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Abstract The purpose of the present study was to

determine levels of adipokines and their relationship with

stiffness parameters and disease activity index in SLE

patients in comparison with healthy controls. Sixty SLE

patients and 29 control subjects were enrolled in the study.

Serum leptin and adiponectin levels were determined by

commercial sandwich ELISA kits. Colour-coded carotid

duplex sonography was performed using a Siemens SON-

OLINE Antares machine equipped with linear 5–13 MHz.

SLEDAI, ECLAM and SLICC were evaluated in all

patients. Data were analysed by software for statistical

analysis (Prism 5.0). Median leptin is higher among SLE

patients compared with controls (p 0.035). Median values

of vascular stiffness and PSEM are increased in SLE

compared with controls (p = 0.0003 and p = 0.007).

Vascular strain and vascular distensibility are lower in SLE

patients in comparison with controls (p = 0.0001 and

p = 0.0006, respectively). Considering SLE patients, lep-

tin levels correlate with vascular stiffness (r = 0.64,

p \ 0.0001) and PSEM (r = 0.63, p \ 0.0001). Adipo-

nectin levels correlate with vascular strain (r = 0.28,

p 0.039) and negatively correlate with vascular stiffness

(r = -0.38, p 0.039). Leptin levels correlate with disease

activity (SLEDAI and ECLAM) and cumulative damage

(SLICC) indexes. This study demonstrates higher values of

leptin in SLE patients. Moreover, SLE patients show

increased levels of vascular stiffness and PSEM and

reduced values of vascular strain and distensibility. These

results globally indicate a decline in arterial elasticity. We

find a positive correlation of leptin with stiffness parame-

ters. According to its atheroprotective action, adiponectin

inversely correlates with stiffness parameters.
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Introduction

Premature cardiovascular disease (CVD) is a major cause

of morbidity and mortality in patients with systemic lupus

erythematosus (SLE), mainly in younger women [1]. SLE

patients have an increased prevalence of subclinical athero-

sclerotic disease detected using several modalities [2–4].

Traditional risk factors contribute to the development of

atherosclerosis in SLE [5–7]. Recently, a higher prevalence

of the metabolic syndrome has been described in SLE

patients [8–10]. However, these risk factors alone do not

explain the excess CVD risk among SLE patients, and it

has been suggested that the systemic inflammatory state

itself predisposes to an acceleration of atherosclerotic

process [6]. The obese state is now generally considered a

low-grade systemic inflammation [11]. There is strong

evidence that visceral adipose tissue accumulation is an

important predictive factor of lipid, glucose or atherogenic

disturbances [12]. Adipokines are proteins produced

mainly by adipocytes. These molecules participate in a

wide variety of physiological processes including food

intake, insulin sensitivity, atherosclerosis, immunity and

inflammation [13]. Several studies show that adipokine

production is altered in obesity, cardiovascular and
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immune diseases. This is observed for leptin, adiponectin

and resistin and other recently discovered adipokines [14–

17]. Food intake, energy status, sex hormones and

inflammation mediators mainly regulate leptin synthesis. A

peculiar aspect of the leptin effect on the immune system is

its action as proinflammatory cytokine. Leptin deficiency is

associated not only with reduced inflammation in models

of autoimmune diseases, but also with increased suscepti-

bility to infections [18]. It is associated with increased

plasma C-reactive protein concentrations, vascular prolif-

eration, calcification and decreased arterial distensibility.

Moreover, leptin contributes to an increase in blood pres-

sure, and thus, probably plays an important role in the

initiation and progression of atherosclerosis [19, 20]. The

prospective west of Scotland coronary prevention study

(WOSCOPS) [21] shows that leptin moderately but inde-

pendently increases the relative risk of coronary artery

disease. Adiponectin plays a central role in the mainte-

nance of insulin sensitivity and in down-regulating

inflammatory responses. Furthermore, adiponectin exerts a

protective action against atherogenesis, and a low plasma

adiponectin is now recognized to be an independent risk

factor of cardiovascular morbidity [22, 23]. Non-invasive

imaging techniques have been used to explore why SLE

predisposes women to this high CVD risk [2, 24]. Stiffness

parameters (vascular stiffness, distensibility, strain and

pressure strain elastic modulus) measure the reduction in

artery elasticity, and their role has been validated in dif-

ferent studies [25, 26]. On the basis of these data, the

purpose of the present study was to determine levels of

adipokines and their relationship with stiffness parameters

and disease activity index in SLE patients in comparison

with healthy controls.

