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Abstract
Purpose The role of adipokines in causing inflammation and insulin resistance in normal weight and obese patients is gen-
erally well studied. However, there are often conflicting results regarding their levels in type 1 diabetes mellitus (T1DM) 
patients and their relationship to micro- and macrovascular disease. We therefore investigated which serum adipokine levels 
are independently associated with markers of early atherosclerosis and microvascular complications in patients with T1DM.
Methods A cross-sectional study was performed in the Diabetes Outpatient Clinic of Hippokrateion General Hospital, Thes-
saloniki, Greece. Sixty T1DM patients (30 females, mean age 38.8 ± 10.6 years, mean diabetes duration 17.4 ± 9.9 years) 
were included. Plasma adiponectin, leptin, and resistin, carotid artery intima media thickness (cIMT), and arterial stiffness 
(pulse wave velocity, PWV/SpygmoCor CP System and Mobil-O-Graph 24 h PWA) were assessed.
Results Leptin and resistin levels were significantly higher in overweight and obese patients (p = 0.002 and p = 0.039, respec-
tively). Adiponectin was the only adipokine negatively correlated with BMI (rs =  − 0.41, p = 0.001). We report a bivariate 
association between serum adiponectin levels and retinopathy (p = 0.007). Resistin was the only adipokine that showed sig-
nificant correlation with systolic (rs = 0.42, p = 0.001) and diastolic (rs = 0.29, p = 0.024) hypertension and PWV (p = 0.035).
Conclusions Serum adipokine levels demonstrate similar bivariate associations with anthropometric variables in patients 
with T1DM to those in normal weight subjects. Although microvascular complications are associated with serum adipokine 
levels by bivariate analysis, only resistin, an inflammatory marker, is independently associated with arterial stiffness in 
patients with T1DM.
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Introduction

Type 1 diabetes mellitus (T1DM) is mainly characterized by 
autoimmune destruction of insulin-secreting beta cells [1]. 
However, the prevalence of overweight and obesity seems to 
have significantly increased among individuals with T1DM 
[2]. Furthermore, although obesity and insulin resistance con-
stitute a state that is mainly associated with T2DM, research 
has shown that insulin resistance is also associated with T1DM 
and even precedes its onset [3]. Among people at risk for 
developing T1DM (positive pancreatic autoantibodies), indi-
viduals with the highest insulin resistance at baseline are those 
who are more likely to develop T1DM in the future [4]. Data 
from 2011 also revealed that adipokines play a crucial role in 
the relationship between T1DM and obesity as they are known 
to have tissue insulin sensitization activity and also regulate 
glucose metabolism through various mechanisms, such as 
increased insulin secretion and glucose storage, inhibition of 
glucagon secretion, and hepatic gluconeogenesis [5].

Previous studies have demonstrated that patients with 
diabetes have extensive atherosclerosis early in life because 
of a complex atherogenic process. In this process, adipokines 
are involved; however, their relationship with other markers 
of atherosclerosis, including carotid intima media thickness 
(cIMT), pulse wave velocity (PWV), and other parameters 
such as body weight (BW) is still debated [6].

The aim of this study was to evaluate the concentrations of 
selected serum adipokines (leptin, adiponectin, and resistin) in 
patients with T1DM and to investigate their relationship with 
BW and markers of early atherosclerosis, including cIMT and 
arterial stiffness.

Materials and methods

Study population

A total of 60 subjects with T1DM were consecutively recruited 
from our Diabetes Outpatient Clinic. The diagnosis of T1DM 
was made according to the 2015 criteria of the American Dia-
betes Association [7]. The study was conducted in accordance 
with the principles of the Declaration of Helsinki and was 
approved by the Ethics in Research Committee of the School 
of Public Health of the Aristotle University of Thessaloniki, 
Greece. All participants provided written informed consent.

Methods

Study design

Cross-sectional.

Setting

All procedures were performed in the morning and all sub-
jects were advised to abstain from smoking, coffee, and 
any other food or drink apart from water for 8 h before the 
study. Blood samples for biochemical measurements were 
collected at the time of study enrollment.

