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Aim of the work: Early cardiovascular disease is an important cause of morbidity and mortality in sys-
temic lupus erythematosus (SLE). The study was designed to assess the relationship between the serum
levels of adipokines and atherosclerotic risk factors in SLE patients.
Patients and methods: 56 patients and 31 control were included. Serum levels of leptin, adiponectin, tra-
ditional and new risk factors for atherosclerosis including plasma glucose levels, lipid profile, high-
sensitivity C-reactive protein (hs-CRP), vascular cell adhesion molecule-1 (VCAM-1) and homocysteine
were measured. The intima-media thickness (IMT) of the carotid was measured by ultrasonography.
The SLE disease activity index (SLEDAI-2k) was assessed.
Results: The patients mean age was 30.8 ± 9.9 years, disease duration was 55.7 ± 59.3 months and were
54 (91.5%) females and 5 (8.5%) males. Serum adiponectin levels were significantly lower in patients (3.
58 ± 0.4 ng/ml) compared to control (3.9 ± 0.26 ng/ml) (p < 0.001) while leptin levels were comparable.
Serum adiponectin levels correlated with triglyceride (r = 0.3, p = 0.003) and high-density lipoprotein
(HDL) (r = 0.2, p = 0.04). Serum leptin significantly correlated with the BMI and total cholesterol
(r = 0.43, p = 0.002 and r = 0.3, p = 0.04 respectively) as well as with the anti-double stranded deoxyri-
bonucleic acid (anti-dsDNA) (r = 0.28, p = 0.04). There was lack of a meaningful relationship between
serum adiponectin and leptin levels and disease duration or risk factors such as hsCRP, VCAM, homocys-
teine and IMT as well as with the SLEDAI-2k or complement.
Conclusions: Serum adiponectin levels inversely correlate with HDL. A significant correlation of leptin
with BMI and total cholesterol was found in SLE. None of the two adipokines were associated with
atherosclerosis as assessed with the carotid IMT or with the disease activity.
Publishing services provided by Elsevier B.V. on behalf of Egyptian Society of Rheumatic Diseases. This is
an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Systemic lupus erythematosus (SLE) is a disorder of immune
regulation where cytokine imbalance and genetic factors are impli-
cated in its pathogenesis [1]. It is a chronic autoimmune connective
tissue disease characterized by antibody production, immune
complex formation, extensive inflammation and involvement of
various organs and systems [2].
Patients with SLE are prone to premature atherosclerosis [3] of
which myocardial infarction is the main presentation. Vascular
events are 7–10 timesmore common in SLE patients under 45 years
of age [2,3] and early heart involvement plays a significant role in
morbidity and mortality [4]. Systemic inflammation and autoim-
mune vascular damage are the main driving events behind cardio-
vascular disease (CVD) [5]. Chronic inflammation, antibody
production and atherosclerotic risk factors such as hypertension,
central obesity, dyslipidemia, and glucose intolerance contribute
to the development of early atherosclerosis [6]. Some of these risk
factors may be the result of corticosteroid use [7]. Clinical factors
associated with coronary heart disease (CHD) in SLE include
disease activity [8], nephritis, hypocomplementemia, anti-double
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stranded deoxyribonucleic acid (antidsDNA), antiphospholipid
antibodies [9], oxidative stress, C-reactive protein (CRP)[11] and
elevated homocysteine [10]. Insulin sensitivity, obesity, dyslipi-
demia and intima-media thickness (IMT) are altered in SLE
patients, especially those with metabolic syndrome (MetS) with
an associated increase in disease activity and damage as well as
increased risk of atherosclerosis [11,12]. Even SLE patients without
traditional major cardiovascular factors may have increased risk of
future cardiac events [13].

