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Abstract
Objective The increasing prevalence of type 2 diabetes mellitus (T2DM) calls for evolving a concomitant screening strategies for
early disease detection and prediction of the complications. Progranulin (PRGN) was recently introduced as a biomarker of
inflammation in T2DM. However, little data have been published as regarding progranulin in relation to diabetic micro
angiopathy among Egyptian patients with T2DM. The aim of this study was therefore to investigate and evaluate serum
progranulin as a biomarker for the presence and severity of micro vascular complications among Egyptian patients with T2DM.
Methods A total of 90 age and sex matched participants were included in this cross sectional study. They were divided into group
1 included 30 non diabetic healthy controls and group 2 included 60 patients with type 2 diabetes mellitus. Furthermore, diabetic
patients were categorized into two subgroups depending on the presence or absence of microvascular complications. Evaluation
for diabetic nephropathy, neuropathy and retinopathy were determined. Furthermore, laboratory investigations were performed
and serum progranulin levels were measured by a quantitative sandwich enzyme linked immune sorbent assay.
Results The mean serum PRGN levels were significantly elevated in type 2 diabetic patients (20.90 ± 6.38 ng/ml) compared to
control group (9.20 ± 1.41 ng/ml) (p < 0.001). Moreover,the serum PRGN levels were increased parallel to the severity of
diabetic nephropathy (DN) and diabetic retinopathy (DR) with significantly highest detectable values were in macro albuminuric
group of diabetic nephropathy as well as proliferative diabetic retinopathy (PDR) groups (P < 0.001). Besides, it worth men-
tioning that, the level of Serum progranulin started to increase significantly in stage 2 DN in spite of normal level of albuminuria.
There were highly significant positive correlation between serum PRGN and disease duration, body mass index (BMI),fasting
blood sugar (FBS), HbA1c, Total cholesterol (TC),triglyceride (TG), serum creatinine, ACR (r = 0.918, 0.623, 0.430,
0.539,0.910,0.842,0.759, 0.903, resp., P < 0.001) and a significant positive correlation with low density lipoprotein (LDL)
(r = 0.344),but there was a highly significant negative correlation between serum PRGN and eGFR (r = −0.866, P < 0.001) in
the studied diabetic patients.
Conclusion Progranulin might be considered as a biomarker for diabetic micro angiopathy and its severity. In addition, there is a
group of diabetic patients with decreased eGFR but without albuminuria in which serum PRGN level was indicated to be used as
an early biomarker of diabetic nephropathy.
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Introduction

Diabetes mellitus (DM) is a chronic progressive disease con-
sidering as a global epidemic. The condition is comorbid with
presence of micro vascular complications [1].

Diabetic retinopathy (DR) is present with development of
micro albuminuria in patients with type 1 diabetes mellitus
(T1DM); while, it is present only with development of macro
albuminuria in patients with T2DM. Previously, micro albu-
minuria has been approved to be a traditional marker for di-
agnosis of DN, monitoring its progression, and assessment of
its associated conditions as cardiovascular complications.
However, recent studies have shown that albuminuria is a less
accurate predictor of overt nephropathy risk than thought pre-
viously as kidney damage can progress even when micro al-
buminuria has regressed. Furthermore, there is a lack of a
strong association between albuminuria and glomerular filtra-
tion rate (GFR). As such, there is an increasing need to find
and validate an earlier and reliable biomarker to diagnose DN
as an alternative to albuminuria based staging method [2].

Recently activation of inflammatory processes may con-
tribute to micro vascular damage with subsequent well recog-
nized complications of diabetes. Furthermore, Lines of treat-
ment of those complications in the future may include regula-
tion of inflammatory processes by targeting factors that con-
tribute to that vascular damage [3].

Progranulin is a 68–88 kDa cysteine-rich secreted glyco-
protein with varied pleiotropic actions. The secreted full
length form of progranulin has anti-inflammatory action,
while the proteolytically cleaved subunits by elastase called
granulin peptides (GRNs) have potent pro-inflammatory ef-
fects. It is encoded by PRGN gene and expressed bymany cell
types, including epithelial cells, macrophages, neurons and
adipocytes [4]. Moreover, in rodents progranulin is expressed
by Reno tubular epithelium but in humans the expression of
PRGN in kidneys remains unknown [5].

It was originally identified as a growth factor involved in
regulation of wound healing or in diseases such as cancer
progression [4]. Moreover, in acute condition of ischemia–
reperfusion injury, lower levels of PRGN is detected in mice
kidney; and treatment with recombinant PGRN in this condi-
tion could diminish inflammation suggesting its anti-
inflammatory effect. While in obesity (a chronic condition),
it was recognized as an adipokine related to insulin resistance
and inflammation indicating its pro-inflammatory effects and
metabolic function [5].

