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Abstract

Background

Human fibroblast growth factor 21 (FGF-21) is an endocrine liver hormone that stimulates

adipocyte glucose uptake independently of insulin, suppresses hepatic glucose production

and is involved in the regulation of body fat. Peritoneal dialysis (PD) patients suffer potential

interference with FGF-21 status with as yet unknown repercussions.

Objectives

The aim of this study was to define the natural history of FGF-21 in PD patients, to analyze

its relationship with glucose homeostasis parameters and to study the influence of residual

renal function and peritoneal functional parameters on FGF-21 levels and their variation

over time.

Methods

We studied 48 patients with uremia undergoing PD. Plasma samples were routinely

obtained from each patient at baseline and at 1, 2 and 3 years after starting PD therapy.

Results

Plasma FGF-21 levels substantially increased over the first year and were maintained at

high levels during the remainder of the study period (253 pg/ml (59; 685) at baseline; 582

pg/ml (60.5–949) at first year and 647 pg/ml (120.5–1116.6) at third year) (p<0.01). We

found a positive correlation between time on dialysis and FGF-21 levels (p<0.001), and

also, those patients with residual renal function (RRF) had significantly lower levels of FGF-

21 than those without RRF (ρ -0.484, p<0.05). Lastly, there was also a significant associa-

tion between FGF-21 levels and peritoneal protein losses (PPL), independent of the time on

dialysis (ρ 0.410, p<0.05).
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Conclusion

Our study shows that FGF-21 plasma levels in incident PD patients significantly increase

during the first 3 years. This increment is dependent on or is associated with RRF and PPL

(higher levels in patients with lower RRF and higher PPL). FGF-21 might be an important

endocrine agent in PD patients and could act as hormonal signaling to maintain glucose

homeostasis and prevent potential insulin resistance. These preliminary results suggest

that FGF-21 might play a protective role as against the development of insulin resistance

over time in patients undergoing a continuous glucose load.

Introduction
Fibroblast growth factors (FGFs) are polypeptide growth factors composed of 150–300 amino
acids with various actions on neuronal development and metabolism. Human fibroblast
growth factor 21 (FGF-21) is a 181-amino acid circulating protein derived from a 209-amino
acid mature protein encoded by the FGF-21 gene located on chromosome 19 [1]. It binds in an
extracellular manner to a cell surface tyrosine kinase FGF receptor (FGFR), and noncovalently
to a co-receptor (β-Klotho) to form the β-Klotho-FGF-21-FGFR complex. Both β-Klotho and
FGFR are necessary to exert the intracellular signal transduction of FGF-21. FGF-21 is pro-
duced primarily in the liver and in other tissues (white adipose tissue, muscle and pancreatic β
cells) [2–4].

Hepatic expression is regulated by both intake and fasting. The β-Klotho-FGF-21-FGFR
complex stimulates glucose uptake independently of insulin action and via induction of glu-
cose-transporter-1 (GLUT-1). The entry of glucose into adipocytes induces triglyceride storage,
increases basal energy expenditure (which induces weight loss) and up-regulates fatty acid oxi-
dation [5].

FGF-21 suppresses hepatic glucose production and increases liver glycogen, decreasing glu-
cagon levels. Furthermore, the hepatic expression of PPAR-γ and FGF-21 is stimulated by the
activation of the hepatic glucagon receptor. FGF-21 is also involved in the regulation of body
fat and is directly correlated with body mass index (BMI), leptin, triglycerides, insulin and the
homeostatic model assessment of insulin resistance (HOMA-IR) index [6].

Patients with uremia on dialysis have several abnormalities that potentially modify the situ-
ation of the β-Klotho-FGF-21-FGFR complex, which has been scarcely studied [7,8]. Chronic
kidney disease is a soluble α-Klotho deficiency state that entails resistance to other members of
the family, such as FGF-23 [9]. The possible clinical resistance to FGF-21, due to a similar β-
Klotho deficiency state, has not yet been analyzed or assessed.

FGF-21 is primarily metabolized in the kidney [10–13]. Its plasma levels increase according
to the decline in renal function in patients with chronic kidney disease [10]. Hence, the loss of
renal function might determine some degree of accumulation. In peritoneal dialysis (PD)
patients, the daily glucose overload coming from the peritoneum and reaching the liver might
influence FGF-21 production. This high production of FGF-21 might explain the tendency
toward insulin resistance that PD patients could exhibit due to glucose absorption from their
dialysate (estimated between 100–300 g per day) [14].

With the hypothesis that the intrinsic characteristics of PD (glucose overload, peritoneal
transport, and residual renal function [RRF]) might modify production, action and removal of
FGF-21, we performed the present study with the following aims: 1) to define the natural
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history of FGF-21 in PD patients and analyze its relationship with plasma glucose, the
HOMA-IR index, nonesterified fatty acids (NEFAs) and weight status over time; and 2) to
study the influence of RRF and peritoneal function on FGF-21 plasma levels and their variation
over time.

Patients and Methods

Patients and study design
We studied 48 patients with uremia (37 men and 11 women) undergoing PD. The mean (±SD)
age of this cohort of patients was 54 ±15.9 years, and the median (interquartile range) duration
of PD at the start of the study was 1 (1–2) months.

