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Abstract
Objective

Insulin resistance (IR) plays a role in the increased cardiovascular risk of systemic lupus erythematosus (SLE) patients. 
This study aimed to determine the potential association of IR with disease activity, drug exposure and subclinical 

atherosclerosis in patients with SLE.

Methods
This cross-sectional study encompassed 87 non-diabetic SLE patients and 82 sex-matched controls. Insulin and C-peptide 

serum levels, IR indexes by homeostatic model assessment (HOMA2) (both insulin-based: HOMA2-IR, and with C-peptide: 
HOMA2-IR-C-peptide) and lipid profiles were assessed in patients and controls. Activity (SLEDAI), severity (Katz) and 

damage (SLICC) index scores, as well as carotid intima-media thickness (cIMT) and carotid plaques, were determined in 
SLE patients. A multivariable regression analysis, adjusted for classic IR related factors, was performed to evaluate the 
differences in IR indexes between patients and controls and how IR is associated with disease-related characteristics, 

including carotid ultrasound results, in SLE patients.

Results
SLE patients had higher C-peptide serum levels (2.61±1.51 vs. 1.34±0.62 ng/ml, p=0.00) and elevated HOMA2-IR- 

C-peptide index (1.90±1.12 vs. 0.97±0.45, p=0.00) than controls. These differences remained statistically significant after 
adjusting for classic cardiovascular risk factors and prednisone intake. Traditional IR-related factors, such as body mass index, 

waist circumference or hypertension, and prednisone intake were significantly associated with HOMA2-IR and HOMA2-IR- 
C-peptide in SLE patients. SLICC damage index was independently associated with HOMA2-IR-C-peptide. The presence of 

carotid plaques and cIMT values were associated with IR indexes in SLE patients only in the univariate analysis. 

Conclusion
C-peptide serum levels are independently up-regulated in SLE patients. Although classic IR factors and prednisone are 

associated with IR, SLE damage over time also contributes to IR in an independent way.
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Introduction
Systemic lupus erythematosus (SLE) is 
associated with an increased prevalence 
of atherosclerosis. A systematic review 
revealed that the risk of cardiovascular 
disease (which included myocardial in-
farction, cerebrovascular disease, and 
peripheral vascular disease) among 
SLE patients is at least twice that of the 
general population (1). Traditional risk 
factors for atherosclerosis (diabetes, 
hyperlipidaemia, hypertension, family 
history of coronary heart disease, obe-
sity, sedentary lifestyle, and cigarette 
smoking) are common among patients 
with SLE; in some cases due, in part, to 
the adverse effects of glucocorticoids 
(2, 3). However, atherosclerosis occurs 
prematurely in patients with SLE, inde-
pendently of traditional risk factors for 
cardiovascular disease (4). This finding 
supports a role for disease-related fac-
tors in SLE patients’ atherogenesis (5).
In clinical practice, insulin resistance 
(IR) refers to a state in which a given 
concentration of insulin is associated 
with a subnormal glucose response. 
IR is likely the best predictor of type 
2 diabetes (6) and may, at least in part, 
be related to inflammatory substances 
secreted by adipocytes including lep-
tin, adiponectin, tumour necrosis factor 
alpha, and resistin. For this reason, IR 
can promote the development of ath-
erosclerosis not only through elevated 
glucose and insulin concentrations, but 
also via mechanisms that involve dys-
lipidaemia, hypertension, and inflam-
mation (7). Inflammation may worsen 
IR and impair pancreatic beta cell func-
tion. Moreover, IR has previously been 
associated with inflammatory diseases 
such as rheumatoid arthritis and SLE 
(8-10). The metabolic changes that IR 
exerts may also contribute to the de-
velopment of accelerated atherosclero-
sis and higher incidence of ischaemic 
heart disease found in patients with in-
flammatory and autoimmune diseases.
Previous studies on IR in SLE pa-
tients have focused on the metabolic 
syndrome; a feature related to IR, but 
which encompasses many others risk 
factors (11). The contributing factors 
that lead to impaired glucose metabo-
lism and the relationship of IR indexes, 
as well as insulin and C-peptide levels, 

with subclinical atherosclerosis have 
been less commonly studied in SLE 
patients. 
Taking all of these considerations into 
account, the main purpose of our study 
was to analyze the impact of disease-
related factors on IR development in 
SLE patients. A secondary objective 
was to study the relationship of this IR 
with subclinical atherosclerosis. 

