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Aims: Recent studies have implicated possible contribution of adipocytokines in development and
progression of microvascular complications in patients with type 1 diabetes (T1DM). The aim of our
study was to investigate relationship between adipocytokines, namely leptin, resistin, adiponectin and
dipeptidyl peptidase-4 (DPP-4) activity, with albuminuria in T1DM.
Methods: This study included 202 T1DM without or with incipient microvascular complications. Urinary
albumin excretion rate (UAE) was measured from at least two 24-h urine samples. Serum DPP-4 activity
was measured by a colorimetric assay, and the level of adiponectin, leptin, and resistin was determined
by the ELISA method.
Results: Serum DPP-4 activity and adiponectin were significantly higher in patients with normoalbu-
minuria compared to patients with microalbuminuria (47 vs 36 U/L, and 10.9 vs 7.3 mg/mL, respectively,
p� 0.02). In multivariate logistic regression analysis adiponectin and serum DPP-4 activity were
significantly associated with risk of microalbuminuria in our subjects (p� 0.04), with odds ratios of 0.72
e0.99. However, after adjustment for age, sex, HbA1c, duration of diabetes and BMI, only serum DPP-4
activity was significantly associated with risk of microalbuminuria (p¼ 0.008).
Conclusion: The results of our study suggest that serum DPP-4 activity is lower in T1DM with micro-
albuminuria. Prospective studies are warranted to evaluate the relationship between serum DPP-4 ac-
tivity and progression and development of albuminuria and nephropathy in T1DM.

© 2018 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

Adipocytokines are hormones secreted from the adipose tissue
and their dysfunction influence not only inflammatory processes
but also glucose and lipid metabolism [1]. It has been assumed that
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adipocytokines dysfunction contribute to the increased risk of
microvascular complications in patients with type 2 diabetes
(T2DM) and obesity by affecting inflammatory processes and also
modulating vascular function [2,3]. However, relationship between
serum levels of adipocytokines in patients with type 1 diabetes
(T1DM) is not fully understood.

Leptin is hormone secreted from the adipose tissue and exerts
atherogenic and angiogenetic effects and leptin is also associated
with obesity-related diseases like T2DM, hepatic steatosis and
cardiovascular disease [4e6]. In contrast, adiponectin was found to
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Table 1
Clinical and metabolic characteristics of all patients.

Variable Value

Age (years) 46 (18e65)
Duration of diabetes (years) 14 (1e45)
Body mass index (kg/m2) 24 (17e35)
Hemoglobin A1c (%) 7.5± 1.4
Systolic blood pressure (mmHg) 125 (89e169)
Diastolic blood pressure (mmHg) 69 (47e104)
Total cholesterol (mmol/L) 5.1± 0.9
LDL cholesterol (mmol/L) 2.9± 0.7
HDL cholesterol (mmol/L) 1.6± 0.3
Triglycerides (mmol/L) 0.91 (0.4e4.1)
Serum creatinine (mmol/L) 71± 12
eGFR (mlmin-11.73m�2) 99± 17
Urinary albumin excretion (mg/24 h) 6.5 (0.2e80.1)
Adiponectin (ug/mL) 10.5 (1.5e38.2)
Dipeptidyl peptidase-4 (U/L) 47.1± 14.1
Leptin (ng/ml) 9.3 (0.6e267)
Resistin (ng/ml) 4.8 (1.9e17.6)

eGFR, estimated glomerular filtration rate.
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be decreased in obesity and obesity-related diseases like T2DM and
cardiovascular disease and adiponectin, by improving insulin
sensitivity, has anti-inflammatory properties and protective effects
on vascular tonus [7,8]. Resistin is also associated with insulin
resistance and produced mainly by macrophages contribute to
elevated glucose levels and risk of T2DM, atherosclerosis and
myocardial infarction [9]. Adipocytokines including adiponectin,
leptin and particularly resistin are independently and significantly
associated with the risk and severity of chronic kidney disease
[10e12].

Dipeptidyl peptidase-4 (DPP-4) is a serine exopeptidase that
plays an important role in glucose and lipid metabolism and also in
immune stimulation [13]. Most DPP-4 inhibitors, beyond glycemic
control, have shown additional influences in development and
progression of microvascular complications through various mech-
anisms [14]. In kidney, where DPP-4 is expressed at the highest
level, preclinical and clinical data suggest that DPP-4 inhibitors
decreases the progression of diabetic nephropathy independently
of other risk factors like hypertension and hyperglycemia [15].

Recent studies have implicated possible contribution of adipo-
cytokines in development and progression of microvascular com-
plications in T1DM [16]. The aim of our study was to investigate
relationship between adipocytokines, namely adiponectin, leptin,
resistin and DPP-4 activity, with albuminuria in T1DM.