In this sample, there were 11 (22.9%) patients with diabetes; 42 (87.5%) had hypertension
and 27 (56.3%) had previous cardiovascular (CV) disease. The primary clinical data, analytical
data and kidney and peritoneal function parameters of the non-diabetic patients (n = 37)
throughout the study period are shown in Table 1.

We studied incident PD patients who remained in our PD program for at least 3 years.
Plasma samples were obtained from each patient at various times during the follow-up: the
first (baseline sample) in the first two months after starting PD therapy (between 2003 and
2010), and thereafter, annually for 3 years. The following information was collected from
patient records at baseline: demographic data (including age, height and weight); prevalence of
CV risk factors (hypertension, diabetes mellitus, hyperlipidemia, body mass index and CV dis-
ease at the beginning of dialysis); laboratory tests (blood glucose levels, insulin, NEFAs,
HOMA-IR [only in the non-diabetic patients], and albumin); PD-related parameters: type of
dialysis (continuous peritoneal ambulatory dialysis [CAPD] or automated peritoneal dialysis
[APD]), RRF and urea (U-MTC) and creatinine (Cr-MTC) mass transfer area coefficients.

This study was conducted according to the principles expressed in the Declaration of Hel-
sinki. All patients signed an informed consent form at starting peritoneal dialysis, in which the
specific authorization for periodically collect biological samples for the hospital biobank was

Table 1. Clinical, biochemical, renal and PD parameters in 37 non-diabetic patients in PD at baseline and during the 3 years of the study.

Baseline 1st year 2nd year 3rd year

FGF-21 (pg/ml) 253 (59–685) 582 (60.5–949) 447 (200–1306.5)** 647 (120.5–1116.5)**

BMI (kg/m2) 26.5±3.3 26.8±3.7 27.0 ±3.9 27.8.3±3.9

Blood glucose (mg/dl) 88.1±14.8 94.6±20.7 89.1±11.3 91±14.8

Albumin (g/dl) 3.4±0.4 3.3±0.4 3.3±0.4 3.6±0.5

NEFAs (mg/dl) 146 (88–177.5) 127 (75–144) 130 (114–175.5) 114 (79–190)

Insulin (μUI/ml) 11 (6.5–17) 10 (5.5–17.5) 9 (4–13) 8 (4–12)

HOMA-IR 1.96(1.23–4.15) 2.32 (1.25–4.39) 1.65 (0.79–2.86)* 1.45 (0.81–3.4)

RRF (ml/min) 7.4±2.8 5.7±3.4* 4.3±3.4* 3.6±3.6*

PPL, g/24h 5.8±1.7 5.9±1.9 6±2.3 5.5±2.4

Urea MTC (ml/min) 23.9±4.9 24.4±7.1 24.2±6 22±6

Creatinine MTC (ml/min) 8.6±2.1 8.7±3.8 9±2.5 9.6±5.8

Data are the mean ± SD for normally distributed data and median (interquartile range) in other case.

Abbreviations: PD: peritoneal dialysis; BMI: body mass index; FGF-21: fibroblast growth factor 21; NEFAs: non-esterified fatty acid; RRF: residual renal

function; PPL: peritoneal protein losses; MTC: peritoneal mass transport area coefficient.

*p<0.05 (vs. baseline, Wilcoxon signed-rank test).

**FGF-21 was analyzed by LMERM (p-value <0.05).

doi:10.1371/journal.pone.0151698.t001
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included. In addition, in this consent form it was specified the possibility of using the archived
samples and their clinical data for future scientific initiatives and purposes, when they will not
be accessible. This study is part of the Extramural Grant Program (EGP) Project from Baxter,
entitled “Cardiovascular Disease and Peritoneal Membrane Damage in Peritoneal Dialysis as
Concurrent Consequences of a Common Mechanism Dependent on the Glucose Effect in Peri-
toneal Adipocytes”, approved by the Research Ethics Committee of the Hospital Universitario
La Paz.

During follow-up at each annual evaluation, the following analyses were performed: plasma
FGF-21, NEFAs, glucose, insulin and albumin. The HOMA-IR was calculated and the perito-
neal function-related parameters were also recorded. All the patients were subjected to a base-
line peritoneal kinetic study (within 8 weeks after the start of dialysis) and every year
thereafter. This study was performed using a standard protocol of a 4-hour dwell period with
3.86% glucose concentration of a 2-liter volume exchange. During the peritoneal function
study, the patients fasted and received no medication. To measure the peritoneal diffusive
capacity, 6 samples of the peritoneal effluent (at time 0, 30, 60, 120, 180 and 240 minutes) and
a blood sample were taken. Based on these determinations, the D/P Cr was calculated as
described by Twardowski [15], as well as the mass transfer coefficients of urea (U-MTC) and
creatinine (Cr-MTC), based on the mathematical model described previously by our group
[16,17]. The peritoneal protein losses were also measured in the effluent and calculated as g/24
hours.

