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Metabolic syndrome and insulin 
resistance comorbidity in  
systemic lupus erythematosus:  
 

Effect on carotid intima-media thickness 
 

Abstract: Objective: The aim of the present study was to assess the effect of metabolic syndrome (MetS) and insulin resistance 

comorbidity on the carotid intima-media thickness (IMT) in SLE patients and their relation to clinical manifestations, disease activity and 
damage.  Methods: The study included 92 SLE patients (mean age 30.18±8.27 years) and 30 matched control. Disease activity and 
damage were assessed by the SLEDAI and SLICC Indeces respectively. The Health assessment questionnaire II (HAQII) and Quality of life 
(QoL) index were assessed in the patients. Levels of insulin, glucose, creatinine and lipid profile were measured in patients and control. 
Insulin sensitivity was estimated using the homeostatic model assessment index (HOMA-B) for beta cell function and (HOMA-IR) for 
peripheral tissue insulin resistance. The carotid IMT was measured by ultrasonography. Results: The SLE patients had high HOMA-IR and 
HOMA-B.  The IMT was significantly increased (0.82±0.29 mm) compared to the control (0.45±0.2 mm).The HOMA-IR, SLEDAI, SLICC, 
HAQII and IMT were significantly higher and the QoL lower in those with MetS (n =34) compared to those without (n=58) while the 
HOMAB was comparable. There was a significant correlation between the IMT and the SLEDAI, SLICC and WHR. Conclusion: Insulin 
sensitivity and IMT are altered in SLE patients especially those with MetS co-morbidity with an associated increase in disease activity and 
damage. Effective management of MetS would aid in controlling SLE activity, damage and future development of   cardiovascular events 
especially in the absence of symptoms of cardiovascular disease.   

 
Keywords: SLE; metabolic syndrome; HOMA-IR ;HOMA-B; IMT  

 
Introduction 
 
Although the prognosis for patients with 

systemic lupus erythematosus (SLE) 

improved after the advent of 

immunosuppressive treatment [1], arterial 

vascular disorders have become 

increasingly important causes of 

morbidity and mortality [2]. Features of 

accelerated atherosclerosis may appear 

early in the course of the disease. The 

pathogenesis of the vascular 

complications in SLE has not been fully 

elucidated [3].  The metabolic syndrome 

(MetS), a concurrence of disturbed 

glucose and insulin metabolism, 

overweight, dyslipidemia and 

hypertension, is closely associated with 

the subsequent development of type 2 

diabetes mellitus and cardiovascular 

disease (CVD) [4]. Moreover, insulin 

resistance (IR) has been confirmed as an 

independent risk factor for CVD [5] and 

roughly doubled the risk of coronary 

heart disease (CHD), irrespective of the 

presence of type 2 diabetes mellitus [6]. 

  

It has been found that lupus patients had 

significantly more common diabetes 

mellitus and glucose intolerance than in 

the general population [7-9] and MetS is 

highly prevalent [10]. Considerable 

evidence suggests that hyperglycaemia is 

associated with excessive oxidation [11] 

and with mild but chronic inflammation 

[12]. Several inflammatory and 

immunologic factors significantly 

contribute to the accelerated or 

premature development of 

atherosclerosis observed in patients with 

systemic autoimmune diseases [13] 

including SLE [14,15] with an  increased 

incidence of CVD [16].  

Classic risk factors, hypertension and 

diabetes mellitus, are more prevalent in 

SLE and persistent hypercholesterolemia 

independently predicts patients who will 

develop CHD [17].  In addition, IR is 

more pronounced in SLE [18] and 28% 

have MetS [19]. A deranged lipid 

metabolism and use of immune-

suppressive medications account 

partially for the accelerated process of 

atherosclerosis in SLE [20].   

  

The aim of the present study was to assess 

the effect of metabolic syndrome and insulin 

resistance comorbidity on the carotid intima-

media thickness (IMT) in asymptomatic 

SLE patients and their relation to clinical 

manifestations, disease activity and damage.   