However, until now, study for evaluating the serum
PRGN as a biomarker for diabetic micro angiopathy and
its severity among patients with T2DM seems limited
and has not been investigated in details. Therefore, we
determined progranulin levels among Egyptian patients
with T2DM and assessed its relation to micro vascular
complications.

Methods

This cross-sectional study was carried in Al Zahraa University
Hospital and Sayed Galal University Hospital from January
2018 to July 2018. A total of 90 age and sex matched individ-
uals were enrolled; there were healthy controls (n = 30) and
patients with T2DM (n = 60). Patients were defined according
to American Diabetes Association (ADA) criteria [6] or if they
were on anti-diabetic drugs.

Those with history of malignancy, diabetic macro vascular
complications, other endocrine disease which affect glucose
metabolism, liver disease, other causes of renal disease dis-
ease, inflammatory disease, infection, urinary tract infection,
pregnancy, history of drug abuse and those with T1DM were
excluded from that study.

Furthermore, diabetic patients were further subdivided into
40 diabetic patients with micro vascular complications who
had either one or more of the following (diabetic retinopathy,
nephropathy or neuropathy), in addition to 20 diabetic patients
without micro vascular complications.

Diabetic neuropathy was defined by the presence of at least
two of the following: symptoms, reduced vibration percep-
tion, insensitivity to monofilament at one or more of nine sites
on either feet, and absent ankle tendon reflexes.

Diabetic retinopathy (DR) was assessed by ophthalmolo-
gist and classified based on severity into three subgroups nor-
mal, non-proliferative diabetic retinopathy (NPDR) and pro-
liferative diabetic retinopathy (PDR) using fundus examina-
tion. NPDR was diagnosed based on one or more of the fol-
lowing features: micro aneurysms,intra retinal hemorrhages,
hard and soft exudates, venous beading and intra retinal micro
vascular abnormalities while, those without these abnormali-
ties in the retina were categorized as normal (NDR). On the
other hand, PDR is considered if there was neovascularization,
pre-retinal hemorrhages, vitreous hemorrhage, or pan retinal
laser photo coagulation scars. The severity of DR in the worse
affected eye was used for retinopathy grading. Some confus-
ing cases were diagnosed through fundus fluorescein angiog-
raphy (FFA) [7].

Patients with diabetic nephropathy were subdivided ac-
cording to Urinary Albumin/Creatinine ratio (ACR) into: 20
diabetic patients with normo albuminuria (ACR <30 mg/g),
20 diabetic patients with micro albuminuria (ACR 30–
300 mg/g), and 20 diabetic patients with macro albuminuria
(ACR>300mg/g). As well as according to eGFR into diabetic
patients with increase in eGFR ≥90 and diabetics with eGFR
<90. Estimated glomerular filtration rate (eGFR) (ml/min/
1.73m2) was calculated using the modification of diet in renal
disease (MDRD) equation: 186 x (Creat)-1.154 x (AGE)-
0.203 x (0.742 if female) x (1.210 if African American) ac-
cording to the Kidney Disease Outcomes Quality Initiative
(KDOQI) guidelines for evaluation and stratification of chron-
ic kidney disease.
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The study was conducted according to Al-Azhar university
Ethics Committee’s procedure and an informed consent was
obtained from all participants included in the study.

Laboratory investigations included the following: complete
blood count (CBC), fasting blood sugar (FBS) and 2 h post
prandial blood sugar (PPG), HbA1c, fasting lipid profile:
(Total Cholesterol(TC), Triglyceride(TG), high-density lipo-
protein-cholesterol (HDL-c) and low-density lipo protein cho-
lesterol (LDL-c), serum urea and serum creatinine, liver func-
tion test, complete urine analysis.

Abdominal ultrasound to detect the structural abnormality
of both kidneys (grades of diabetic nephropathy). ECG to
exclude macro vascular complication (Ischemic heart
disease).

All biochemical parameters (Fasting blood sugar, liver
function tests, kidney function tests, lipid profiles, serum cal-
cium) were carried out by using the automated analyzer.

The determination of serum PRGN was carried by enzyme
linked immunosorbent assays (ELISA) according to the man-
ufacturers’ instructions (Human Progranulin ELISA Kit,
KONO Biotech Co.,Ltd.,China). Five milliliter of blood sam-
ples were collected from each participant in the study after an
overnight fast and then centrifuged at 3000 g for 10 min and
the separated serum was stored at −80 °C until they were
analyzed. Sensitivity was 7.8 ng/mL for PGRN and the spec-
ificity of the immunosorbent assay was estimated to be 100%.
Whereas the inter and intra assay coefficient of variation was
less than 10% for serum samples and was done under internal
quality controls.

