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Abstract
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Background: Long-term research into adiponectin and other adipose tissue hormones as a biomarker for atherosclerotic changes in 
cardiometabolic and type 2 diabetes patients has shown mixed findings. This study aimed for evaluating urinary adiponectin (uAPN) 
as a potential biomarker for prediction of carotid atherosclerosis in metabolic syndrome patients with or without type 2 diabetes 
mellitus.

Subjects and methods: This study recruited 220 participants from patients attending Endocrine and Diabetes outpatient centre 
in Ismailia Medical complex who were assigned into four groups, each had 55 participants: control, non-diabetic cardiometabolic, 
diabetic non-cardiometabolic, and diabetic cardiometabolic group. Urine and venous blood samples were collected to measure 
urinary and plasma adiponectin as well as other common blood assays according to the standard methods. Carotid Ultrasonography 
was performed to estimate carotid plaque score (CPS).

 Results: Compared with control group, urinary adiponectin concentration was significantly higher in the three cardiometabolic 
and diabetic groups with values 7 ± 2.7, 6.6 ± 2.9, and 9.3 ± 3.9, respectively. Carotid plaque scores as median (IQR) showed a 
progressively higher value from group 1 to group 4 with statistically significant differences between the 4 groups. The results of 
the multivariate linear regression analysis for the prediction of CPS showed a highly statistically significant Beta of 39% for urinary 
adiponectin. ROC curve analysis for the performance of urinary adiponectin level as a diagnostic test for prediction of above median 
CPS showed a significant cut-off value of 6.42 ng/mg creatinine, with and a sensitivity of 85.8%, and specificity of 82.2%.

Conclusion: In the absence of additional controlled research, the measurement of urine adiponectin excretion is thought to be a 
credible urine biomarker for assessing higher risk of vascular events in people with type 2 diabetes and cardiometabolic disease.
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Introduction

Pre-diabetes adult patients are usually presenting with some 
or all manifestations of the cardio-metabolic syndrome including 
mostly obesity and 2-3 criteria defining the diagnosis as set 
by the international diabetes Federation (IDF). Pre-diabetics 
and established diabetics are at higher risk for cardiovascular 
diseases, cardiovascular-related morbidity, and mortality owing 
to accelerated atherosclerotic changes, especially if combined 
with unhealthy lifestyles like smoking, lack of physical activity, and 
others.

Adipokines, also known as adipocytokines, are a class of bioactive 
peptides and proteins, immunological agents, and inflammatory 
mediators secreted by adipose tissue. Adipokines are key players 
in the regulation of satiety, insulin sensitivity, glucose and lipid 
metabolism, angiogenesis, immunology, and inflammation, and 
are implicated in several disorders [1]. Adiponectin is a cytokine 
protein of 244 amino acids and a molecular weight of 28 kilo-dalton 
(kDa) adipokine. Adiponectin serum levels have been proven to be 
altered by proper healthy nutrition, and they have been reported 
to be inversely connected with cancer, cardiovascular disease, and 
diabetes. Adiponectin is a biomarker for these illnesses, as well as 
a target for assessing the efficacy of measures for prevention and 
treatment [2].

Adiponectin is the most abundant peptide of all 
adipocytokines released by adipocytes, has direct effects on the 
liver, skeletal muscle, and vasculature. It plays a role in disorders 
associated with obesity. (AdipoR1 and AdipoR2) are two isoform 
receptors, that mediate the effects of adiponectin The production 
of adiponectin involves multimerization, and the assembly and 
secretion of higher-order complexes are mediated by endoplasmic 
reticulum associated proteins. According to recent studies, high-
molecular weight (HMW) complexes act mostly in metabolic 
tissues [3]. Adiponectin levels in obese individuals are lower than 
those in lean individuals, even though it circulates in large amounts. 
Several characteristics of the metabolic syndrome revealed 
negative relationships with adiponectin, and visceral adiposity 
has been demonstrated to be an independent negative predictor of 
adiponectin. Adiponectin administration has been associated with 
improved insulin sensitivity and decreased plasma glucose levels. 
Increased fatty acid oxidation and suppression of hepatic glucose 
synthesis appear to be the main ways that adiponectin improves 

insulin sensitivity. In contrast, pro-inflammatory cytokines, 
particularly tumour necrosis factor-alpha, cause a decline in 
adiponectin levels [4].