The estimated average peritoneal glucose load was calculated according to the total glucose
concentration in the administered dialysate. The patients were classified into one of three
groups: low load (all dialysate glucose 1.5%), intermediate (less than 50% dialysate glucose
2.5%) or high (more than 50% dialysate glucose 2.5%). At baseline, 80% of the patients had a
low average glucose load and no patient had a high load. At the end of the study, 53.1% main-
tained a low glucose load and only 21.9% had a high load. There were no differences in the
peritoneal glucose load between the diabetic and the non-diabetic patients.

Laboratory procedures. Blood samples for FGF-21 were collected in lithium heparin
plasma tubes and centrifuged at 3500 rpm for 10 min before storage at -40°C or -80°C until all
the samples were assayed at the same time. The intact FGF-21 was quantified by an enzyme-
linked immunosorbent sandwich assay (ELISA), according to the manufacturer’s instructions
(Merck-Millipore, Darmstadt, Germany). The sensitivity for FGF-21 was 1.7 pg/mL, and accu-
racy was 5.7% intra-assay and 6.9% inter-assay. The normal value was<200 pg/mL. We per-
formed an analysis of plasma FGF-21 concentrations in 9 end-stage kidney disease patients,
founding a median value of 86 pg/ml (range 79–430).

Determination of NEFAs was based on an in vitro enzymatic colorimetric method (A25,
Biosystems, Barcelona, Spain). The expected values were 2.8–16.9 mg/dL for men, and 2.8–
12.7 mg/dL for women. The accuracy was 1.5%. Insulin was quantified by immunoassay using
direct chemiluminescent technology (Liaison, DiaSorin, Saluggia, Italy). Sensitivity was
0.5 μUI/mL. Accuracy was 3.9% intra-assay and 4.3% inter-assay. The HOMA-IR index was
calculated in the non-diabetic patients according to the formula by Matthews et al. [18]:
HOMA-IR = glucose (mmol/L) x insulin (μU/mL)/22.5.

Statistical analysis. Quantitative data are expressed as mean ± standard deviation (SD) for
normally distributed continuous variables, or median (interquartile range [IQ]) in other case.
Kolmogorov-Smirnov test was performed over each variable on Table 1 to test for normality to
explore data. Differences from baseline to each visit were analyzed using paired Student’s t-test
or Wilcoxon test, depending on data distribution. Categorical variables were reported as count
and percentages. Correlations between the variables were assessed using the Spearman correla-
tion analysis. FGF-21 variable was transformed into napierian logarithm of FGF-21 to reach a
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normal distribution. Data were analyzed using repeated measures in a Linear Mixed-Effects
Regression Model (LMERM) with the Restricted Maximum Likelihood Method (REML).
Regarding the first objective, to estimate “the Natural History of napierian logarithm of FGF-21
plasma levels in PD patients”, time was added to test the linear effect of time on the FGF21
plasma level, thus we considered the intercept and time as random and unstructured covari-
ance matrix for those effects. Related to the second objective, we added specific covariates into
the model and estimated the relationship with the outcome after controlling for the fixed linear
effect of time. We studied main factor and the interactions effects. Interaction was indicated by
different evolution in the profiles of the groups (different slopes).

Contour plots are visual representations of continuous data on two axes. The contour inter-
polation shows how the estimated means vary for different range combinations of the predic-
tors. This representation has been used to reflect the plasma FGF-21 level variation over time
in PD patients according to RRF and peritoneal protein losses.

A p-value<0.05 was considered statistically significant. All statistical analyses were per-
formed using statistical software SPSS for windows, version 15.0 (Chicago, SPSS Inc., USA)
and SAS Enterprise Guide 5.1. (Cary NC, SAS Institute Inc., USA). In particular, the procedure
MIXED was used in the Linear Mixed-Effects Regression Model for estimation of parameters.

Results
Baseline FGF-21 plasma level in PD patients was 177 pg/ml (30–628) and there was not statisti-
cally significant difference between the median values in PD and end-stage kidney disease
patients.

A significant increase in plasma FGF-21 levels was observed from the first year in the entire
cohort by LMERM (Fig 1). When classifying patients according to the presence or absence of
diabetes, we found that this increase was significant in the second and third year in the non-
diabetic subjects and was almost significant in the first year (p = 0.06). In the patients with dia-
betes, we found a non-significant increase in FGF-21 levels in the first 2 years, returning to val-
ues similar to baseline at the end of the study.

Regarding other glucose metabolism parameters, in the non-diabetic patients, blood glucose
levels did not vary throughout the study, whereas insulin levels exhibited a non-significant
mild decrease. However, we found a significant reduction in HOMA-IR at the second year
(Table 1). We did not find any significant change in NEFAs and albumin concentrations dur-
ing the 3 years of the study, even among the diabetic patients.

In relation to the renal and peritoneal function parameters, RRF in the non-diabetic patients
declined progressively and significantly from the first year of the study (Table 1). However,
U-MTC, Cr-MTC and peritoneal protein losses (PPL) did not vary throughout the study.