Methods
Study participants
This was a cross-sectional study that 
included 87 patients with SLE and 82 
sex-matched controls. All SLE patients 
were 18 years old or older and were en-
rolled when they fulfilled ≥4 American 
College of Rheumatology (ACR) clas-
sification criteria for SLE (12). They 
had been diagnosed by rheumatologists 
and were periodically followed-up at 
rheumatology outpatient clinics. For 
the purpose of inclusion in the present 
study, SLE disease duration was re-
quired to be ≥1 year. SLE patients un-
dergoing biologic therapy (belimumab 
or rituximab) were not excluded from 
the present study. The control group 
consisted of patients recruited from the 
Spanish Camargo Cohort (13, 14). This 
cohort was set up between February 
2006 and February 2011, and individu-
als included in this cohort have been 
followed ever since. The aim of this co-
hort was to evaluate the prevalence and 
incidence of metabolic bone diseases 
and mineral metabolism disorders. 
Controls included in the current study 
were sex-matched subjects without any 
known condition or drug treatment that 
might influence glucose metabolism 
and who were not taking any glucose-
lowering medications. None of the pa-
tients was on glucose-lowering drugs 
or insulin therapy and none of the con-
trols was receiving glucocorticoids. All 
patients and controls had a glycaemia 
<7 mmol/l. Since glucocorticoids are 
often used in the management of SLE, 
patients taking prednisone, or an equiv-
alent dose ≤10 mg/day, were not ex-
cluded. Patients were excluded if they 
had a history of diabetes, myocardial 
infarction, angina, stroke, a history of 
cancer, or any other chronic disease, or 
evidence of active infection. In contrast 
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to a former report related to the same 
issue (15), in our study a glomerular 
filtration rate <60 ml/min/1.73 m2 was 
also considered an exclusion criteria 
due to the relationship of end-stage 
renal disease with both cardiovascular 
disease (16) and with the risk of insulin 
resistance (17). The study protocol was 
approved by the Institutional Review 
Committee at Hospital Universitario 
de Canarias and all subjects provided 
informed written consent.

Assessments
The homeostatic model assessment 
(HOMA) method was performed to de-
termine IR. Briefly, the HOMA model 
is used to yield an estimate of insulin 
sensitivity (%S) and β-cell function 
(%B) from fasting plasma insulin, C-
peptide, and glucose concentrations. In 
this study we have used HOMA2: the 
updated-computer HOMA model (15). 
This model can be used to assess insu-
lin sensitivity and β-cell function from 
paired fasting plasma glucose and spe-
cific insulin, or C-peptide, concentra-
tions across a range of 1–2,200 pmol/l 
for insulin and 1–25 mmol/l for glu-
cose. In our study all of the IR HOMA 
indexes were calculated using both in-
sulin and C-peptide. C-peptide better 
estimates β-cell function since it is a 
marker of secretion; and insulin data is 
preferable when calculating %S since 
HOMA-%S is derived from glucose 
disposal as a function of insulin con-
centration. The computer model gives 
a value for insulin sensitivity expressed 
as HOMA2-%S (where 100% is nor-
mal). HOMA2-IR (insulin resistance 
index) is simply the reciprocal of %S. 
Insulin (Architect Abbott, 2000I) and 
C-peptide (Immulite 2000, Siemens) 
were determined by chemiluminescent 
immunometric assays. Standard tech-
niques were used to measure plasma 
glucose, C-reactive protein (CRP), the 
Westergren erythrocyte sedimentation 
rate (ESR) and serum lipids.

