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Circulating FGF19 and FGF21 surge in early infancy from
infra- to supra-adult concentrations
D Sánchez-Infantes1,2, JM Gallego-Escuredo3,4, M Díaz1,2, G Aragonés5, G Sebastiani1,2, A López-Bermejo6,7, F de Zegher8, P Domingo9,
F Villarroya3,4 and L Ibáñez1,2

BACKGROUND/OBJECTIVE: Fibroblast growth factor 19 (FGF19) and 21 (FGF21) have been linked to obesity and type 2 diabetes in
adults. We assessed the circulating concentrations of these factors in human neonates and infants, and their association with the
endocrine–metabolic changes associated to prenatal growth restraint.
SUBJECTS/METHODS: Circulating FGF19 and FGF21, selected hormones (insulin, insulin-like growth factor I and high- molecular-
weight (HMW) adiponectin) and body composition (absorptiometry) were assessed longitudinally in 44 infants born appropriate-
(AGA) or small-for-gestational-age (SGA). Measurements were performed at 0, 4 and 12 months in AGA infants; at 0 and 4 months in
SGA infants; and cross-sectionally in 11 first-week AGA newborns.
RESULTS: Circulating FGF19 and FGF21 surged 410-fold in early infancy from infra- to supra-adult concentrations, the FGF19
surge appearing slower and more pronounced than the FGF21 surge. Whereas the FGF21 surge was of similar magnitude in
AGA and SGA infants, FGF19 induction was significantly reduced in SGA infants. In AGA and SGA infants, cord-blood FGF21
and serum FGF19 at 4 months showed a positive correlation with HMW adiponectin (r = 0.49, P = 0.013; r = 0.43, P = 0.019,
respectively).
CONCLUSIONS: Our results suggest that these early FGF19 and FGF21 surges are of a physiological relevance that warrants further
delineation and that may extend beyond infancy.
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INTRODUCTION
Some fibroblast growth factor family proteins are known to
function in an endocrine manner and to be involved in metabolic
processes related to energy balance.1–4 Fibroblast growth factor
19 (FGF19) is secreted mainly by the ileum and its primary role is
the control of the hepatic biosynthesis of bile acids,5 although
metabolic effects reminiscent of insulin actions have also been
reported.6 In contrast, fibroblast growth factor 21 (FGF21) is a new
metabolic regulator of noninsulin-dependent glucose transport in
cells,7 and is mainly expressed and released by the liver8 in
response to increased fatty acid availability.9 These biological
effects have put forward FGF21 as a potential candidate in the
treatment of type 2 diabetes, obesity and the metabolic
syndrome.10

Both FGF19 and FGF21 act on target cells through cell surface
FGF receptors interacting specifically with the coreceptor beta-
Klotho. These factors can modulate glucose and lipid metabolism
in response to nutritional status, and improve glucose uptake in
adipocytes in vitro.11 Administration of FGF19 or FGF21 reduces
body weight and glucose levels in obese and diabetic mice and
primates.11,12 In addition, both factors can normalize triglyceride
levels, increasing energy expenditure and improving insulin
sensitivity.1,13,14

Interestingly, obese- and insulin-resistant patients have
decreased levels of FGF19,15,16 and obese patients who show

remission of diabetes after a gastric bypass display the highest
increase in FGF19.17 Paradoxically, high levels of FGF21 have been
reported in obesity, metabolic syndromes, type 2 diabetes and
coronary diseases in human studies.18 In those studies, circulating
FGF21 associated positively with body mass index, glucose and
measures of insulin resistance in adults;16,19,20 however, these
associations have not been consistently reported in children.21–23

Major metabolic changes occur rapidly in the transition from
fetal life—characterized by the predominant utilization of glucose
as metabolic fuel—to postnatal life, where the use of lipids from
milk prevails.24 The perinatal environment can affect glucose
homeostasis and influence the risk for obesity and type 2
diabetes.25 Human infants born small-for-gestational-age (SGA)
who experience spontaneous postnatal catch-up in weight have a
higher risk to develop metabolic abnormalities.26,27 For example,
the association of rapid weight gain with increased adiposity and
obesity in later life in infants born small has been established in
several studies.28

