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Progranulin (PGRN), a novel peptide that has recently emerged as an important regulatory adipokine, is relevant to energy
homeostasis and obesity in animals and adult humans. Little is known about its roles in children. The aim of the current
study was to determine the potential role of PGRN and explore its relationship to various obesity-related markers in obese
children. This was a cross-sectional study composed of 77 children (43 obese and 34 healthy, age 8.68± 0.28 and 8.46
± 0.45 years, resp.). The PGRN levels were significantly higher in obese children (102.44± 4.18 ng/mL) comparing to
controls (69.32± 5.49 ng/mL) (P < 0 05). Moreover, the PGRN levels were positively correlated with triglyceride (TG), total
cholesterol (TC), IL-6, systolic blood pressure (SBP), and diastolic blood pressure (DBP) in obese children after adjusted
for BMI and age. However, there was no correlation of serum PGRN levels with OGTT-derived dynamic parameters,
HOMA-IR, or HOMA-β in obese children. The results suggest that serum PGRN levels are significantly higher in obese
children in China and correlate significantly with obesity-related markers. Increased PGRN levels may be involved in the
pathological mechanism of childhood obesity.

1. Introduction

Childhood obesity has become a global public health issue.
The prevalence of obesity has tripled in the last three decades.
Among Chinese children, the combined prevalence of
overweight and obesity has increased rapidly over the past
decades, from less than 3% in 1985 to 19.2% in 2010 [1].
Childhood obesity is associated with a number of adverse
health consequences including type 2 diabetes (T2DM),
dyslipidemia, and hypertension, all of which will lead to
premature cardiovascular diseases [2, 3].

As is well known, obesity is defined as excess fat mass
accumulation. Adipose tissue, in addition to energy storage,
has been found to have a variety of endocrine functions. It

can secrete all kinds of adipokines [4, 5], including leptin,
adiponectin, and resistin, all of which play important roles
in metabolism and energy homeostasis. Progranulin
(PGRN), also known as proepithelin, is a pluripotent growth
factor that mediates cell growth, wound healing, tumorigen-
esis, and neurodegenerative disease [6, 7]. More recently,
PGRN has emerged as an important regulatory adipokine
of glucose metabolism and insulin sensitivity [8, 9]. For
instance, diet-induced obese mice with PGRN deficiency
exhibited lower body weight and ameliorated insulin sensi-
tivity, whereas administration of recombinant PGRN
induced obesity and glucose intolerance in wild-type mice
with standard diet [10]. Consistently, PGRN affects insulin
signaling and suppresses insulin-stimulated glucose uptake
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in 3T3-L1 adipocytes [10]. Moreover, several clinical investi-
gations also demonstrated that serum PGRN was associated
with parameters of adiposity, glucose tolerance, and inflam-
matory factors [11, 12]. In patients with T2DM, circulating
PGRN is significantly higher comparing to normal controls
and positively correlates with high-sensitivity C-reactive pro-
tein, IL-6, and macrophage infiltration in omental adipose
tissue (AT) [13]. In particular, PGRN expression in visceral
AT is higher than in subcutaneous AT of insulin-resistant
patients [14].

Up to now, the clinical data have revealed a relationship
between PGRN levels and obesity. However, few studies have
explored the PGRN levels in obese children. Therefore, the
purpose of the present study was to investigate possible cor-
relations between PGRN levels and obesity in Chinese chil-
dren, and to identify associations between PGRN levels and
obesity-related disorders.

2. Materials and Methods

2.1. Study Design. The study was initiated upon approval of
the local ethics committee of the Faculty of Medicine of Soo-
chow University, in light of the Helsinki Declaration. A writ-
ten informed consent of the parent(s) of each subject was
obtained before the study.

This study recruited 43 obese children, 13 girls and 30
boys, with BMI above the 95th percentile. Another 34 healthy
subjects with BMI below the 85th percentile with similar age
and gender distribution were enrolled as controls.