Data collection
Surveys in SLE patients and controls 
were performed in the same way. Sub-
jects completed a cardiovascular risk 
factor and medication use question-
naire and underwent a physical exam-

nation to determine their anthropomet-
rics and blood pressure. Hypertension 
was defined as a systolic or a diastolic 
blood pressure higher than respectively 
140 and 90 mmHg. Dyslipidaemia was 

defined if one of the following was 
present: total cholesterol >200 mg/dl, 
triglyceride >150 mg/dl, HDL choles-
terol <40 in men or <50 mg/dl in wom-
en, or LDL cholesterol >130 mg/dl. 

Table I. Demographic data of controls and patients.    
   
 Controls (n=82) Patients (n=87) p

Female, n (%) 77 (94) 83 (95) 0.66
Age, years 54 ± 10 50 ± 10 0.01
BMI, kg/m2 29 ± 6 28 ± 5 0.11
BMI > 30 kg/m2 25 (30) 27 (31) 0.07
Waist circumference, cm 91 ± 12 94 ± 12 0.33
Systolic pressure, mmHg 131 ± 14 135 ± 22 0.35
Diastolic pressure, mmHg 81 ± 11 80 ± 11 0.37

Comorbidity      
Hypertension, n (%) 25 (30) 29 (33) 0.65
Dyslipidaemia, n (%) 23 (28) 23 (26) 0.81
Currently smoking, n (%) 15 (16) 16 (18) 0.69
Antihypertensive treatment, n (%) 27 (33) 27 (31) 0.79
Statins, n( %) 6 (7) 19 (22) 0.01

Laboratory data      
CRP, mg/l 2.0 (0.9-4.0) 1.9 (1.0-4.4) 0.21
Cholesterol, mg/dl 208 ± 36 195 ± 32 0.01
Triglycerides, mg/dl 112 ± 65 117 ± 60 0.61
LDL, mg/dl 131 ± 35 113 ± 27 0.00
HDL, mg/dl 56 ± 13 58 ± 16 0.23
Apo lipoprotein A, mg/dl 184 ± 35 170 ± 31 0.01
Apo lipoprotein B1, mg/dl 108 ± 26 88 ± 21 0.00
Apo B/Apo A index 0.60 ± 0.17 0.54 ± 0.17 0.04
Atherogenic index 3.91 ± 0.92 3.58 ± 1.17 0.06

SLE-related data      
Disease duration, years 16 (9-21) 
SLICC 2 (1-3) 
Katz Index 2 (1-4) 
SLEDAI 2 (0-6) 

SLEDAI activity categories, n (%)   
No activity 35 (40) 
Mild 28 (32)
Moderate 18 (21) 
High 5 (6) 
Very high 1 (1) 
Anti DNA positive, n (%) 58 (67) 
ENA positive, n (%) 62 (71)
C3, mg/dl 83 ± 23 
C4, mg/dl 16 ± 7 
Leucocytes, cells/mm3 5,500 ± 2,000 
Hypocomplementaemia, n (%) 25 (29) 
Current prednisone, n (%) 49 (56) 
Prednisone, mg/day 2 ± 3 
Hydroxychloroquine, n (%) 56 (64) 
Mycophenolate mofetil, n (%) 10 (11) 
Azatioprine, n (%) 16 (18) 
Rituximab, n (%) 2 (0) 
Belimumab, n (%) 2 (0) 

Carotid intima media assessment      
Carotid plaque, n (%) 17 (20) 
 cIMT, mm  0.646 ± 0.116  

Data represent means±SD or median (IQR) when data were not normally distributed. 
BMI: body mass index; C3 C4: complement; CRP: C-reactive protein; LDL: low-density lipoprotein
DMARD: disease-modifying anti-rheumatic drug; ESR: erythrocyte sedimentation rate; HDL: high-
density lipoprotein; ANA: antinuclear antibodies; ENA: extractible nuclear antibodies; SLEDAI: Sys-
temic Lupus Erythematosus Disease Activity Index;  SLICC: Systemic Lupus International Collaborat-
ing Clinics/American Colleague of Rheumatology Damage Index; cIMT: carotid intima media thickness.
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Atherogenic index was calculated us-
ing total cholesterol/HDL cholesterol 
ratio. Medical records were reviewed 
to ascertain specific diagnoses and 
medications. SLE disease activity and 
damage were assessed using the Sys-
temic Lupus Erythematosus Disease 