On the other hand, MedCalc® version 12.3.0.0 program
was used for calculations of sample size, statistical calculator
based on 95% confidence interval and power of the study 80%
with α error 5%, According to a previous study [3] showed
that the mean of PGRN (μg/L) with normal control 45.21 ±
4.75, simple diabetes mellitus 47.18 ± 4.51, early diabetic ne-
phropathy (microalbuminuria) 53.98 ± 5.44 and clinical dia-
betic nephropathy,(macroalbuminuria) 86.84 ± 30.31, with p
value <0.001 HS, so it can be relied upon in this study, based
on this assumption, sample size was calculated according to
these values produced a minimal samples size of 90 cases
were enough to find such a difference., subdivided into group
I: Control (N = 30), group II: diabetic patients without micro-
vascular complications (N = 20), group III: diabetic patients
with microvascular complications (N = 40).

Statistical methods

The recorded data were collected and analyzed using the statis-
tical package for social sciences, version 20.0 (SPSS Inc.,
Chicago, Illinois, USA). The data were presented as mean,
standard deviations and ranges for the quantitative data with
parametric distribution which was tested by Kolmogorov-
Smirnov test of normality. Independent-samples t-tests were

used to compare between 2 groups. The comparison between
more than two groups with quantitative data and parametric
distribution were done by using one way analysis of variance
(ANOVA) followed by post Hoc test. Chi-square (x2) test of
significance was used in order to compare proportions between
two qualitative parameters. Inter relationships between vari-
ables were analyzed by Pearson correlation analysis. Binary
logistic regression was used to predict the outcome of categor-
ical variable based on one or more predictor variables. Multiple
linear regression analyses were done, using serum PRGN as
dependent variables. The independent variables were selected
if they were correlated with PRGN using Pearson’s correlation
coefficient. P value <0.05 was considered significant and P
value >0.05 was considered insignificant while P values<0.001
was considered as highly significant.

Data availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request.

Results

There was no significant difference between both groups as
regards age, sex and BMI. Demographic and laboratory data
of all studied groups are listed in (Table 1). Serum PRGN was
significantly higher in diabetic group (20.90 ± 6.38 ng/ml)
compared to control group (9.20 ± 1.41 ng/ml) (p < 0.001),
(Table 1).

Furthermore, serum PRGN levels were significantly higher
in type 2 diabetic patients with micro vascular complications
(24.54 ± 4.36 ng/ml) and in those without complications
(13.63 ± 1.91 ng/ml) than in healthy controls (9.20 ±
1.41 ng/ml) (p < 0.001), with the highest levels in diabetic
patients with microvascular complications. (P < 0.001),
(Table 2).

Regarding diabetic nephropathy (according to albumin-
uria), serum PRGN was significantly higher in subgroup 3
(diabetics with macroalbuminuria) (28.23 ± 2.18 ng/ml) com-
pared with the other two subgroups (diabetics with
microalbuminuria) and (diabetics without albuminuria)
(P < 0.001) , and in subgroup 2 (d iabe t i c s wi th
microalbuminuria) (20.86 ± 2.40 ng/ml) compared with sub-
group 1 (diabetics without albuminuria) (15.63 ± 1.91 ng/ml)
(P < 0.001) (Table 3) (Fig. 1).

Regarding diabetic nephropathy (according to eGFR), se-
rum PRGNwas significantly higher in diabetic subgroup with
eGFR <90 (22.23 ± 6.93 ng/ml) compared to diabetic sub-
group with eGFR ≥90 (16.38 ± 3.75 ng/ml) (P < 0.001)
(Table 4).

Regarding diabetic retinopathy, Serum PRGN was signifi-
cantly elevated in diabetic patients with DR (25.68 ±
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Table 1 Comparison between patients and control according to both demographic and laboratory data

Parameters Control (N = 30) Patients (N = 60) t/x2# p value

Age (years)

Mean ± SD 48.70 ± 6.11 50.43 ± 7.27 1.765 0.362

Range 37–63 37–63

Sex

Male 10 (33.3%) 20 (33.3%) 0.000# 1.000

Female 20 (66.7%) 40 (66.7%)

BMI (kg/m2)

Mean ± SD 31.57 ± 3.44 30.93 ± 4.34 0.484 0.488

Range 24–36 22–37

FBS (mg/dl)

Mean ± SD 93.67 ± 6.06 199.60 ± 35.75 58.335 <0.001**

Range 83–106 137–267

PPBS (mg/dl)

Mean ± SD 118.37 ± 8.24 260.83 ± 42.26 332.736 <0.001**

Range 101–134 190–331

HbA1C (%)