Anthropometric measurements

BW was measured using a balanced-beam scale with light 
clothing without shoes and expressed in kilograms (kg). 
Height was measured using a wall-mounted stadiometer 
and expressed in cm. BMI was calculated as weight in kilo-
grams divided by the square of height in meters (kg/m2) 
and the cut-off 25 used to define normal vs. overweight or 
obese patients (BMI < 25 = normal, 25 to < 30 = overweight, 
and > 30 = obesity). The Michigan Neuropathy Screening 
Instrument (MNSI) was used to assess the presentation of 
peripheral neuropathy. Assessment of diabetic retinopathy 
was carried out by a trained ophthalmologist. Patients with 
T1DM were considered as having hypertension if systolic 
blood pressure (SBP) was over 140 mmHg and/or diastolic 
blood pressure (DBP) was over 90 mmHg or if they were 
receiving medication for hypertension.

Biochemical parameters

Blood samples were collected to measure glycated hemo-
globin (HbA1c), uric acid (UA), lipids profile (total cho-
lesterol, high-density lipoprotein, low-density lipoprotein, 
and triglycerides), and serum creatinine. Urine albumin 
to creatinine ratio (UACR) was calculated to estimate the 
presence of albuminuria. Estimated glomerular filtration rate 
(eGFR) was calculated using the CKD Epidemiology Col-
laboration (CKD-EPI) equation. Patients with T1DM were 
considered as having nephropathy if the eGFR was less than 
60 ml/min/1.73  m2 and/or if the UACR was over 30 mg/g 
[8], and dyslipidemia if LDL values were over 100 mg/dl or 
the patient was receiving hypolipidemic treatment. Urine 
samples were collected for measurement of albumin and 
creatinine excretion.

Cytokines

Serum leptin levels were measured by a commercial ELISA 
kit (Human Leptin Quantikine ELISA R&D Systems Cata-
log No. DLP00). Serum resistin levels were measured by a 
commercial ELISA kit (Human Resistin Quantikine ELISA 
R&D Systems Catalog No. DRSN00). Serum adiponectin 
levels were measured by a commercial ELISA kit (Human 
Total Adiponectin/Acrp 30 Quantikine ELISA R&D Sys-
tems Catalog No. DRP300). All measurements were carried 

92 Hormones (2022) 21:91–101



1 3

out in the laboratory of the 2nd Propedeutic Department of 
Internal Medicine.

Carotid sonography

High-resolution B-mode ultrasonography of the right and 
left common carotid artery (CCA) was performed with the 
VividTM–S6 General Electric Medical Systems ultrasound 
scanner equipped with a linear 13–5 MHz transducer. For all 
images, IMT measurement was automatically obtained using 
the General Electric EchoPAC version 12. The maximum 
IMT (cIMTmax) was calculated for each patient of the two 
carotid measurements (right and left).

Assessment of arterial stiffness and central hemodynamics 
(instant and 24‑h)

After 5  min of rest in the supine position, PWV and 
central blood pressure (CBP) were measured with 
a SpygmoCor CP System and two to three separate 
recordings were taken if needed. All measurements were 
performed in accordance with the 2012 expert consensus 
document on the measurement of aortic stiffness in daily 
practice. Furthermore, during 24-h ambulatory daily-life 
conditions, brachial systolic and diastolic blood pressure 
(SBP and DBP) and PWV were measured by the Mobil-
O-Graph 24 h PWA Monitor (IEM, Stolberg, Germany). 
The differences in PWV values between the two methods 
were as expected, since the first represents office and the 
other out-of-office measurements [9].

Statistical analysis

In the statistical analysis, the baseline characteristics of 
the patients who participated in the study were calculated. 
Continuous variables are reported as means with standard 
deviation (SD) or as medians with interquartile range 
(IQR), while frequencies with percentages for categorical 
variables n (%). The chi-square test (χ2) was applied to 
investigate the relationship between categorical variables. 
If there were expected counts less than five, Fisher’s exact 
test was applied. The independent samples t-test and the 
Mann–Whitney non-parametric test were used to compare 
the means and medians of continuous variables in different 
categories of categorical variables. Spearman’s rank 
correlation (rs) coefficients were used in order to find the 
correlation between continuous variables. A normality 
test was conducted using the Kolmogorov–Smirnov 
and Shapiro–Wilk tests, as well as histograms, P-P, and 
Q-Q plots. Relationships with a p value (p) ≤ 0.05 were 
considered as statistically significant. All reported p values 
are two-sided. Univariate and multivariable linear regression 
analyses were performed in standard and forward stepwise 

