th weeks of gestation:

fasting, 5.1 mmol/L, 1 hour, 10.0 mmol/L, and 2 hours,

8.5 mmol/L, according to the criteria established by the Ministry

of Health (MOH) China [27]. Before the diagnostic 75-g OGTT

was done, a fasting plasma glucose (FPG) test had been performed

at the first prenatal visit in the first trimester to exclude previously

undiagnosed preexisting DM ($7.00 mmol/L).

In all subjects the following informations were available: age;

clinical history (including preconception polycystic ovary syn-

drome PCOS history); blood pressure (systolic and diastolic blood

pressure); body mass index (BMI). All subjects were between 18

and 35 years old. The diagnosis of PCOS was based on the

Rotterdam consensus criteria [28]. BMI was calculated as weight

in kg before pregnancy divided by height in m squared and ranged

from 16.18 to 30.61 kg/m2 in all the study population. Patients

with overt diabetes, hypertension, renal and cardiovascular

diseases, preeclampsia, or any other complications were excluded

from the study. All patients with PCOS history received ovulation

induction treatment prior to pregnancy except three patients (two

in the GDM group and one in the non-GDM group) who ovulated

spontaneously after stopping oral contraceptive pills. Type and

duration of induction treatment were not influenced by study

participation. All patients did not take any medication after

spontaneous conception.

Methods
Blood sampling. Blood samples were withdrawn from an

antecubital vein between 08:00 and 09:00 AM after overnight

fasting at the time of OGTT. Blood samples were separated by

centrifugation for 15 minutes at 10006 g after clotting for 30

minutes at room temperature. Serum samples were subsequently

stored in aliquots at 280uC until further analysis of FGF19,

FGF21 and adiponectin levels.

Hormonal and biochemical assays. Serum FGF19 levels

were measured with a sandwich enzyme-linked immunosorbent

assay (ELISA) (FGF19 QuantikineH ELISA kit, Cat. No. DF1900;

R&D Systems, Minneapolis, MN, USA), following the manufac-

turer’s instructions. The standard curve range for the assay was

15.6–1000 pg/ml. Serum FGF21 levels were measured by means

of ELISA (FGF21 QuantikineH ELISA kit, Cat. No. DF2100;

R&D Systems, Minneapolis, MN, USA), following the manufac-

ture’s instructions. The standard curve range for the assay was

31.3–2000 pg/ml. Serum adiponectin levels were measured with

commercial ELISA kit (RayBio Human Adiponectin/Acrp30

ELISA Kit, USA). The standard curve range for the assay was

24.69–18000 pg/ml. All of the above serum samples were assayed

in duplicate, and the mean value of the two measures was used for

the analyses.

Biochemical parameters including insulin, glucose, total, low-

density lipoprotein (LDL), and high-density lipoprotein (HDL)

cholesterol, triglycerides, creatinine were measured in the

Department of Biochemistry of The First Affiliated Hospital of

Sun Yat-sen University, Guangzhou by standard laboratory

methods. Homeostasis model assessment (HOMA-IR) index was

calculated as previously described [29] using the following

formula: fasting serum insulin (mIU/l) 6 fasting serum glucose

(mmol/l)/22.5.

Statistical analysis
All statistical analyses were performed with the Statistical

Package for Social Science version 13.0 (SPSS, Inc., Chicago, IL).

Data are expressed as mean 6 standard deviations for normally

distributed variables, median with interquartile range for skewed

data, and as frequencies for categorical variables. Differences

between groups were assessed by Student’s unpaired t test, Mann-

Whitney U test, or Chi-square test as appropriate. Correlation

analysis was performed using the Spearman rank correlation

method. To identify independent relationships and adjust the

effects of covariates, multiple linear regression analyses were

performed including all parameters with highly significant

correlations in the univariate analysis (P#0.01) as covariates. In

case of parameters strongly related to each other, one represen-

tative covariate was included in the model. HOMA-IR was a

significantly better representative covariate compared with fasting

glucose or fasting insulin. Distribution was tested for normality

using Kolmogorov-Smimov test, and nonnormally distributed

Serum FGF19 and FGF21 Levels in GDM
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parameters were logarithmically transformed before multiple

analysis. P,0.05 was considered statistically significant.