 

 

Patients and Methods 
 

Ninety-two SLE patients with a mean age of 

30.18 ±8.27 years, fulfilling the updated 

ACR revised criteria for the classification of 

SLE [21], were consecutively recruited from 

the rheumatology and internal medicine 

departments and out patient clinics of Cairo 

University Hospitals during the period from 

May 2011 till January 2012. Thirty age and 

sex matched healthy volunteers served as 

controls with a mean age of 28 ±5.37 years. 

The study was approved by the local 

university ethical committee and the study 

performed in accordance with the ethical 

standards of the 1964 Helsinki declaration. 

All patients gave their informed consent 

prior to their inclusion in the study.  
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   Tab 1: Demographic feature, laboratory investigations, disease indeces of SLE   

    patients with and without metabolic syndrome and control 

Features (mean±SD) 
With MetS 

(n=34) 

Without MetS 

(n =58) 

p-

value 

Control 

(n=30) 

Age (years) 31.26±9.14 29.55±7.73 0.36 28±5.37 

Male:Female 2:32 6:52  3:27 

Disease duration (years) 6.28±2.6 5.57±3.41 0.26 - 

Corticosteroid dose (mg/day) 15.29±12.67 13.1±11.54 0.41 - 

Laboratory investigations     

ESR  (mmHg/1
st
 hour) 53.03±22.41 46.57±22.07 0.18 9.57±2.57 

Hb (g/dl) 10.45±1.65 10.73±1.6 0.43 16.09±18.71 

WBC count (x10
3
/mm

3
) 7.54±6.08 7.52±5.02 0.985 8.67±1.25 

Platelets(x10
3
/mm

3
) 368.5±93.15 331.71±96.91 0.076 330.33±52.16 

Creatinine (mg/dl) 0.83±0.34 0.73±0.3 0.195 0.63±0.12 

Urine protein (g/24 hr) 0.61±0.4 0.46±0.34 0.07 0.06±0.013 

C3 (mg/dl) 0.83±0.4 0.94±0.43 0.25 - 

C4 (mg/dl) 0.14±0.11 0.19±0.16 0.1 - 

Disease indeces     

HAQII 1.5±0.44* 1.25±0.53 0.017 - 

QoL 6.35±1.54* 7.41±1.26 0.001 - 

SLEDAI 9.88±5.39* 7.29±4.05 0.022 - 

SLICC/DI 5.03±2.44* 3.78±2.05 0.015 - 

ESR: Eryhtrocyte sedimentation rate, Hb: hemoglobin, WBC: White blood cell, C3, 

C4: Complement,  HAQ: Health assessment Questionnaire, QoL: Quality of life, 

SLEDAI: Systemic Lupus Erythematosus Disease Activity Index, SLICC/DI: 

Systemic Lupus International Collaborating Clinics/Damage Index.   

* = significantly different from SLE patients without metabolic syndrome at p < 0.05 
 

 HDL < 50 mg/dl; elevated blood pressure 

of ≥ 130 mm Hg systolic, ≥ 85 mm Hg 

diastolic, or on antihypertensive therapy; 

fasting blood glucose (FBG) ≥ 110 mg/dl.  

An informed consent was obtained from all 

patients and controls. Blood specimens 

were collected from patients and control 

after an overnight fast for the measurement 

of levels of insulin, glucose, creatinine and 

lipid profile (total cholesterol, triglycerides, 

HDL-c, LDL-c).  

 

Analytical methods 
 
 The separated serum was divided into 

aliquots; part was used for determination of 

FBG, triglyceride, total cholesterol, high 

and low density lipoprotein cholesterol 

(HDL-c and LDL-c respectively) using 

commercially available kits. The other part 

was kept frozen at -80
º
 C for further 

measurements. Serum fasting insulin was 

assessed by the ELISA kit provided by 

BioSource, Nivelles, Belgium. Insulin 

sensitivity was estimated using the 

homeostatic model assessment (HOMA) 

index which is an arithmetic way of 

deriving indices of pancreatic endocrine 

function (beta cell function, HOMA-B) and 

peripheral tissue insulin resistance 

(HOMA-IR) from fasting plasma samples. 