Before the outset of the study, all the patients and control
subjects had under taken general physical examination and
laboratory evaluation to exclude other illnesses. Those with
chronic diseases (cardiovascular, gastrointestinal, or respira-
tory), history of drug use (steroids or antipsychotics), endo-
crine disorders (Cushing syndrome or hypothyroidism), or
suspected syndromes associated with obesity (Prader-Willi
or Laurence-Moon-Biedl syndromes) were excluded from
the study. Pubertal development of subjects was evaluated
according to Tanner staging [15]. Boys with testicular vol-
ume larger than 4mL and girls with breast development
more than Tanner stage II were also excluded to avoid the
effect of sex hormones on obesity and relative parameters.

2.2. Assays and Calculations. Height was measured in the
standing position, without shoes, using a stadiometer (sensi-
tivity, 0.1 cm), and weight was measured using a portable
scale (sensitivity, 0.1 kg) with the patients dressed in light
clothing. BMI was calculated by dividing weight (kg) by
squared height (m2).

Systolic blood pressure (SBP) and diastolic blood
pressure (DBP) were measured twice at the right arm after
a 10min rest in the supine position using a calibrated
sphygmomanometer. For oral glucose tolerance test
(OGTT), a 180min OGTT (1.75 g/kg glucose, maximum
75 g) was performed in the morning after 10 to 12 hours
overnight fasting. Blood samples were obtained by an
antecubital venous catheter at 0, 30, 60, 120, and 180min
for determination of glucose, insulin, and C-peptide levels
as described previously [16].

The homeostasis model assessment for insulin resistance
(HOMA-IR) was calculated using the following formula:
HOMA-IR= Insulin (mU/mL)×Glucose (mmol/L)/22.5, as
previously described [17]. HOMA-IR> 2.5 was used as a cut-
off value to differentiate insulin resistant from nonresistant
obese subjects [18].

To assess the β-cell function, the homeostasis model
assessment for β-cell function (HOMA-β) was calculated as
follows: 20× Insulin (mU/mL)/[Glucose (mmol/L)-3.5]
[19]. Moreover, the insulinogenic index and comparable C-
peptide index (ΔI30/ΔG30, ΔC30/ΔG30) were calculated as
the ratio of the incremental change of insulin or C-peptide
to glucose, respectively, from 0 to 30min of the OGTT as
previously reported [20].

2.3. Laboratory Analysis. Blood samples for glucose, insulin,
lipid profiles, and PGRN levels were taken after 10–12 h night
fasting. Blood was obtained from an antecubital venous cath-
eter and placed on ice. Serum was separated within 20min
and stored at −80°C until analysis.

Fasting glucose was assayed by glucose oxidase method.
HbAC1 was measured by isoelectric focusing. Serum
insulin levels were measured by RIA using human insulin
as standard (Millipore, Catalog number: EZHIASF-14K).
Triglyceride (TG), total cholesterol (TC), high-density
lipoprotein cholesterol (HDL), low-density lipoprotein
cholesterol (LDL), liver function, and high-sensitive CRP
concentrations were detected by autoanalyzer (Beckman
CX-7 Biochemical Autoanalyser, Brea, CA, USA).

Serum PGRN, IL-6, and TNFα analysis was all performed
with the ELISA kits. PGRN concentrations were determined
with ELISA kit (R&D, Catalog number: DPGRN0). The
ELISA kit has a dynamic range between 1.6 and 100ng/mL
and a detection limit of 0.54 ng/mL. Intra-assay and interas-
say coefficient of variations (CV) were <4.4% and 7.4%,
respectively. IL-6 and TNFα concentrations were determined
with ELISA Kit (eBioscience company, Catalog number:
BMS213-2TEN and BMS2034, resp.). The IL-6 ELISA kit
has a dynamic range between 15 pg/mL and 1540 pg/mL
and a detection limit of 2 pg/mL. Intra-assay and interassay
CVs were 5.6% and 7.5%, respectively. The assay range for
TNFα ELISA kit was 7.8–500 pg/mL, sensitivity was 2.3 pg/
mL, and intra-assay and interassay CVs were 6.0% and
7.4%, respectively.