Results

The clinical baseline characteristics of the subgroups studied

(control, GDM) are summarized in Table 1. Because subjects were

matched for maternal and gestational age, both parameters were

similar between the two groups. In addition, there were no

statistically significant differences between GDM patients and

controls with respect to blood pressure, measures of lipid

metabolism (TG, cholesterol) and renal function (creatinine). In

contrast, fasting plasma glucose, 1- and 2-hour glucose values

during 75-g OGTT, fasting insulin, and HOMA-IR were

significantly higher in GDM patients as compared with controls

(P,0.001), whereas serum adiponectin levels were significantly

lower in subjects with GDM (P,0.001). Furthermore, the

prevalence of preconception PCOS history was significantly

higher in patients with GDM than in controls (P = 0.018). Body

mass index was ranged from 16.62 to 29.16 kg/m2 in the GDM

population, 16.18 to 30.61 kg/m2 in the control population. There

was a small but statistically significant increase in preconception

BMI in GDM patients (P = 0.045).

Serum FGF19 levels were significantly lower in patients with

GDM (median: 65.96 pg/ml; interquartile range: 51.76–

90.11 pg/ml) than those in controls (median: 112.62 pg/ml;

interquartile range: 93.35–146.83 pg/ml; P,0.001). In addition,

in the combined population of GDM patients and controls, those

women with PCOS history had the lowest levels of FGF19 (n = 12,

median: 53.97 pg/ml; interquartile range: 35.80–70.80 pg/ml),

which were significantly lower than those in GDM patients

without PCOS history (n = 22, median: 82.73 pg/ml; interquartile

range: 57.87–95.98 pg/ml, P,0.05) and those in controls without

PCOS history (n = 56, median: 116.57 pg/ml; interquartile range:

95.34–151.22 pg/ml, P,0.05, Fig. 1). On the contrary, serum

FGF21 levels were significantly higher in patients with GDM

(median: 124.47 pg/ml; interquartile range: 82.72–189.50 pg/ml)

than those in controls (median: 68.10 pg/ml; interquartile range:

49.23–97.50 pg/ml; P,0.001). Moreover, serum FGF21 levels

were not significantly different in subjects with PCOS history

(n = 12, median: 109.73 pg/ml; interquartile range: 55.96–

174.42 pg/ml) as compared with GDM patients without PCOS

history (n = 22, median: 140.41 pg/ml; interquartile range: 82.72–

189.50 pg/ml, P.0.05) or controls without PCOS history (n = 56,

median: 68.09 pg/ml; interquartile range: 48.38–93.20 pg/ml,

P.0.05, Fig 2). First, the differences of FGF19 and FGF21 levels

between GDM vs. control group were assessed by Mann-Whitney

U test because both serum FGF19 and FGF21 levels in our study

were nonnormally distributed parameters. Then, because BMI is

an important predictor of both FGF21 and FGF19 levels in

human subjects and preconception BMI was different between the

groups in our study. Therefore, after log transformation was

performed for FGF19 and FGF21, both parameters were

compared between women with GDM and those without GDM

by analysis of variance with adjustment for BMI. In specific, data

comparisons between the groups were performed with a univariate

general linear model and preconception BMI was chosen as a

covariate. Similar results were found. The difference in both

FGF19 and FGF21 levels between the groups remained significant

after statistical correction for BMI (P,0.001).

We then investigated the univariate correlation coefficients of

serum FGF19 and FGF21 with clinical, anthropometric and

biochemical (including adiponectin levels) parameters in the

combined population of both groups (Table 2). Serum FGF19

Table 1. General characteristics of the study participants.