We performed a correlation to assess the relationship between FGF-21 levels and diverse
clinical, analytical and PD parameters (Table 2). First, we analyzed correlations between baseline
FGF-21 levels and baseline parameters. We found a significant correlation with RRF (ρ -0.484,
p<0.05) and PPL (ρ 0.410, p<0.05). Second, when analyzing data at the first year, we found a
significant correlation between FGF-21 and both HOMA-IR (ρ -0.395, p<0.05) and PPL
(ρ 0.566, p<0.01). We did not found a significant correlation with glucose or insulin. Third, we
studied the relationship between the variation in FGF-21 levels within the first year (concentra-
tion at one year-baseline concentration) and the corresponding changes in the same parameters.
We did not find any significant correlation in this last analysis.

Using a mixed model analysis, we performed a longitudinal analysis to study the effect of
the time on dialysis on plasma FGF-21 concentrations (Table 3) and found a positive correla-
tion (p<0.001).
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Table 2. Matrix correlation between clinical and analytical parameters with FGF-21 at baseline, and at the first year. Correlation of increment during
the first year in clinical and analytical parameters with FGF-21 increment, in non-diabetic patients.

Variables Baseline parameters with baseline
FGF-21

1st year parameters with 1ST year
FGF-21

Δ FGF-21 with change in
parameters

BMI (kg/m2) -0.200 -0.091 -0.253

Blood glucose (mg/dl) 0.038 -0.302 -0.053

Albumin (g/dl) 0.064 -0.299 -0.055

NEFAs (mg/dl) -0.058 -0.006 -0.076

Insulin (μUI/ml) 0.280 -0.332 -0.214

HOMA-IR 0.203 -0.396* -0.154

RRF (ml/min) -0.484* -0.272 -0.311

PPL (g/24h) 0.410* 0.566* 0.233

Urea MTC (ml/min) -0.042 -0.235 -0.016

Creatinine MTC (ml/
min)

0.006 0.113 0.065

Data are expressed as correlation coefficient for nonparametric data (Spearman Rho). In the last column, we showed the correlation between the change

in FGF-21 levels within the first year with the change in the values in these parameters, in the same time, in non-diabetic patients.

Abbreviations: BMI: body mass index; NEFA: non-esterified fatty acid; FGF-21: fibroblast growth factor 21; RRF: residual renal function; PPL: peritoneal

protein losses; MTC: mass transport area coefficient.

*p<0.05.

doi:10.1371/journal.pone.0151698.t002

Fig 1. FGF-21 plasma level variation over time. FGF-21 plasma level variation over time in the 48 studied patients, according to the presence or absence
of diabetes. The significant increase in the first year affecting both non-diabetic and diabetic patients is remarkable. After this period, FGF-21 levels remained
approximately 3-fold over the initial range for 3 years in the non-diabetic patients. Abbreviations: DM: diabetic patients; Non-DM: non-diabetic patients.
*p<0.05 (Linear Mixed-Effects Regression Model).

doi:10.1371/journal.pone.0151698.g001
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We then studied the effects of the other factors on the evolution of FGF-21 on PD patients
(Table 4). We found no association, apart from time, with age, BMI, HOMA-IR, NEFAs, glu-
cose levels, PD modality, glucose in PD solutions, Cr-MTC, U-MTC and ultrafiltration. Fur-
thermore, there was no association with RRF or diuresis output, although there was a
significant (independent) association between higher FGF-21 levels over time and anuria.

Using the mixed model analysis to evaluate FGF-21 evolution over time in relation to RRF,
we found that patients with RRF had lower levels than those without RRF (p<0.05) (Fig 2). To
exclude the influence of RRF on the FGF-21 increase during the first year, we performed an
analysis with FGF-21 and RRF values during this period; there was no significant reduction in
RRF and diuresis over the first year. We found no significant interaction effect between time
and RRF (described as different evolution) (p = 0.8). However, FGF-21 plasma levels increased
in 80% of the patients to various degrees. This result is sufficient to confirm the independence
of the FGF-21 plasma level increase from RRF during the first year. During subsequent years,
anuria determined an additional step upward in the FGF-21 plasma level.

There was also a significant statistical association between FGF-21 levels and PPL (p<0.05).
Patients with higher PPL had more elevated FGF-21 levels, independent of time on dialysis
(Fig 3). With this same analysis, we found an almost significant association between FGF-21
levels and peritoneal creatinine transport (Creatinine D/P, p = 0.06 and Cr-MTC, p = 0.06),
which would be consistent with the findings relative to peritoneal protein losses.

Table 3. Natural History of napierian logarithm of FGF-21 plasma levels in PD patients estimated by
the random linear timemodel.

Effect Estimate Standard Error p

Intercept 5.0559 0.3132 <0.01

Time 0.03015 0.008994 <0.01

Solution for fixed effects.

doi:10.1371/journal.pone.0151698.t003

Table 4. Estimation of the relationship between FGF-21 and glucose homeostasis, residual renal
function and peritoneal functional parameters adjusted over time.