The adipose tissue secretes a group of cytokines, including lep-
tin and adiponectin [3,14], that have autocrine, paracrine and
endocrine functions [4,15]. Leptin is related to adipose tissue mass
and is higher in women [4]. It is related to vascular proliferation,
plaque formation and decreased arterial dispensability which con-
tribute to the progression of atherosclerosis [16]. Adiponectin, a
protein derived from adipose tissue is reduced in obese patients
[14] and plays an important role in the increased insulin sensitivity
in skeletal muscles and the liver [4]. Due to anti-inflammatory and
anti-thrombotic effects, it is important in protecting from
atherosclerosis and MetS. Low levels of adiponectin are associated
with insulin resistance, dyslipidemia, and increased coronary calci-
fications [17,18]. Since conventional cardiovascular risk factors and
MetS partially account for the increased risk of CVDs in SLE, the
role of inflammatory mediators such as adipokines in the acceler-
ation of atherosclerosis has been suggested [19–21]. Cardiac com-
plications of lupus are potentially serious eventhough the
pathogenesis is incompletely justified [22].

The aim of the present study was to determine the serum levels
of leptin and adiponectin and to assess their relation to atheroscle-
rotic risk factors and disease activity in patients with SLE.
Table 1
Risk factors of atherosclerosis in the systemic lupus erythematosus patients and
control.

Variable mean ± SD SLE patients (n = 59) Control (n = 31) p

BMI 23.95 ± 5.2 24.1 ± 4.2 0.86
LDL (mg/dl) 121.7 ± 32.8 98.8 ± 37.9 0.001
HDL (mg/dl) 44.7 ± 9.3 47.13 ± 8.2 0.17
hs-CRP (mg/dl) 2.5 ± 3.02 3.1 ± 11.8 0.68
Homocysteine (mmol/L) 24.1 ± 8.1 12.4 ± 1.9 <0.001
VCAM1 (ng/ml) 853.3 ± 369.3 364.3 ± 175.5 <0.001
Cholesterol (mg/dl) 181.9 ± 43.4 184.1 ± 147.9 0.92
Triglycerides (mg/dl) 135.6 ± 45.8 72 ± 34.7 <0.001
WBC (�103/mm3) 5.74 ± 2.6 5.6 ± 0.9 <0.001
Platelets (�103/mm3) 230.3 ± 86.3 199.9 ± 76.2 <0.001
Adiponectin (ng/ml) 3.6 ± 0.4 3.9 ± 0.26 <0.001
Leptin (ng/ml) 20.1 ± 55.5 8.2 ± 7 0.28
IMT (mm) 0.39 ± 08 0.36 ± 0.08 0.08

BMI: body mass index, LDL: low density lipoprotein, HDL: high density lipoprotein,
hs-CRP: high sensitivity C-reactive protein, VCAM1: vascular cell adhesion mole-
cule-1, WBC: white blood cells, IMT: intima media thickness.
2. Patients and methods

This cross-sectional study included 59 patients fulfilling the
Systemic Lupus International Collaborating Clinics classification
(SLICC) criteria for SLE [23] at the Rheumatology clinics of two
University Hospitals (Ghaem and Imam Reza) in Mashhad, Iran,
between 2013 and 2014. All patients were diagnosed with SLE at
least 1 year prior to the study and those under the age of 16, preg-
nant, use estrogen or progesterone containing drugs, or have
malignancy were excluded. 31 healthy age and sex matched
healthy individuals were considered as controls. All subjects will-
ingly filled out informed consent sheets and the study was
approved by the Ethics Committee of the Mashhad University of
Medical Sciences (Number: 88667).

Parameters including age; sex; body mass index (BMI); dia-
betes; hypertension; hyperlipidemia; previous atherosclerotic dis-
ease such as ischemic heart disease, coronary bypass surgery or
angioplasty, stroke, peripheral vascular disease, and claudication;
premature ovarian failure; and history of drug consumption were
recorded through careful observation, interview, and physical
exam performed on every patient. The SLE disease activity index
2000 (SLEDAI-2k) was assessed [24] and patients were categorized
into 3 groups with scores � 4 (inactive), 5–9 (mild to moderate)
and � 10 (high). This stratification of SLEDAI was done arbitrarily.
In patients, anti-dsDNA, C3, and C4 were measured using indirect
immunofluorescence assay. The fasting blood glucose (FBG) and
lipid profile were assessed. The high-sensitivity C-reactive protein
(hs-CRP) ELISA kit (Parsazmoon, Iran), the human vascular cell
adhesion molecule 1 (VCAM-1) ELISAkit (Cusabio, China), and the
homocysteine enzyme immunoassay (EIA) (Axis-Shield, Scotland),
were applied to quantify hs-CRP, VCAM1, and homocysteine levels,
respectively. The sandwich enzyme-linked immunosorbent assay
(ELISA) kits (Bio-Equip, China) and (Abnova, Tiawan) were used
to determine serum leptin and adiponectin levels, respectively.
In order to screen for carotid plaques and determine the IMT
every patient and control underwent right and left common caro-
tid Doppler ultrasound examination (Medison-man 8000EX) with
linear 10 MHz probe; a plaque was defined as a specific area with
hyper-echogenicity or a focal elevation in to the lumenat least 50%
of the artery circumference. The mean thickness of the sum of left
and right sides was recorded.