Here we hypothesized that FGF19 and FGF21 could be among
the factors modulating metabolic adaptations in early life. To
address this hypothesis, we evaluated the developmental
changes of these endocrine factors in human infants, and
longitudinally assessed the serum levels of FGF19 and FGF21 in
healthy term SGA and appropriate-for-gestational-age (AGA)
newborns.
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MATERIALS AND METHODS
Study population
The study population consisted of n=44 term infants (22 AGA and 22 SGA)
selected (see flow chart in Figure 1) from among those participating in a
longitudinal study that assesses the body composition and endocrine–
metabolic state of SGA infants, as compared with the AGA controls, in the
first postnatal years.29–31

The present study included only those infants in whom the remaining
serum sample was sufficiently abundant to measure FGF19 and FGF21 and
who had, in addition, longitudinal clinical, biochemical and body
composition data. The study was focused on: (a) evaluation of the early
induction of FGF19 and FGF21 throughout the first year of life in AGA
newborns; (b) comparison of FGF19 and FGF21 levels in AGA vs SGA
infants at birth and at age 4 months.
As described,29,30 the inclusion criteria were:

● uncomplicated, term pregnancy (no gestational diabetes; no pree-
clampsia; no alcohol or drug abuse) with delivery at Hospital Sant Joan
de Déu in Barcelona

● birth weight between − 1 s.d. and +1 s.d. for gestational age in AGA
newborns and below − 2 s.d. for SGA newborns31

● exclusive breastfeeding during the first 4 months of life
● written, informed consent in Spanish/Catalan language

Exclusion criteria were twin pregnancies, complications at birth and
congenital malformations.
In order to elucidate the timing of the induction of FGF19 and FGF21 in

newborns and the impact of milk intake, the circulating levels of these two
factors were also measured in 11 AGA newborns (mean postnatal age 35 h,

range 10–77 h; Figure 1). These newborns were recruited at the hospital
nursery at the time of blood sampling for standard screening of
bilirubinemia or metabolic diseases.
All assessments were performed in the fasting state (that is, immediately

before the first morning feeding), after approval by the Institutional Review
Board of Barcelona University, Hospital Sant Joan de Déu, and after written
informed consent by the newborn’s mother and/or father.
Serum FGF19 and FGF21 were also measured in a cohort of 35 healthy,

nonobese volunteers (mean age 43 years; body mass index 24.5± 0.5 kgm−2,
77% males) recruited at the Hospital de la Santa Creu i Sant Pau (Barcelona,
Spain) into an additional study assessing circulating adipokines and body
adiposity in adults (described in Gallego-Escuredo et al.16). These values were
compared to those of AGA and SGA newborns throughout the follow-up.

Assessments
Insulin, glucose and insulin-like growth factor I were measured by
immunochemiluminescence, as described.31 Insulin resistance was esti-
mated from fasting insulin and glucose levels with the homeostatic model
assessment: homeostatic model assessment-insulin resistance = (fasting
insulin (mU l− 1)) × (fasting glucose (mmol l− 1))/22.5.32 HMW adiponectin
was assessed by enzyme-linked immunosorbent assay (Linco Research,
St Charles, MO, USA) with intra- and inter-assay CVs o9%.
Circulating FGF19 and FGF21 levels were determined using non-cross-

reactive enzyme-linked immunosorbent assays specific for the correspond-
ing human proteins (Biovendor, Brno, Czech Republic). The detection limits
for the FGF19 and FGF21 assays were 7.0 and 4.8 pgml− 1, respectively.
The intra-assay coefficients of variations (CVs) were 6% for FGF19 and 3.5%
for FGF21; the interassay CVs were 7.5% for FGF19 and 3.7% for FGF21,
respectively.