Variable Estimate Standard Error p

Age 0.007732 0.01650 0.6431

BMI -0.03343 0.05863 0.5707

HOMA-IR -0.06317 0.06505 0.3339

NEFAs -0.00196 0.002110 0.3562

Glucose -0.00997 0.009290 0.2859

PD modality -0.7397 1.0885 0.4986

Glucose in PD solutions -0.5979 0.4295 0.1690

Cr-MTC 0.02618 0.04395 0.5543

U-MTC 0.01084 0.02853 0.7051

DPCr <0.8 -1.2514 0.6298 0.0507

PPL 0.1976 0.09214 0.0360

UF -0.00044 0.000820 0.5905

Anuria -1.1597 0.4948 0.0237

RRF -0.03912 0.03940 0.3233

doi:10.1371/journal.pone.0151698.t004
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Discussion
To the best of our knowledge, this is the first study to analyze the natural history of FGF-21 in
patients on PD. Like other markers, it appears that FGF-21 could be more valuable when peri-
odically monitored rather than when assessed as an isolated value. Results of the present study
clearly show that the first 3 years on PD are accompanied by a significant increase in FGF-21
plasma levels. In patients with diabetes, we could not find significant differences in FGF-21
concentrations, probably due to the limited sample size. Therefore, our analysis of the relation-
ships between FGF-21 and metabolic and dialysis parameters was performed only on the
cohort of non-diabetic patients.

The median FGF-21 value in our study is in agreement with previous reports that use the
same methodology. Han et al. [8] compared 72 Korean non-diabetic PD patients (76.0 ± 50.7
months on PD) with 63 healthy controls and found a significant difference in the FGF-21 levels
between them (86.8 ± 60.2 vs. 729.6 ± 461.5 pg/mL). FGF-21 levels correlated inversely with
RRF and Kt/V and positively with PD duration. Contrary to our results, these authors found a
significant correlation between FGF-21 levels and insulinemia and HOMA-IR. In another
study, Ulu et al. [7] studied FGF-21 levels in 56 prevalent continuous ambulatory PD patients
(28 ± 12 months on PD), but they did not analyze glucose homeostasis parameters.

Although we only found a significant reduction of HOMA-IR at the second year, our study
was performed on incident PD patients and they were only followed-up for 3 years, so we

Fig 2. Contour plot representing the evolution of plasma FGF-21 levels over time in PD therapy, according to residual renal function. Contour plot
representing the evolution of plasma FGF-21 levels (scaled by a Napierian logarithm on the y-axis) over time in PD therapy, according to residual renal
function (RRF). The quantitative color scheme was chosen in a log scale (blue = the lowest, red = the highest) to achieve optimal range in the display; the
annotated color quantitative scale shows the 95% confidence interval for the values.

doi:10.1371/journal.pone.0151698.g002
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cannot rule out the possibility that other glucose homeostasis parameters could be modified
with time.

There have been some other studies performed on stage 5 chronic kidney disease (CKD) in
non-dialysis patients. Lin et al. [10] studied FGF-21 levels in 240 Chinese patients (200 patients
in different stages of CKD and 40 healthy controls) and found that FGF-21 was significantly
increased with the development of early- to end-stage CKD. The median and IQ in patients
with an estimated glomerular filtration rate<30 ml/min was 1098.8 (523.1 to 2467.8), although
there were also 54 long-term hemodialysis patients in this group, therefore, comparison of
these results with ours is not possible. They also found significant differences in blood glucose,
HOMA and insulin levels between the different stages of CKD, overall, with the prevalence of
diabetes (46.6% in end-stage CKD versus 19.7% in early-stage CKD).

Glucose has long been employed as the sole osmotic agent in PD therapy, although there are
some clinical concerns associated with the use of glucose-based PD solutions. Studies per-
formed to determine the absorption of glucose from the peritoneal cavity suggest that approxi-
mately 60%–80% of the glucose instilled into the peritoneal cavity is absorbed during a 6-hour
dwell, varying between 25 g and 60 g, according to the solution. PD patients are estimated to
absorb 100–300 g of glucose per day through their dialysate. The peritoneal membrane of fast

Fig 3. Contour plot representing the association between plasma FGF-21 levels, peritoneal protein losses and time on PD. Contour plot representing
the independent association between plasma FGF-21 levels (Napierian logarithm) represented by the blue lines, peritoneal protein losses (Y-axis) and time
on PD (X-axis). This contour plot indicates the FGF-21 value expected according to time on PD and peritoneal protein losses.

doi:10.1371/journal.pone.0151698.g003
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transporters (creatinine D/P greater than 0.80) presents a large effective peritoneal surface area
or higher intrinsic membrane permeability, and these patients absorb large quantities of glu-
cose into their circulation. Uremic patients have abnormal glucose and insulin metabolism and
this glucose load could contribute to some metabolic abnormalities such as hyperinsulinemia
or reduced peripheral sensitivity to insulin [14].

FGF-21 stimulates glucose uptake independently of insulin action [1]. Therefore, the
absence of an increase in insulinemia and HOMA-IR in our PD patients, along with the incre-
ment in FGF-21 levels from the first year, allow us to speculate that FGF-21 might be impli-
cated, in some way, in overcoming and compensating for the tendency to glucose-load-
induced hyperinsulinemia and increased insulin resistance that PD patients exhibit. This find-
ing confirms the results of another study performed by our group that did not find increments
in HOMA-IR values in patients in the first year on PD [19].