Mean ± SD 4.79 ± 0.34 8.77 ± 0.90 540.353 <0.001**

Range 4.1–5.3 7–11

Duration (years)

Mean ± SD – 10.28 ± 6.18 – –

Range – 1–23

Treatment

Insulin, (%) – 17 (28.3%) – –

Insulin, Oral, (%) – 12 (20.0%)

Oral, 푛 (%) – 31 (51.7%)

TC (mg/dl)

Mean ± SD 138.13 ± 14.46 213.95 ± 41.05 95.904 <0.001**

Range 113–162 141–299

TG (mg/dl)

Mean ± SD 104.90 ± 11.18 159.67 ± 51.47 33.014 <0.001**

Range 88–132 83–254

HDL (mg/dl)

Mean ± SD 43.17 ± 2.46 38.75 ± 2.59 59.873 <0.001**

Range 40–50 32–46

LDL(mg/dl)

Mean ± SD 63.27 ± 9.58 124.22 ± 38.03 74.315 <0.001**

Range 47–82 75–228

Albumin(mg/dl)

Mean ± SD 4.12 ± 0.26 3.60 ± 0.29 67.058 <0.001**

Range 3.7–4.6 3.2–4.3

Total PTN

Mean ± SD 7.16 ± 0.27 7.00 ± 0.32 5.581 0.021*

Range 6.5–7.5 6.5–8

eGFR (ml/min/1.73 m2)

Mean ± SD 93.87 ± 2.60 82.80 ± 42.23 7.345 0.008*

Range 90–99 43–120

ACR(mg/g creatinine)

Mean ± SD – 478.18 ± 535.40 – –

Range – 17–1474
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6.29 ng/ml) compared to those without DR (15.53 ±
4.29 ng/ml) (P < 0.001). When considering severity of DR,
the serum PRGN level was significantly higher in the PDR
group (29.20 ± 2.42 ng/ml), compared with NPDR groups
(22.68 ± 4.29 ng/ml)(P < 0.001) (Table 5) (Fig. 2).

Also, Serum PRGN was significantly elevated in diabetic
patients with Diabetic Neuropathy compared to those without
(P < 0.001).

In diabetic patients, a highly significant positive correlation
was detected between serum PRGN and disease duration,
BMI, FBS, HbA1C,TC,TG,serum creatinine, ACR (r =
0.918, 0.623,0.430,0.539,0.910,0.842,0.759, 0.903, resp., p
< 0.001), and a significant positive correlation with low den-
sity lipoprotein (LDL) (r = 0.344),(Table 4),further, there was
a highly significant negative correlation between serum
PRGN and eGFR (r = −0.866, P < 0.001) in the studied dia-
betic patients (Table 6).

Multiple linear regression analysis showed that age,
HbA1c, TC, eGFR, ACR, urea, creatinine were independently
related to serum PRGN levels (Table 7).

The logistic multivariate regression analysis was
done to estimate the odd ratios and 95% CI for the
relationships of serum PRGN levels with the develop-
ment of DN, DR and T2DM. For each analysis, two
groups were selected, and the group with more severe
DN or sever DR coded as 1, was tested against the
next less severe DN or sever DR group, which was
coded as 0. Moreover, type 2 diabetic patients group
coded as 1, and was tested against the control group.
The group coded as 0 was used as reference for the
analysis. We considered some potential confounders
including Age (years),sex, BMI, fasting blood sugar;
postprandial blood sugar; HbA1C, Duration of T2DM,
total cholesterol; triglyceride,LDL and serum creati-
nine. We found that serum PRGN levels were a sig-
nificant independent factor for DN (according to al-
buminuria or eGFR) and retinopathy among type 2
diabetic patients. Moreover, these associations were
not affected by adjustment of the confounders
(Table 8).

Table 1 (continued)

Parameters Control (N = 30) Patients (N = 60) t/x2# p value

DR,, (%)

No – 24 (40.0%) –

Non – 26 (43.3%)

Pro – 10 (16.7%)

DN, (%) 40 (66.6%)

Creatinine(mg/dl)

Mean ± SD 0.73 ± 0.23 1.25 ± 0.70 15.337 <0.001**

Range 0.4–1.3 0.5–3

Urea(mg/dl)

Mean ± SD 29.17 ± 4.72 37.72 ± 10.07 19.422 <0.001**

Range 21–40 21–65

Blood Pressure, (%)

Yes – 33 (55.0%) – –

No – 27 (45.0%)

SBP(mmHg)

Mean ± SD – 141.45 ± 22.94 – –

Range – 100–170

DBP(mmHg)

Mean ± SD – 88.75 ± 11.59 – –

Range – 70–100

PRGN(ng/ml)