Characteristics GDM group(n = 30) Control group(n = 60) P value PCOS group(n = 12)

Age (years) 29.3363.29 28.9563.14 0.592 29.3763.11

Gestational age at OGTT (weeks) 25.3761.25 25.2361.05 0.595 25.5761.16

Body mass index before pregnancy (kg/m2) 21.8063.03 20.3663.37 0.045 21.7363.06

PCOS before pregnancy (yes/no) 8/22 4/56 0.018 –

Systolic blood pressure (mm Hg) 118613 113617 0.623 117611

Diastolic blood pressure (mm Hg) 73611 68614 0.597 72612

Glucose 0 h (mmol/L) 5.0160.64 4.2460.32 ,0.01 4.8660.44

Glucose 1 h (mmol/L) 10.1361.27 7.2361.34 ,0.01 9.3161.22

Glucose 2 h (mmol/L) 8.7060.96 6.3561.01 ,0.01 7.9061.45

Fasting insulin (mU/ml) 13.0764.20 9.2162.94 ,0.01 13.2863.87

HOMA-IR 2.87 (2.08–3.49) 1.74 (1.36–2.10) ,0.01 2.89 (2.08–3.51)

Creatinine (mmol/L) 43611 41613 0.913 41613

Triglycerides (mmol/L) 2.0760.53 1.9360.62 0.306 2.0360.63

Total cholesterol (mmol/L) 6.4861.01 6.1660.86 0.122 6.4760.97

HDL cholesterol (mmol/L) 2.0060.30 1.9160.36 0.216 1.8860.32

LDL cholesterol (mmol/L) 3.5760.80 3.4260.70 0.381 3.5660.77

Adiponectin (mg/ml) 13.5867.21 24.2467.44 ,0.01 16.3767.37

FGF19 (pg/ml) 65.96 (51.76–90.11) 112.62 (93.35–146.83) ,0.01 53.97 (35.80–70.80)

FGF21 (pg/ml) 124.47 (82.72–189.50) 68.10 (49.23–97.50) ,0.01 109.73 (55.96–174.42)

Data are presented as means and SD, counts, or medians and interquartile ranges, as appropriate. HOMA-IR: homeostasis model of insulin resistance; HDL: high-density
lipoprotein; LDL: low-density lipoprotein. P values are presented for comparison between GDM subjects and control subjects. The characteristics of the PCOS group are
shown.
doi:10.1371/journal.pone.0081190.t001
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levels were significantly and negatively associated with fasting, 1-

hour glucose, fasting insulin, HOMA-IR, and triglycerides.

Furthermore, serum FGF19 levels correlated positively with

adiponectin. Whereas serum FGF21 levels positively correlated

with fasting glucose, fasting insulin, HOMA-IR, and triglycerides.

In contrast, adiponectin was found to be negatively associated with

circulating FGF21 levels. The above mentioned relationships were

calculated also in each group separately (data not shown) and were

found similar to those of the combined population. Unexpectedly,

we found no significant correlation of serum FGF19 or FGF21

levels with preconception BMI. In both GDM and control groups,

there was a moderate but not significant increase in serum FGF19

levels in lean (BMI,25 kg/m2) subjects compared with over-

weight (BMI$25 kg/m2) subjects, while there was also a moderate

but not significant decrease in serum FGF21 levels in lean subjects

compared with overweight subjects. In fact, when the GDM

patient population and controls were considered together, there

were no statistically significant differences in serum FGF19 or

FGF21 levels between lean (n = 72, FGF19: 100.16 pg/ml;

FGF21: 79.56 pg/ml; BMI,25 kg/m2) and overweight (n = 18,

FGF19: 93.10 pg/ml; FGF21: 84.66 pg/ml; BMI$25 kg/m2,

P.0.05) subjects. We also found no significant relationship

between FGF19 and FGF21 (r = 20.162, P = 0.140).