Our data appear to confirm the hypothesis that FGF-21 plasma levels have a natural history
that varies over time on PD. FGF-21 production might be induced by daily peritoneal glucose
overload, which is regulated by peritoneal transport characteristics [20,21]. Therefore, patients
who absorb more glucose, due to a more permeable peritoneum, could promote greater FGF-
21 production. During the first 2 years on PD, the primary influence on FGF-21 levels might
be peritoneal glucose absorption, which is related to peritoneal permeability to small and large
molecules. Our data confirm that FGF-21 plasma levels in PD patients are significant and are
directly influenced by the peritoneal transport of large molecules and independently, to an
almost significant level, of small molecules. An increase in sample size would probably confirm
a significant relationship between peritoneal function (measured by creatinine D/P, and Cr-
MTC) and FGF-21 plasma levels.

FGF-21 levels are independently associated with RRF at the time of starting PD therapy. We
subsequently did not find an association between small changes in RRF and FGF-21 levels dur-
ing our study, with the exception that anuria determines an additional and independent
increase in plasma FGF-21 levels, probably due to retention caused by the lack of kidney
excretion.

The lack of information on the influence of dialysate glucose on FGF-21 encouraged us to
perform this pilot study. The sample size, and the difficulty of measuring these markers, is the
primary limitations of our study. Other limitation is that FGF-21 was measured only annually,
so the pattern could have been more accurate with shorter periods between measurements. We
also recognize that we only analyzed patients who had all the measurements, so it is possible
that those with shorter time in dialysis had a different FGF-21 pattern. Due to these limitations,
the results should be interpreted with caution. On the other hand, we were able to identify sta-
tistically significant associations between FGF-21 levels and time on PD therapy, PPL and RRF.
Nevertheless, the possibility of including FGF-21 as a new marker to predict or measure insulin
resistance in patients at high risk, such as those on PD, should be considered when designing
further clinical studies to confirm and further explain these results.

Our study shows that FGF-21 plasma levels in incident PD patients significantly increase
during the first 3 years. This increment is dependent on or associated with RRF and PPL
(higher levels in patients with lower RRF and higher PPL). The absence of increments in insu-
lin resistance parameters despite a sustained peritoneal glucose load suggest that FGF-21 might
be an important endocrine agent in PD patients that could possibly act as hormonal signaling
to maintain glucose homeostasis and prevent potential insulin resistance.

In conclusion, these preliminary results suggest that FGF-21 might be protective against the
development of insulin resistance over time in patients undergoing a continuous glucose load.

The mechanisms involved in the maintenance of insulin sensitivity in PD patients require
further investigation.

Natural History of FGF-21 in Peritoneal Dialysis patients

PLOS ONE | DOI:10.1371/journal.pone.0151698 March 17, 2016 10 / 12



Supporting Information
S1 Fig. Individual Napierian logarithm FGF-21 values in the entire series.
(TIF)

Acknowledgments
We thank Rosario Madero Jarabo for her assistance in the statistical revision.

Author Contributions
Conceived and designed the experiments: EG JJD MAB PI RS. Performed the experiments: CG
OR. Analyzed the data: EG MDA. Contributed reagents/materials/analysis tools: CG RS.
Wrote the paper: EG JJD MAB GP PI RS.

References
1. Iglesias P, Selgas R, Romero S, Díez JJ. Biological role, clinical significance, and therapeutic possibili-

ties of the recently discovered metabolic hormone fibroblastic growth factor 21. Eur J Endocrinol. 2012
Sep; 167(3):301–9. Available: http://www.ncbi.nlm.nih.gov/pubmed/22740503. doi: 10.1530/EJE-12-
0357 PMID: 22740503

2. Ohta H, Konishi M, Itoh N. FGF10 and FGF21 as regulators in adipocyte development and metabolism.
Endocr Metab Immune Disord Drug Targets. 2011 Dec; 11(4):302–9. Available: http://www.ncbi.nlm.
nih.gov/pubmed/21696361. PMID: 21696361

3. Kharitonenkov A. FGFs and metabolism. Curr Opin Pharmacol. Elsevier Ltd; 2009 Dec; 9(6):805–10.
Available: http://www.ncbi.nlm.nih.gov/pubmed/19683963.

4. Kralisch S, Fasshauer M. Fibroblast growth factor 21: effects on carbohydrate and lipid metabolism in
health and disease. Curr Opin Clin Nutr Metab Care. 2011 Jul; 14(4):354–9. Available: http://www.ncbi.
nlm.nih.gov/pubmed/21505329. doi: 10.1097/MCO.0b013e328346a326 PMID: 21505329

5. Cuevas-Ramos D, Aguilar-Salinas C a, Gómez-Pérez FJ. Metabolic actions of fibroblast growth factor
21. Curr Opin Pediatr. 2012 Aug; 24(4):523–9. Available: http://www.ncbi.nlm.nih.gov/pubmed/
22732636. doi: 10.1097/MOP.0b013e3283557d22 PMID: 22732636