2.1. Statistical analysis

Data were statistically analyzed using the Statistical Package for
the Social Sciences (SPSS) version 11.5. Implementing the
Kolmogorov-Smirnov test, for the parametric data (independent-
samples t-test and Pearson correlation coefficient) and for non-
parametric (Mann-Whitney, Kruskal-Wallis, and Spearman rank
correlation coefficient) were used. The results from the
Kolmogorov-Smirnov test showed that the variables of age and
BMI had a normal distribution. The receiver operating character-
isitic (ROC) curves were determined. A p-value < 0.05 was regarded
as significant.

3. Results

This study was performed on 59 SLE patients; 54 (91.5%) were
females and 5 (8.5%) males (F:M 10.8:1). Similarly in the control,
27 (87.1%) were female and 4 (12.9%) male (6.75:1) (p = 0.4). The
mean age in SLE and control was 30.8 ± 9.9 and 34.2 ± 6.5 years,
respectively (p = 0.06). The disease duration was 55.7 ± 59.3 month.
The BMI was also comparable 23.9 ± 5.2 for patients and 24.1 ± 4.
1for control (p = 0.8). All patients (100%) received prednisolone, 57
(96.6%) received antimalarials and 11 (18.6%) received cyclophos-
phamide (CYC). 6 (10.7%) received mycophenolate mofetil
(MMF), 15 (25.4%) received azathioprine (AZA), 7 (11.9%) received
methotrexate (MTX) and 10 (16.9%) received statins. The cardio-
vascular system was involved in 9 (15.2%) patients; 3 (5%) pectoris
angina, 5 (8.4%) had pericarditis and 1 (1.6%) had a cardiovascular
intervention done; renal affection was present in 18 (30.5%) and
neuropsychiatric in 5 (8.4%): 2 (3.3%) psychosis, 2 (3.3%) seizure
and 1 (1.6%) cerebrovascular accident (CVA). 12 patients and 2 con-
trol had hypertension and were comparable (p = 0.07). Only 2 were
diabetic. 5 patients had carotid plaque and the mean carotid IMT
was 0.39 ± 0.08 and 0.36 ± 0.08 for patients and control, respec-
tively (p = 0.07). Based on SLEDAI-2k, 29 were inactive, 13 had
mild-moderate activity and 17 patients were highly active. The
patients had a SLEDAI-2k score of 7.9 ± 7.3. The risk factors of
atherosclerosis in the patients and control are presented in Table 1.



Table 2
Correlation of serum adiponectin and leptin levels with traditional and new
cardiovascular risk factors, disease activity and intima media thickness in systemic
lupus erythematosus patients.

Risk factors Rs (p) SLE patients (n = 59)

Adiponectin Leptin

Age �0.01 (0.92) 0.01 (0.93)
Dis. Dur. 0.2 (0.15) �0.08 (0.57)
BMI �0.01 (0.94) 0.43 (0.002)
FBG 0.01 (0.94) 0.04 (0.76)
TG �0.3 (0.003) 0.06 (0.67)
LDL 0.17 (0.2) 0.03 (0.84)
HDL 0.27 (0.04) 0.06 (0.69)
Total Cho 0.02 (0.86) 0.3 (0.04)
hs-CRP �0.21 (0.13) 0.26 (0.07)
VCAM-1 �0.05 (0.74) �0.22 (0.13)
Homocysteine �0.13 (0.36) 0.07 (0.62)
C3 0.03 (0.80) �0.08 (0.61)
C4 �0.09 (0.52) �0.13 (0.39)
Anti-dsDNA 0.05 (0.74) 0.28 (0.04)
SLEDAI-2k 0.09 (0.51) 0.03 (0.84)
IMT 0.14 (0.32) 0.05 (0.73)