Numerous studies [5,6] have found inverse relationship 
between serum adiponectin level and cardiovascular disease. 
In diabetic individuals, hypo-adiponectinemia raises the risk of 
hypertension and cardiomyopathy [7-9]. Through increased NO 
release and decreased expression of sticky particles, adiponectin 
aids in the reduction of vascular dysfunction [10]. However, heart 
failure significantly increases adiponectin levels in the blood, 
raising the question of whether adiponectin should be utilized 
as a diagnostic test for cardiovascular disease [11]. Large-vessel 
atherosclerosis, in contrast to traditional microvascular problems, 
can occur before the onset of diabetes, indicating that rather 
than being a consequence of diabetes, atherosclerosis instead 
has shared genetic and environmental antecedents, or they grow 
from a “common soil” [12]. An increased urinary adiponectin 
concentration that was measured using an enzyme linked 
immunosorbent assay (ELISA) kit, was significantly associated 
with microalbuminuria, and increased mean brachial-ankle 
pulse wave velocity (baPWV) indicating arterial insufficiency 
in a study that comprised 708 subjects, suggesting that urinary 
adiponectin may play an important role as a biomarker for vascular 
dysfunction. and is positively associated with micro- and macro-
vascular complications [13]. Patients with type 2 diabetes were 
shown to have a significantly higher levels of urinary adiponectin. 
Adiponectinuria was linked to higher atherosclerotic burden as 
measured by common carotid artery intima-media thickness (IMT), 
and in multivariable regression analysis, urinary adiponectin was 
found to be a potent independent predictor of IMT [14].

This study aimed for evaluating urinary adiponectin (uAPN) 
assays in metabolic syndrome patients with or without type 
2 diabetes mellitus, and its potential use as biomarker for the 
prediction of carotid atherosclerosis.

Subjects and Methods

The power of the study was estimated using G*Power 3.1.9.4, 
with a 95% confidence level (Z-score = 1.96), and a margin of 
error (confidence interval) of +/- 5%. Based on the studies of 
Yamakado., et al. [15] that reported the mean levels of urinary 
adiponectin in diabetic patients and non-diabetic subjects, sample 
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size was calculated to include 88 subjects in each group. We 
further increased the size of each group to include 110 subjects 
and subdivided each group according to the presence of metabolic 
syndrome. Finally, we had four groups, and subjects were enrolled 
in each group until satisfying the required number. An informed 
consent was assured from all participation.

•	 Group 1 (n = 55): included healthy individuals without 
cardiometabolic syndrome.

•	 Group 2 (n = 55): included non-diabetic subjects with 
cardiometabolic syndrome.

•	 Group 3 (n = 55): included diabetic patients without 
cardiometabolic syndrome.

•	 Group 4 (n = 55): included diabetic patients with 
cardiometabolic syndrome.

Cardiometabolic syndrome was diagnosed based on the IDF 
and revised NCEP ATP III criteria that conditioned the presence 
of elevated waist circumference (WC) in addition to two of 
the following: elevated triglycerides, decreased high density 
lipoprotein (HDL), elevated fating blood glucose (FBG) (or 
diagnosed as type 2 diabetes), and elevated blood pressure (or 
being on antihypertensive treatment) [16].

Carotid Ultrasonography was performed on 166 subjects, with 
loss of 54 subjects, who did not attend the appointments for the 
procedure, and represented 24.5% of the study population. CPS 
is a documented predictor of cardiovascular disease risk (CVD). 
Carotid plaque was defined as a discrete, focal carotid wall 
thickening ≥1.5 mm or focal thickening at least 50% greater than 
the surrounding intimal medial thickness (IMT). The carotid plaque 
score was defined as the number of carotid plaques in the internal, 
bifurcation, and common segments of both carotid arteries. The 
score’s absolute value ranged from 0 to 12, and among the 12 
segments analyzed in each participant, 1 point per plaque was 
allocated for the far and near walls of each carotid artery segment 
(internal, bifurcation, and common) that was evaluated. Carotid 
IMT was not studied in this analysis because of previous reports 
have demonstrated that carotid plaque is superior to IMT for 
predicting CVD risk [17].

Measurement of Urine and plasma adiponectin levels:

The presence of adiponectin in healthy patients’ urine is 
explained by the fact that adiponectin monomers (28 kDa) and 

dimers have a molecular weight low enough to pass a glomerular 
filtration barrier that is normally functional. However, the urine 
adiponectin concentration is substantially lower than the serum 
adiponectin concentration, necessitating the use of a more sensitive 
immunoassay technology—which is not commonly available in 
standard medical facilities—to measure levels at extremely low 
concentrations [18].

Urine and plasma adiponectin levels in this study were 
measured using commercial ELISA technique (Human Adiponectin 
ELISA, High sensitivity kit). Total urinary adiponectin level was 
measured. Plasma samples were diluted 300x with the Dilution 
Buffer and mixed well prior to the assay in two steps: Dilution A 
(10x) and Dilution B (30x). Urine samples were diluted 3x with 
Dilution Buffer. Procedure steps were the same for both ELISA 
protocols. Pipetted 100 µl of Standards, diluted Quality Controls, 
Dilution Buffer (= Blank) and diluted samples, into the appropriate 
wells.

the plate incubated at room temperature (25°C) for 1 hour, 
shaking at 300 rpm on an orbital microplate shaker. Washed the 
wells 3-times with Wash Solution (0.35 ml per well). After final 
wash, we inverted and tapped the plate strongly against paper 
towel. Incubating the plate at room temperature (25°C) for 1 hour, 
shaking at 300 rpm on an orbital microplate shaker, washing the 
wells 3-times with Wash Solution, adding 100 µl of Substrate 
Solution, avoiding exposing the microtiter plate to direct sunlight, 
and covering the plate with aluminum foil. Incubating for 10 
minutes or 25-30 minutes at room temperature or 20-30°C if the 
reaction temperature is below 20°C.Determined the absorbance 
of each well using a microplate reader set to 450 nm, subtracting 
readings at 630 nm (550 650 nm) from the readings at 450 nm. 
Calculations are made by plotting the mean absorbance (Y) of 
Standards against the known concentration.

