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RESEARCH DESIGN AND METHODSdProgranulin serum levels were quantiﬁed by
enzyme-linked immunosorbent assay and correlated to anthropometric and biochemical parameters of renal function and glucose and lipid metabolism, as well as inﬂammation, in 532 patients
with stages 1–5 of chronic kidney disease (CKD).
RESULTSdMedian serum progranulin levels adjusted for age, sex, and BMI were signiﬁcantly
different between CKD stages with highest values detectable in stage 5 (stage 1, 58.3 mg/L; stage
2, 63.0 mg/L; stage 3, 65.4 mg/L; stage 4, 68.8 mg/L; and stage 5, 90.6 mg/L). Furthermore, CKD
stage was the strongest independent predictor of circulating progranulin in our cohort. In addition, high-sensitivity interleukin-6 and adiponectin remained signiﬁcantly and independently
correlated with the adipokine.
CONCLUSIONSdWe demonstrate that progranulin serum levels increase with deteriorating
renal function. These ﬁndings are in accordance with the hypothesis that renal clearance is a
major elimination route for circulating progranulin. Furthermore, the adipokine is positively and
independently associated with markers of inﬂammation and adiponectin.
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T

he incidence of obesity and related
disorders including insulin resistance, type 2 diabetes, dyslipidemia,
and hypertension has increased dramatically in recent decades. Hyperplasia and
hypertrophy of adipocytes during weight
gain inﬂuence the secretion pattern of
adipose tissue, and altered secretion of
adipocyte-derived proteins, so-called
adipokines, contributes to the increased
risk for metabolic and cardiovascular
diseases in obesity. Thus, the adipokine
leptin strongly suppresses appetite by inducing anorexigenic and inhibiting orexi-

genic peptides in the hypothalamus (1).
When body weight increases, leptin resistance occurs leading to diminished central,
appetite-suppressive effects of this adipokine despite higher levels in obesity (1).
Adiponectin, another adipokine, has potent
insulin-sensitizing and anti-inﬂammatory
effects (2). In contrast, tumor necrosis factor
(TNF)-a and interleukin (IL)-6 are proinﬂammatory adipokines that correlate with
increasing body weight and induce insulin
resistance (3,4).
Progranulin (also referred to as proepithelin, PC-cell–derived growth factor,
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OBJECTIVEdProgranulin has recently been introduced as a novel adipokine inducing insulin
resistance and obesity. In the current study, we investigated renal elimination, as well as association of the adipokine with markers of the metabolic syndrome.

acrogranin, and granulin-epithelin precursor) has most recently been introduced as
a novel adipokine inducing insulin resistance. Thus, Matsubara et al. (5) identiﬁed
progranulin as an adipokine induced by
TNF-a and dexamethasone by differential
proteome analysis in cellular models of insulin resistance. Furthermore, the authors
convincingly demonstrated that progranulin
knockout mice are resistant to high-fat
diet–induced insulin resistance, adipocyte
hypertrophy, and obesity (5). Mechanistically, progranulin deﬁciency blocked elevation of IL-6 in blood and adipose tissue
induced by high-fat feeding (5). Most interestingly, progranulin-induced insulin resistance was suppressed by neutralizing IL-6
in vivo (5). In addition, the authors demonstrate that progranulin levels in blood and
adipose tissue were markedly increased in
obese mice (5). In agreement with these
ﬁndings, Youn et al. (6) revealed that serum
concentrations of progranulin were also elevated in obese patients, as well as patients
with type 2 diabetes, compared with individuals with normal glucose tolerance.
Furthermore, a study by the same group
demonstrated higher progranulin levels in
insulin resistant compared with insulinsensitive individuals with morbid obesity
(7). Interestingly, a recent study by Tönjes
et al. (8) suggests that progranulin is associated with impaired glucose tolerance
rather than impaired fasting glucose. In addition, serum levels of progranulin decreased in overweight subjects during a
long-term diet intervention indicating a
mechanistic link between body weight
and circulating levels of this adipokine (9).
Most recently, an elegant study showed
that a combination of four urinary proteins
including progranulin could predict early
renal damage in type 1 diabetes, suggesting
that the adipokine might be involved in
the pathogenesis of complications of the
disease (10). Moreover, serum progranulin
was higher in patients with nonalcoholic
fatty liver disease compared with control
subjects (11). With these studies taken into
consideration, progranulin appears as a
novel adipokine upregulated in obesity
and inducing insulin resistance.
However, no data have been published
thus far concerning progranulin in relation to
renal function in contrast to other adipokines