Mean ± SD 9.20 ± 1.41 20.90 ± 6.38 96.934 <0.001**

Range 7.9–11 11.5–32

F-NOVA test; #x2 : Chi-square test

FPS: fasting blood sugar; PPBS: postprandial bloods Sugar; TC: total cholesterol; TG: triglyceride; HDL-c: high-density lipoprotein-cholesterol; LDL-c:
low-density lipoprotein cholesterol; ACR, albumin-creatinine ratio; BP, blood pressure; SBP: systolic blood pressure; DBP: diastolic blood pressure,DR:
diabetic retinopathy,DN:diabetic neuropathy. P value >0.05 NS; *p value <0.05 S; **p value <0.001 HS
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Comparing male and female in patients group in terms of
PRGN levels, there was a non-significant difference in the
mean ± SD of PRGN (20.96 ± 6.69) ng/ml in male compared
with female of the same group (20.88 ± 6.31) ng/ml (P =
0.962) .

Discussion

Diabetes mellitus has now become a main worldwide health
problem with projections of an increase in numbers from pres-
ently almost 200 million people to around 370 million by
2025 [8].

Micro vascular complications of T2DM are associated with
severe morbidity, mortality and a huge economic burden. So,
there is an important need to identify new biomarker able to
identify disease onset and progression and can be used as a
therapeutic target for management of these complications.

Progranulin is an evolving molecule which has both pro
and anti-inflammatory properties. It plays varied functions in
different tissues, cells and metabolic conditions. Firstly, it was
identified as a growth factor and was considered as a potential
biomarker in cancer. Also, it was considered as an adipokine
associated with obesity, glucose intolerance, insulin resistance
[4].

Furthermore,serum PGRN level is usually low, being up
regulated in the inflammatory state suggesting its involvement
in chronic subclinical inflammation associated with the path-
ogenesis of diabetic micro angiopathy, and also, it correlated
with changes in disease metrics over time which point to its
potential use as a biomarker for disease occurrence and pro-
gression in several pathologies [9].

In the present study, we found statistically significant in-
crease in the mean serum progranulin levels in diabetic patients
compared to healthy controls. Moreover, serum PRGN levels
were significantly elevated in type 2 diabetic patients with mi-
cro vascular complications and in those without complications
than in control subjects, with the highest levels among diabetic
patients with microvascular complications. This is in agreement
with Ezz and Abd El A zeem [4] study which reported that
serum PRGN concentrations were elevated in type 2 diabetic
patients compared to those of healthy control group and that
increase was augmented in patients with nephropathy. Similar
to other study [9], serum progranulin levels showed no statisti-
cally significant difference between different genders among
diabetic group which indicate that, there was no impact of sex
on serum PRGN levels.

In this study, we tried to find out the possibility of using
serum progranulin as a biomarker for diagnosis of diabetic
microvascular complications (DN and DR) as early as possi-
ble. Therefore, we tested PGRN levels in type 2 diabetic pa-
tients with different stages of DN (according to eGFR and
ACR system) as well as diabetic patients with DR.Ta
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Regarding staging of diabetic retinopathy, Serum PRGN
was significantly elevated in diabetic patients with DR com-
pared with those without. Moreover, serum progranulin level
was increased parallel to the severity of DN with the highest
levels among diabetic patients with PDR.

Regarding staging of diabetic nephropathy (accord-
ing to ACR classification), serum PRGN was signifi-
cantly higher in diabetic patients with macro albumin-
uria compared with the other two subgroups (diabetics
with micro albuminuria) and (diabetics without albu-
minuria), and in diabetic patients with micro albumin-
uria compared with diabetic patients without albumin-
uria. Moreover, the mean serum PRGN levels in-
creased parallel to the severity of DN with the highest
levels among type 2 diabetic patients with advanced
nephropathy. Xu et al. [3] study which was conducted
on eighty-four type 2 diabetic patients in the different
stages of DN (according to ACR) clarified that by
comparing with the control group, serum PRGN
levels was markedly elevated in sera of type 2 diabet-
ic patients with micro angiopathy including (clinical
diabetic nephropathy) (CDN) and PDR but did not
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Fig. 1 Serum PRGN level with progression of DN (according to
albuminuria)

Table 4 Relation between PRGN and eGFR among patients group

eGFR t-test p value

≥90
(Mean ± SD)

<90
(Mean ± SD)