Statistical analysis

The data of the current study was analyzed using the statistical 
software SPSS version 28 (IBM, Armonk, New York, United States). 
Categorical data were expressed as frequency and percentage, 
and numerical data, after normality testing, were expressed as 
mean ± SD, or median and interquartile range (IQR). Comparison 
of categorical data among the groups was performed using chi-
square test, while comparison of numerical data was accomplished 
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using one-way analysis of variation (ANOVA) test with post 
hoc correction (Tukey’s test) or Kruskal–Wallis H test with 
pairwise comparisons according to the data normality. Pearson 
or Spearman’s correlation tests were done to assess correlation 
between urinary adiponectin levels and other numerical data of 
the study participants as appropriate. Predictors of carotid plaque 
score were determined using univariate linear regression analysis. 
The variables those showed significance in the univariate test were 
encompassed in a multivariate linear regression analysis. Receiver 
operating characteristic (ROC) curve was constructed to assess 
the performance of urinary adiponectin levels in prediction of 
above median carotid plaque score. P values less than 0.05 were 
considered significant.

Results

The results of this study were referred to the groups where 
participants were assigned. (Group 1) is the control non- 
cardiometabolic non- diabetic, (group 2) is cardiometabolic non-
diabetic, (group 3) is diabetic non-cardiometabolic, and (group 4) 
is diabetic cardiometabolic.

Comparison of socio-demographic characteristics of the study 
groups showed no statistically significant differences in the mean 
age in years and the gender ratio between the 4 groups with a mean 
age of the study participants 44.85 ± 1.99 SD, and female subjects’ 
ratio 50.9%. The percentage of current smoking among the study 
participants was highest in group 3 and group 4 as compared 
to group 1 and group 2 with statistically significant differences 
(29.1%, 29.1% vs 7.3%, 25.5%) (Table 1).

Characteristics Group 1
N = 55

Group 2
N = 55

Group 3
N = 55

Group 4
N = 55 Test p value

Age (years)
Mean ± SD 47 ± 7.1 41.6 ± 13.4 45.6 ± 13.2 45.2 ± 13.3 F = 2 0.12

Gender: N (%)
Male 25 (45.5) 32 (58.2) 28 (50.9) 32 (58.2) χ2 = 2.54 0.47
Female 30 (54.5) 23 (41.8) 27 (49.1) 23 (41.8)

BMI (kg/m2)
Mean ± SD 22.5 ± 1.3 37.9 ± 6.8 22.4 ± 1.7 38.6 ± 7.6 F = 167.5 <0.001*
p (Tukey’s post hoc 
test)

G1 vs. G2:
<0.001*

G2 vs. G3:
<0.001*

G3 vs. G4:
<0.001*

G1 vs. G4:
<0.001*

G1 vs. G3:
1

G2 vs. G4:
0.88

WC (cm)
Mean ± SD 91.8 ± 6.5 112.8 ± 11.5 91.4 ± 9.4 112.6 ± 11.3 F = 83.4 <0.001*
p (Tukey’s post hoc 
test)

G1 vs. G2:
<0.001*

G2 vs. G3:
<0.001*

G3 vs. G4:
<0.001*

G1 vs. G4:
<0.001*

G1 vs. G3:
0.99

G2 vs. G4:
1

Smoking: N (%)
Yes 4 (7.3) 14 (25.5) 16 (29.1) 16 (29.1) χ2 = 10.25 0.017*

Table 1: Sociodemographic characteristics of the study groups.

G: group, F: One-way ANOVA test, χ2 : Chi-square test, *: Statistically significant. 
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Table 2 compare clinical parameters and laboratory tests data 
between the four study groups. BMI showed statistically significant 
differences between the four groups, with higher indices of obesity 
in both cardio-metabolic groups. WC (cm) showed similar pattern 
to BMI, with higher values in the two cardiometabolic groups. 
Systolic blood pressure as median with interquartile range (IQR) 
was highest in group 2, 125 (120-127.5), compared with 120 
(120-125) for group 1. Diastolic blood pressure was high in both 
group 2 and 4, with statistically significant differences with the two 
non-cardiometabolic group 1 and 3. Fasting blood sugar as mean 
± SD showed steadily higher values from group 1 to group 4 with 
statistically significant differences between almost all the groups, 
(85.8 ± 13.8, 111 ± 6.7, 148.7 ± 26.7, and 158.7 ± 27.4), respectively, 
(P < 0.001). Glycosylated haemoglobin percent as mean ± SD 
showed a similar trend to fasting blood sugar with progressively 
higher values from group 1 to group 4 and statistically significant 
differences between almost all the groups (4.7 ± 0.66, 6.6 ± 0.74, 
9.8 ± 1.7, 10.1 ± 1.6), respectively, (P < 0.001). Serum creatinine 
levels as mean ± SD, were within normal range for group 1 and 2 
with no statistically significant difference between the two groups, 
(0.86 ± 0.16 and 0.98 ± 0.69), and above normal values for group 