Richter and Associates
including leptin and adiponectin (12,13).
If renal function inﬂuenced levels of circulating progranulin, we would anticipate 1)
accumulation of the adipokine with deteriorating renal function and 2) correlation
of progranulin with estimated glomerular
ﬁltration rate (eGFR) independent of metabolic and inﬂammatory markers. To test
our hypothesis, we quantiﬁed progranulin serum concentrations in 532 patients
with chronic kidney disease (CKD) stages
1–5 and correlated this adipokine to clinical and biochemical markers of renal
function, glucose, and lipid metabolism,
as well as inﬂammation.

care.diabetesjournals.org

Assays
Blood samples were taken after an overnight fast. In hemodialysis patients, blood
was obtained just before hemodialysis
started. Progranulin (R&D Systems, Minneapolis, MN), high-sensitivity IL-6
(hsIL-6) (R&D Systems, Minneapolis,
MN), leptin (Mediagnost, Reutlingen,
Germany), and adiponectin (Mediagnost)
were determined with enzyme-linked immunosorbent assays according to the manufacturers’ instructions. Serum creatinine;
fasting glucose; fasting insulin; triglycerides; total, HDL, and LDL cholesterol, and
high-sensitivity C-reactive protein (hsCRP)
were measured in a certiﬁed laboratory by
standard methods.
Statistical analysis
SPSS software, version 18.0 (IBM, Armonk,
NY), was used for all statistical analyses.
Overall group differences for continuous
parameters were assessed by KruskalWallis test followed by post hoc analysis
with prior adjustment for age, sex, and
BMI. Categorical parameters were analyzed
using the x2 test. Univariate correlations
were assessed by Spearman rank correlation method followed by Bonferroni
adjustment for multiple testing. Furthermore, 95% CIs were determined using
Analyze-it 2.26 (Leeds, U.K.). For adjustment for the effects of covariates and identiﬁcation of independent relationships,
multivariate linear regression analyses
were performed. Before multivariate analysis, distribution of continuous variables
was tested for normality using ShapiroWilk test and nonnormally distributed parameters were logarithmically transformed.
A P value of ,0.05 was considered statistically signiﬁcant in all analyses.
RESULTS
Progranulin serum levels increase
with deteriorating renal function
Table 1 summarizes clinical characteristics
of the ﬁve subgroups studied (CKD 1–5),
and all continuous variables are given
as median (interquartile range). Serum
progranulin levels were 70.8 mg/L (interquartile range 27.8) in the total sample.
Circulating progranulin was signiﬁcantly
different between the ﬁve subgroups even
after adjustment for age, sex, and BMI
(P , 0.001) (Table 1). Furthermore,