PRGN(ng/ml) 16.38 ± 3.75 22.23 ± 6.93 35.921 <0.001**

F-NOVA test

PRGN:Progranulin. **p value <0.001 HS
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differ distinctly between (simple diabetic nephropathy)
(SDM) and micro albuminuric patients or background
retinopathy group. This discrepancy may be due to
that in our study the elevation of PRGN levels in
normoalbuminuric group whose their mean eGFR
were (95.59 ± 28.90 ml/min/1.73 m2) by the presence
of 10 diabetic patients in this group had stage 2 dia-
betic nephropathy with mild decrease in their eGFR
(79.89 ± 7.58 ml/min/1.73 m2). Thus we can conclude
that serum PRGN levels increased significantly early
with renal affection even before the appearance of
albuminuria (stage 2 DN) which may make it more
s en s i t i v e ma rke r f o r DN than ACR sy s t em .
Regarding diabetic nephropathy (according to GFR),
serum PRGN was significantly higher in diabetic sub-
group with eGFR <90 compared to diabetic subgroup
with eGFR ≥90. This is in agreement with the study
of Richter et al., [10] who reported that PRGN serum
levels increased along with the stages of chronic kid-
ney disease.

In the present study, we found that there was a
highly significant positive correlation between serum
PGRN and disease duration, BMI, FBG, HbA1c and
lipid profile. This is in consistency with Ezz and Abd
El A zeem [4] study that found similar results and
suggested that association may be explained by its
role in adiposity and insulin resistance. Additionally,
some authors were found that administration of
progranulin caused glucose intolerance and insulin in-
sensitivity through triggering autophagy via TNFR1 in
the mice adipose tissue, and ablation of PGRN
prevented diet-induced insulin resistance. Exactly,
PGRN might mediate adipose insulin resistance, by
inducing autophagy via activated oxidative stress and
endoplasmic reticulum stress [11]. On the other hand,
the correlation between PGRN and T2DM, was re-
ported in Korean populations by Youn et al., [12]
and was also, established in Chinese populations
[13], indicating that the relationship is not population
specific.

I n t h i s s t udy, co r r e l a t i on s be tween se rum
progranulin and other renal parameters (sCr, ACR,
eGFR) were done in attempt to explain the presence
of higher levels of serum PRGN with the more severe
stages of DN.

We found that there was a highly significant posi-
tive correlation between serum PRGN and sCr in the
diabetic groups. This indicates that serum PRGN
levels increase proportionally with the elevation in
sCr. This is in consistency with Xu et al. [3] study
that showed that there was a significant positive cor-
relation between serum PRGN and sCr. Furthermore,
there was a highly significant positive correlation be-
tween serum PRGN and the severity of albuminuria
(ACR) in the diabetic groups. On the other hand,
there was a highly significant negative correlation be-
tween serum PRGN and eGFR in the diabetic groups
and this correlation became more significantly higher
while the decrease in eGFR became more advanced.
This is compatible with Xu et al. [3] study that
showed a significant positive correlation between se-
rum PRGN and eGFR. So, we concluded that the
serum PRGN significantly increased with renal affec-
tion and decline of eGFR.

Furthermore, serum PRGN was found to be a signif-
icant risk factor for DN (according to albuminuria or e
GFR) and DR through multivariate logistic regression
analysis even after adjustment for Age (years),sex,
BMI , f a s t i ng b lood suga r ; pos tp rand ia l b lood
sugar;HbA1C, Duration of T2DM, total cholesterol;
triglyceride,LDL and serum creatinine (confounders).
This data suggests that PGRN is associated with the
presence of diabetic nephropathy, retinopathy and neu-
ropathy, and may be involved in its pathogenesis which
was in agreement with the study of Richter et al., [10]
who reported that chronic kidney disease (CKD) stage
(eGFR) was the strongest independent predictor of
PRGN level in five hundred thirty two type 2 diabetic
patients with CKD stages 1–5 as well as observed that
serum PGRN levels remained significantly different

Table 5 Relation between PRGN and DR and its severity among patients group

DR ANOVA p value

No DR
(Mean ± SD)

NPDR
(Mean ± SD)

PDR
(Mean ± SD)

PRGN(ng/ml) 15.53 ± 4.29 22.68 ± 4.29 29.20 ± 2.42 44.586 <0.001**

F-NOVA test

PRGN:Progranulin. No diabetic retinopathy (No DR), nonproliferative diabetic retinopathy (NPDR) and proliferative diabetic retinopathy (PDR). **p
value <0.001 HS

224 J Diabetes Metab Disord (2019) 18:217–228



between the five subgroups of CKD, being higher in
stage 5 even after adjustment for age, sex and BMI.
In addition to, a more recent study revealed that both
ACR and serum Cr were associated with serum PGRN
level after adjustment for clinical covariates and the in-
flammatory markers interleukin-6 and TNFα in patients
with type 2 diabetes [14].