Subjects and methods

Study population

Sixty eligible patients who met the Hocheberg’s modified

ACR classification criteria for SLE [27], and 29 consecutive

control subjects (CTR) with no history of autoimmune dis-

eases were enrolled in the Rheumatology Department of

‘‘Campus Bio-Medico’’ University of Rome. In order to

minimize the hormonal effects on adipokine levels, all

patients and controls were females. Exclusion criteria were

subjects younger than 18 years, pregnancy, estro-progestinic

assumption, nephropathy (defined as creatinine clearance

\50 ml/min calculated by Cockcroft–Gault formula or

serum creatinine [1.1 mg/dl, nephritic or nephrotic syn-

drome), increased serum liver enzymes and history of can-

cer. None of the SLE patients consumed more than 12.5 mg/

die of prednisone during the 6 months prior of the study.

The Ethical Committee of ‘‘Campus Bio-Medico’’

University of Rome approved the study, performed

according to the declaration of Helsinki principles. All

participants gave written informed consent.

Clinical and laboratory assessment

A clinical history and physical examination findings were

collected through a case sheet, concerning: fertility or

menopausal status, history of diabetes or hypertension,

familiar or personal CVD history. Waist/Hip ratio and body

mass index were evaluated and blood pressure (BP) was

recorded according to the recent guidelines [28]. For SLE

patients, disease activity was assessed at the time of

enrolment in the study with the use of the European con-

sensus lupus activity measurement (ECLAM), the systemic

lupus erythematosus disease activity index (SLEDAI) and

the systemic lupus international collaborating clinics

(SLICC) damage index (SDI) [29]. Blood specimens were

collected after an overnight fast and stored at -20�C until

assayed.

Autoantibodies

SLE patients’ blood specimens were analysed by indirect

immunofluorescence assay (IFI) to detect anti-nuclear

antibodies (ANA) on commercial Hep-2 cells substrate

(Immuno concepts, Sacramento, CA, USA) and anti-

dsDNA antibodies on Crithidia luciliae substrate (The

Binding Site Ltd. Birmingham, UK). Two observers using

positive and negative reference samples in each run

evaluated the results. ENA screen on sera from SLE

patients was performed by commercial ELISA kit

(Orgentec Diagnostika, GmbH, Mainz, Germany). Detection

and characterization of anti-cardiolipin and anti-Beta2

glycoprotein I (IgG and IgM) were carried out by ELISA

using commercially available kits (ORG 515 and ORG

521––ORGenTec-Diagnostika GmbH, Mainz, Germany),

according to the manufacturer’s instructions. Lupus anti-

coagulant was assayed following the recommendations of

the International Society of Thrombosis and Haemostasis

[30].

Adipokines

Serum leptin levels were determined by commercial

sandwich ELISA kits (Leptin sandwich ELISA kit EIA-

2395, DRG Instruments GmbH, Germany) with a 6.2%

intra-assay precision, a 6.5% inter-assay accuracy and an

analytical sensitivity of 1 ng/ml. Serum levels of adipo-

nectin were determined by commercial ELISA kit (Human

Adiponectin ELISA kit Cat. No. A0512EK, AdipoGen,

Seoul, Korea) with 4.59% intra-assay precision and 5.6%
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inter-assay accuracy. The reported analytical sensitivity

was 100 pg/ml.

Carotid duplex sonography

Colour-coded carotid duplex sonography was performed in

all patients in the supine decubitus position, during quiet

respiration. The study was conducted by the same operator

using a Siemens SONOLINE Antares (Colorado, USA)

machine equipped with linear 5–13 MHz transducer placed

on the patient’s neck with the least possible pressure so as

not to compress the overlying jugular vein and to allow

expansion of the carotid artery in all directions. The carotid

view was achieved in longitudinal scan on the extracranial

artery segment at 1 cm from the right and left common

carotid bulb. In accordance with others, stiffness parame-

ters were assessed evaluating the diameter changes of the

common carotid between systole and diastole during a

cardiac cycle. Common carotid diameters at systole (sDIA)

and diastole (dDIA) were analysed in M-Mode approach as

the major increase and reduction in the vessel-diameter

during the cardiac cycle, after tracking the two interface

walls for 10 consecutive cardiac cycles. The diameters

were measured by means of a calibre in systole and diastole

as the distance between the trailing edge of the anterior

wall and the leading edge of the posterior wall. In accor-

dance with previous studies, stiffness parameters [common

carotid vascular strain (VS), vascular distensibility (VD),

vascular stiffness (VSf) and pressure–strain elastic modu-

lus (PSEM)] were calculated applying the following

equations:

VS = ðsDIA� dDIA)/dDIA

VD ¼ ½2� ðsDIA� dDIAÞ=dDIA�=ðSBP� DBPÞ
VSf = [(sBP/dBP)]/(sDIA - dDIA)/dDIA

PSEM = kðsBP� dBP)/VS

where sBP is the systolic blood pressure; dBP the diastolic

blood pressure; and k the conversion factor from mmHg to

Pa (k = 790-3).