selection to identify independent factors affecting IMT and 
PWV and to estimate the final predictors of their variability. 
Univariate and multivariable logistic regression analysis 
was performed to examine which variables influence 
retinopathy, nephropathy, and neuropathy and to estimate 
the final predictors of their variability. Any univariate 
variable with a p value < 0.20 was selected as a candidate for 
multivariable analysis. We also added univariate variables 
of great medical significance to the models. All independent 
variables (predictors) were entered simultaneously into the 
model. When data are not shown in the multivariable logistic 
regression tables, this is due to suboptimal “goodness of fit” 
of the model. R Statistical software (V 4.0.3) and the “pwr” 
package were used for sample size estimation, our purpose 
being to compare the change in leptin levels between obese 
and normal weight individuals. The aim was to identify any 
difference between groups of 9 (ng/ml) with a between-
subject SD (pooled standard deviation) as 12.8 (ng/ml [10]), 
80% power, and 5% type I error. Based on these assumptions, 
it was determined that we would need 32 people in each 
group. The data were analyzed in the Statistical Package for 
the Social Sciences 24.0 (SPSS Inc., Chicago, IL, USA).

Results

Baseline characteristics

The study population consisted of 60 patients (30 females, 
mean age 38.8 ± 10.6  years, mean diabetes duration 
17.4 ± 9.9 years). Half of the patients were overweight or 
obese. General characteristics of the study participants 
by BMI status (normal BMI vs. high BMI) are presented 
in Table  1. There were no statistically significant 
differences in age, diabetes duration, or eGFR and HbA1c 
levels between the two groups, although those with high 
BMI were more likely to have hypercholesterolemia. 
In addition, men were more likely to be overweight 
than women. Only four patients had confirmed clinical 
neuropathy (MNSI ≥ 4). Furthermore, 15 patients had 
nephropathy, while, specifically, 33 patients had eGFR 
of > 90 in combination with ACR < 30 mg/g, nine had 
eGFR of > 90 in combination with ACR > 30 mg/g, 12 had 
eGFR of 60–90 in combination with ACR < 30 mg/g, five 
had eGFR of 60–90 in combination with ACR > 30 mg/g, 
and one had eGFR of < 60 in combination with 
ACR < 30  mg/g. Markers of atherosclerosis and 
angiopathy, such as cIMTmax and arterial stiffness 
(PWV), were significantly higher in overweight/obese 
patients compared to normal. Finally, leptin and resistin 
levels were significantly higher, while adiponectin was 
lower in overweight/obese participants.
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Unadjusted correlation analysis between adipokine 
concentration and metabolic and anthropometric 
quantitative parameters is presented in Table 2 
and association analysis between adipokine 
concentration and metabolic and anthropometric 
qualitative parameters is presented in Table 3

Unadjusted correlations revealed that leptin levels were 
positively correlated with BMI (rs = 0.38, p = 0.003) 
and associated with female sex (median = 13,880; 
IQR = 4077.25–25,075, p = 0.012). Also, leptin levels were 

positively correlated with total cholesterol levels (rs = 0.29; 
p = 0.024). No other significant correlation was observed 
between leptin and the remaining measured parameters.

Resistin levels were also positively correlated with 
BMI (rs = 0.28, p = 0.03) and with presence of both 
systolic (rs = 0.42, p = 0.001) and diastolic (rs = 0.29, 
p = 0.024) hypertension. Moreover, resistin levels were 
positively associated with the presence of albuminuria 
(AC ≥ 30  mg/g) (median = 11.10; IQR = 8.28–16.38, 
p = 0.026), but negatively correlated with HDL-C levels 
(rs =  − 0.33, p = 0.011). No other significant correlation 

Table 1  Baseline characteristics of all patients and according to BMI

a Independent samples t-test, bMann-Whitney U test, cFisher’s exact test, dChi-square test
Quantitative variables are presented either as mean ± SD or as median (IQR)
Abbreviations: s*, Sphygmocor; m#, mobilograph
Entries in boldface are with sigificance (p < 0.05)

Parameters All (n = 60) BMI p  valuea,b,c,d

Normal weight (n = 30) Overweight/obese (n = 30)

Demographic
 Age, years 38.80 (10.61) 37.87 (11.43) 39.73 (9.82) 0.500a

 Sex, male/female 30 (50%)/30 (50%) 10 (33.3%)/20 (66.7%) 20 (66.7%)/10 (33.3%) 0.010d

Somatometric
 Diabetes duration, years 17.35 (9.93) 17.20 (10.37) 17.50 (9.64) 0.908a