3 and 4 with no statistically significant difference between the two 
groups (2.04 ± 0.14 and 2.25 ± 0.79), and a statistically significant 
difference between the two non-diabetic groups 1 and 2 compared 
with the two diabetic groups 2 and 4 (P < 0.001). Serum triglyceride 
level (mg/dL) as mean ± SD showed lower values for the two non-
cardiometabolic groups 1 and 3 compared with the two cardio-
metabolic groups 2 and 4, and a statistically significant difference 
was shown between the four groups. Serum adiponectin (ug/ml) 
as mean + SD, showed a decreasing trend from group 1 to group 4 
with a significant difference between the 4 groups (10.6 ± 4.1, 7.8 ± 
2.7, 6.6 ± 2.9, 9.3 ± 3.8), but no significant difference was observed 
between group 2 and group 3. Compared with serum adiponectin 
levels, urinary adiponectin levels (ng/mg creatinine) as mean ± SD, 
showed increasing trend from group 1 to groups 4 with a significant 
difference between the 4 groups (4.6 ± 2.1, 7 ± 2.7, 6.6 ± 2.9, 9.3 
± 3.8), respectively, (P< 0.001), although no significant difference 
was observed between group 2 cardiometabolic nondiabetic 
group, and group 3, non-cardiometabolic diabetic group. Carotid 
plaque scores showed a progressively higher value from group 1 to 
group 4, with 1.47 (0.69-2.19), 3.09 (2.07-4.29), 4.21 (3.57-5.38), 
6.85 (5.6-8.27) respectively (Table 2, Figure 1).

Characteristics Group 1
N = 55

Group 2
N = 55

Group 3
N = 55

Group 4
N = 55 Test p value

Systolic blood pressure (mm Hg)
Median (IQR) 120 (120-125) 125 (120-127.5) 120 (120-120) 120 (120-125) H = 38.7 <0.001*
Pair-wise comparison G1 vs. G2:

<0.001*
G2 vs. G3:
<0.001*

G3 vs. G4:
0.015*

G1 vs. G4:
0.32

G1 vs. G3:
0.15

G2 vs. G4:
<0.001*

Diastolic blood pressure (mm Hg)
Median (IQR) 80 (80-80) 90 (80-90) 80 (80-85) 85 (80-90) H = 60.5 <0.001*
Pair-wise comparison G1 vs. G2:

<0.001*
G2 vs. G3:
<0.001*

G3 vs. G4:
0.01*

G1 vs. G4:
0.32

G1 vs. G3:
0.001*

G2 vs. G4:
0.16

Fasting blood glucose (mg/dl)
Mean ± SD 85.8 ± 13.8 111 ± 6.7 148.7 ± 26.7 158.7 ± 27.4 F = 148.3 <0.001*
p (Tukey’s post hoc 
test)

G1 vs. G2:
<0.001*

G2 vs. G3:
<0.001*

G3 vs. G4:
0.06

G1 vs. G4:
<0.001*

G1 vs. G3:
<0.001*

G2 vs. G4:
<0.001*
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Serum triglycerides (mg/dl)
Mean ± SD 135.8 ± 24.3 144.3 ± 56 132.4 ± 27.3 163.7 ± 55.1 F = 5.8 <0.001*
p (Tukey’s post hoc 
test)

G1 vs. G2:
0.73

G2 vs. G3:
0.47

G3 vs. G4:
0.001*

G1 vs. G4:
0.005*

G1 vs. G3:
0.98

G2 vs. G4:
0.09

HDL (mg/dl)
Mean ± SD 61.6 ± 7.8 39.3 ± 5.3 59.5 ± 8.5 37.5 ± 5.1 F = 194.2 <0.001*
p (Tukey’s post hoc 
test)

G1 vs. G2:
<0.001*

G2 vs. G3:
<0.001*

G3 vs. G4:
<0.001*

G1 vs. G4:
<0.001*

G1 vs. G3:
0.35

G2 vs. G4:
0.48

CRP (mg/L)
Mean ± SD 8.1 ± 5.1 7.2 ± 4.1 12.9 ± 8.2 11.6 ± 6.6 F = 10.7 <0.001*
p (Tukey’s post hoc 
test)