LDL = low-density lipoprotein, TG = triglyceride, HDL = high-density lipoprotein,
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The mean adiponectin level was significantly lower in patients
(3.6 ± 0.4 ng/ml) compared to control (3.9 ± 0.3 ng/ml)
(p < 0.001). The serum leptin in patients was 20.1 ± 55.5 ng/ml
and 8.2 ± 7 ng/ml in control (p = 0.28) (Fig. 1). Serum adiponectin
in females (3.6 ± 0.4 ng/ml) was significantly higher than in males
(3.1 ± 0.5 ng/ml) (p = 0.02); for leptin, levels were 10.84 ± 11 ng/ml
and 4.08 ± 2.3 ng/ml, respectively (p = 0.01). There was no signif-
icant difference in the serum levels of adiponectin (p = 0.4) and
leptin (p = 0.5) between those with and without renal involvement.

Serum adiponectin levels correlated with triglyceride (r = 0.3,
p = 0.003) and high-density lipoprotein (HDL) (r = 0.27, p = 0.04).
Serum leptin significantly correlated with the BMI and total choles-
terol (r = 0.43, p = 0.002) and r = 0.3, p = 0.04 respectively) as well
as with the anti-dsDNA (r = 0.2, p = 0.04). There was lack of a
meaningful relationship between serum adiponectin and leptin
levels and disease duration or risk factors such as hsCRP, VCAM,
homocysteine and IMT as well as with the SLEDAI-2k, C3 or C4
(Table 2). In patients, leptin and adiponectin were not significantly
correlated (r = 0.07, p = 0.6). The sensitivity and specificity of leptin
and adiponectin in discriminating patients from control are pre-
sented (Table 3, Fig. 2).
FPG = fasting blood glucose. hsCRP = high-sensitivity C-reactive protein, VCAM-
1 = vascular cell adhesion molecule. Bold values are significant at p < 0.05

Table 3
The receiver operating characteristic (ROC) for serum leptin and adiponectin in
discriminating systemic lupus erythematosus patients.

Characteristic SLE patients (n = 5)

Adiponectin Leptin

Sensitivity (%) 58.9 (45–71.9) 26 (14.6–40.3)
Specificity (%) 74.2 (55.4–88.1) 93.1 (77.2–99.2)
PPV (%) 80.5 (65.1–91.2) 86.7 (59.5–98.3)
NPV (%) 50 (34.9–65.1) 42.2 (29.9–55.2)
Cut-point (ng/ml) �3.7 >19.3
AUC 0.76 (0.65–0.85) 0.57 (0.46–0.68)
p-value <0.0001 0.27

SLE: systemic lupus erythematosus, PPV: positive predictive power, NPP: negative
predictive power, AUC: area under the curve
4. Discussion

Adipokines alter metabolism via the production of cytokines
that lead to the malfunctioning of the vascular endothelium, alter-
ation of the lipid profile, hypertension and may rupture atheroscle-
rotic plaques. They are potential risk factors for early
atherosclerosis in SLE [5]. In this study, adiponectin and leptin
levels showed no correlation with atherosclerosis as assessed by
the carotid IMT in patients with SLE. The role of adipokines in MetS
and disease activity in SLE has been investigated. An increase in the
level of leptin in SLE patients has been reported [25,26]. Chung et al.
demonstrated increased BMI with higher leptin levels in SLE
patients and found a significant correlation with triglycerides and
cholesterol levels [26]. The association between higher leptin
levels and increased BMI has also been recognized by Xu et al.
[27]. Scotece et al. have also investigated this relationship as a risk
factor for CVD in patients with SLE [28]. Higher levels of leptin
have been shown by Vadacca and coworkers to be significantly
related to vascular compromise [19]. In the investigation by Viswa-
nath et al., leptin was considered an important factor in the context
of inflammation. The levels of leptin are higher in females in
Fig. 1. Serum adipokine and leptin levels in systemic lupus erythematosus patients
and control.