 WHR 0.84 (0.10) 0.78 (0.07) 0.89 (0.10)  < 0.001a

 Insulin dose, units 48 (32–61) 36 (28.50–53.00) 50 (35.50–72.50) 0.030b

 Hypertension, yes/no 16 (26.7%), 44 (73.3%) 5 (16.7%) 11 (36.7%) 0.080d

 Dyslipidemia, yes/no 38 (63.3%), 22 (36.7%) 13 (43.3%) 25 (83.3%) 0.001d

 Smoking, yes/no 26 (43.3%), 34 (56.7%) 15 (50.0%) 11 (36.7%) 0.297d

 Retinopathy, yes/no 8 (13.3%), 52 (86.7%) 5 (16.7%) 3 (10.0%) 0.706c

 Neuropathy, yes/no 4 (6.7%), 56 (53.3%) 3 (10.0%) 1 (3.3%) 0.612c

 Nephropathy, yes/no 15 (25.0%), 45 (75.0%) 8 (26.7%) 7 (23.3%) 0.766d

Biochemical
 eGFR 98.79 (18.00) 98.96 (18.12) 98.62 (18.18) 0.943a

 UACR, mg/g 10 (5.45–30.05) 9.75 (5.33–29.83) 9.30 (3.55–30.30) 0.668b

 Uric acid, mg/dl 3.91 (1.32) 3.42 (1.28) 4.40 (1.17) 0.003a

 Cholesterol, mg/dl 173.12 (38.02) 161.10 (33.20) 185.13 (39.25) 0.013a

 HDL-C, mg/dl 57.45 (14.77) 63.03 (15.83) 51.87 (11.34) 0.003a

 LDL-C, mg/dl 99.81 (33.15) 84.35 (25.15) 115.27 (33.30)  < 0.001a

 Triglyceride, mg/dl 72 (58–90) 65 (49.50–78.25) 73.50 (63.75–123.50) 0.033b

 HbA1c, % 7.09 (1.07) 7.13 (1.14) 7.04 (1.02) 0.729a

Hemodynamic
 cIMTmax, mm 0.59 (0.54–0.69) 0.56 (0.53–0.63) 0.63 (0.55–0.74) 0.025b

 CSBPs, mmHg 110.98 (9.40) 110.73 (10.37) 111.10 (8.36) 0.881a

 CDBPs, mmHg 81 (77–86) 80.87 (7.50) 80.83 (6.55) 0.985a

 PWVs 7.70 (6.50–9.50) 6.80 (6.10–8.53) 8.70 (6.85–10.40) 0.003b

 PWVm 5.65 (5.13–6.15) 5.50 (5.00–5.95) 5.85 (5.48–6.83) 0.036b

 SBPm, mmHg 115.17 (11.04) 109.55 (8.03) 120.60 (10.94)  < 0.001a

 DBPm, mmHg 71.19 (8.03) 68.10 (7.72) 74.17 (7.27) 0.003a

Adipokines
 Resistin, ng/ml 8.45 (6.33–11.40) 7.00 (5.65–10.80) 9.25 (7.30–12.85) 0.039b

 Adiponectin, ng/ml 8.14 (5.63–14.05) 10.67 (7.46–17.46) 6.19 (3.19–11.27) 0.003b

 Leptin, ng/ml 9.85 (3.35–16.88) 4.81 (0.96–12.98) 14.2 (7.65–19.61) 0.002b
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was observed between resistin and the remaining 
measurable parameters.

Adiponectin was the only adipokine negatively 
correlated with BMI (rs =  − 0.41, p = 0.001) and was also 
negatively correlated to WHR (rs =  − 0.42, p = 0.001). 
Adiponectin levels were found to be lower in patients 
with systolic (rs =  − 0.58, p < 0.001) and diastolic 
(rs =  − 0.56, p < 0.001) hypertension (in contrast to 
resistin), hyperuricemia (rs =  − 0.39, p = 0.002), and 
increased total daily insulin requirements (rs =  − 0.58, 
p =  < 0.001). Women had greater adiponectin levels in 
comparison to men (median = 11.57; IQR = 7.96–18.18 
vs. median = 6.19; IQR = 3.19–8.42, p < 0.001). In 
addition, patients with low triglyceride levels (rs =  − 0.38, 
p = 0.003) and high HDL-C (rs = 0.67, p < 0.001) had 
higher adiponectin levels. Lastly, there was an association 
between serum adiponectin levels and retinopathy 
(median = 16.69; IQR = 9.29–24.07, p = 0.007).