progranulin serum levels increased with
deteriorating renal function, with highest
levels seen in stage 5 of CKD (Table 1).
In contrast,a signiﬁcant difference in
progranulin concentrations could not be
demonstrated depending on sex (female
69.9 mg/L [interquartile range 25.4]; male
71.8 mg/L [31.5]), type 2 diabetes (type 2
diabetic patients 71.6 mg/L [29.8]; nondiabetic subjects 70.4 mg/L [27.0]), or current
smoking (smoker mg/L 75.4 [35.7]; nonsmoker mg/L 70.5 [26.9]).
Univariate correlations
Serum progranulin concentrations in all
individuals positively and signiﬁcantly
correlated with WHR, WHtR, serum creatinine, triglycerides, hsCRP, hsIL-6, and
adiponectin (Table 2). In addition, progranulin was negatively and signiﬁcantly
associated with diastolic blood pressure
(DBP), eGFR, fasting glucose, total cholesterol, HDL cholesterol, and LDL cholesterol
(Table 2). Furthermore, in a subset of 351
individuals, circulating progranulin was
not signiﬁcantly associated with fat mass,
body fat percentage, lean body mass, or
basic metabolic rate assessed by bioelectrical impedance analysis (data not shown).
Multivariate regression analysis
Multiple linear regression analysis revealed that renal function assessed as
CKD stage remained independently associated with circulating progranulin levels
after adjustment for age, sex, DBP, WHR,
triglycerides, HDL cholesterol, LDL cholesterol, hsIL-6, and adiponectin, as well
as antihypertension, antidiabetes, and
lipid-lowering treatment (Table 3). Similar results were obtained when eGFR
instead of CKD stage was included in
the model (data not shown). Besides
CKD stage, age, hsIL-6, and adiponectin
remained independent predictors of
progranulin serum levels in this analysis
(Table 3). Of note, all variables remaining
signiﬁcant in multivariate analysis except
age; i.e., eGFR, hsIL-6, and adiponectin,
were signiﬁcantly associated with progranulin serum concentrations in both female and male subjects in univariate
analysis (data not shown). Sex, DBP,
WHR, triglycerides, HDL cholesterol,
and LDL cholesterol, as well as antihypertension, antidiabetes, and lipid-lowering
treatment, were not signiﬁcantly associated with progranulin serum concentrations in multivariate analysis (Table 3).
Furthermore, HOMA-IR, TyG index,
and McAuley index were not independent
predictors of progranulin when included
DIABETES CARE, VOLUME 36, FEBRUARY 2013
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RESEARCH DESIGN AND
METHODSdFor this cross-sectional
study, 532 patients (men, n = 305;
women, n = 227) were recruited by the
Department of Endocrinology and Nephrology, University of Leipzig, as well
as from three outpatient Nephrology
Care units (KfH Renal Unit, Division of
Nephrology, Hospital St. Georg, and outpatient Nephrology Care units, Leipzig).
All patients were classiﬁed into CKD
stages 1–5 according to the National Kidney Foundation–Kidney Disease Outcomes Quality Initiative guidelines (14).
CKD stages were based on eGFR (milliliters per minute) assessed by the Modiﬁcation of Diet in Renal Disease formula
using four parameters (creatinine, age,
race, and sex) (15). The following eGFR
thresholds were used for the different
CKD stages as previously described (14):
$90 mL/min (stage 1), 60–89 mL/min
(stage 2), 30–59 mL/min (stage 3), 15–
29 mL/min (stage 4), and ,15 mL/min
or hemodialysis (stage 5). BMI was determined as weight divided by the square of
height in meters. Waist-to-hip ratio (WHR)
and waist-to-height ratio (WHtR) were calculated after waist and hip circumference,
as well as height, were assessed. Age of the
study population ranged from 19 to 91
years and BMI from 14.3 to 49.0 kg/m2.
Homeostasis model assessment of insulin
resistance (HOMA-IR), as well as triglycerides and glucose (TyG) index [ln (fasting
glucose in mmol/L 3 18.015/2 3 triglycerides in mmol/L 3 87.719)] and McAuley
index {exp [2.63–0.28 ln (fasting insulin in
pmol/L 3 0.1386) 2 0.31 ln (triglycerides
in mmol/L)]}, was calculated as previously
described (16–18). The following inclusion
and exclusion criteria were applied: inclusion criteria, age .18 years, nonpregnant,
and provided written informed consent;
exclusion criteria, end-stage malignant

diseases, acute generalized inﬂammation,
acute infectious disease, and history of
drug abuse. The study was approved by
the local ethics committee.

Progranulin and renal function
Table 1dBaseline characteristics of the study population divided into ﬁve stages of CKD
Stage 2

Stage 3

Stage 4

Stage 5

51
58.3 (20.2)
55.6 (16.6)
27/24
22 (43)
8 (16)
26.8 (5.7)
130 (20)
80 (20)
0.93 (0.09)
0.56 (0.10)
59.0 (18.0)
106.4 (12.4)
5.5 (2.2)
65.6 (67.6)
2.3 (2.7)
8.5 (1.0)
6.9 (3.8)
1.15 (0.73)
5.3 (1.6)
1.4 (0.5)
3.3 (1.5)
1.8 (4.3)
1.5 (1.5)
10.8 (13.7)
6.1 (6.5)
36 (72)
22 (43)
18 (35)