2.4. Statistical Analyses. Statistical analyses of the data were
conducted by SPSS 19.0.1 (SPSS Inc., Chicago, IL, USA).
All values are presented as mean± S.E.M. Distribution of
data was evaluated with the Kolmogorov-Smirnov test. For
numerical comparisons, Student’s t-test (between obese and
control groups and for insulin-resistant and nonresistant
subgroups) was used. Categorical variables were compared
using chi-squared test. The correlation between the
PGRN levels with demographics and clinical characteris-
tics was investigated with Pearson’s correlation analysis
and partial correlation analysis after adjusting for age
and BMI. P < 0 05 was considered statistically significant.
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3. Results

3.1. The Clinical Characteristics. A total of 77 subjects were
enrolled in this study, including 43 subjects (13 girls and 30
boys) in an obesity group and 34 subjects (12 girls and 22
boys) in a control group. Average age was 8.68± 0.28 years
and 8.46± 0.45 years in the obesity group and control group,
respectively. Table 1 summarizes the demographics and clin-
ical characteristics of both groups. Among all subjects, those
in the obesity group had significantly higher BMI, SBP, DBP,
TG, LDL-C, insulin, HbAC1, GPT, HOMA-IR, HOMA-β,
insulinogenic index, C-peptide index, hsCRP, IL-6, and
TNF-α (all P < 0 05) levels than the control group, whereas
HDL-C levels were lower in obesity group compared with
control group. Moreover, the levels of insulin, HOMA-β,
and insulinogenic index were higher in insulin-resistant
obese subjects compared to noninsulin-resistant obese
subjects (Table 2).

3.2. The Changes in Serum PGRN Concentrations in Obese
Children. Compared to control group, obesity group dis-
played a significant increase in the PGRN concentrations
(Figure 1(a)). However, there were no significant differ-
ences in serum PGRN concentrations between boys and
girls (Figure 1(b)), either in the obesity group or in the
control group. Moreover, no significant differences were
detected in serum PGRN levels between the noninsulin-

resistant obese subjects (n = 26) and the insulin-resistant
obese subjects (n = 17) (Figure 1(c)).

3.3. Association of Serum PGRN Concentrations with
Metabolic Parameters. In obese subjects, the serum PGRN
concentrations correlated positively and significantly with
BMI, TG, TCs, SBP, DBP, and IL-6 (Table 3) levels. After
adjusting for age and BMI, PGRN still correlated positively
and significantly with TGs, TCs, SBP, DBP, and IL-6, respec-
tively (Figure 1(d)–1(h)). However, there were no correla-
tions between serum PGRN levels and insulinogenic index,
HOMA-IR, or HOMA-β in obese children.

4. Discussion

Progranulin is a 68–88 kDa multifunctional protein, which
was originally discovered by Anakwe and Gerton in 1990
[21], and has been implicated in cell growth, wound repair,
tumor genesis, neurodevelopment, neurodegeneration, and
more recently, energy metabolism regulation [8, 9]. The pres-
ent study analyzed the data of obese Chinese children, aiming
to investigate whether correlations could be found between
PGRN levels and obesity in this population.

To the best of our knowledge, this is the first study on
PGRN and obesity-related markers in Chinese children. We
found that serum PGRN concentrations were 1.5-fold higher
in obese children, comparing to controls with normal weight.
We also found that PGRN levels were positively correlated

Table 1: The clinical and laboratory characteristics of obese and nonobese groups.

Variable Obese subject Nonobese subject P value

Age(years) 8.68± 0.28 8.46± 0.45 N.S

Boys/girls 13/30 22/12 N.S

BMI (kg/m2) 25.85± 0.38 15.40± 0.20 <0.01
SBP (mmHg) 111.63± 1.84 97.15± 0.81 <0.01
DBP (mmHg) 71.14± 1.48 65.76± 1.45 <0.01
Glucose (mmol/L) 4.39± 0.09 4.56± 0.13 N.S

HbAC1 (%) 4.47± 0.07 4.32± 0.05 <0.01
Insulin (μU/mL) 14.80± 1.28 4.31± 0.40 <0.01
HOMA-IR 2.86± 0.25 0.88± 0.09 <0.01
HOMA-β 402.02± 53.61 83.12± 8.48 <0.01
Insulinogenic index, ΔI30/ΔG30 (μU/mL per mmol/L) 42.15± 4.56 62.13± 4.12 <0.01
C-peptide index, ΔC30/ΔG30 (ng/mL per mmol/L) 2.99± 1.09 4.05± 0.76 <0.01
TG (mmol/L) 1.57± 0.15 0.86± 0.08 <0.01
TC (mmol/L) 4.17± 0.10 4.12± 0.13 N.S