Finally, cIMTmax (p = 0.025) and arterial stiffness 
(p = 0.003) were significantly positively associated with 
BMI, but there was no direct correlation between them and 
serum adipokine levels. As expected, PWVm and PWVs 
were positively correlated with traditional cardiovascular 
risk factors such as age, diabetes duration, WHR, BMI, 
cIMTmax, SBP, DBP, and CSBP. The same finding 
applies to cIMTmax, which was found to be also positively 
correlated with age, diabetes duration, BMI, HbA1c, PWV, 
SBP, and CSBP.

Univariate and multivariable linear regression 
analysis of cardiovascular outcomes (IMT, PWV) 
(see Supplementary Tables S1a, S1b) and univariate 
and multivariable logistic regression analysis 
of microvascular complications (retinopathy, 
nephropathy, and neuropathy) (see Supplementary 
Tables S2a, S2b, S2c)

As anticipated, unadjusted correlations revealed that older 
age, higher BMI, longer diabetes duration, and higher 
HbA1c, SBPm, and LDL-C were associated with a higher 
IMT (p < 0.05), whereas no association was observed with 
adipokine levels. After adjustment for covariates (mod-
els 1, 2, 3), IMTʼs association with higher HbA1c and 
LDL-C remained, but the most decisive factor for IMT 
was found to be older age (p < 0.001) (Table S1a). We 
also found significant univariate associations of older age, 
higher BMI, longer diabetes duration, and higher SBPm 
with PWV progression (p < 0.05), but no direct associa-
tion was observed with adipokine levels. In multivariable 
linear regression analysis adjusted for adiponectin or leptin 
levels and other covariates (models 1, 2, 3), older age was 
revealed also as the most decisive factor for PWV progres-
sion (p < 0.001) (Table S1b). In the final model for resistin 
when all predictors were added to the model (model 3, 
Table S1b), the relationship of PWV with resistin levels 
became significant (p = 0.035), along with age (p < 0.001), 
BMI (p = 0.03), and LDL-C (p = 0.039).

Table 3  Association analysis of leptin, adiponectin, and resistin concentrations with metabolic and anthropometric qualitative parameters

Mann–Whitney U test
Entries in boldface are with sigificance (p < 0.05)

Leptin Adiponectin Resistin

Median (IQR) p value Median (IQR) p value Median (IQR) p value

Sex, male/female 7 (1.8–13.76)/13.88 
(4.08–25.08)

0.012 6.19 (3.19–8.42)/11.57 
(7.96–18.18)

 < 0.001 9.35 (7.00–12.40)/7.60 
(5.80–10.40)

0.139

Retinopathy, yes/no 5.57 (0.97–19.73)/10.31 
(3.56–16.88)

0.287 16.69 (9.29–24.07)/7.68 
(4.85–12.08)

0.007 9.35 (6.25–16.95)/8.25 
(6.33–11.00)

0.486

Nephropathy, yes/no 6.11 (2.79–13.32)/10.25 
(3.64–19.46)

0.306 9.24 (5.48–17.10)/8.10 
(5.86–13.27)

0.701 9.80 (8.20–15.80)/7.50 
(6.15–10.30)

0.057

Neuropathy, yes/no 5.78 (1.83–15.50)/10.08 
(3.35–16.88)

0.483 7.60 (6.49–14.79)/8.20 
(5.51–14.05)

0.966 7.80 (4.90–14.23)/8.45 
(6.75–11.40)

0.617

AC ratio, ≤ 30/ > 30 10.08 (3.44–19.05)/6.70 
(2.64–14.07)

0.458 8.14 (6.01–14.00)/8.30 
(5.17–16.49)

0.903 7.45 (6.18–10.30)/11.10 
(8.28–16.38)

0.026
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Unsurprisingly, in the univariate analysis, diabetes dura-
tion was a strong independent predictor for retinopathy 
(p = 0.04) and even after adjustment for adipokine levels, 
gender, BMI, age, and HbA1c (model 2, Table S2a), their 
relationship remained significant. Additional adjustment 
for SBPm and LDL-C attenuated the association between 
diabetes duration and retinopathy, which became no longer 
significant. In addition, adiponectin levels were found to be 
strongly (p = 0.008) associated with retinopathy, even after 
adjustment for sex and BMI (p = 0.004). Further adjust-
ment for clinically significant covariates such as age, dia-
betes duration, and HbA1c changed this relationship, and 
adiponectin was no longer a significant independent pre-
dictor factor for retinopathy (model 2, Table S2a). On the 
other hand, only diabetes duration was found to be a strong 
independent predictive factor for nephropathy, but this rela-
tionship remained no longer significant after adjustment for 
all the other covariates (models 1, 2, 3) (Table S2b). The 
univariate and multivariable logistic regression analysis for 
neuropathy as a dependent variable revealed no further asso-
ciations (Table S2c).