94
63.0 (18.9)
64.7 (14.7)
42/52
34 (36)
7 (7)
28.6 (6.0)
130 (30)
80 (20)
0.92 (0.12)
0.60 (0.12)
81.0 (24.0)
74.4 (14.1)
5.6 (1.8)
68.5 (70.3)
2.4 (3.0)
8.8 (0.8)
6.8 (2.6)
1.56 (0.91)a
5.5 (1.3)
1.4 (0.4)
3.3 (1.1)
2.4 (3.6)
1.8 (1.2)
18.3 (25.9)
6.6 (6.7)
74 (79)
32 (34)
41 (44)

140
65.4 (22.1)a
72.5 (14.6)a,b
94/46
58 (41)
10 (7)
28.1 (4.9)
135 (25)
80 (20)
0.95 (0.09)
0.60 (0.09)
140.5 (42.0)a,b
43.7 (14.1)a,b
5.8 (2.0)
75.6 (95.9)
2.6 (3.7)
8.9 (0.8)a
5.9 (3.0)a
1.58 (1.18)a
5.3 (1.7)
1.3 (0.5)
3.0 (1.5)
2.9 (3.4)
2.4 (1.8)
20.4 (35.7)a,b
9.2 (9.4)a,b
135 (97)a,b
51 (36)
68 (49)

62
68.8 (27.9)a
74.4 (13.8)a,b
31/31
22 (36)
4 (7)
27.2 (5.8)
140 (24)
80 (18)
0.96 (0.11)
0.60 (0.10)
218.0 (74.0)a,b,c
24.5 (5.8)a,b,c
5.8 (1.5)
76.3 (58.1)
2.9 (2.6)
8.9 (0.8)a
6.1 (1.6)a,b
1.65 (1.34)a
6.2 (2.4)
1.4 (0.8)
3.1 (1.9)
3.0 (4.9)
3.0 (3.5)a,b,c
24.9 (40.3)a,b
11.3 (12.5)a,b
61 (98)a,b
18 (29)
30 (49)

185
90.6 (35.3)a,b,c,d
66.3 (21.0)a,c,d
111/74
69 (37)
33 (18)c
26.2 (7.0)b
130 (24)d
75 (17)b,c,d
0.97 (0.10)a,b,c
0.61 (0.12)a,b,c,d
690.0 (392.0)a,b,c,d
6.7 (5.1)a,b,c,d
4.8 (1.8)a,b,c,d
44.6 (67.4)c,d
1.4 (2.3)c,d
8.8 (0.9)
7.2 (3.5)c,d
1.62 (0.98)a
4.6 (1.7)a,b,c,d
1.1 (0.5)a,b,c,d
2.6 (1.4)a,b,c,d
4.4 (9.7)a,b,c
5.0 (6.8)a,b,c,d
19.4 (48.8)a,b
15.6 (13.9)a,b,c
181 (98)a,b
49 (27)
75 (41)

Data are median (interquartile range). For diabetes, current smoker, and medical treatment characteristics, total n (%) is given. Continuous parameters were adjusted for age,
sex, and BMI and analyzed by Kruskal-Wallis test followed by post hoc analysis. Categorical parameters were analyzed using the x2 test with Bonferroni adjustment for
multiple testing. SBP, systolic blood pressure. aP , 0.05 compared with CKD stage 1; bP , 0.05 compared with CKD stage 2; cP , 0.05 compared with CKD stage 3;
d
P , 0.05 compared with CKD stage 4.