Longitudinal study

Mother-Newborn 
Pairs 

(May 2006 - Sept 2009)

AGA N=22 (11 girls, 11 boys)

Cord blood collected 
for research purposes

(logistic and ethical restraints) 

Inclusion & Exclusion Criteria
(see Methods)

Available sample, clinical and body
composition parameters

AGA newborns recruited 
at time of standard 

screening (10-77 hr)

N=315 (155 girls, 160 boys)N=11 (6 girls, 5 boys)

At birth SGA N=22 (11 girls, 11 boys)

AGA N=22 (11 girls, 11 boys) SGA N=22 (11 girls, 11 boys)At 4 months

At 12 monthsAGA N=20 (10 girls, 10 boys)

N=133 (65 girls, 68 boys)

Cross-sectional study

Figure 1. Recruitment of the longitudinal and cross-sectional study populations. AGA, appropriate-for-gestational-age; SGA, small-for-
gestational-age.
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Statistics
Statistical analyses were performed using IBM SPSS Statistics 19.0 (IBM
SPSS Inc, Chicago, IL, USA). Results are expressed as mean ± s.e.m.
Differences between specific groups were analyzed using the Student’s
t-test (two-tailed) for comparisons between the two groups.
Univariate associations of FGF19 and FGF21 with the endocrine–
metabolic parameters were tested by Spearman correlation followed
by multiple regression analyses in a stepwise manner; Po0.05 was
considered statistically significant. All data were normally distributed
(as verified by D´Agostino–Pearson omnibus normality test and verified
by means of the Kolmogorov–Smirnov test), except for FGF21.
Accordingly, FGF21 data were log transformed for statistical analyses, as
described.16,33

RESULTS
Table 1 summarizes the main clinical, body composition and
endocrine–metabolic variables; some of these data have been
previously reported in part (30%) of the studied population.29,30

The percentage of caesarian sections was similar in the AGA and
SGA subgroups (23% vs 27%).

Longitudinal changes in FGF19 and FGF21 in AGA infants
FGF19 and FGF21 were similar in boys and girls, and thus, the
results were pooled.
FGF19 concentrations (mean± s.e.m.) were low in cord blood

(24.0 ± 6.9 pgml− 1), remained low in the first week of life
(32.9 ± 19 pgml− 1), experienced a dramatic increase at the age
of 4 months (614.8 ± 70.7 pgml− 1; Po0.0001 vs 0 months) well
above adult levels, and decreased significantly at the age of
12 months (314.5 ± 61.8 pgml− 1; Po0.001 vs 4 months) within
the range of adult concentrations (Figure 2a).
FGF21 was also low in cord blood (mean± s.e.m., 42.8 ± 3.9

pgml− 1), increased significantly in the first week of life
(211.2 ± 54.1 pgml− 1; Po0.0001), and showed no significant
variations over the first 12 months (307.1 ± 67.9 and 448.9 ± 175.6
pgml− 1 at 4 months and at 12 months, respectively), reaching
concentrations that were ~ 1.4-fold higher (P= 0.01) than those in
adults (Figure 2a).

Longitudinal changes in FGF19 and FGF21 in AGA vs SGA
newborns
Serum concentrations of FGF19 in SGA newborns were not
significantly different from those in AGA newborns at birth
(mean± s.e.m., 49.8 ± 19.0 pgml− 1); at the age of 4 months, SGA
infants had significantly lower levels of circulating FGF19 than
AGA infants (302.4 ± 50.5 vs 614.8 ± 70.7 pgml− 1; Po0.0001).
Serum FGF21 levels were in SGA infants similar to those in AGA
infants at birth and at 4 months (43.2 ± 7.9 and 260.1 ± 45.0
pgml− 1, respectively) (Figure 1b).
The mode of delivery had no influence on longitudinal FGF19

and FGF21 levels.

Correlations
In both AGA and SGA infants, FGF19 correlated positively with
HMW adiponectin (r= 0.43; P= 0.019) at the age of 4 months,
independent of body mass index and gender. Cord blood FGF21
correlated positively with HMW adiponectin in both AGA and SGA
infants (r= 0.49; P= 0.013). At the age of 4 months, FGF21
correlated positively with the ponderal index in AGA and SGA
infants (r= 0.36; P= 0.02), and inversely with fasting insulin and
homeostatic model assessment-insulin resistance (r=− 0.59;
P= 0.009 in both) only in SGA infants. These associations were
independent from gestational age, gender and mode of delivery.