The biological mechanisms by which PRGN play a
role in mediating increased albumin excretion and ret-
inal injury is not fully known. Accumulating evidences
have indicated that PRGN is thought to contribute to
the pathogenesis of diabetic microangipathy through
inflammatory mechanisms as it considered as an
adipocytokine associated with obesity promoting IL-6
expression in adipocytes, glucose intolerance and insu-
lin resistance impairing insulin signaling. Additionally,
it is a chemo attractant protein that recruits monocytes
into adipose tissue, promoting chronic inflammatory
response with subsequent increase in the pro inflamma-
tory cytokines levels [12]. Xu et al. [3] showed that
circulating progranulin levels and other inflammatory

markers (TNF- and IL-6) was markedly increased in
type 2 diabetic patients with microangiopathy with sig-
nificant positive correlation between serum PGRN
levels and those inflammatory markers. Decrease in
circulating PGRN levels can be obtained with long
term diet intervention and exercise training program
[15].

However, the exact mechanisms underlying the in-
crease of progranulin in patients with diabetic micro
angiopathy needs further studies. Since both the cellular
source of serum progranulin and its mechanisms of se-
cretion are multiple, it is unclear whether the elevation
of serum progranulin levels in patients with diabetic
micro angiopathy reveals a higher production or a re-
duced clearance.

Reduced renal elimination may be one of the expla-
nations for that elevation in the serum progranulin lev-
el especially with progression of micro vacular compli-
cation of T2DM. However, Richter et al., [10] as well
as Nicoletto et et al., [16] did not find any correlation
between serum and urinary progranulin in patients with
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type 2 diabetes, which limits their conclusions.
Therefore, the exact mechanisms underlying the in-
crease of progranulin in patients with diabetic micro

angiopathy needs further studies. While, in type 1 di-
abetic patients, urinary PGRN levels were predictive of
early kidney function decline and albuminuria.
Schlatzer et al. [17] investigated PGRN in urine of
seventy-four patients with type 1 diabetes mellitus
and concluded that a panel of three proteins (urinary
levels of Tamms-Horsfall glycoprotein, clusterin and
human α-1 acid glycoprotein) plus progranulin could
be used to predict early signs of DKD. However,
Progranulin level in urine of patients with T2DM and
diabetic kidney disease (DKD) remain unknown. This
indicates that there were potential differences in the
mechanisms of kidney damage in each type of
diabetes.

Another explanation for increased serum PGRN
level in diabetic patients with DN may be as a com-
pensatory mechanism to reduce renal deterioration,
since it was demonstrated that PGRN could attenuate
inflammation in an acute condition [5]. This hypoth-
esis is supported in a mice model of renal ischemia-
reperfusion injury, Zhou et al. [5] observed that
PGRN deficiency in the mice kidney was associated
with higher elevation of blood urea nitrogen and se-
rum creatinine, severe morphological injury and
higher inflammatory response and its administration
in v i t ro d imin i shed in f l ammat ion a f t e r r ena l
ischemia–reperfusion injury through a nucleotide-
b ind ing o l igomer iza t ion domain con ta in ing 2

Table 6 Correlation between PRGN with all parameters in patients group

PRGN

R p value

Age (years) 0.904 <0.001**

BMI 0.623 <0.001**

FBS 0.430 <0.001**

PPBS 0.399 0.002*

HbA1C 0.539 <0.001**

Duration 0.918 <0.001**

TC 0.910 <0.001**

TG 0.842 <0.001**

HDL-C 0.418 0.018*

LDL-C 0.344 0.007*

Albumin −0.695 <0.001**

eGFR −0.866 <0.001**

ACR 0.903 <0.001**

Creat 0.759 <0.001**

Urea 0.620 <0.001**

FBS Fasting blood sugar, PPBS Postprandial blood sugar, TC Total cholesterol, TG Triglyceride, HDL-c, High-density lipoprotein-cholesterol, LDL-c
Low-density lipoprotein cholesterol and UACR Urinary albumin creatinine ratio

r-Pearson Correlation Coefficient. p value >0.05 NS; *p value <0.05 S; **p value <0.001 HS. All significant correlation between PRGN with all
parameters in non-significant