in multivariate analysis instead of adiponectin (data not shown).
CONCLUSIONSdIn the current
study, we show for the ﬁrst time that renal
function assessed as eGFR is a strong,
independent predictor of circulating levels
of the adipokine progranulin. Furthermore,
progranulin serum concentrations signiﬁcantly increase with deteriorating renal
function assessed as CKD stage independent of age, sex, and BMI. It is interesting to
note in this context that various studies
have reported an association between renal
function and multiple adipokines. Thus,
circulating levels of the adipokines leptin
(12), adiponectin (13), retinol-binding
protein-4 (19), zinc-a2-glycoprotein (20),
adipocyte fatty acid–binding protein (21),
ﬁbroblast growth factor 21 (22), and
chemerin (23) are signiﬁcantly elevated
in end-stage renal disease. With these results taken into consideration, it seems
that the association between adipokines
412
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and renal function is not restricted to
progranulin. Furthermore, our ﬁndings
are in accordance with the hypothesis that
impaired renal clearance function might account for this association.
Interestingly, progranulin can be found
in signiﬁcant amounts in spot urine samples (data not shown). However, urinary
progranulin is not signiﬁcantly correlated
with serum progranulin in a subgroup (n =
145) of our study population (r = 0.048; P =
0.564). These ﬁndings are in agreement
with the hypothesis that progranulin is at
least partly degraded during renal elimination. Besides renal elimination, hepatic
clearance of adipokines including adiponectin (24) has been suggested and needs
to be further assessed for progranulin in
future studies. Since median serum progranulin levels are not signiﬁcantly different
before and immediately after hemodialysis
in a subcohort (n = 30) of our CKD stage 5
patients (data not shown), the adipokine
does not appear to be dialyzable.

The physiological relevance of increased progranulin levels in renal disease
remains to be established. It is interesting
to note in the context of our study that
Matsubara et al. (5) present evidence
that progranulin induces proinﬂammatory IL-6 in adipose tissue. In agreement
with these results, progranulin correlates
independently and positively with circulating IL-6 in our cohort. Furthermore,
inﬂammation is one of the key factors
promoting vascular disease when renal
function deteriorates (25). Taking these
results into consideration, it is tempting
to speculate that progranulin might directly contribute to the proinﬂammatory
state frequently seen in renal dysfunction.
Clearly, more work is needed to elucidate
the role of this adipokine in renal disease.
Various studies demonstrate a positive association between circulating progranulin and components of the metabolic
syndrome including insulin resistance,
obesity, and dyslipidemia (6–9,11). In
care.diabetesjournals.org
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n
Progranulin (mg/L)
Age (years)
Sex (male/female)
Diabetes (%)
Current smoker (%)
BMI (kg/m2)
SBP (mmHg)
DBP (mmHg)
WHR
WHtR
Creatinine (mmol/L)
eGFR (mL/min)
Fasting glucose (mmol/L)
Fasting insulin (pmol/L)
HOMA-IR
TyG index
McAuley index
Triglycerides (mmol/L)
Total cholesterol (mmol/L)
HDL cholesterol (mmol/L)
LDL cholesterol (mmol/L)
hsCRP (mg/L)
hsIL-6 (ng/L)
Leptin (mg/L)
Adiponectin (mg/L)
Antihypertension treatment (%)
Antidiabetes treatment (%)
Lipid-lowering treatment (%)

Stage 1

Richter and Associates
Table 2dUnivariate correlations with serum progranulin in the study population
r

95% CI

P

532
530
530
530
526
524
530
530
530
529
529
530
529
530
530
530
528
530
532
532
532

20.008
0.039
20.075
20.148
0.141
0.137
0.551
20.553
20.160
20.062
20.089
0.031
20.014
0.138
20.195
20.246
20.201
0.305
0.439
0.087
0.230

20.09 to 0.08
20.05 to 0.12
20.16 to 0.01
20.23 to 20.06
0.06–0.22
0.05–0.22
0.49–0.61
20.61 to 20.49
20.24 to 20.08
20.15 to 0.02
20.17 to 0.00
20.05 to 0.12
20.10 to 0.07
0.05–0.22
20.28 to 20.11
20.32 to 20.16
20.28 to 20.11
0.23–0.38
0.37–0.50
0.00–0.17
0.15–0.31

0.862
0.366
0.085
0.001*†
0.001*†
0.002*†
,0.001*†
,0.001*†
,0.001*†
0.156
0.041*
0.470
0.752
0.001*†
,0.001*†
,0.001*†
,0.001*†
,0.001*†
,0.001*†
0.045*
,0.001*†

n, subjects included in each correlation analysis. SBP, systolic blood pressure. *P , 0.05 as assessed by
Spearman correlation method. †Correlations remaining signiﬁcant after Bonferroni adjustment for multiple
testing.