In multiple stepwise linear regression analysis, adiponectin,

HOMA-IR, and PCOS history remained independently associat-

ed with FGF19 circulating levels after adjustment for age and

preconception BMI. On the other hand, adiponectin, HOMA-IR,

and triglycerides remained independently associated with FGF21

Figure 1. Scattergram of serum FGF19 levels in patients with PCOS history, GDM patients without PCOS history. Horizontal lines
across the scatter diagram represent median values. Differences between groups were assessed by Mann-Whitney U test with Bonferroni adjustment
for multiple testing.
doi:10.1371/journal.pone.0081190.g001

Figure 2. Scattergram of serum FGF21 levels in patients with PCOS history, GDM patients without PCOS history. Horizontal lines
across the scatter diagram represent median values. Differences between groups were assessed by Mann-Whitney U test with Bonferroni adjustment
for multiple testing.
doi:10.1371/journal.pone.0081190.g002

Serum FGF19 and FGF21 Levels in GDM

PLOS ONE | www.plosone.org 4 November 2013 | Volume 8 | Issue 11 | e81190



circulating levels after adjustment for age and preconception BMI

(Table 3). Here, PCOS history was also included in the multiple

analysis for FGF21, but there was no independent association

between FGF21 and PCOS history after adjustment for age and

preconception BMI.

Discussion

In the current study, circulating levels of FGF19 are determined

for the first time in pregnant patients, to our best knowledge. We

showed that serum FGF19 levels were significantly decreased in

GDM patients as compared with healthy pregnant controls who

were matched for maternal and gestational age. Additionally,

circulating FGF19 concentrations independently and inversely

correlated with insulin resistance (increased HOMA-IR, and

decreased adiponectin) both in univariate correlation and multiple

linear regression analysis. These findings are consistent with the

proposed role of FGF19 in promoting insulin sensitivity and

glucose uptake in target tissues based on experimental animal and

in vitro studies [15,30]. However, in humans, in vivo data

concerning the relation of FGF19 to metabolic parameters are

paradoxical. Schreuder et al. [31] did not find any influence of

insulin resistance as assessed by HOMA index on intestinal FGF19

production in patients with non-alcohol fatty liver disease

(NAFLD). Mráz et al. [21] also confirmed that FGF19 were not

significantly related to serum glucose, insulin, or HOMA index in

any of the obese, T2DM, and healthy female groups. In contrast,

Reiche et al. [32] reported fasting glucose negatively and

independently predicted circulating FGF19 in healthy subjects.

Gallego et al. [33] further demonstrated serum FGF19 levels were

inversely correlated with insulin resistance and insulin levels in

HIV-1-infected patients and healthy controls. Interestingly, both

Reiche and Mráz found a positive correlation between FGF19 and

adiponectin [21,32], in agreement with our finding. Here, the key

conflicting problem is the relationship between FGF19 and insulin.

Recent studies revealed that FGF19 shared some of the metabolic

actions of insulin, namely, the stimulation of hepatic protein

synthesis and glycogen synthesis, and inhibition of gluconeogenesis

[18]. However, there were important differences. First, FGF19 was

presumably released mainly from the small intestine, not pancreas.

Second, the insulin-like effects of FGF19 were mediated by

signaling pathways distinct from those employed by insulin [18]. It

has been reported that in human hepatocarcinoma HepG2 cells

that express FGF receptor 4 (FGFR4) and b-Klotho (co-receptor),

FGF19 may utilize a FGF substrate 2a (FRS2a)-small guanosine

triphosphatase (Ras)-extracellular signal-regulated protein kinase

(ERK)-p90 ribosomal S6 kinase (p90RSK) pathway to induce

phosphorylation of ribosomal protein S6 (rpS6) and eukaryotic

initiation factor 4B (eIF4B), which improves the efficiency of global

protein synthesis. Furthermore, FGF19 may act through the

insulin-independent Ras-ERK-p90RSK pathway to induce phos-

phorylation of glycogen synthase kinase 3 (GSK3) kinases, which

prevents inhibition of GS and thus increases glycogen synthesis. As

is well-known, insulin utilizes the PI3K-Akt-mTOR signaling

pathway to improve hepatic protein and glycogen synthesis.