LDL (mmol/L) 2.94± 0.10 2.70± 0.18 <0.05
HDL (mmol/L) 1.3± 0.03 1.56± 0.05 <0.01
GPT (U/L) 33.37± 5.18 17.17± 1.62 <0.01
GOT (U/L) 29.88± 2.11 26.89± 1.47 N.S

IL-6 (pg/mL) 8.79± 0.21 7.38± 0.18 <0.01
TNF-α (ng/L) 15.52± 0.56 11.34± 1.02 <0.05
hsCRP (mg/dl) 1.89± 0.30 0.38± 0.08 <0.01
Data are presented as means ± S.E.M. BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; HOMA-IR: homeostasis
model assessment of insulin resistance; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; TC: total
cholesterol; TG: triglycerides.
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with BMI, TG, and TC in obese children. Our results were
consistent with previous studies by Alissa and colleagues,
who classified Saudi Arabia children into four groups based
on quartiles of serum PGRN levels and found that children
within the upper quartile of serum PGRN concentration were
heavier and had higher concentrations of serum TC and TGs
comparing to those in the lower quartile [22]. Moreover, in
the previous study conducted by Qu et al., it was found that
circulating PGRN concentrations were higher in obese group
than healthy subjects and correlated positively with BMI [8].
Consistently, Li et al. [23] proved that serum PGRN concen-
trations were significantly higher in patients with metabolic
syndrome (MS) than in subjects without MS and correlated
positively with BMI and waist circumference. Results of these
studies all indicate that increased circulating PGRN concen-
trations were closely related to measures of obesity, both in
adults and children. The reasons behind elevated serum
PGRN in obese subjects are still a matter of discussion. Our
findings shed some light, implying that enhanced synthesis
of this adipokine may result from augmented adipose tissue
in obese subject, since adipose tissue matrix expresses PGRN
gene [10], and it is the important source for circulating
PGRN [24]. To verify this hypothesis, further studies are
needed to analyze the expression of PGRN expression in adi-
pose tissue in obese subjects.

We also demonstrated that children presenting elevated
levels of IL-6, TNF-α, hsCRP, and IL-6 correlated strongly
with serum PGRN concentrations. Previous studies in obese

adults have also showed a positive correlation between
PGRN and inflammatory markers, especially hsCRP [13]
and IL-6 [8]. However, it is unclear if the increasing serum
PGRN is a consequence of obesity-associated inflammation,
or rather the latter is triggered due to the overproduction of
PGRN. Nevertheless, the fact that elevated serum concentra-
tions of PGRN were also previously observed in other
chronic inflammation diseases, such as asthma [25], systemic
lupus erythematosus [26], arthritis [27], and neurodegenera-
tive disease [28], suggests this adipokine as a marker of ongo-
ing inflammation, rather than a triggering factor of it. This
hypothesis is also supported by the fact that IL-6 could stim-
ulate PGRN expression in vitro [29]. Thus, it can be specu-
lated that the expression of PGRN in obese children may be
stimulated by low-grade inflammation caused by obesity.

The present study showed that the HOMA-IR was higher
in obese children comparing to nonobese children, suggest-
ing that obese children had impaired insulin sensitivity,
which is consistent with previous studies [2, 17, 18]. More-
over, the OGTT-derived dynamic parameters (insulinogenic
index, ΔI30/ΔG30; C-peptide index, ΔC30/ΔG30) and
HOMA-β in obese children were higher than control groups
in the present study, implying that their islet secretion func-
tion was still enough to compensate their rising demand for
insulin [30]. We failed to find a correlation between PGRN
and HOMA-IR in obese children. This result was incon-
sistent with several previous studies which showed posi-
tive correlations between PGRN and HOMA-IR [8, 31].

Table 2: The clinical and laboratory characteristics of insulin resistant and nonresistant obese subjects.