All data are expressed as the mean of the right and left

carotid measurements of each subjects.

Statistical analysis

Data were analysed by software for statistical analysis

(Prism 5.0, Inc., San Diego, California, USA). Compari-

sons of continuous variables among groups were performed

by Mann-Whitney U test. The categorical variables were

analysed by Fisher F test. Correlations were calculated by

Sperman’s tests. Two-sided p values \0.05 were consid-

ered statistically significant.

Results

Demographic and SLE features

Demographic and clinical characteristics of the population

study are given in Table 1. No difference was found

between the two groups with regard to age, fertile or

menopausal status, BMI, hypertension and smoking his-

tory. All SLE patients are on steroids. Mean prednisone or

equivalent daily dosage was 7.95 ± 5 mg.

Adipokines levels in SLE patients and controls

Adipokines levels in SLE patients and controls are reported in

Table 2. No significant difference in leptin and adiponectin

values of SLE patients, with or without antiphospholipid

syndrome, was found. Twenty-eight out of fifty patients suf-

fered from neuropsychiatric SLE according to criteria for

the diagnosis of NP-SLE; 15 patients had haematological

involvement (haemolytic anaemia and/or leucopoenia); 49 had

history of myositis and/or arthritis. We did not find differences

about leptin and adiponectin levels in the respective subgroups.

Stiffness parameters

The median values of vascular stiffness were increased in

SLE compared with controls in the global group and in

fertile subjects (p = 0.0003 and p = 0.0003, respectively).

We did not find any difference in vascular stiffness between

groups, considering menopausal subjects only (p = 0.14).

We found higher median PSEM in SLE patients than

controls (p = 0.0007) and above all in fertile women

(p = 0.0011). The median PSEM values did not differ

among menopausal subjects (p = 0.092). Vascular strain

and vascular distensibility median values were higher in

controls in comparison with SLE patients (p = 0.0001 and

p = 0.0006, respectively). Fertile control subjects showed

increased median values of vascular strain and vascular

distensibility (p = 0.0001 and p = 0.0024, respectively).

We did not find any difference in vascular strain and

vascular distensibility median values among menopausal

women (p = 0.14 and p = 0.065, respectively) (Fig. 1).

Stiffness parameters correlation with cardiovascular

risk factors

Considering SLE patients, vascular stiffness correlated

with systolic blood pressure (r = 0.32, p = 0.032) and

BMI (r = 0.58, p = 0.0001). We found positive correla-

tions between PSEM and systolic blood pressure (r = 0.51,

p = 0.0001) and BMI (r = 0.62, p = 0.0001). Vascular

strain negatively correlated with BMI (r = -0.59,

p = 0.0001). Vascular distensibility was negatively related
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to systolic blood pressure (r = -0.50, p = 0.0007) and

BMI (r = -0.63, p = 0.0001).

There was no correlation between ecocolordoppler

parameters and blood pressure or BMI in controls. No

significant correlation was found between stiffness

parameters, cumulative dose and duration of steroid intake.

Adipokines correlation with stiffness parameters

Leptin positively correlated with vascular stiffness

(r = 0.64, p \ 0.0001) and PSEM (r = 0.63, p \ 0.0001).

This adipokine negatively correlated with vascular strain

(r = -0.6, p \ 0.0001) and vascular distensibility (r =

-0.64, p \ 0.0001).

Adiponectin levels inversely correlated with vascular

stiffness (r = -0.38, p = 0.0039) and PSEM (r = -0.36,

p = 0.006). We found a direct correlation between adipo-

nectin and vascular Strain (r = 0.27, p = 0.03) and vas-

cular distensibility (r = 0.36, p = 0.005).