Discussion

Leptin and resistin levels were found to be significantly 
higher in overweight and obese patients with T1D (p = 0.002 
and p = 0.039, respectively). Adiponectin was the only 
adipokine negatively correlated with BMI (rs =  − 0.41, 
p = 0.001). Serum adipokine levels in patients with T1DM 
seem to have a similar dependence on adipose tissue as do 
healthy subjects without diabetes.

Microvascular complications appear to correlate with 
serum adipokine levels. Bivariate association between serum 
adiponectin levels and retinopathy (p = 0.007) was observed. 
Resistin was the only adipokine that showed significant 
correlation with systolic (rs = 0.42, p = 0.001) and diastolic 
(rs = 0.29, p = 0.024) hypertension and PWV (p = 0.035). 
With the exception of resistin, which seems to play a role 
in the development of hypertension and arterial stiffness in 
patients with T1DM, a further direct association between 
adipokine levels and macrovascular complications was not 
identified.

Leptin

Leptin is predominantly produced in adipose tissue, and 
circulating leptin levels correlate well with total body fat, 
reflecting the individual’s energy status [11]. Leptin’s secre-
tion pattern is similar in obese and lean individuals, but 
obese subjects have greater leptin concentrations than do 
lean subjects due to their greater amount of body fat [12]. 
Furthermore, for the same age and body mass index (BMI), 

women have greater leptin concentrations than men. Leptin 
is a target of many trials in T2DM patients, but the number 
of studies assessing the role of leptin in T1DM is modest. 
Various authors report divergent results regarding serum 
leptin levels in T1DM in contrast to those in non-diabetic 
individuals [13]. In our study, the results are consistent with 
findings from previous studies which also demonstrated that 
leptin concentrations are strongly correlated with BMI and 
gender in T1DM patients [14, 15]. The most likely expla-
nation for this is that leptin levels in patients with T1DM 
have a similar dependence on adipose tissue as in normal 
weight patients and increase during diabetes as a result of 
the effects of insulin on body fat mass [16]. Another expla-
nation involves insulin requirements, as leptin levels were 
found to decrease in parallel with the decrease of insulin 
resistance and insulin levels, irrespective of BMI status [17].

In our study, we also observed a positive relationship 
between leptin and total cholesterol levels, a finding in 
accordance with previous studies [18]. A possible explana-
tion is that changes in leptin levels and lipid pattern may be 
associated with obesity and features of metabolic syndrome 
that coexist, as an altered plasma lipid pattern is a common 
pathophysiological feature in both metabolic syndrome and 
obesity. However, a clear etiology for the direct interactions 
of leptin with lipid metabolism regulation and its associated 
biochemical alterations continues to be a matter of debate 
[18].

Adiponectin

Although adiponectin is exclusively secreted by adipose 
tissue, plasma adiponectin levels are negatively associated 
with total body fat, with the highest levels observed in lean 
subjects and the lowest in obese subjects [19]. We also dem-
onstrated that there is an inverse association between adi-
ponectin serum level and BMI. Several studies have shown 
the same finding in Τ1DM patients [20, 21]. It is not clear 
why adiponectin secreted from fat cells decreases when fat 
cells in obesity increase. It has additionally been reported 
that the aggregation of visceral fat leads to cellular malfunc-
tion of adipose tissue, which ultimately results in decrement 
of serum adiponectin levels in obesity [22]. As with leptin, 
adiponectin is higher in women than in men (probably due to 
different concentrations of sex hormones and different distri-
bution of adipose tissue in subcutaneous or intra-abdominal 
fat) [23].