Unlike insulin, FGF19 did not increase hepatic triglycerides or

induce sterol regulatory element-binding protein, isoform 1c

(SREBP-1c)-dependent lipogenic gene expression, which requires

the PI3K-Akt-mTOR signaling pathway. These findings were

based on the in vitro and cellular experiments. Therefore, the

exact signaling pathways activated by FGF19 in human in vivo

warrant future investigation. However, FGF19 did not stimulate

lipogenesis, which was a key advantage in considering the FGF19

pathway as an anti-diabetic therapy. Finally, FGF19 and insulin

were temporal different. Whereas insulin was released within

minutes of a meal, FGF19 serum levels peaked 2 h after a meal

[34], and, accordingly, circulating FGF19 levels in humans

inversely correlated with fasting glucose levels and metabolic

syndrome [20,32,35]. On the other hand, it was demonstrated that

the mouse FGF19 orthologue, FGF15, and insulin acted in liver

Table 2. Relationships of FGF19 and FGF21 with clinical,
anthropometric and biochemical parameters calculated in a
combined population of healthy pregnant controls and
patients with GDM (n = 90).

Serum FGF19 Serum FGF21

r P r P

Age (years) 20.072 0.498 0.011 0.921

Gestational age at OGTT (weeks) 20.056 0.599 20.007 0.945

Body mass index before
pregnancy (kg/m2)

20.157 0.138 0.206 0.052

Systolic blood pressure (mm Hg) 20.165 0.120 0.192 0.070

Diastolic blood pressure (mm Hg) 20.021 0.844 0.158 0.138

Glucose 0 h (mmol/L) 20.383 ,0.001* 0.274 0.009*

Glucose 1 h (mmol/L) 20.242 0.022* 0.190 0.073

Glucose 2 h (mmol/L) 20.201 0.054 0.184 0.082

Fasting insulin (mU/ml) 20.351 ,0.001* 0.259 0.014*

HOMA-IR 20.413 ,0.001* 0.289 0.006*

Creatinine (mmol/L) 0.041 0.661 0.132 0.144

Triglycerides (mmol/L) 20.227 0.031* 0.395 ,0.001*

Total cholesterol (mmol/L) 0.095 0.373 20.108 0.313

HDL cholesterol (mmol/L) 0.096 0.367 20.063 0.555

LDL cholesterol (mmol/L) 0.050 0.642 20.010 0.926

Adiponectin (mg/ml) 0.431 ,0.001* 20.377 ,0.001*

The correlations were calculated in the combined population of GDM patients
and controls. Units and abbreviations are as Table 1.
*Significant correlation as assessed by Spearman correlation method.
doi:10.1371/journal.pone.0081190.t002

Table 3. Multiple linear regression analysis between FGF19
(dependent variable) and age, BMI, HOMA-IR, adiponectin,
and PCOS history, as well as between FGF21 (dependent
variable) and age, BMI, HOMA-IR, adiponectin and TG.