Leptin correlation with disease activity indexes

We found a positive correlation between leptin and SLE-

specific disease activity index SLEDAI (r = 0.54,

Table 1 SLE patient and

control features

CRP C-reactive protein, ESR

Erythrocyte sedimentation rate,

C3 Complement fragment C3,

C4 Complement fragment C4,

CCS Corticosteroids, HCQ

Hydroxychloroquine, CyA

Cyclosporine A, Aza

Azatioprine, MTX

Methotrexate, ANA Anti-nuclear

antibodies, dsDNA Anti-double

stranded DNA, ENA Anti-

extractable nuclear antigens,

LAC Lupus anti-coagulant, APL

Anti-cardiolipin or anti-

b2glycoprotein-I antibodies IgG

or IgM
a Data were reported as mean

(SD)

SLE patients Controls

n 60 29

Age, years 42.26 ± 10.54 45.69 ± 11.57

Fertile age/menopausal status, n (%) 49/11 (82%) 22/7 (76%)

Systolic blood pressure, mmHg 123 ± 19 117 ± 10.2

Diastolic blood pressure, mmHg 79 ± 12 79.4 ± 4.7

BMI 25.2 ± 4 24 ± 4.6

W/H ratio 0.85 ± 0.1 0.83 ± 0.1

Smoking history 3 (5%) 2 (6.9%)

Disease characteristics Disease duration, yeara 10 ± 5

Anti-phospholipid Syndrome, n (%) 6 (10)

Inflammatory index ECLAMa 2.98 ± 1.5

SLEDAIa 9.9 ± 5

SLICCa 2.13 ± 1.6

ESR, mm/ha 22.7 ± 11.8

CRP, mg/la 3.4 ± 5.3

C3, g/la 1.02 ± 0.32

C4, g/la 0.21 ± 0.13

CCS ? HCQ, n (%) 43 (71.6)

CCS ? CyA, n (%) 3 (5)

CCS ? AZA, n (%) 2 (3.3)

CCS ? HCQ ? CyA, n (%) 7 (11.7)

CCS ? HCQ ? MTX, n (%) 5 (8.3)

Autoantibodies ANA, n (%) 58 (98)

dsDNA, n (%) 17 (28)

ENA, n (%) 16 (26)

LAC, n (%) 12 (20)

APL, n (%) 13 (22)

Table 2 Adipokines levels in SLE patients and controls

Total Fertile age Menopausal age

SLE CTR p Value SLE CTR p Value SLE CTR p Value

(N = 60) (N = 29) (N = 49) (N = 22) (N = 11) (N = 7)

Lectin, ng/ml 26 (5–175) 17.2 (5–42) 0.035 28 (5.1–175) 13.0 (5–30) 0.0029 63.7 (5–110) 25.2 (16–42) 0.71

Adiponectin,

lg/ml

6.9 (3–25.9) 7.1 (4.1–13) 0.63 6.8 (3–25.9) 7.2 (4.8–13) 0.64 7.9 (4.8–12) 5.6 (4.1–93) 0.50
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p \ 0.0001) and ECLAM (r = 0.58, p \ 0.0001) and

cumulative damage (SLICC) index (r =0.4, p= 0.0023).

There is no correlation between the reported indexes and

the adiponectin levels. We did not find any correlation with

disease activity indexes considering stiffness parameters

(Fig. 2).

Fig. 1 Stiffness parameters in

SLE and controls

Fig. 2 Leptin levels and

disease activity indexes
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Discussion

Although survival in SLE patients dramatically improved

in the past decades, an increased incidence and prevalence

of CVD is reported. Autopsy studies demonstrate that the

coronary vessels of SLE patients have atherosclerotic pla-

que, and most cardiovascular events are not attributable to

active vasculitis [1, 31]. Current data clearly show that

even young fertile SLE women are at high CVD risk. This

phenomenon has been called ‘‘premature atherosclerosis’’.

Unfortunately, to date, no single risk factor or group of risk

factors has been uniformly helpful in predicting which

patients will have atherosclerotic cardiovascular events.

Nonetheless, the development of novel laboratory markers,

the identification of genetic polymorphisms linked to car-

diovascular risk factors, and new imaging techniques have

all held the promise of a better prediction of cardiovascular

events in SLE patients [6, 7, 31]. Several studies have

investigated subclinical atherosclerosis in SLE by mea-

surement of IMT, yielding conflicting results. A recent

study shows risk factors for increased carotid intima-media

thickness in paediatric SLE patients [32]. Recently, Cac-

ciapaglia et al. and de Leeuw et al. showed higher IMT

values in SLE patients than in controls, independently of

previous CVD [2, 33]. Vascular stiffness parameters are

related to premature atherosclerosis and cardiovascular

diseases in different settings of population [34]. According

to these data, we find that SLE patients, compared with

controls, show increased levels of vascular stiffness and

PSEM and reduced values of vascular strain and distensi-

bility. These results globally indicate a decline in arterial

elasticity. Literature data agree in underlying the increased

vascular stiffness among SLE patients. Shang et al. and

Brodszki et al. show augmented arterial stiffness in SLE at

common carotid level and at abdominal aorta and popliteal

artery levels [35, 36]. Moreover, Chow et al. demonstrate

that young SLE patients, with a mean age of 17 years,

present increased vascular stiffness [37].