HOMA-IR and HOMA-B are derived using 

the formulae: HOMA-IR = [insulin (mU/l) 

× glucose (mmol/l) / 22.5]. HOMA-B = [20 

× insulin (mU/l)] / [glucose (mmol/l) – 

3.5)]. HOMA-IR exceeding 2.0 was 

considered to indicate insulin resistance.  
 
 

Measurement of 
 intima-media thickness 
 
In order to estimate early-stage 

atherosclerosis ultrasonographic scanning 

of the carotid artery was performed using 

an echographic system (ATL HDI 5000, 

USA) with an electric linear transducer 

(mid- frequency 7.5 MHz). The detection 

limit of this echosystem using 7.5 MHz 

was 0.1 mm. Scanning of the extracranial 

common carotid artery, the carotid bulb, 

and the internal carotid artery (ICA) in the 

neck was performed bilaterally from two 

different longitudinal (i.e.anterolateral and 

posterolateral) and cross-sectional 

scanning. Characteristic patterns showed 

two parallel echogenic lines separated by a 

hypoecho-genic space.   

  

Tab 2: Clinical manifestations of SLE patients with and without MetS 

Manifestation No. (%) With MetS (n=34) Without MetS (n =58) 

Mucocutaneous  24 (70.59) 39 (67.24) 
Arthritis 19 (55.88) 27 (46.55) 

Nephritis 17 (50) 28 (48.28) 
Hematological 26 (76.47) 43 (74.14) 
Neuropsychiatric 22 (64.71) 36 (62.07) 

Gastrointestinal 5 (14.71) 7 (12.07) 

Cardiovascular 11 (32.35) 8 (13.79) 

Pulmonary 8 (23.53) 19 (32.76) 
Serositis 12 (35.29) 24 (41.38) 

 

 

 
Study population 
 
 Full history taking, thorough clinical 

examination and laboratory investigations 

were performed for all the patients and 

their current drug therapy was also 

reported. Standard CHD risk factors as 

well as anthropomorphic measurements 

including body mass index (BMI) and 

waist: hip ratio (WHR) was clinically 

assessed. Blood pressure was recorded
 
as 

the mean of two measurements obtained 5 

min apart after participants
 
had rested in a 

supine position for 10 min. Disease  

 
 

activity and damage were assessed 

using the SLEDAI [22] and 

SLICC/ACR DI [23] respectively. The 

general well-being was assessed using 

the quality of life (QoL) index [24]   

and the functional capacity using the 

Health Assessment Questionnaire II 

(HAQ II) [25]. 
 

The Adult Treatment Panel (ATP III) 

criteria [26]
 
were used to define the 

presence of the MetS in the patients 

with SLE. The metabolic syndrome was 

present if patients had 3 or more of the 

following: waist  circumference > 88 

cm (for females); serum triglycerides ≥ 

150 mg/dl; 
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 Multiple regression analysis was 

performed for dependant variables to 

detect the risk among many independent 

variables. p-value was considered 

significant if < 0.05.  

 
Results 
 
The study included 92 SLE patients with a 

mean age of 30.18±8.27 years [median 27 

(range 18-51 years)] and a mean disease 

duration of 5.83±3.14 years [median 5 

(range 0.5-15 years)].  The patients were 8 

males and 84 females. 30 age and sex 

matched control were also included. At 

the time of the study, corticosteroids were 

received by 84 SLE patients (13.91±11.95 

mg/day) for duration of 3.6±3.35 years 

and hydroxychloroquine received by 43.  