6. Semba RD, Sun K, Egan JM, Crasto C, Carlson OD, Ferrucci L. Relationship of serum fibroblast growth
factor 21 with abnormal glucose metabolism and insulin resistance: the Baltimore Longitudinal Study of
Aging. J Clin Endocrinol Metab. 2012 Apr; 97(4):1375–82. Available: http://www.pubmedcentral.nih.
gov/articlerender.fcgi?artid=3319186&tool=pmcentrez&rendertype=abstract. doi: 10.1210/jc.2011-
2823 PMID: 22344195

7. Ulu SM, Yuksel S, Altuntaş A, Kacar E, Ahsen A, Altug A, et al. Associations between serum hepcidin
level, FGF-21 level and oxidative stress with arterial stiffness in CAPD patients. Int Urol Nephrol. 2014
Dec; 46(12):2409–14. Available: http://www.ncbi.nlm.nih.gov/pubmed/24908281. doi: 10.1007/
s11255-014-0753-7 PMID: 24908281

8. Han SH, Choi SH, Cho BJ, Lee Y, Lim S, Park YJ, et al. Serum fibroblast growth factor-21 concentration
is associated with residual renal function and insulin resistance in end-stage renal disease patients
receiving long-term peritoneal dialysis. Metab Clin Exp. Elsevier Inc.; 2010 Nov; 59(11):1656–62. Avail-
able: http://www.ncbi.nlm.nih.gov/pubmed/20423749.

9. Olauson H, Larsson TE. FGF23 and Klotho in chronic kidney disease. Curr Opin Nephrol Hypertens.
2013; 22:397–404. Available: http://www.ncbi.nlm.nih.gov/pubmed/23666415. doi: 10.1097/MNH.
0b013e32836213ee PMID: 23666415

10. Lin Z, Zhou Z, Liu Y, Gong Q, Yan X, Xiao J, et al. Circulating FGF21 levels are progressively increased
from the early to end stages of chronic kidney diseases and are associated with renal function in Chi-
nese. PLOSONE. 2011 Jan; 6(4):e18398. Available: http://www.pubmedcentral.nih.gov/articlerender.
fcgi?artid=3078122&tool=pmcentrez&rendertype=abstract. doi: 10.1371/journal.pone.0018398 PMID:
21525989

11. Han SH, Lee SC, Kang EW, Park JK, Yoon HS, Yoo T-H, et al. Reduced Residual Renal Function is
Associated with Endothelial Dysfunction in Patients Receiving Peritoneal Dialysis. Perit Dial Int. 2012;
32(April 2010):149–58.

12. Hindricks J, Ebert T, Bachmann A, Kralisch S, Lössner U, Kratzsch J, et al. Serum levels of fibroblast
growth factor-21 are increased in chronic and acute renal dysfunction. Clin Endocrinol (Oxf). 2014 Jun;
80(6):918–24. Available: http://www.ncbi.nlm.nih.gov/pubmed/24612017.

Natural History of FGF-21 in Peritoneal Dialysis patients

PLOS ONE | DOI:10.1371/journal.pone.0151698 March 17, 2016 11 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0151698.s001
http://www.ncbi.nlm.nih.gov/pubmed/22740503
http://dx.doi.org/10.1530/EJE-12-0357
http://dx.doi.org/10.1530/EJE-12-0357
http://www.ncbi.nlm.nih.gov/pubmed/22740503
http://www.ncbi.nlm.nih.gov/pubmed/21696361
http://www.ncbi.nlm.nih.gov/pubmed/21696361
http://www.ncbi.nlm.nih.gov/pubmed/21696361
http://www.ncbi.nlm.nih.gov/pubmed/19683963
http://www.ncbi.nlm.nih.gov/pubmed/21505329
http://www.ncbi.nlm.nih.gov/pubmed/21505329
http://dx.doi.org/10.1097/MCO.0b013e328346a326
http://www.ncbi.nlm.nih.gov/pubmed/21505329
http://www.ncbi.nlm.nih.gov/pubmed/22732636
http://www.ncbi.nlm.nih.gov/pubmed/22732636
http://dx.doi.org/10.1097/MOP.0b013e3283557d22
http://www.ncbi.nlm.nih.gov/pubmed/22732636
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3319186&tool�=�pmcentrez&rendertype�=�abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3319186&tool�=�pmcentrez&rendertype�=�abstract
http://dx.doi.org/10.1210/jc.2011-2823
http://dx.doi.org/10.1210/jc.2011-2823
http://www.ncbi.nlm.nih.gov/pubmed/22344195
http://www.ncbi.nlm.nih.gov/pubmed/24908281
http://dx.doi.org/10.1007/s11255-014-0753-7
http://dx.doi.org/10.1007/s11255-014-0753-7
http://www.ncbi.nlm.nih.gov/pubmed/24908281
http://www.ncbi.nlm.nih.gov/pubmed/20423749
http://www.ncbi.nlm.nih.gov/pubmed/23666415
http://dx.doi.org/10.1097/MNH.0b013e32836213ee
http://dx.doi.org/10.1097/MNH.0b013e32836213ee
http://www.ncbi.nlm.nih.gov/pubmed/23666415
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3078122&tool�=�pmcentrez&rendertype�=�abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3078122&tool�=�pmcentrez&rendertype�=�abstract
http://dx.doi.org/10.1371/journal.pone.0018398
http://www.ncbi.nlm.nih.gov/pubmed/21525989
http://www.ncbi.nlm.nih.gov/pubmed/24612017