G1 vs. G2:
0.9

G2 vs. G3:
0.47

G3 vs. G4:
0.69

G1 vs. G4:
0.016*

G1 vs. G3:
<0.001*

G2 vs. G4:
0.002*

Serum creatinine (mg/dl)
Mean ± SD 0.86 ± 0.16 0.98 ± 0.69 2.04 ± 0.14 2.25 ± 0.79 F = 99 <0.001*
p (Tukey’s post hoc 
test)

G1 vs. G2:
0.67

G2 vs. G3:
<0.001*

G3 vs. G4:
0.17

G1 vs. G4:
<0.001*

G1 vs. G3:
<0.001*

G2 vs. G4:
<0.001*

HbA1c%
Mean ± SD 4.7 ± 0.66 6.6 ± 0.74 9.8 ± 1.7 10.1 ± 1.6 F = 224.1 <0.001*
p (Tukey’s post hoc 
test)

G1 vs. G2:
<0.001*

G2 vs. G3:
<0.001*

G3 vs. G4:
0.57

G1 vs. G4:
<0.001*

G1 vs. G3:
<0.001*

G2 vs. G4:
<0.001*

Serum adiponectin (µg/mL)
Mean ± SD 10.6 ± 4.1 7.8 ± 2.8 7.6 ± 3.2 4.5 ± 1.9 F = 99 <0.001*
p (Tukey’s post hoc 
test)

G1 vs. G2:
<0.001*

G2 vs. G3:
0.98

G3 vs. G4:
<0.001*

G1 vs. G4:
<0.001*

G1 vs. G3:
<0.001*

G2 vs. G4:
<0.001*

Urinary adiponectin (ng/mg creatinine)
Mean ± SD 4.6 ± 2.1 7 ± 2.7 6.6 ± 2.9 9.3 ± 3.8 F = 23.2 <0.001*
p (Tukey’s post hoc 
test)

G1 vs. G2:
<0.001*

G2 vs. G3:
0.91

G3 vs. G4:
<0.001*

G1 vs. G4:
<0.001*

G1 vs. G3:
0.002*

G2 vs. G4:
<0.001*
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Carotid plaque score
Median (IQR) 1.47 (0.69-2.19) 3.09 (2.07-4.29) 4.21 (3.57-5.38) 6.85 (5.6-8.27) H = 135.4 <0.001*
Pair-wise comparison G1 vs. G2:

<0.001*
G2 vs. G3:

0.003*
G3 vs. G4:
<0.001*

G1 vs. G4:
<0.001*

G1 vs. G3:
<0.001*

G2 vs. G4:
<0.001*

Table 2: Clinical and laboratory characteristics of the study groups.

G: Group, H: Kruskal–Wallis H test, F: One-way ANOVA test, *: Statistically significant. 

Figure 1: Carotid plaque score in the 4 groups.

The correlations between the participants’ urinary adiponectin 
levels and clinical and laboratory data revealed a significant weak 
positive association with diastolic blood pressure (r 0.16, P 0.021), 
a significant moderate positive association with HbA1c% (r 0.36, P 
0.001), a significant moderate positive association with BMI (r 0.35, 
P 0.001), a significant moderate positive association with carotid 
plaque score (r 0.34, P 0.001), and No significant correlations were 
detected with age, systolic blood pressure, serum triglyceride level, 
or CRP. There was significant moderately negative association with 
HDL-C (r -0.30, P 0.001) and (r - 0.18, P 0.009) (Table 3).

Patients parameters
Urinary adiponectin (ng/mg 

creatinine)
r /ρ p value

Age (years) 0.015 0.82
BMI (kg/m2) 0.35 <0.001*
WC (cm) 0.26 <0.001*

Systolic blood pressure (mm 
Hg)

-0.018 0.79

Diastolic blood pressure 
(mm Hg)#

0.16 0.021*

Fasting blood glucose (mg/
dl)

0.28 <0.001*

Serum triglycerides (mg/dl) 0.05 0.49
HDL (mg/dl) -0.3 <0.001*
CRP (mg/L) 0.047 0.49
Serum creatinine (mg/dl) 0.24 <0.001*
HbA1c (%) 0.36 <0.001*
Serum adiponectin (µg/mL) -0.18 0.009*
Carotid plaque score# 0.34 <0.001*

Table 3: Correlation between urinary adiponectin and the  

patients’ data.

#: Spearman correlation was used due to non-parametric  
distribution, r: Pearson coefficient, ρ: Spearman coefficient,*: 

Statistically significant at p ≤ 0.05.