None of the patients was known to have 

any symptoms suggestive of a CVD. The 

demographic, laboratory, disease activity, 

clinical and metabolic features in SLE 

patients and control are shown in table 1,2 

and 3. The clinical manifestations or 

organ involvement of the patients tended 

to be increased in those with MetS but 

showed no significant difference from 

those without. The number of disease 

flares requiring therapeutic intensification 

tended to be higher in those with Mets 

with a slightly higher mean daily dose of 

corticosteroids received. The IMT of a 

patient and control are presented in figure 

1.  Plaque was present in 10 patients, 6 

with MetS and 4 without. 

  

The ANA was positive in 89 and the anti-

dsDNA in 55 (59.8%) of the SLE patients. 

The anti-ds-DNA was positive in 24/34 

(70.6%) of those with MetS and 31/58 

(53.4%) of those without. Only the C3 

level was significantly consumed in those 

with a positive anti-ds DNA (0.82±0.41 

g/l) compared to those with a negative test  

(1.01±0.4 g/l) (p 0.034). There were no 

significant differences in the studied 

parameters according to the gender of the 

patients. The WC, WHR, blood pressure, 

FBS, insulin, HOMA-IR, HOMA-B, 24 hr 

urinary protein, ESR, lipid profile and 

IMT were significantly different in the 

SLE patients with or without MetS 

compared to the control (p < 0.001).  

 

In the SLE patients, correlation of the 

HOMA-IR, HOMA-B and IMT with the 

studied parameters are shown in table 4. 

  Tab 3: Metabolic features and intima media thickness of SLE patients with 

and  

    without metabolic syndrome and control 

Metabolic Features  

(mean±SD) 

With MetS 

(n=34) 

Without MetS 

(n =58) 
p-value 

Control 

(n=30) 

Waist circumference (cm) 92.26±8.18* 81.55±9.9 <0.001 84.33±9.49 

Waist Hip Ratio (WHR) 1.01±0.08* 0.88±0.16 <0.001 0.93±0.16 

Body mass index (kg/m
2
) 26.79±4.12 25.4±3.09 0.09 24.74±2.29 

Systolic BP (mmHg) 731.35±16.2* 727.72±15.23 <0.001 112±9.97 

Diastolic BP (mmHg) 88.26±9.7* 80.17±11.01 <0.001 72±8.05 

Fasting blood glucose (mg/dl) 714.62±13.43* 89.22±10.7 <0.001 95.73±5.85 

Insulin (µIU/ml) 10.74±3.59 71.1±3.25 0.75 7.81±0.93 

HOMA-IR 2.94±0.96* 2.91±0.7 0.007 1.86±0.28 

HOMA-B 145.92±82.26 139.35±68.74 0.7 83.97±6.62 

Cholesterol (mg/dl) 216.47±42.09* 188.57±48.57 0.005 113.43±52.4 

Triglycerides (mg/dl) 189.85±41.16* 135.22±39.17 <0.001 72.13±30.21 

HDL-c (mg/dl) 56.74±24.93 66.31±23.1 0.07 70.63±12.47 

LDL-c (mg/dl) 165.47±47.64* 731.36±40.9 0.003 68.07±33.85 

Intima-media thickness (mm) 0.91±0.33* 0.77±0.26 0.046 0.45±0.197 

HOMA: homeostatic model assessment; B:  beta cell function, IR:  insulin 

resistance, HDL: high density lipoprotein, LDL: low density lipoprotein * = 

significantly different from SLE patients without metabolic syndrome at p < 0.05 
 

 Tab 4: Correlation of the HOMA-IR, HOMA-B and IMT with the studied  

   parameters in the SLE patients 

Variables 
HOMA-IR HOMA-B IMT 

r     p r p r p 

Waist circumference (cm) 0.08 (0.45) -0.06 (0.55) 0.21 (0.047) 

Waist Hip Ratio (WHR) 0.04 (0.71) -0.006 (0.95) 0.21 (0.042) 

Body mass index (kg/m
2
) 0.09 (0.41) 0.23 (0.03) -0.12 (0.27) 

Fasting blood glucose (mg/dl) 0.05 (0.63) -0.68 (<0.001) 0.13 (0.22) 

Insulin (µIU/ml) 0.89 (< 0.001) 0.72 (< 0.001) -0.03 (0.75) 