In a recent paper, carotid ultrasonography was per-

formed in 250 women with SLE and plasma leptin levels

were measured. In this cohort, leptin levels are associated

with the presence of subclinical atherosclerosis, even after

accounting for traditional cardiac and disease factors [38].

In our studies stiffness parameters are related to BMI

and systolic blood pressure. BMI is recognized as a

determinant factor in the development of cardiovascular

disease. Recent and current data support the implication of

adipose tissue in atherogenesis. In fact, visceral adipose

tissue secretes a wide spectrum of molecules that consti-

tutes a network with cytokines released by immune cells.

Parts of this network are tumour necrosis factor-alfa (TNF-

alfa), interleukin-6 (IL-6), macrophage and monocyte

chemoattractant protein (MCP-1) and plasminogen

activator inhibitor (PAI-1); all these molecules are implied

in atherogenesis [16, 17].

In a preliminary paper, our group demonstrated hyper-

expression of leptin in SLE patients, notably, among fertile

subjects [9]; moreover, we find that in SLE patients, leptin

correlates with parameters related to the metabolic syn-

drome and to cardiovascular risk factors. To compare two

different models of autoimmune diseases, we study leptin

levels and metabolic and cardiovascular risk factors in

Sjogren Syndrome and Systemic Lupus Erythematosus.

Leptin levels are higher in SLE and SS than in controls.

Among SS patients, leptin correlates with insulin levels,

HOMA-IR, BMI, waist circumference and systolic blood

pressure. We conclude that leptin might be involved in the

metabolic imbalance and is related to different cardiovas-

cular disease risk factors in patients with two different

autoimmune diseases [39].

In the present study, we confirm higher leptin levels in

SLE patients with respect to controls; moreover, we find a

positive correlation of leptin with stiffness parameters.

Leptin exerts many proatherogenic effects, and its role

in atherogenesis has been widely investigated. In fact, this

adipokine has been implied in endothelial dysfunction

interfering with NO production and NO-mediated vasore-

laxion. Moreover, leptin promotes oxidative stress,

increasing reactive oxygen species (ROS) production,

possibly acting at respiratory chain level. Experimental

models show that leptin induces small muscle cell prolif-

eration and migration and facilitates plaque destabilization

and subsequent thrombosis. Finally, leptin exerts proin-

flammatory properties, leading to an increased production

of cytokines as TNF-a, IL-1, IL-6 and switching the phe-

notype toward a TH1 response [20, 21]. According to its

atheroprotective action, in our studies adiponectin inver-

sely correlates with stiffness parameters.

In vitro data underline that adiponectin defends endo-

thelial cells against oxidative injury and dysfunction. In

fact, this adipokine reduces adhesion molecules expression

on endothelial surface, stimulates NO production, thereby

improving endothelium-dependent vasodilation, and seems

to suppress endothelial cells apoptosis. Moreover, adipo-

nectin antagonizes macrophage to foam cells transforma-

tion and smooth muscle cell proliferation and migration.

Adiponectin suppresses vascular remodelling, increasing

tissue inhibitors of matrix metalloproteinases. Furthermore,

this adipokine shows immunomodulating actions, up-reg-

ulating interleukin-10 (IL-10) and interleukin-1 receptor

antagonist (IL-1Ra) and down-regulating TNF-alfa and

IL-6 [23]. Chronic inflammation plays a crucial role in

atherogenesis among SLE patients. Indeed, traditional

CVD risk factors do not fully explain the increased pro-

pensity toward CVD described in SLE. According to that,

in our study leptin correlates with SLE-specific disease
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activity index SLEDAI and ECLAM. These data possibly

indicate a participation of SLE-related inflammation such

as autoantibody production, inflammatory cytokines, oxi-

dative stress and renal involvement, in early atherosclerotic

disease. Moreover, we find a positive correlation between

leptin and SLE cumulative damage (SLICC) index. These

data support a role of the molecule not only in athero-

genesis, but also in chronic inflammation.

In conclusion, we find increased values of stiffness

parameters in SLE patients, especially among fertile

women, indicating a high prevalence of subclinical ath-

erosclerosis. Stiffness parameters are related to adipokines,

and leptin is also related to disease activity. As a conse-

quence, to antagonize atherosclerosis it is necessary to have

not only a tight control of traditional CVD risk factors, but

also an intensive management of disease activity.
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