Activity Index (SLEDAI-2K) (16) and 
the SLICC/ACR Damage Index (SDI) 
(17), respectively. For the propose of 
the present study, the SLEDAI index 
was broken down into none, mild, 
moderate, high, and very high activity 
as previously described (18). Disease 

severity was measured as well, using 
the Katz Index (19). 

Carotid ultrasound assessment
Carotid ultrasound was performed to 
assess carotid intima-media wall thick-
ness (cIMT) in the common carotid ar-
tery and to detect focal plaques in the 
extracranial carotid tree in patients with 
RA. A commercially available scan-
ner, Mylab 70, Esaote (Genoa, Italy) 
equipped with a 7-12 MHz linear trans-
ducer and an automated software guid-
ed radiofrequency technique – Quality 
Intima Media Thickness in real-time 
(QIMT, Esaote, Maastricht, Holland) 
– was used for this purpose. Based on 
the Mannheim consensus, plaque crite-
ria in the accessible extracranial carotid 
tree (common carotid artery, bulb and 
internal carotid artery) were defined as 
follows: a focal protrusion in the lumen 
measuring at least cIMT >1.5 mm; a 
protrusion at least 50% greater than the 
surrounding cIMT; or arterial lumen en-
croaching >0.5 mm (20).

Table II. Multivariate regression analysis of the differences between controls and patients 
in IR indexes
 
 Univariate Adjusted*
 
 Controls SLE  p beta coef. (95%CI) p

Glucose, mg/dl 87 ± 8 87 ± 9 0.81 2 (-5-2) 0.32
Insulin, uU/ml 9.68 ± 9.27 7.90 ± 5.36 0.13 -3.27 (-7.27-0.73) 0.11
C-peptide, ng/ml 1.34 ± 0.62 2.61 ± 1.51 0.00 0.74 (0.35-1.13) 0.00
HOMA2-IR 1.13 ± 0.70 1.01 ± 0.67 0.28 -0.19 (-0.49-0.12) 0.23
HOMA2-S% 115 ± 57 139 ± 78 0.03 21 (-13-54) 0.23
HOMA2-B% 98 ± 51 100 ± 42 0.81 -3 (-22-17) 0.78
HOMA2-IR-C-peptide 0.97 ± 0.45 1.90 ± 1.12 0.00 0.53 (0.25-0.82) 0.00
HOMA2-S%-C-peptide 131 ± 91 75 ± 49 0.00 -37 (-63--11) 0.01
HOMA2-B%-C-peptide 101 ± 36 155 ± 61 0.00 35 (18-52) 0.00

Beta coefficient (95% confidence interval) refers to the difference between controls and patients ad-
justed for age, BMI, statins intake, LDL cholesterol serum levels and prednisone intake.  
HOMA2-IR: Homeostatic Assessment Model for determining insulin resistance using insulin and glu-
cose serum levels;  HOMA2%B-C-peptide: Homeostatic Assessment Model for evaluating beta cell 
function using C-peptide and glucose serum levels.     

Table III. Demographics and disease-related factors vis-à-vis IR indexes.
        