Fig. 2. The receiver operating characteristic (ROC) for serum leptin and adiponectin
in discriminating systemic lupus erythematosus patients.
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comparison with males even after adjusting for BMI that has to be
discussed in view of increased prevalence of autoimmune diseases
in females. The leptin/adiponectin ratio was introduced as an inde-
pendent risk factor for insulin resistance and CVD [29].

In the present study, leptin levels were not higher in patients
than the control. BMI, however, significantly correlated with serum
leptin levels. This is indicative of higher leptin levels in SLE patients
with increased BMI during chronic inflammation and may be con-
sidered as an independent risk factor for premature atherosclero-
sis. The association between elevated leptin levels and increased
BMI suggests the need for changes in lifestyle to decrease the mor-
bidity and mortality resulting from cardiovascular events [30]. In
the study of Diaz Rizo et al., comparing between SLE with and with-
out nephritis, there were no significant differences in age, BMI and
serum adipokines. It was remarked to inconsistency between
inflammation and adipokines [31]. In this work, there was an asso-
ciation between leptin and total cholesterol levels. Elevated serum
leptin levels during hyperlipidemia and insulin resistance were
reported as independent risk factors for CVD [26,32]. Selzer et al.
noted the causative effect of inflammatory cytokines on the devel-
opment of atherosclerotic plaques [33]. It has been established that
adiponectin decreases in SLE [28]. Serum adiponectin levels are
inversely related to BMI and insulin resistance [26]. In line with
the above, our findings demonstrated significantly lower serum
adiponectin levels in patients with SLE than in control; this may
be due to the effect of chronic inflammation. However, no mean-
ingful relationship was observed between the serum levels of adi-
ponectin and age, hypertension, cholesterol, LDL, FBG and BMI in
SLE patients. Triglyceride and adiponectin levels negatively corre-
lated, which is suggestive of the effect of MetS on the lowering
of adiponectin and the secondary effect on atherosclerosis.

Measuring hs-CRP is a useful marker of disease activity,
increased IMT and subclinical atherosclerosis in SLE especially
those with positive ds-DNA [13]. Adipokines correlated with CRP
levels in the study of Chung et al., in disagreement to the findings
in the present work. Low adiponectin levels have been introduced
as a possible risk factor for CHD but not essentially with the degree
of coronary calcification [26]. Shields et al. have demonstrated sim-
ilar findings in the descending aorta [34]. Xu et al. demonstrated a
lack of correlation between leptin levels and coronary calcification
[27]. Yet, no correlation was found between adipokines and vascu-
lar IMT in another study [35]. The present study indicated a lack of
association between serum leptin and adiponectin levels with the
IMT in any of the carotid artery branches.

In the present study, the relationship between leptin and adipo-
nectin levels and SLEDAI was unremarkable. In agreement, serum
leptin and adiponectin levels did not correlate with disease activity
[4,26]. Shang et al. found high activity disease in SLE patients with a
carotid atheroma plaque compared to those without [21]. In con-
trast, leptin but not adiponectin correlated with disease activity
in SLE patients and SLEDAI showed no relation to vascular stiffness
parameters [19]. A significant correlation was found between lep-
tin and anti-dsDNA. In another study, SLE patients had elevated
serum leptin levels that correlated significantly with BMI and total
cholesterol but not with the SLEDAI [36]. On the contrary, SLE dis-
ease activity was found to affect the lipid level and its control
would be helpful in treatment strategies. Likewise, control of hyer-
lipidemia can favourably affect SLE renal disease [37].

Although lower adiponectin levels and increased leptin were
found in the SLE patients, no significant relation was found to exist
with carotid atherosclerosis. Unknown risk factors may contribute
to premature atherosclerosis in SLE and may confound the effect of
adipokines. Other factors such as race and genetics may influence
the inflammatory response and must be taken into account.
Hereby, among the limitations to the present study is the cross-
sectional design and not taking into consideration the medications
received.

In conclusion, there was a lack of association between adipoki-
nes and the risk factors of age, FPG, LDL, hs-CRP, VCAM-1 and
homocysteine in patients with lupus. However, serum adiponectin
levels inversely correlated with HDL. A significant correlation of
leptin with BMI and total cholesterol was found in SLE. None of
the two adipokines were associated with atherosclerosis as
assessed with the carotid IMT. There was no signficant correlation
between adipokines and disease activity.
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