agreement with these ﬁndings, progranulin
positively correlates with anthropometric
markers of adverse fat distribution (WHR
and WHtR), as well as triglycerides, and is
negatively associated with HDL cholesterol
in univariate analysis in our cohort. However, these associations are all lost after controlling for renal function. Based on the

results of our study, serum creatinine or
eGFR should always be included in future
studies concerning progranulin physiology. It is interesting to note in this context
that renal function was not assessed in recent papers on progranulin regulation in
the metabolic syndrome in humans (6–
9,11). Furthermore, progranulin is

Table 3dCorrelation between progranulin (dependent variable) and CKD stage adjusted
for age and sex, as well as DBP, WHR, triglycerides, HDL cholesterol, LDL cholesterol,
hsIL-6, adiponectin, antihypertension treatment, antidiabetes treatment, and lipid-lowering
treatment (total n = 516)
Independent variables
Age (lg)
Sex
CKD stage
DBP (lg)
WHR (lg)
Triglycerides (lg)
HDL cholesterol (lg)
LDL cholesterol (lg)
hsIL-6 (lg)
Adiponectin (lg)
Antihypertension treatment
Antidiabetes treatment
Lipid-lowering treatment

b-Coefﬁcient

P

20.094
0.014
0.365
20.056
0.038
0.058
20.092
20.051
0.176
0.109
20.015
0.030
0.007

0.016*
0.741
,0.001*
0.141
0.388
0.182
0.070
0.221
,0.001*
0.019*
0.699
0.444
0.859

Dependent variable: progranulin (lg). Nonnormally distributed variables were logarithmically transformed
(lg) prior to testing. *Signiﬁcant correlation.

care.diabetesjournals.org
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Age (years)
BMI (kg/m2)
SBP (mmHg)
DBP (mmHg)
WHR
WHtR
Creatinine (mmol/L)
eGFR (mL/min)
Fasting glucose (mmol/L)
Fasting insulin (pmol/L)
HOMA-IR
TyG index
McAuley index
Triglycerides (mmol/L)
Total cholesterol (mmol/L)
HDL cholesterol (mmol/L)
LDL cholesterol (mmol/L)
hsCRP (mg/L)
hsIL-6 (ng/L)
Leptin (mg/L)
Adiponectin (mg/L)

n

positively associated with circulating levels of the insulin-sensitizing and antiinﬂammatory adipokine adiponectin in
our cohort independent of renal function. It needs to be established in future
studies whether increased circulating
adiponectin might be a compensatory response to limit proinﬂammatory effects
of progranulin.
It is counterintuitive that HOMA-IR
is reduced in patients with end-stage renal
disease despite higher hsCRP levels.
However, improvements in insulin sensitivity after initiation of hemodialysis
have been reported by different groups
(26,27). It is interesting to note in this
context that CKD stage 5 patients in our
cohort not on chronic hemodialysis tend to
have higher HOMA-IR values compared
with subjects on hemodialysis (1.76 vs.
1.22). However, this difference does not
reach statistical signiﬁcance as assessed by
Mann-Whitney U test (P = 0.140).
To investigate effects of common genetic variation in the granulin (GRN) gene
on levels of progranulin, seven HapMap
tagging single nucleotide polymorphisms
covering the common genetic variation
within GRN have been genotyped in a subset of 412 of 532 patients of our study
population. Although one of the single nucleotide polymorphisms (rs4792939)
shows nominal association with circulating
progranulin, this association would not
withstand a correction for multiple testing
(e.g., Bonferroni correction; data not
shown). Furthermore, rs4792939 does
not remain a signiﬁcant predictor of progranulin in multivariate analysis (data not
shown). Therefore, genetic variation
within GRN does not seem to have a major
impact on circulating progranulin.
There are some limitations of the
study that need to be emphasized: First,
the study has a cross-sectional design, and,
therefore, causality cannot be established.
Second, the sample size is rather small, and
it is quite possible that various nonsignificant associations in multivariate analyses
would have become statistically signiﬁcant
if larger samples were studied.
Taken together, we describe for the
ﬁrst time that renal function is a strong
independent predictor of serum levels of
the adipokine progranulin. Our results
are compatible with the hypothesis that
renal ﬁltration is an important route of
progranulin elimination and markers of
renal function should be included in
studies on progranulin physiology. Prospective studies are needed to better elucidate the role of progranulin in deteriorating

Progranulin and renal function
renal function, as well as metabolic and cardiovascular disease.
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