13. Crasto C, Semba RD, Sun K, Ferrucci L. Serum fibroblast growth factor 21 is associated with renal
function and chronic kidney disease in community-dwelling adults. J Am Geriatr Soc. 2012 Apr; 60
(4):792–3. Available: http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3325515&tool=
pmcentrez&rendertype=abstract. doi: 10.1111/j.1532-5415.2011.03879.x PMID: 22494291

14. Holmes CJ, Shockley TR. Strategies to reduce glucose exposure in peritoneal dialysis patients. Perit
Dial Int. 2000 Jan; 20 Suppl 2:S37–41. Available: http://www.ncbi.nlm.nih.gov/pubmed/10911641.
PMID: 10911641

15. Twardoski ZJ, Nolph KD K R. Peritoneal equilibration test. Perit Dial Bull. 1987; 7:138–47.

16. Selgas R, Bajo MA, Cirugeda A, del Peso G, Valdés J, Castro MJ, et al. Ultrafiltration and small solute
transport at initiation of PD: questioning the paradigm of peritoneal function. Perit Dial Int. Jan; 25
(1):68–76. Available: http://www.ncbi.nlm.nih.gov/pubmed/15770928. PMID: 15770928

17. Selgas R, Fernandez-Reyes MJ, Bosque E, Bajo MA, Borrego F, Jimenez C, et al. Functional longevity
of the human peritoneum: how long is continuous peritoneal dialysis possible? Results of a prospective
medium long-term study. Am J Kidney Dis. 1994 Jan; 23(1):64–73. Available: http://www.ncbi.nlm.nih.
gov/pubmed/8285200. PMID: 8285200

18. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC. Homeostasis model
assessment: insulin resistance and beta-cell function from fasting plasma glucose and insulin concen-
trations in man. Diabetologia. 1985 Jul; 28(7):412–9. Available: http://www.ncbi.nlm.nih.gov/pubmed/
3899825. PMID: 3899825

19. Sánchez-Villanueva R, Estrada P, del Peso G, Grande C, Díez JJ, Iglesias P, et al. Repeated analysis
of estimated insulin resistance using the HOMAIR index in non-diabetic patients on peritoneal dialysis
and its relationship with cardiovascular disease and mortality. Nefrologia. 2013 Jan 18; 33(1):85–92.
Available: http://www.ncbi.nlm.nih.gov/pubmed/23364630. doi: 10.3265/Nefrologia.pre2012.Nov.
11430 PMID: 23364630

20. Krediet RT. Peritoneal dialysis: from bench to bedside. Clin Kidney J. 2013Oct 14; 6(6):568–77. Avail-
able: http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4438370&tool=pmcentrez&rendertype=
abstract. doi: 10.1093/ckj/sft122 PMID: 26120456

21. WuH-Y, Hung K-Y, Huang T-M, Hu F-C, Peng Y-S, Huang J-W, et al. Safety issues of long-term glu-
cose load in patients on peritoneal dialysis—a 7-year cohort study. PLOS ONE. Public Library of Sci-
ence; 2012 Jan; 7(1):e30337. Available: http://journals.plos.org/plosone/article?id=10.1371/journal.
pone.0030337.

Natural History of FGF-21 in Peritoneal Dialysis patients

PLOS ONE | DOI:10.1371/journal.pone.0151698 March 17, 2016 12 / 12

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3325515&tool�=�pmcentrez&rendertype�=�abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3325515&tool�=�pmcentrez&rendertype�=�abstract
http://dx.doi.org/10.1111/j.1532-5415.2011.03879.x
http://www.ncbi.nlm.nih.gov/pubmed/22494291
http://www.ncbi.nlm.nih.gov/pubmed/10911641
http://www.ncbi.nlm.nih.gov/pubmed/10911641
http://www.ncbi.nlm.nih.gov/pubmed/15770928
http://www.ncbi.nlm.nih.gov/pubmed/15770928
http://www.ncbi.nlm.nih.gov/pubmed/8285200
http://www.ncbi.nlm.nih.gov/pubmed/8285200
http://www.ncbi.nlm.nih.gov/pubmed/8285200
http://www.ncbi.nlm.nih.gov/pubmed/3899825
http://www.ncbi.nlm.nih.gov/pubmed/3899825
http://www.ncbi.nlm.nih.gov/pubmed/3899825
http://www.ncbi.nlm.nih.gov/pubmed/23364630
http://dx.doi.org/10.3265/Nefrologia.pre2012.Nov.11430
http://dx.doi.org/10.3265/Nefrologia.pre2012.Nov.11430
http://www.ncbi.nlm.nih.gov/pubmed/23364630
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4438370&tool�=�pmcentrez&rendertype�=�abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4438370&tool�=�pmcentrez&rendertype�=�abstract
http://dx.doi.org/10.1093/ckj/sft122
http://www.ncbi.nlm.nih.gov/pubmed/26120456
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0030337
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0030337