Cholesterol (mg/dl) 0.09 (0.4) 0.06 (0.57) -0.02 (0.83) 

Triglycerides (mg/dl) 0.08 (0.44) -0.07 (0.49) 0.09 (0.38) 

HDL-c (mg/dl) -0.17 (0.12) -0.07 (0.52) 0.01 (0.91) 

LDL-c (mg/dl) 0.13 (0.23) 0.24 (0.03) -0.04 (0.7) 

HAQII 0.08 (0.42) 0.03 (0.79) 0.09 (0.41) 

QoL -0.13 (0.2) 0.06 (0.6) 0.01 (0.91) 

SLEDAI -0.03 (0.79) -0.1 (0.36) 0.35 (0.001) 

SLICC/DI 0.002 (0.98) -0.05 (0.61) 0.34 (0.001) 

Intima-media thickness (mm) 0.005 (0.96) -0.08 (0.43) - - 

HOMA: homeostatic model assessment; B:  beta cell function, IR:  insulin resistance, 

HDL: high density lipoprotein, LDL: low density lipoprotein, HAQ: Health assessment 

Questionnaire, QoL: Quality of life, SLEDAI: Systemic Lupus Erythematosus Disease 

Activity Index, SLICC/DI: Systemic Lupus International Collaborating Clinics/Damage 

Index.  Bold numbers are considered significant at p < 0.05 
 

 

 

The IMT was defined as the distance from 

the leading edge of the first echogenic line 

to the leading edge of the second line. The 

first line represented luminal-intimal 

transition and the second one medial-

adventitial transition. The site of the 

greatest thickness including a plaque lesion 

was sought along the arterial walls. Three 

determinations of IMT were conducted at 

the site of thickest point and two adjacent 

points (located 1cm upstream and1cm 

downstream from the thickest point).  

 These three determinations were 

averaged (mean IMT).  
 

Statistical analysis 
 

 Statistical Package for Social Science 

(SPSS) program version 15 was used for 

analysis of data. Data was presented as 

mean ± SD. Mann-Whitney test was used 

for analysis of 2 quantitative data. 

Spearman’s correlation was used for 

detection of relation between 2 variables. 
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Figure legend: Figure 1: Increased (a) and normal (b) intima-media thickness (IMT) of 

the common carotid artery (CCA) in SLE patient and control respectively by Doppler 

ultrasonography. The thickness is denoted by the white line from the cursor.   

 a link to the increased cardiovascular risk. 

The SLEDAI, SLICC/DI, HAQII and 

IMT were higher and the QoL lower in 

the present SLE patients with MetS. There 

was no significant correlation between the 

studied measures of MetS or insulin 

resistance with SLE indeces or IMT.  It 

has been reported that neither lupus 

disease activity nor damage scores were 

associated with the MetS [32]. Insulin 

resistance (HOMA-IR) in the present 

study was significantly higher in the SLE 

patients with MetS. Insulin resistance is 

considered
 

to be fundamental to the 

increased cardiovascular risk
 
attributed to 

MetS in SLE patients [32]. Understanding 

of SLE-related risk factors for enhanced 

atherosclerosis could throw more light on 

disease mechanisms, leading to new 

therapeutic strategies for treatment of 

associated cardiovascular diseases [15]
 
& 

insight into the disease mechanisms [35].  

 

As patients with SLE live longer due to 

improved therapies and preventive 

measures, death and disability from 

cardiovascular events are increasing. 

Preventative strategies need to address all 

potential risk factors. A more thorough 

understanding of the interplay between 

inflammation, autoimmunity and 

atherogenesis is possible by the study of 

SLE [17, 35,36]. Results of the present 

study support the hypothesis that 

autoimmunity may contribute to and 

accelerates atherosclerosis.  

 

 The significance of the gender- and age-

matched control population is limited in 

this study, because SLE patients without 

MetS showed many subclinical features of 

MetS, although they were not observed in 

control population. Therefore, the effect 

of MetS on carotid IMT, the aim of the 

present study, has been elucidated, but the 

effect of SLE on carotid IMT has not. 