The correlation between individual clinical and laboratory 
data and carotid plaque score (CPS) as dependent variable were 
studied in several scatter plots with expression of regression 
analysis statistic R2 (Co-efficient of determination). Positive linear 
correlations were shown for urinary adiponectin level, R2 0.382 
(Figure 2), HbA1c%, R2 0.360 (Figure 3), fasting blood glucose, 
R2 0.333 (Figure 4), and serum creatinine, R2 0.285 (Figure 5), 
followed by less positive linear correlation for BMI, R2 0.164 
(Figure 6). Weak negative linear correlations were shown for 
HDL-C, R2 0.166 (Figure 7), and serum adiponectin level, R2 0.118 
(Figure 8). The least positive linear correlations were shown for 
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WC, diastolic blood pressure, CRP, and triglycerides, R2 0.094, 
R20.042, R20.026, R20.008, respectively, (Figure 9, Figure 10, Figure 
11, Figure 12). The results of the multivariate linear regression 
analysis for significant variables detected in the univariate analysis 
for prediction of CPS showed a highly statistically significant 
Beta co-efficient of 39% for urinary adiponectin, 21% for serum 
creatinine and statistically significant Beta of 19% for fasting blood 
sugar, 14% for HBA1c%, and 13.7% for BMI (Table 4).

Figure 2: Significant association between BMI and carotid 
plaque score.

Figure 3: Significant association between WC and carotid 
plaque score.

Figure 4: Significant association between diastolic blood pres-
sure and carotid plaque score.

Figure 5: Significant association between fasting blood glucose 
and carotid plaque score.

Figure 6: Significant association between serum triglycerides 
and carotid plaque score.
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Figure 7: Significant association between serum HDL and  
carotid plaque score.

Figure 8: Significant association between serum creatinine and 
carotid plaque score.

Figure 9: Significant association between CRP levels and carotid 
plaque score.

Figure 10: Significant association between HbA1c% and carotid 
plaque score.

Figure 11: Significant association between serum adiponectin 
and carotid plaque score.

Figure 12: Significant association between urinary adiponectin 
and carotid plaque score.
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Unstandardized Coefficients Standardized 
Coefficients

P value
95.0% C.I for ß

ß S.E. Beta Lower 
Bound

Upper 
Bound

Univariate analysis
Age (years) -0.016 0.014 -0.084 0.22 -0.042 0.009
Gender -0.23 0.33 -0.047 0.49 -0.89 0.43
BMI (kg/m2) 0.09 0.017 0.35 <0.001* 0.06 0.13
WC (cm) 0.06 0.01 0.33 <0.001* 0.04 0.08
Smoking 1.02 0.4 0.17 0.011* 0.23 1.8
Systolic blood pressure (mm Hg) -0.04 0.04 -0.08 0.25 -0.12 0.03
Diastolic blood pressure (mm Hg) 0.08 0.03 0.19 0.005* 0.024 0.14
Fasting blood glucose (mg/dl) 0.04 0.004 0.59 <0.001* 0.034 0.048
Serum triglycerides (mg/dl) 0.011 0.004 0.2 0.002* 0.004 0.018
HDL (mg/dl) -0.07 0.012 0.38 <0.001* -0.095 -0.048
CRP (mg/L) 0.07 0.03 0.018 0.007* 0.019 0.118
Serum creatinine (mg/dl) 1.6 0.17 0.53 <0.001* 1.25 1.94
HbA1c (%) 0.58 0.052 0.6 <0.001* 0.47 0.68
Serum adiponectin (µg/mL) -0.026 0.41 0.4 <0.001* -0.34 -0.18
Urinary adiponectin (ng/mg  
creatinine)

0.028 0.46 0.38 <0.001* 0.19 0.37

Multivariate analysis
Smoking 0.028 0.260 0.005 0.914 -0.485 0.541
BMI (kg/m2) 0.036 0.017 0.137 0.030* 0.004 0.069
WC (cm) 0.006 0.010 0.032 0.590 -0.015 0.026
Diastolic blood pressure (mm Hg) -0.016 0.020 -0.038 0.425 -0.056 0.024
Fasting blood glucose (mg/dl) 0.014 0.005 0.194 0.003* 0.005 0.023
Serum triglycerides (mg/dl) -0.002 0.002 -0.031 0.490 -0.007 0.003
HDL (mg/dl) -0.015 0.012 -0.076 0.239 -0.039 0.010
Serum creatinine (mg/dl) 0.648 0.184 .212 <0.001* 0.285 1.011
CRP (mg/L) 0.002 0.017 00.006 0.893 -0.032 0.036
HbA1c% 0.139 0.070 0.143 0.048* 0.001 0.277
Serum adiponectin (µg/mL) 0.006 0.034 0.009 0.856 -0.061 0.073
Urinary adiponectin (ng/mg 
creatinine)

0.289 0.036 0.389 <0.001* 0.219 0.360

Table 4: Linear regression of baseline data as predictors of beliefs towards mental illness among the included medical students (n = 

120).

*Statistically significant at p value < 0.05.

ROC curve analysis for the performance of urinary adiponectin 
level as a diagnostic test for prediction of above median CPR (Figure 
13), showed a significant cut-off value of 6.42 (ng/mg creatinine), 

with AUC 0.88, 95.0% C.I for ß (0.83-0.93), a sensitivity of 85.8%, 
and specificity of 82.2% (Figure 5).
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Figure 13: ROC curve for urinary adiponectin in the prediction 
of above median CPS.