DISCUSSION
Here we report for the first time the early induction of FGF19 and
FGF21 throughout the first year of postnatal life in term, breastfed,
AGA human newborns, and describe the longitudinal changes of
FGF19 and FGF21 in AGA and SGA infants at birth and at the age
of 4 months. The limitations of the study are the relatively small
sample size and the lack of follow-up beyond 4 months in the AGA
vs SGA comparisons; these limitations were mostly due to the fact
that the study population was composed of healthy infants, and
that fasting blood assessments were needed. However, our study,
which to our knowledge is the first report describing the changes
in the endocrine factors FGF19 and FGF21 in the human fetal-to-
neonatal transition and in the first months of life, allowed us to
obtain relevant conclusions.

Table 1. Longitudinal anthropometric, biochemical and body composition variables of the studied population

At birth 4 months

AGA (n= 22) SGA (n= 22) P-valuea AGA (n=22) SGA (n=22) P-valuea

Weight (g) 3322± 134 2341± 92 o0.0001 6824± 163 5900± 178 0.0004
Weight SDS − 0.04± 0.11 − 2.4± 0.05 o0.0001 − 0.11± 0.2 − 1.46± 0.23 0.0003
PI (kgm− 3) 27.6± 0.5 24.9± 0.7 0.0046 28.0± 0.5 26.4± 0.4 0.02

Body composition
BMC (g) 100.6± 3.3 79.1± 2.8 o0.0001 183.0± 6.8 140.3± 7.5 0.0001
LBM (g) 2957± 81.33 2376± 53.1 o0.0001 4263± 146.3 4006± 98.01 0.15
FBM (g) 725.0± 35.9 503.5± 49.9 0.0008 2632± 129.4 2318± 144.7 0.11
AFM (g) 35.59± 3.05 24.36± 4.07 0.03 153.4± 11.9 134.3± 14.3 0.31

Endocrine–metabolic variables
Glucose (mg dl− 1) 88.6± 5.0 74.9± 4.9 0.056 91.6± 1.5 88.7± 1.3 0.42
Insulin (mUml− 1) 5.4± 1.0 3.2± 0.7 0.07 2.3± 0.7 4.6± 1.0 0.06
HOMA-IR 1.1± 0.2 0.6± 0.2 0.10 0.5± 0.2 1.0± 0.2 0.07
IGF-I (ngml− 1) 43.2± 3.4 33.4± 2.8 0.03 30.7± 1.8 43.2± 4.2 0.007
HMW adiponectin (ngml− 1) 44.4± 4.6 34.0± 3.1 0.07 39.5± 3.4 34.7±3.1 0.3

Abbreviations: AFM, abdominal fat mass; BMC, bone mineral content; FBM, fat body mass; HMW adiponectin, high-molecular-weight adiponectin; HOMA-IR,
homeostasis model assessment-insulin resistance; IGF-I, insulin-like growth factor I; LBM, lean body mass; PI, ponderal index; SDS, standard deviation score.
Data are presented as mean± s.e.m. Cesarean section was performed in 27% of AGA newborns and in 23% of SGA newborns. aDifferences between subgroups
at each time point.
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FGF19 and FGF21 were strikingly low at birth independently of
prenatal growth. FGF19 showed a delayed induction until the
infants suckled high fat-containing mature milk; accordingly, it is
tempting to speculate that, given the role of FGF19 in the control
of bile acid homeostasis in response to intestinal lipid handling, it
is only when fat is substantially present in milk that FGF19 is
upregulated. Besides, the neonatal gut is quite immature at birth
and requires postnatal development to achieve a mature
function;34 this may also explain in part the delayed induction
of FGF19, which is synthesized in the intestine. Delayed induction
of the expression of the FGF15, the ortholog of the FGF19 gene in
rodents, occurs also during the postnatal development of the
mouse intestine (unpublished data). In contrast, breastfeeding
induced an early surge of FGF21 in the first week of life,
confirming the influence of nutrition on the induction of this
factor. In fact, previous observations in mice indicate that the
initiation of suckling not only modifies FGF21 gene expression in
the liver, but also results in a massive increase in circulating
FGF21.24