2. Subjects, materials and methods

This study population was based on all 202 T1DM who were
referred to tertiary care specialist diabetes clinic between January
2016 and January 2017. Type 1 diabetes was defined according to
the age of diagnosis (below 35 years), autoantibodies positivity and
insulin treatment initiated within 1 year of diagnosis. The study
included patients with following characteristics: age of 18e65
years, minimum duration of diabetes of 1 year, without microvas-
cular complications or with earlier stages of microvascular com-
plications. Earlier stages of microvascular complications are defined
as the presence of non-proliferative diabetic retinopathy, second
stage of chronic kidney disease (estimated glomerular filtration
rate (eGFR)� 60e90ml/min), microalbuminuria (urinary albumin
excretion rate (UAE)> 30< 300 mg/24 h), and first degree of pe-
ripheral neuropathy, all complications stationary at least 3 months
before entering the study.

Urinary albumin excretion rate (UAE) was determined as the
mean of 24-h urine collections measured from at least two 24-h
urine samples. We excluded from the study patients with macro-
albuminuria (UAE�300 mg/24 h) and those with estimated
glomerular filtration rate (eGFR) less than 60ml/min 1.73m�2

calculated using the Chronic Kidney Disease Epidemiology Collab-
oration (CKD-EPI) formula [17,18].

DPP-4 activity was measured by a colorimetric assay procured
from Sigma, St. Luis, MO, USA in a microplate reader (cary Eclipse
Varian, Agilent Technologies) at 460 mnm, 37 �C in a continuous
monitoring for 35min. In this assay, DPP-4 cleaves H-Gly-Pro-AMC
to release a florecent product, 7-Amino-4-Methyl Coumarin (AMC)
which can be measured spectrophotometrically. The level of adi-
ponectin, leptin, and resistin was determined by the ELISA method.

Data are expressed as means± SD for normally distributed
values, as median with range for non-normally distributed values,
and percentage. Pearson's correlation coefficients were used to
calculate correlations between normally distributed values and
Spearman's rank correlation coefficients were used for non-
normally distributed values. Differences between groups were
examined, depending on the nature of the data, using parametric
(t-test) or nonparametric tests (Mann-Whitney). Multivariate lo-
gistic regression models were used to assess associations of
adipociytokines with risk of microalbuminura, taking in account of
potential confounders. Two models were constructed for each
marker: in model A without adjustments, and in model B adjust-
ments weremade for age, sex, duration of diabetes, HbA1c and BMI.

3. Results

The characteristics of the study subjects are listed in Table 1.
Mean/median values of BMI, LDL cholesterol, HDL cholesterol, tri-
glycerides, serum creatinine, UAE, eGFR, as well as blood pressure
were within the normal range for patients with diabetes. Correla-
tions between adipocytokines with renal function and metabolic
parameters are presented in Table 2. Adiponectin was significantly
associated with BMI, age, duration of diabetes, and eGFR with BMI
showing the strongest correlation (r¼�0.33, p< 0.001). Serum
DPP-4 was significantly associated only with duration of diabetes.
Leptin significantly correlated with duration of diabetes, BMI,
HbA1c and eGFR, with BMI and HbA1c showing the strongest cor-
relation (r¼ 0.27, p< 0.001). Finally, resistin was significantly
associated only with age. Serum DPP-4 activity and adiponectin
level was significantly higher in patients with normoalbuminuria
compared to patients with microalbuminuria (47 vs 36 U/L, and
10.9 vs 7.3 mg/mL, respectively, p� 0.02) (Table 3).

In multivariate logistic regression analysis adiponectin and
serum DPP-4 activity was significantly associated with risk of
microalbuminuria in our subjects (p� 0.04), with odds ratios of
0.72e0.99 (Table 4). However, after adjustment for age, sex, HbA1c,
duration of diabetes and BMI, only serum DPP-4 activity was
significantly associated with risk of microalbuminuria (p¼ 0.008).

4. Discussion

Adipocytokines are hormones secreted from the adipose tissue
and their dysfunction has been linked with an increased risk of
microvascular complications in patients with obesity and T2DM
[1e3]. However, recent studies have implicated possible contribu-
tion of adipocytokines in development and progression of micro-
vascular complications in T1DM [16].

Serum adiponectin level was found to be higher in T1DM
compared to nondiabetic individuals which can be compensatory
mechanism to oxidative stress and inflammation [19]. In addition,
increased serum adiponectin level in T1DM is also associated with
microvascular complications, cardiovascular and all-cause mortal-
ity [20,21]. Serum adiponectin level was found to be increased in



Table 2
Correlation analysis of associations of adipocytokines with renal function and
metabolic parameters.

Variable Adiponectin DPP-4 Leptin Resistin

Duration of diab. 0.17* 0.15* 0.03 0.00
Age 0.26* 0.06 0.23* �0.17*
BMI �033* 0.03 0.27* �0.05
HBA1c �0.12 �0.1 0.27* 0.06
UAE �0.07 �0.06 0.01 0.07
eGFR �0.19* �0.05 �0.21* 0.02

BMI, body mass index; HbA1c, hemoglobin A1c; eGFR, estimated glomerular
filtration rate; UAE, urinary albumin excretion rate; DPP-4, dipeptidyl peptidase-4.
*P < 0.05.

Table 3
Levels of adipocytokines between patients with and without microalbuminuria.