Serum FGF19 Serum FGF21

b P b P

Age (years) 20.054 0.544 0.098 0.337

Body mass index before
pregnancy (kg/m2)

20.013 0.888 0.088 0.383

PCOS history before pregnancy 20.205 0.045* – –

HOMA-IR 20.246 0.020* 0.220 0.039*

Triglycerides (mmol/L) – – 0.294 0.005*

Adiponectin (mg/ml) 0.343 0.001* 20.225 0.033*

b Coefficients and P values are given. Abbreviations are indicated in Table 1.
*Significant correlation.
doi:10.1371/journal.pone.0081190.t003
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partially via the same pathways, with forkhead transcriptional

factor 1 (FoxO1), a factor controlling the expression of CYP7A1

(the first and rate-limiting enzyme in the major bile acid synthesis

pathway) as well as several gluconeogenetic genes, being the key

converging node [36]. Taken together, FGF19 has unique and

insulin-like metabolic actions and a post-prandial hormonal

program may exist in which insulin and FGF19 coordinately

govern nutrient metabolism. Whereas most of the effects of FGF19

and insulin are mediated by different signaling pathways, both of

the two homones may be partially influenced by each other

through a converging node in the same pathways. Mráz et al. [21]

did report that acute hyperinsulinemia tended to reduce FGF19

levels. Moreover, FGF19 has been reported to have glucose- and

insulin-lowering actions in diabetic rodents [16]. Thus it is

speculated that both FGF19 and insulin may have an inverse

effect on each other. Therefore, in GDM, a highly insulin-resistant

state leading to high levels of circulating insulin may tend to result

in low levels of FGF19. The precise mechanism was not

elucidated, and this should be an important question for further

exploration. In addition, although the cross-sectional nature of the

present study does not allow cause-to-effect relationships, it may be

speculated that the abnormally low levels of FGF19 in GDM

patients contribute to metabolic disturbances such as hyperglyce-

mia and insulin resistance that occur commonly in these patients.

Furthermore, low levels of FGF19 may contribute to the

development of GDM associated long-term complications. It

needs to be emphasized in this context that besides insulin, the

effects of FGF19 on glucose metabolism may at least in part

mediated by adiponectin, an important insulin-sensitizing and

vasoprotective adipokine positively associated with pancreatic b-

cell function. In this study, adiponectin remains an independent

positive predictor of circulating FGF19. Alternatively, the positive

correlation between FGF19 and adiponectin may reflect the fact

that both are negatively regulated by insulin resistance.

Another interesting finding of the present study is that serum

levels of FGF19 were significantly lower in patients with PCOS

history than those without PCOS history. A potential explanation

of the link between reduced FGF19 levels and PCOS history is the

connection of insulin resistance with PCOS. It has been well

established that hyperinsulinemia and insulin resistance were

common biochemical features of PCOS independent of obesity

[37]. PCOS women were at substantial risks for development of

glucose intolerance, diabetes, lipid abnormalities and cardiovas-

cular abnormalities since they often had insulin resistance. In fact,

pregnant women with PCOS were more than three times as likely

to develop GDM when compared with pregnant women without

PCOS [38]. In accordance with these findings, our study also

showed that GDM was strongly associated with PCOS history.

Moreover, according to one meta-analysis [39], adiponectin levels

were lower in PCOS women compared with healthy control

subjects of a similar BMI. Considering that PCOS is associated

with insulin resistance and adiponectin, and our finding that both

insulin resistance and adiponetin were significantly associated with

serum FGF19 levels, it is reasonable to explain the association of

FGF19 with PCOS. However, PCOS history persisted indepen-

dently associated with FGF19 circulating levels in multiple

stepwise regression analysis. Besides insulin resistance and

dyslipidemia, whether hyperandrogenism or dysregulations of

any other hormones commonly existed in patients with PCOS

might influence the serum FGF19 levels need to be further

investigated. Here, we are aware that the PCOS results are based

on very small numbers. This is the limitation in our current study.

Larger cohort studies are needed to provide further reliable results

about the relationship between FGF19 and PCOS.