We also assessed longitudinally the circulating levels of FGF19
and FGF21 in AGA and SGA infants at birth and at the age of
4 months. The lower levels of FGF19 in SGA infants as compared
with AGA infants at 4 months might be among the factors
potentially influencing the subsequent SGA-associated risks to
develop metabolic abnormalities. Indeed, FGF19 has been
reported to activate an insulin-independent endocrine pathway
that regulates hepatic protein and glycogen metabolism.6 Thus,
the decreased levels of FGF19 may reflect the reduced metabolic
capacity of SGA infants early in life.34 Along these lines, Boehm
et al.34 reported higher serum levels of bile acids from postnatal

day 8 to day 42 in SGA infants, presumably as a result of
hepatocellular dysfunction. Increased levels of bile acids at
4 months are consistent with the decrease in FGF19 concentra-
tions, in line with the repressor action of FGF19 on bile acid
synthesis observed in adults.5 In contrast, FGF21 concentrations
were comparable in both groups throughout follow-up.
FGF19 and HMW adiponectin correlated positively at the age of

4 months in AGA and SGA infants; these findings might in part
relate to the more favorable outcome in insulin sensitivity in AGA
vs SGA infants later in postnatal life. To our knowledge, no data on
the association between FGF19 and adiponectin levels have been
reported previously in humans.
At birth, FGF21 showed a positive correlation with HMW

adiponectin in both subgroups of newborns. This finding is in
agreement with recent studies in mice showing an enhancing
effect of FGF21 in both the expression and secretion of
adiponectin.35 At the age of 4 months, FGF21 correlated positively
with ponderal index in AGA and SGA infants and inversely with
fasting insulin and homeostatic model assessment-insulin resis-
tance only in SGA infants. FGF21 has been recognized to improve
insulin sensitivity and to increase energy expenditure.1,13,14

However, in humans, a paradoxical scenario has been reported,
with positive correlations between FGF21 and indicators of insulin
resistance.16,19,20 Our results would indicate for the first time that
FGF21 may be exerting its insulin-sensitizing properties early in life
in individuals at higher risk for developing insulin resistance.
In summary, we report for the first time the longitudinal

changes of FGF19 and FGF21 in human newborns over the first
year of life, indicating a dramatic surge in early life. These factors,
especially FGF19, may be involved in the altered regulation of the
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Figure 2. Developmental changes in circulating FGF19 and FGF21 in human infants. AGA, appropriate-for-gestational-age; SGA, small-for-
gestational-age. Values are mean± s.e.m. In AGA newborns, FGF19 levels were assessed at birth (day 0; n= 14); at day 2 (≈35 h of life; n= 11); at
4 months (n= 15); and at 12 months (n= 11). FGF21 levels were assessed at birth (day 0; n= 21); at day 2 (≈35 h of life; n= 11); at 4 months
(n= 20); and at 12 months (n= 17). In SGA newborns, FGF19 levels were assessed at birth (day 0; n= 14) and at 4 months (n= 14). FGF21 levels
were assessed at birth (day 0; n= 21) and at 4 months (n= 19). The line and dashed bars are the mean± s.e.m. of adult levels (n= 35; see text
for details). (a) Serum FGF19 and FGF21 levels in AGA infants from birth to age 12 months. For FGF19, *P= 0.0001 (0 vs 4 months and 0 vs
12 months); †P= 0.005 (4 vs 12 months); #P= 0.0001 (0, 2 days and 4 months vs adults). For FGF21, *P= 0.0001 (0 vs 2 days); **P= 0.0003
(0 vs 4 months); ***P= 0.009 (0 vs 12 months); #P= 0.02 (0 vs adults); ##P= 0.008 (4 months vs adults); ###P= 0.01 (12 months vs adults).
(b) Serum FGF19 and FGF21 levels in AGA (black circles) and SGA infants (white circles) at birth and at the age of 4 months. For FGF19,
#P= 0.0001 (0 vs 4 in the AGA subgroup); †P= 0.0001(0 vs 4 months in the SGA subgroup); *P= 0.0001 (AGA vs SGA at 4 months). For FGF21,
#P= 0.0001 (0 vs 4 in the AGA subgroup); †P= 0.0001(0 vs 4 in the SGA subgroup).
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endocrine–metabolic status in SGA infants. These results may
provide novel key insights on the metabolic adaptation of SGA
infants and on the potential higher risk of these individuals to
develop obesity, metabolic syndrome and type 2 diabetes.
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