Variable IR (n = 17) Non-IR (n = 26) P value

Age (years) 8.79± 0.45 8.57± 0.34 N.S

Boys/girls 11/6 19/7 N.S

BMI (kg/m2) 25.70± 0.05 25.94± 0.05 N.S

SBP (mmHg) 111.65± 3.10 103.73± 4.48 N.S

DBP (mmHg) 74.47± 2.48 68.96± 1.75 N.S

Glucose (mmol/L) 4.39± 0.15 4.38± 0.12 N.S

HbAC1 (%) 4.59± 0.09 4.35± 0.09 N.S

Insulin (μU/mL) 23.14± 1.48 9.35± 0.80 <0.01
HOMA-IR 4.48± 0.28 1.79± 0.14 <0.01
HOMA-β 470.15± 70.15 367.95± 67.95 <0.01
Insulinogenic index, ΔI30/ΔG30 (μU/mL per mmol/L) 51.74± 7.62 34.74± 5.15 <0.05
C-peptide index, ΔC30/ΔG30 (ng/mL per mmol/L) 2.36± 0.27 3.39± 1.81 N.S

TG (mmol/L) 1.71± 0.27 1.59± 0.17 N.S

TC (mmol/L) 4.09± 0.18 4.22± 0.11 N.S

LDL (mmol/L) 2.82± 0.18 3.01± 0.11 N.S

HDL (mmol/L) 1.31± 0.06 1.30± 0.04 N.S

GPT (U/L) 42.89± 10.48 27.14± 4.98 N.S

GOT (U/L) 34.90± 4.36 26.59± 1.81 N.S

IL-6 (pg/mL) 8.32± 0.18 8.78± 0.22 N.S

TNF-α (ng/L) 62.82± 1.11 60.67± 0.05 N.S

hsCRP (mg/dl) 1.82± 0.27 1.93± 0.48 N.S

Data are presented as means ± S.E.M. IR: insulin resistant; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; HOMA-IR:
homeostasis model assessment of insulin resistance; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; TC: total
cholesterol; TG: triglycerides.
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Figure 1: Serum PGRN levels and its correlation with clinical characteristics. (a) PGRN serum levels in nonobese and obese children, (b)
PGRN serum levels between boys and girls in nonobese and obese group, (c) PGRN serum levels in noninsulin-resistant (non-IR) obese
subject and insulin-resistant (IR) obese subject, and (d–h) scatter plots showing the correlation of serum PGRN levels with TG (d), TC
(e), SBP (f), DBP (g), and IL-6 (h) in obese subjects. Data are expressed as mean± SEM. ∗P < 0 05 for nonobese versus obese children.
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Moreover, correlations between PGRN and OGTT-derived
dynamic parameters (insulinogenic index, ΔI30/ΔG30; C-
peptide index, ΔC30/ΔG30) were also not found, which sug-
gests that PGRN does not correlate to islet secretion function.
This finding is different from a previous study which showed
negative correlation between PGRN and HOMA-β [8]. This
discrepancy may be due to relatively mild obesity and insulin
resistance in the subjects of our study, comparing to those
subjects with T2DM [8] and metabolic syndrome [23] in pre-
vious studies. Above all, PGRN may not be a good indicator
of insulin resistance and insulin secretion function in mild
obese children.

Few studies in the literature investigated the relationship
between blood pressure and PGRN, especially in children.
Qu et al. and Xu et al. have reported positive correlation
between PGRN and blood pressure in adults [8, 32]. In the
present study, children with excess body weight manifested
with significantly higher blood pressure levels than the con-
trols. More importantly, serum PGRN levels positively corre-
lated with SBP and DBP levels after adjusted for BMI, which
suggested the elevation of PGRN might act as an indepen-
dent risk factor for hypertension. As is well known, PGRN
may induce inflammation, chronic inflammation may alter
endothelial function and reduce the arterial stiffness [33],
thereby affecting the blood pressure regulation. However,

the role of PGRN in etiopathogenesis of hypertension is still
not fully understood.

One potential limitation of this study stems from a rela-
tively small sample size. Furthermore, owing to lack of bio-
logical materials, we could not determine the expression of
PGRN gene in adipose tissue of the study subjects.

In conclusion, this study showed that serum levels of
PGRN were elevated in obese children, and may serve as a
marker of ongoing obesity-related inflammation. Further-
more, our study also suggested that the elevation of PGRN
levels in obese children may be an early marker and a poten-
tial therapeutic target for management of obesity-related
disorders.
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