Our study also evaluated the serum FGF21 levels in GDM

patients. FGF21 serum concentrations showed a significant and

positive association with insulin resistance and dyslipidemia

including increased HOMA-IR, decreased adiponectin, and

increased TG both in univariate and multivariate analysis. These

findings are in accordance with the previous study in which

FGF21 serum concentrations were determined in 40 patients with

GDM and 80 healthy pregnant controls [26]. And it was found

that serum FGF21 levels were positively associated with fasting

insulin, HOMA-IR, and TG, whereas negative correlations

existed with HDL and adiponectin, similar to our data. However,

Stein and coworkers found serum FGF21 concentrations were not

significantly different in subjects with GDM as compared with

controls. For in their study, GDM patients and controls were

matched for fasting insulin. In our study, GDM patients and

controls were only matched for maternal and gestational age. As

expected, serum levels of FGF21 were significantly higher in GDM

patients as compared with controls. Obviously, this cross-sectional

study can not indicate serum FGF21 concentrations as a predictor

for the development of GDM. But it is worth mentioning that, in

recent years, considerable data have revealed FGF21 was

independently correlated with metabolic disturbances. High levels

of FGF21 predicted impaired glucose metabolism (OR = 2.2;

95%CI 1.3–3.6; P = 0.002), metabolic syndrome (OR = 2.6;

95%CI 1.5–4.5; P = 0.001) and T2DM (OR = 2.4; 95%CI 1.2–

4.7; P = 0.01) after adjustment for age, sex and BMI [25]. To date,

the physiological significance for increased FGF21 in metabolic

disease is not elucidated. Paradoxical upregulation of FGF21

might be a compensatory mechanism to improve glucose

metabolism when insulin resistance and an adverse lipid profile

are present [22]. Alternatively, the metabolic syndrome might

cause resistance to FGF21 leading to compensatory upregulation

of this antidiabetic adipocytokine as proposed by Fisher et al. [17].

Our finding is in good agreement with this hypothesis. Neverthe-

less, systemic administration of FGF21 markedly reduced blood

glucose and insulin levels in both the diabetic rodents and primates

[40]. Furthermore, FGF-21 provided sustainable glucose control

without incidence of hypoglycemia and a substantial improvement

in lipid abnormalities and several cardiovascular risk factors. The

pharmacological actions of FGF21 make it attractive as future

drug for treating diabetes. Indeed, FGF21 is already in clinical

trials [14]. Clearly, a great amount of studies are needed to better

elucidate the pathophysiological significance of FGF21 up-

regulation in pregnancy when hyperglycemia, insulin resistance

and dyslipidemia are present. Further studies will be required to

investigate the pharmacological effects of FGF21 on impaired

glucose metabolism and insulin resistance in pregnancy.

In the present study, we failed to find significant relationships

between FGF19 or FGF21 and preconception BMI. Both findings

are in contrast to several previous studies indicating that FGF19

levels correlated inversely with BMI [21] and FGF21 levels were

positively associated with BMI or adiposity [22]. It is likely that the

narrow range of BMI in our studied population precluded

detection of such association in contrast with the extremely wide

range of BMI values in previous studies. Additionally, we can not

determine the body fat percentage only using BMI index. Thus the

relationships between serum FGF19 or FGF21 levels and adiposity

warrants further investigation.

Due to their similar receptor specificities and co-receptor

requirements, FGF19 and FGF21 shared many common proper-

ties and have been thought to be interchangeable in metabolic

regulation [15]. However, in our study, we showed serum FGF19

levels were reduced in GDM patients, in contrast with FGF21

levels. Furthermore, FGF19 levels were negatively associated with

Serum FGF19 and FGF21 Levels in GDM
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insulin resistance and positively associated with adiponectin, in