AUC P value
95.0% C.I for ß

Cutoff 
value Sensitivity SpecificityLower 

Bound
Upper 
Bound

Urinary adiponectin 
(ng/mg creatinine)

0.88 <0.001* 0.84 0.93 6.42 85.8% 82.2%

Table 5: ROC curve analysis for the performance of urinary adiponectin levels in the prediction of above median CPS.

Discussion

Neel proposed the “thrifty gene theory” to partially account 
for the global increase in disorders linked to obesity. According to 
his theory, certain genes favouring the effective use and storage of 
energy would have been favoured by natural selection to allow the 
human race to survive during famines while they now predispose to 
obesity and type 2 diabetes mellitus (T2DM) in times of abundant 
food [19]. 

A 28–30 kDa monomer of adiponectin is produced, and it 
is then assembled into homo-oligomers of different molecular 
weights, including low molecular weight (LMW) trimeric form, 
medium molecular weight hexameric (MMW), and high molecular 
weight multimeric (HMW) (HMW) [20,21]. The monomeric form 
of adiponectin is found in serum either in its full-length form (f 
Adiponectin) or in its globular form (g Adiponectin) [22,23]. It is 
well recognized that HMW oligomers are the major related forms 
in insulin sensitivity and that low represent an independent risk 
factor for metabolic pathologies such as obesity-related diseases 
[24]. These factors make the HMW/total adiponectin ratio seem 
more helpful than total adiponectin for determining the risk of a 
number of disorders, such as obesity, insulin resistance (IR), type 2 
diabetes (T2DM), metabolic syndrome (MetS), and cardiovascular 
diseases (CVDs) [25,26]. Adiponectin expression has been found to 
exhibit sexual dimorphism, with men displaying lower levels than 
females [27]. Serum adiponectin level was shown to be increased 
with a number of interventions including caloric restriction, and 
physical activity. exercise without significant weight loss does 
not appear to improve adiponectin levels [28,29]. Drugs like 

rosiglitazone and pioglitazone, belonging to the thiazolidinedione 
(TZD) class of PPAR𝛾 agonists, that have a central mediating role
for adiponectin effects, have been clinically and experimentally 
proven to be potent inducers of adiponectin expression [30,31]. 
statins have been also reported to increase circulating adiponectin 
levels [32].

Oxidative stress and inflammatory reactions are brought on by 
the increase of adipose tissues. large infiltration of immune and 
inflammatory cells in adipose tissue is produced, raising local and 
subsequently systemic levels of numerous inflammatory cytokines. 
This is due to a crosstalk between adipocytes and the immune 
system. The development of various obesity-related problems, 
including as MetS, CVDs, respiratory illnesses, diabetic retinopathy, 
and cancer, is significantly influenced by the dysregulation of 
cytokine and adipokine production [33,34]. Obesity is associated 
with low-grade chronic inflammation (LGCI) in metabolic tissues. 
LGCI promotes a number of illnesses, including cardiovascular 
diseases (CVDs), cancer, chronic renal disease, non-alcoholic fatty 
liver disease (NAFLD), and autoimmune disorders, and directly 
contributes to IR, MetS, and type 2 diabetes mellitus (T2DM) [35].
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Both adiponectin and HDLs have the ability to regulate each 
other’s serum levels and activities. They both can control oxidative 
stress, LGCI, and contribute to the preservation of endothelial 
functioning [36]. In comparison to lean hypertensives or lean 
normotensives, obesity-associated hypertensives were shown to 
have decreased total adiponectin levels [37,38]. It is believed that 
the altered adipokine release stimulates a prothrombotic condition 
that aids in the development of atherosclerosis and CVDs [39,40]. 
Adiponectin levels in the blood have been shown to be adversely 
correlated with intima thickness, a sign of carotid atherosclerosis 
[41,42], in the present study, rising urinary adiponectin excretion 
was found to be significantly negatively correlated with serum 
adiponectin level, and significantly positively correlated with 
carotid plaque score. Carotid-femoral pulse wave velocity (cfPWV) 
>10 m/s was a defining criterion of aortic AS patients in a research 
to evaluate the relationship between serum adiponectin level and 
aortic arterial stiffness (AS) in 140 volunteers with type 2 DM. 
Aortic AS was demonstrated to be independently predicted by 
blood adiponectin levels (OR 0.922; 95% CI, 0.876-0.970; p = 0.002) 
in a multivariable logistic regression study adjusted for covariates 
[43]. In individuals with type 2 DM, elevated aortic AS is a critical 
indicator of the onset of cardiovascular disease and mortality [44]. 
In contrast, Sattar., et al. found no link between serum adiponectin 
levels and risk of coronary heart disease, and high adiponectin 
levels were found to be a predictor of poor outcomes in individuals 
with acute coronary syndrome [45]. It was claimed that the 
inconsistent results were caused by confounding variables and the 
various adiponectin oligomers that were analysed [46].