 beta coefficient (95% CI), p-value

 HOMA2-IR HOMA2B%-C-peptide

 Univariate model Adjusted model Univariate model Adjusted model

Demographics        
Female -0.20 (-0.89-0.49), 0.56    -50 (-111-11), 0.11  
Age, years 0.01 (-0.00-0.03), 0.12    1 (0-3), 0.04  
Waist circumference, cm 0.02 (0.01-0.04), 0.00    1 (0-2), 0.01  
BMI, kg/m2 0.05 (0.02-0.07), 0.00    3 (1-6), 0.01  
Currently smoking -0.30 (-0.67-0.07), 0.11    -26 (-59-1), 0.13  
Hypertension 0.46 (0.17-0.75), 0.00    45 (18-71), 0.00  
Dyslipidaemia 0.21 (-0.12-0.53), 0.21    22 (-7-51), 0.14  
Antihypertensive treatment 0.47 (0.17-0.77), 0.00    46 (19-72), 0.00  
Statins intake 0.34 (0.00-0.68), 0.05    37 (6-67), 0.02  
LDL cholesterol, mg/dl 0.00 (-0.01-0.00), 0.34    -0 (0-0), 0.28  
CRP, mg/dl 0.00 (-0.00-0.01), 0.59    0.4 (0.04-0.84), 0.03  

SLE duration and analytical data        
Disease duration, years 0.00 (-0.02-0.02), 0.99 0.00 (-0.02-0.02), 0.89 1 (-1.2), 0.51 0.4 (-1.1-1.9), 0.59
Anti-DNA positive, n (%) 0.31 (-0.18-0.80), 0.20 0.21 (-0.27-0.70), 0.38 13 (-26-54), 0.50 9 (-33-51), 0.68
ENA, n (%) 0.10 (-0.23-0.43), 0.54 0.14 (-0.19-0.47), 0.84 7 (-23-37), 0.64 10 (-21-40), 0.53
Hypocomplementaemia 0.11 (-0.25-0.47), 0.56 0.08 (-0.29-0.44), 0.67 9 (-25-42), 0.61 -10 (-45-24), 0.55
SLE related treatments        
Current prednisone 0.25 (-0.04-0.53), 0.09 0.22 (-0.06-0.50), 0.12 29 (4-55), 0.02 47 (31-63), 0.00
Prednisone, mg/day 0.02 (-0.01-0.05), 0.11 0.02 (-0.01-0.05), 0.14 3 (0-5), 0.03 2 (0-5), 0.03
Current any DMARDs 0.05 (-0.33-0.42), 0.81 0.15 (-0.26-0.56), 0.75 -3 (-37-30), 0.84 11 (-67-207), 0.31
Hydroxychloroquine 0.21 (-0.09-0.10), 0.17 0.21 (-0.10-0.52), 0.18 2 (-25-29), 0.87 7 (-23-36), 0.65
Azathioprine -0.08 (-0.45-0.30), 0.69 0.00 (-0.35-0.36), 0.99 11 (-23-44), 0.53 20 (-12-53), 0.22
Mycophenolate mofetil  -0.04 (-0.49-0.41), 0.86 -0.16 (-0.63-0.31), 0.49 -7 (-47-34), 0.75 -30 (-74-14), 0.18

Adjusted models are adjusted for variables with a p value lower than 0.20 of the previous univariate model. 
BMI: body mass index; CRP: C-reactive protein; LDL: low-density lipoprotein; ENA: extractible nuclear antibodies; DMARD: disease-modifying anti-
rheumatic drug;  HOMA2-IR: Homeostatic Assessment Model for determining insulin resistance using insulin and glucose serum levels; HOMA2%B-        
C-peptide: Homeostatic Assessment Model for evaluating beta cell function using C-peptide and glucose serum levels.
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Statistical analysis 
Demographic and clinical characteris-
tics shown in Table I were compared 
between SLE patients and controls us-
ing χ2 tests for categorical variables or a 
Student t-tests for continuous variables 
(data expressed as mean ± standard de-
viation- SD). For non-continuous varia-
bles, either a Mann-Whitney U-test was 
performed or a logarithmic transforma-
tion was made, and data are expressed 
as a median and interquartile range 
(IQR). To investigate the differences 
in IR indexes and glucose metabolism 
molecules serum levels between SLE 
patients and controls, we constructed 
two models: an unadjusted model for 
the univariate differences, and an ad-
justed model using those variables with 
a p-value lower than 0.20 previously 
identified in Table I (age, BMI, statins 
intake, LDL cholesterol serum levels 
and prednisone intake). Demographic 
and disease-related data associations 
with IR indexes are shown in Table III 
using multivariate linear regression. In 
this table, adjusted regression models 
are controlled by confounders defined 
as those variables associated with both 
HOMA2-IR and HOMA2-C-peptide 
indexes at a significant p-level lower 
than 0.20 in the univariate model. The 
study of the relation of disease activ-
ity with IR indexes and insulin and C-
peptide serum levels (shown in Table 
IV) was assessed through 3 multivari-