Though there is a large volume of literature on the role of 
adiponectin in cellular and systemic physiology, the consen-
sus is that adiponectin generally increases tissue sensitivity 
to insulin and has anti-inflammatory, anti-atheromatic, and 
anti-apoptotic effects on different types of cells [24]. In our 
study, adiponectin levels were found to be lower in patients 
with systolic and diastolic hypertension in contrast to 
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resistin. Hypoadiponectinemia has been reported to be posi-
tively correlated with hypertension in several studies, albeit 
this association remains controversial [19, 25, 26]. Neverthe-
less, a 2013 systematic review and meta-analysis including 
17,598 adults from 43 non-prospective and five prospec-
tive studies found lower adiponectin levels in hypertensive 
individuals compared with normotensive adults, suggesting 
that plasma adiponectin levels constitute a biomarker and 
possible mediator in the development of adiposity-related 
hypertension [27].

In addition, we found that lower adiponectin levels are 
associated with dyslipidemia, hyperuricemia, and increased 
total daily insulin requirements in patients with T1DM. 
Numerous studies exist that demonstrate the same correla-
tion [19, 28]. These associations of low adiponectin levels 
with obesity, dyslipidemia, insulin resistance, hyperten-
sion, and hyperuricemia indicate that this protein may be 
an important novel marker of the metabolic syndrome [29].

Lastly, we found that patients with T1DM and retinopa-
thy complications have higher serum adiponectin levels than 
patients without complications (p = 0.007). Nevertheless, 
when important clinical covariates such as age, diabetes 
duration, and HbA1c were added to the model, adiponectin 
was no longer a significant independent predictor factor for 
retinopathy (model 2, Table S2a). Our findings are consist-
ent with previous reports, but it remains to be determined 
whether increased adiponectin levels are pathophysiologi-
cally related to the development of microvascular com-
plications or whether they constitute a counter-regulatory 
response [30, 31].

Resistin

Data on resistin levels in patients with T1DM are limited. In 
our study, resistin levels were positively correlated with BMI 
status in T1DM (p = 0.03), findings that are consistent with 
a 2015 study in adults with T1DM [32]. Reports on resis-
tin levels in T1DM patients are to date conflicting [33–35]. 
Considering the small number of studies on T1DM and the 
controversial findings concerning resistin levels and adipos-
ity, it is clear that further studies with larger populations are 
needed to understand this association.

Our results revealed increased resistin concentrations 
in hypertensive patients with T1DM, while other clinical 
studies have also reported that circulating resistin levels 
are associated with hypertension in humans [36, 37], and 
a recent meta-analysis found that elevated serum resistin 
levels correlate with development of hypertension [38]. 
Indeed, plasma levels of resistin are elevated early in life in 
young healthy offspring of hypertensive subjects compared 
to young healthy offspring of normotensives [39], while 
its higher plasma levels have been shown to be associated 
with an increased risk of developing hypertension in women 

without diabetes or hypertension [40]. Likewise, our find-
ings that resistin is an independent predictive factor of PWV 
(p = 0.035) (model 3, Table S1b), even after adjustment for 
significant clinical regressors (such as gender, BMI, age, 
diabetes duration, HbA1c, SBPm, and LDL-C), further con-
firms resistin’s association with hypertension, since hyper-
tension is known to be the most decisive mediator of devel-
opment of arterial stiffness. Its levels therefore appear to be 
associated with a predisposition for hypertension, though the 
pathophysiological mechanism underlying the abovemen-
tioned association is not yet established.

In our study, resistin levels were positively correlated 
with the presence of albuminuria (AC ≥ 30 mg/g). Although 
limited data exist as to the relationship between serum resis-
tin levels and diabetic nephropathy in T1DM patients, data 
from T2DM patients have reported increased serum resis-
tin levels in subjects with advanced diabetic nephropathy 
[13]. A possible explanation includes decreased renal clear-
ance together with subclinical inflammation that is present 
even in the early stages of CKD [41]. Furthermore, in non-
diabetic populations, serum resistin levels are reported to 
be increased in patients with microalbuminuria [42]. A 
recent study in 83 T2DM patients found a positive correla-
tion between resistin levels and albuminuria [43]; however, 
another study in 202 T1DM patients found no correlation 
between resistin levels and albuminuria [44]. A possible 
explanation for this discrepancy may have been provided by 
another study which also reported that serum resistin lev-
els are independently associated with albuminuria in 635 
non-diabetic patients, the authors speculating that genetic 
background and not inflammation might be the missing link 
between resistin and nephropathy [45].