Table 7 Multivariate linear regression analysis models in patients
group

Parameters Beta T Sig. C.I. 95%

Lower Upper

Age (years) 0.157 3.336 0.002* 0.062 0.251

BMI 0.023 0.543 0.590 −0.063 0.109

FBS −0.005 −0.663 0.511 −0.021 0.011

PPBS 0.003 0.554 0.582 −0.009 0.015

HbA1C −0.471 −1.847 0.027* −0.985 0.044

Duration 0.080 1.243 0.221 −0.050 0.210

TC 0.054 6.132 <0.001** 0.036 0.071

TG −0.006 −0.919 0.363 −0.018 0.007

LDL-C 0.005 1.179 0.245 −0.003 0.013

Albumin −0.300 −0.464 0.645 −1.604 1.004

eGFR −0.042 −2.805 0.008* −0.073 −0.012
ACR 0.005 7.422 <0.001** 0.004 0.006

Creatinine 0.128 0.273 0.035* −0.658 0.914

Urea −0.040 −1.963 0.046* −0.080 0.001

FPG Fasting blood sugar, PPBS Postprandial blood sugar, TC Total cho-
lesterol, TG Triglyceride, HDL-c High-density lipoprotein-cholesterol,
LDL-c Low-density lipoproteincholesterol and ACR Albumin creatinine
ratio. p value >0.05 NS; *p value <0.05 S; **p value <0.001 HS
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(NOD2)-mediated immune response [5]. Therefore,
PGRN plays a protective role in acute kidney injury
and has an anti-inflammatory effect in the kidney af-
ter renal ischemia–reperfusion injury. Similarly,
progranulin deficient mice exposed to lipopolysaccha-
ride (LPS) injection as an endotoxin-induced acute
kidney injury in mice model, presented increases of
inflammatory markers, blood urea nitrogen and serum
creatinine [18]. Furthermore, administration of recom-
binant progranulin before LPS treatment in wild-type
mice was associated with reduced renal injury [18].
Finally, in a mice model of hyper homocysteinemia
(a risk factor for kidney disease), progranulin defi-
cient mice also existing exacerbated kidney injury,
that could be improved by pretreatment with recom-
binant human progranulin [19]. Also, some authors
have reported that binding PGRN to TNFR-1 could
impair tumor necrosis factor alfa (TNF-α) binding to
its receptor, resulting in an anti-inflammatory effect
[20]. Lastly, there is little evidence regarding the as-
sociation of PGRN and DKD in T2DM patients and
further studies are needed to recognize whether in-
creased serum PGRN in diabetic patients with DKD

could play an anti-inflammatory role or whether its
accumulation in serum is only due to the decreased
eGFR.

Conclusion

Serum PRGN level was significantly increased in pa-
tients with T2DM compared to control subjects and in
type 2 diabetic patients with micro vascular compli-
cations than those without. Moreover, the mean serum
PRGN levels increased parallel to the severity of di-
abetic nephropathy and diabetic retinopathy with the
highest levels among patients with advanced compli-
cations suggesting that serum PRGN level can be
used as a biomarker for the presence and severity of
microvascular complications among patients with
T2DM. Moreover, serum PRGN can be used as an
early marker for diabetic nephropathy in diabetic pa-
tients with stage 2 DN even before the appearance of
albuminuria.

We recommend that PRGN level could be used in
the follow-up of type 2 diabetic patients and for

Table 8 Logistic analysis using the varying degrees of DR, DN and control vs. patients as the dependent variable and the PRGN as the independent
variable in patients groups

Parameters Sig. Odds ratio C.I. 95%

Lower Upper

DN (according to albuminuria) (normoalbuminuria B0^ and microalbuminuria B1^)

Unadjusted 0.024* 1.446 1.205 1.736

Adjusted <0.001** 1.555 1.296 1.867

DN (according to albuminuria) (microalbuminuria B0^ and macroalbuminuria B1^)

Unadjusted 0.022* 2.539 1.490 4.329

Adjusted <0.001** 2.730 1.602 4.655

DN (according to eGFR) (eGFR ≥90 B0^ and < 90 B1^)

Unadjusted <0.001** 2.308 1.354 3.936

Adjusted <0.001** 2.482 1.456 4.232

DR (No DR^0″ and NPDR B1″)

Unadjusted 0.003* 1.315 1.096 1.578

Adjusted <0.001** 1.414 1.178 1.697

DR (NPDR B0^ and PDN B1^)

Unadjusted <0.001** 1.715 1.098 2.677

Adjusted 0.007* 1.844 1.181 2.878

Control B0^ and Patients B1^

Unadjusted <0.001** 1.886 1.208 2.944

Adjusted <0.001** 2.028 1.299 3.166

Adjusted for (((Age (years),sex, BMI [wt/(ht)^2], fasting blood sugar; postprandial blood sugar; HbA1C, Duration of T2DM, total cholesterol;
triglyceride,LDL and serum creatinine)). PRGN:Progranulin. No diabetic retinopathy (No DR), non proliferative diabetic retinopathy (NPDR) and
proliferative diabetic retinopathy (PDR)
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anticipating its micro vascular complications and its
severity and could be considered as a potential thera-
peutic target for the management of these complica-
tions. A further study is recommended using larger
number of patients and longer duration to validate the
present results. Furthermore, Prospective or longitudi-
nal studies are needed to assess whether increased
PRGN levels in type 2 diabetic patients would indicate
micro vascular damage or not.
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