opposite with FGF21. These results are in line with data from

recent study by Gallego and coworkers in which both serum

FGF19 and FGF21 levels were quantified in HIV-infected patients

and healthy controls [33]. Here, serum FGF19 levels were reduced

in HIV-infected patients with metabolic disturbances including

hyperglycemia and insulin resistance, whereas FGF21 levels were

increased. Moreover, one study showed that insulin stimulated

FGF21 expression during hyperinsulinemic clamp in obese T2DM

patients [23], while the other study demonstrated that acute

hyperinsulinemia tended to decrease FGF19 levels in healthy and

T2DM subjects [21]. All these findings indicate one piece of

important information. Though FGF19 and FGF21 share many

similarities in the actions on metabolism, the regulations of the two

hormones in humans are different and partially manifested in

circulating expressions. We speculate that both factors are

regulated by insulin resistance, but the precise mechanism may

be complicated. FGF19 is presumably released from the small

intestine when bile acids traversing the enterocytes activate the

intestinal bile acid receptor FXR. FGF21 mRNA is abundant in

pancreas and testis, and also in the liver where it is induced by

fasting and ketogenic diets under control of the peroxisome

proliferator-activator receptor a (PPARa) [14]. Insulin resistance

should have different effects on FXR and PPARa. That should be

complicated and involved rather than simple or via a single

signaling pathway. The precise mechanism remains to be further

investigated. On the other hand, FGF19 and FGF21 levels may be

differentially affected by feeding or nutritional status. A diurnal

variation has been demonstrated for FGF19, with clear postpran-

dial peaks that are abolished when food is omitted [34]. In animal

studies, unlike FGF19, FGF21 expression is induced in various

tissues in response to both fasting and feeding [14]. But FGF21 in

humans may exhibit different effects and/or bioactivity relative to

rodents. For example, the chronic malnutrition in humans is

associated with markedly reduced circulating levels of FGF21 [41].

FGF19 and FGF21 expression may be differentially induced in

response to feeding status in GDM patients. This need to be

further studied.

In our study, we found that the spread in the FGF19 and

FGF21 levels were quite large in all groups. There is a wide

interindividual variation of fasting levels for FGF19 and, in

particular, FGF21. Genetic variation in protein synthesis,

processing, and elimination may be important for this variation,

and this warrants further exploration [42]. Additionally, both

FGF19 and FGF21 levels are at least partially dependent upon

feeding or nutritional status. Circulating levels of FGF19 and

FGF21 measured after overnight fasting seem to be relatively

stable in an individual over time [42]. In our study, the blood

samples taken for the analysis of FGF19 and FGF21 were taken

between 08:00 and 09:00 AM after overnight fasting at the time of

OGTT. Thus, we acquired the relatively stable levels of FGF19/

FGF21 in all subjects. Here, we speculate that the spread of

FGF19/FGF21 levels in groups are related to the genetic variation

or insulin sensitivity.

There are several limitations in the current study. Based on our

cross-sectional study design, reduced FGF19 level or increased

FGF21 level can only be defined as a marker of GDM. Our study

is preliminary as the number of patients was small and the results

cannot be generalized beyond Chinese adults with GDM.

Furthermore, the possible changes of local FGF19 and FGF21

concentrations in the liver, adipose and other tissues that are not

reflected in the circulation may not have been noticed in this

study.

In conclusion, we demonstrated that circulating levels of FGF19

were significantly reduced in patients with GDM relative to

healthy pregnant subjects. Serum FGF19 levels were indepen-

dently and negatively associated with insulin resistance and

preconception PCOS history in both GDM and healthy pregnant

women. In contrast, circulating levels of FGF21 were increased in

patients with GDM as compared with healthy pregnant controls.

Additionally, serum FGF21 levels independently and positively

correlated with insulin resistance and serum triglycerides. Con-

sidering the different situation between FGF19 and FGF21 in the

present and previous studies, we suggest that reduced serum

FGF19 levels could be involved in the pathophysiology of GDM

and GDM associated complications, while increased serum

FGF21 levels could be in a compensatory response to this disease.

Further studies are necessary to better elucidate the physiological

significance of these findings. Considering the glucose- and insulin-

lowering actions of FGF19 and/or FGF21 in diabetic rodents, the

potential of FGF19 and/or FGF21 treatment to ameliorate

impaired glucose tolerance and insulin resistance in GDM patients

warrants future attention.
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