UAE<30 mg/24 h UAE�30 mg/24 h P

Leptin (ng/ml) 9 (0.6e267) 10.4 (0.6e33.7) 0.8
Resistin (ng/ml) 4.8 (1.9e10.6) 4.6 (3.7e8.1) 0.9
DPP-4 (U/L) 47 ± 14 36.2± 9.5) 0.01
Adiponectin (ug/mL) 10.9 (1.7e38.2) 7.3 (1.5e18.5) 0.02

DPP-4, dipeptidyl peptidase-4.

Table 4
Multivariate logistic regression analysis of adipocytokines with risk of micro-
albuminuria in patients with type 1 diabetes.

Independent

Variable Model A Model B

Resistin 0.97 (0.67e1.40) 1.01 (0.96e1.03)
Leptin 0.99 (0.95e1.03) 0.99 (0.67e1.52)
DPP-4 0.92 (0.86e0.98) * 0.9 (0.83e0.97) *
Adiponectin 0.85 (0.72e0.99)* 0.88 (0.74e1.03)

Data are OR (95% CI) from separatemodels. Model A crude; model B adjusted for age,
sex, duration of diabetes, HbA1c, BMI.
DPP-4, dipeptidyl peptidase-4.
*P < 0.05.

T. Bulum et al. / Diabetes & Metabolic Syndrome: Clinical Research & Reviews 13 (2019) 496e499498
patients with nephropathy and albuminuria compared to patients
with normoalbuminuria and was also found to be an independent
predictor of progression of nephropathy in T1DM [22e24]. How-
ever, in T1M with advanced nephropathy reduced clearance of
adiponectin can be the reason for higher adiponectin level
observed in those subjects [21,22]. Our study included patients
without microvascular complications or with earlier stages of
microvascular complications and we found that serum adiponectin
level negatively correlate with various metabolic parameters and
that adiponectin level was significantly higher in patients with
normoalbuminuria compared to patients with microalbuminuria.
However, in multivariate logistic regression analysis after adjust-
ment for metabolic risk factors adiponectinwas not associated with
risk of microalbuminuria.

There are few studies investigating the relationship between
serum leptin level and microvascular complications in T1DM and
majority of those found increased serum leptin level in patients
with neuropathy and retinopathy [25e27]. Regarding nephropathy,
T1DM with nephropathy and microalbuminuria have increased
serum leptin level compared to normoalbuminuric patients [28]. In
our study serum leptin was positively correlated with various
metabolic parameters and patients with microalbuminura had
slightly higher but nonsignificant serum leptin level compared to
patients with normoalbuminuria.

Although data has shown increased serum resistin level in
T2DM with microvascular complications, there are no studies that
have confirmed relationship between serum resistin level and
microvascular complications in T1DM [9,29]. In our study serum
resistin was positively correlated only with age and patients with
microalbuminura had slightly lower but nonsignificant serum
resistin level compared to patients with normoalbuminuria. In
addition, our study included patients with normal eGFR and nor-
moalbuminuria while in studies that included T2DM the level of
renal function was the main determinants of serum resistin level
[12].

Previous studies suggested independent relationship between
serum DPP-4 activity and insulin resistance and microvascular
complications in T1DM [30,31]. DPP-4 is expressed in kidney and
also implicated in the pathogenesis of kidney diseases such as
diabetic nephropathy and IgA nephropathy because DPP-4 is an
membrane glycoprotein localized on glomerular cells [15,32,33].
However, there is insufficient evidence to conclude that treatment
with DPP-4 inhibitors directly prevents or decrease risk of ne-
phropathy independently from improved glucose control [34].
Some other nephroprotective mechanisms of DPP-4 inhibitors
include its reduction of inflammation and oxidative stress [35].
Serum DPP-4 activity is associated with obesity and with various
classic markers of metabolic disorder although in our study serum
DPP-4 activity was significantly correlated only with duration of
diabetes [36,37].

The results of our study suggest that serum DPP-4 activity level
is lower in T1DM with microalbuminuria compared to patients
with normoalbuminuria. Albuminuria is not only a marker of renal
damage but also s marker of increased risk of cardiovascular dis-
ease. Although several studies found relationship between DPP-4
activity and albuminuria, the exact mechanisms linking DPP-4 ac-
tivity and abuminuria is not fully understood [15,38,39]. There are
also evidence of the possible renoprotective effect of DPP-4without
altering food intake and blood glucose via inhibiting fibrosis,
inflammation, apoptosis and tubulointerstitial injury [38].

This study has a number of potential limitations. First, our study
was not prospective which limited our ability to infer a causal
relation between serum DPP-4 activity and risk of micro-
albuminuria in T1DM. Second, the small number of patients with
microalbuminuria limited our ability to detect significant differ-
ences in other adipocytokines levels between patients with normo-
and microalbuminuria. Third, selection bias is likely because our
study was single hospital-based. Fourth, methods used for
measured glomerular filtration and DPP-IV activity may influence
on final results making comparisons of findings between studies
difficult.

In conclusion, the results of our study suggest that serum DPP-4
activity level is lower in T1DM with microalbuminuria. The study
included 202 T1DMwithout or with earlier stages of microvascular
complications. Prospective studies are warranted to evaluate the
relationship between serum DPP-IV activity and development and
progression of nephropathy in T1DM.
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