The sensitivity of commercially available ELISA kits for 
detecting low level of urinary adiponectin in normal subjects, 
however, is insufficient [47,48] and radioimmunoassay and more 
complicated ELISAs are not practical for application in most 
clinics and hospitals [49,50]. In study that employed ultrasensitive 
method for detecting normally low level of urinary adiponectin in 
in 59 patients with diabetes mellitus (DM) and 24 subjects control 
without DM to test the hypothesis that urinary adiponectin levels 
increase with progression of chronic kidney diseases (CKD) due 
to DM, the urinary adiponectin levels were 14.88±3.16 (ng/mg 
creatinine, mean ± SEM) for patients with DM, and 3.06 ± 0.33 
(ng/mg creatinine) for normal subjects. The threshold between 
them was 4.0 ng/mg creatinine. The urinary adiponectin levels 
increased with an increase in the CKD risk and was proposed as a 
new diagnostic index for CKD [51]. The significantly higher serum 
creatinine values as mean ± SD of the two diabetic groups, (2.04 ± 

0.14 and 2.25 ± 0.79), compared with the two non-diabetic groups 
(0.86 ± 0.16 and 0.98 ± 0.69) and the progressively significantly 
higher values of HbA1c% from group 1 to group 4 (4.7 ± 0.66, 6.6 
± 0.74, 9.8 ± 1.7, 10.1 ± 1.6), respectively, shown in this study, may 
indicate the high percentage of undiagnosed CKD in the diabetic 
groups studied and agree with findings of the above mentioned 
study, at the same time reflect the higher absolute cardiovascular 
risk of poorly controlled diabetics, and mandate studying the 
predictive value of urinary adiponectin in less uncontrolled 
diabetic population. 

In a study conducted to see whether urine adiponectin excretion 
may serve as a more reliable marker than the inconsistent data on 
serum adiponectin for predicting vascular damage in 156 type 2 
diabetics volunteers with a history of diabetic nephropathy and 40 
healthy control participants. Total urine adiponectin excretion was 
evaluated in all subjects using an enzyme-linked immunosorbent 
analysis, and intima-media thickness of the common carotid artery 
was used to measure the atherosclerotic load (IMT). There was 
a substantial significant rise in urinary adiponectin in diabetics 
compared with control subjects (7.68 ± 14.26 vs. 2.91 ± 3.85 μg/g 
creatinine, P = 0.008). Adiponectinuria was linked to IMT in type 
2 diabetes individuals (r = 0.479, P 0.001) and demonstrated 
in multivariable regression analysis to be a potent independent 
predictor of IMT (β = 0.360, P 0.001). Urinary adiponectin, but 
not albumin excretion rate, offered substantial value to a risk 
prediction model that included factors from the UK Prospective 
Diabetes Study for the prediction of elevated IMT (P = 0.007) [14]. 
These findings are highly consistent with the results reached the 
present study in the similarity of the predictive power of urinary 
adiponectin for the prediction of carotid atherosclerosis.

Although the smoking percent in the two diabetic groups 
compared with the 2 non-diabetic groups in this study was 
significantly different (29.1% group 3, and 4 vs. 4%, and 25.5% 
group 1, and 2), it was not a significant predictor in multivariate 
regression analysis, while statistically significant Beta of 21% for 
serum creatinine, 19% for fasting blood sugar, 14% for HBA1c%, 
and 13.7% for BMI, were shown, denoting other important 
predictors, and highlighting the need for further research. The 
results of the current study suggest that urine adiponectin, when 
compared to serum adiponectin levels, may be a convenient, non-
invasive diagnostic for the prediction of macrovascular events 
related to cardiometabolic and diabetic patients. The availability 
of low-cost, highly sensitive assay techniques for the various 
adiponectin isoforms may be an important factor limiting the 
usability of urinary adiponectin in clinical practice.
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Limitations of the Study

Selection bias was the most significant bias in this study because 
the subject recruitment did not adhere to a standard procedure 
for randomization. This may have resulted in the inclusion of 
cofounders, particularly in the diabetic groups, like high serum 
creatinine levels and high HbA1c% with a relatively high predictive 
power, which reflect the high atherosclerotic risk of complicated 
diabetic patients. Together with other elements relating to 
patients’ lifestyles, such as diet, exercise, and medication usage, 
there are other elements that may have an impact on the amount 
of urine adiponectin. To identify a more trustworthy relationship, 
prospective, clinically randomized studies are necessary.

Conclusion

Urinary adiponectin exhibited a highly statistically significant 
Beta value of 39% for the prediction of median carotid plaque 
score, according to the results of the multivariate linear regression 
analysis (CPS). ROC curve analysis found a significant cut-off 
value of 6.42 ng/mg creatinine, with a sensitivity of 85.8% and a 
specificity of 82.2%, making it useful as a diagnostic test for the 
prediction of above the median CPS. In the absence of additional 
controlled research, the measurement of urine adiponectin 
excretion is thought to be a credible urine biomarker for assessing 
higher risk of vascular events in people with type 2 diabetes and 
cardiometabolic disease.
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