Adipokines and macrovascular angiopathy (IMT 
and PWV)

As expected, PWV and IMT were positively correlated with 
traditional cardiovascular risk factors such as age, diabetes 
duration, HbA1c, WHR, BMI, SBP, DBP, and CSBP. In our 
study, resistin was the only adipokine that showed correla-
tion with PWV, but there was no other direct correlation 
between angiopathy markers and serum adipokine levels. 
cIMTmax (p = 0.025) and arterial stiffness (p = 0.003) were 
significantly higher in overweight or obese T1D patients. 
Obesity, as a major cardiovascular risk factor, is known 
to be associated with an accelerated atherosclerotic and 
atherothrombotic process, resulting in increased cardiovas-
cular morbidity and mortality [46]. There is also increasing 
evidence (largely from experimental studies) that obesity-
associated altered adipokine levels are closely involved in 
the pathogenesis of atherosclerotic vascular diseases [47].

Over the last decade, increasing experimental and clinical 
data have revealed a direct effect of adipokines on vascular 
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function and atherogenesis, which is independent of their 
effects on insulin sensitivity and glucose/fat metabolism [25, 
48]. There are often conflicting results regarding adipokine 
levels in T1D patients and their relationship to macrovas-
cular disease markers such as IMT and PWV [49–52]. The 
role of adipokines in macrovascular angiopathy remains a 
matter of debate not only in T1DM patients [53]. The impact 
of SNPs and mutations on candidate loci encoding differ-
ent adipokines, the role of the leptin/leptin receptor axis, 
the genetically driven changes in adiponectin levels, and 
the emerging concept of “adipokine-resistance,” consisting 
in the disruption of the cell signaling pathway beyond adi-
pokine receptor activation, are all potential explanations for 
why changes in adipokine levels might not directly reflect a 
deteriorated/improved cardiometabolic profile [53].

In conclusion, the association between adipokines and 
macroangiopathy comes with important limitations includ-
ing the cross-sectional design of most studies, limiting the 
ability to infer causality. Few longitudinal studies have been 
conducted, all with inconsistent results. In addition, find-
ings may be influenced by basal cardiovascular risk and by 
specific characteristics of the studied populations, making it 
difficult to generalize from the conclusions. The complexity 
of the interrelationships in the chain “obesity-cardiovascular 
risk factors and adipokines” makes it difficult to determine 
the direct effects of each pair of factors. Prospective studies 
taking these multiple variables in different populations into 
account are needed to investigate the role of adipokines in 
order to understand the mechanisms via which adipokines 
affect atherosclerotic cardiovascular outcome in the long 
term [25].

Limitations

The current study is cross-sectional and the sample size is 
small. Also, the patients were divided into two groups, accord-
ing to BMI, of normal weight and overweight, and there was 
no healthy (non-diabetic) control group. Moreover, the male/
female ratio in the two groups was significantly different; 
thus, the comparisons of the studied parameters between the 
two groups could have been influenced by the gender differ-
ence. Therefore, causation cannot be determined for any of 
the observed relationships. Second, we used a single fasting 
baseline measurement of adipocytokines; however, consider-
ing that hormones might exhibit diurnal and intra-individual 
fluctuations and the fact that different isoforms of resistin exist 
that could differ in their biological activities, one sample is not 
sufficiently accurate to characterize an individual’s hormone 
levels. Finally, data on macrovascular complications (history 
of peripheral artery disease, ischemic heart disease, and cer-
ebrovascular disease) were not included in this study. On the 
other hand, potential strengths of the study are that all patients 

underwent a 24-h ambulatory BP measurement, which is more 
trustworthy compared to a single ambulatory BP monitoring. 
It is important to outline the novelty of the research question 
given the fact that very few published reports on the relation-
ship of adipokines with insulin resistance, obesity, microan-
giopathy, and macroangiopathy in T1DM patients currently 
exist.

Conclusions

Serum adipokine levels in patients with T1DM seem to have 
a similar dependence on adipose tissue as in healthy subjects 
without diabetes.

Microvascular complications appear to correlate with 
serum adipokine levels (retinopathy with adiponectin and 
albuminuria with resistin). No strong direct association 
between adipokine levels and markers of early atherosclerosis 
was identified, but resistin seems to play a crucial role in the 
development of hypertension and arterial stiffness. Further 
research is needed on whether the regulation of adipokines 
could be a promising novel approach for managing cardiovas-
cular outcomes in T1DM and obese patients.
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