Thus, this point is considered as a 

limitation of this study. It is suggested that 

a longitudinal study is performed to have 

an overview on the outcome of SLE in the 

presence of MetS.  

 

It could be concluded that SLE patients 

with metabolic syndrome are at increased 

risk of insulin resistance, IMT and 

atherosclerosis. The conjoined presence of 

MetS in SLE forms a significant impact 

on the disease activity and damage.  

 

 

 

Moreover, in those with MetS, there were 

significant correlations between the IMT 

and SLEDAI (r 0.45, p 0.008); SLICC 

and WHR (r 0.39, p 0.024); HOMA-IR 

with C3 (r 0.34, p 0.048) and C4 (r 0.42, 

p 0.013). In those without MetS the IMT 

significantly correlated with the SLICC (r 

0.37, p 0.004) and WHR (r 0.27, p 0.04). 

In the SLE patients, according to the 

multiple regression analysis, the risk of 

increased IMT was determined by the 

SLICC (p 0.03) among other variables 

including the age, disease duration, BMI, 

HOMAIR and HOMAB. The SLEDAI 

was a significant independent risk factor 

for increased IMT among other factors 

including the age, disease duration, BMI, 

HOMAIR, HOMAB, C3, C4, HAQII and 

QoL. Such findings were not present 

when analyzing the factors in SLE 

patients with and without MetS.  

 

Discussion 
 

The present study showed a significantly 

increased carotid IMT in SLE patients 

confirming previous reports of CVD 

morbidity and increased prevalence of 

carotid plaques [3, 27-29].  These patients 

were asymptomatic for CVD indicating 

subclinical atherosclerosis. Traditional 

risk factors for atherosclerosis were 

present suggesting an increased CVD 

risk. These findings were in accordance 

with other results [30,31]. In the present 

study, the insulin level, insulin resistance 

(HOMA-IR), HOMA-B, cholesterol and 

LDL were significantly higher and the 

HDL lower in SLE patients than in 

control. This is in agreement with other 

studies [10,32,33] that reported a higher 

prevalence of insulin resistance and MetS 

in SLE.  

  

In the current study, the IMT, SLEDAI 

and SLICC were significantly increased 

in SLE patients especially those with 

MetS and the IMT correlated with 

disease activity.  It has been reported 

that insulin resistance was more striking 

in the severely affected SLE patients 

[32]. Traditional risk factors failed to 

fully account for premature accelerated 

development of atherosclerosis in SLE 

patients [12]. The combined effect of 

factors expressed as MetS could form a 

more solid risk in the increased IMT 

with subsequent CVDs. Oxidative 

injury contributes to the increased IMT 

and plaque formation in SLE [33] and 

the development of autoimmune-

mediated atherosclerosis was supported 

in the study of Lopez, et. al., [13].  

 

Insulin resistance (HOMA-IR) showed 

no correlation with the studied 

parameters in the present SLE patients 

or with the corticosteroid dose. Insulin 

resistance in the context of SLE was not 

found to be related to current or recent 

steroid therapy. It may therefore 

represent an additional CHD risk factor 

in SLE patients [34]. Insulin
 
sensitivity 

was lower in SLE and was not related 

to the steroid dose or disease activity. 

Hyperinsulinaemia
 

and insulin 

resistance may therefore play a pivotal 

role in
 
atherogenesis in lupus [17]. 

 

In the present study, it stands to reason 

that the SLE patients with MetS had a 

significantly higher WC, WHR, BMI, 

blood pressure,cholesterol, triglycerides 

and compared to those without. The 

study of Chung, et. al., [32]
 
showed that 

in SLE, the MetS was associated with 

higher levels of inflammation providing 
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Considering the association with MetS 

and measuring the carotid IMT are 

recommended in SLE patients and may 

form useful markers for detecting 

subclinical cases and predicting future 

cardiovascular events.   
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