ate models. For this analysis, SLEDAI 
was divided in three levels: a reference 
category of non-activity, and 2 catego-
ries of mild or moderate, and high or 
very high activity, respectively. In this 
table, model 1 represents the univari-
ate relationship of SLE indexes with 
HOMA IR indexes and insulin and C-
peptide serum levels; model 2 was ad-
justed for the demographics variables 
found to have a p-value less than 0.20 
in Table III (age, body mass index, 
waist circumference, smoking, dyslipi-
daemia, hypertension and the presence 
of treatment for hypertension); model 
3 was adjusted for model 2 plus those 
variables, related to the disease, found 
to have an association with IR indexes 
of p<0.20 in Table III. In this case, be-
cause both binary and continuous pred-
nisone was found to have a ‘p’ value 
less than 0.20, prednisone was included 
as a continuous variable since it ap-
peared to contribute more information 
to the model. All sets linear regression 
models with the higher r2 correlation 
coefficient were selected to illustrate 
the variability of IR indexes using the 
minimum number of predictors. All the 
analyses used a 5% two-sided signifi-
cance level and were performed using 
SPSS software, v. 21 (IBM, Chicago, 
IL, USA), and STATA software, v. 13/
SE (Stata Corp., College Station, TX, 
USA). A p-value <0.05 was considered 
statistically significant.

Results
Demographic, analytical and 
disease-related data
A total of 169 sex-matched participants, 
87 patients with SLE and 82 controls, 
with a mean ± SD age of 50±10 years 
and 54±10 years, respectively, were in-
cluded in this study. Demographic and 
disease-related characteristics of the 
participants are shown in Table I. There 
were no differences between patients 
and controls with regard to body mass 
index (BMI), waist circumference, and 
the presence of hypertension or dyslip-
idaemia. However, statins intake was 
more frequently found in SLE patients 
than in controls.  
The median SLE disease duration was 
16 years (interquartile range-IQR- 
9–21) and SLICC and Katz indexes 
were, respectively, 2 (IQR 1–3) and 
2 (IQR 1–4). Forty percent of the pa-
tients were categorized as having no 
activity based on the SLEDAI index, 
while 32%, 21%, 6% and 1% were 
classified, respectively, in the mild, 
moderate, high and very high groups 
of disease activity. More than a half of 
them (56%) were taking prednisone (2 
± 3 mg/day). Fifty-eight (67%) patients 
were found to be positive for anti-DNA, 
and 62 (71%) expressed some of the 
extractible nuclear antibodies (ENA) at 
the time of the study. Fifty-six (64%) 
patients were on hydroxychloroquine, 
while mycophenolate mofetil, azathio-

Table IV. Multivariate regression analysis of disease activity and damage indexes relationship with insulin resistance parameters and indexes
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prine and rituximab and belimumab 
were less frequently used (Table I). 
Regarding carotid intima media assess-
ment, 20% of the patients in our series 
had carotid plaques. The average cIMT 
was 0.646±0.116 mm.

Differences in IR indexes between 
SLE patients and controls 
SLE patients showed higher serum 
levels of C-peptide (1.34±0.62 vs. 
2.61±1.51 ng/ml, p=0.00) when com-
pared to controls. Similarly, HOMA2-
IR-C-peptide (beta coef. 0.53 [95% 
CI - confidence interval - 0.25–0.82], 
p=0.00), HOMA2-S%-C-peptide (beta 
coef. -37 [95% CI -63 – -11], p=0.01), 
and HOMA2-B%-C-peptide (beta coef. 
35 [95% CI 18-52], p=0.00) values 
yielded statistically significant differ-
ences between patients and controls 
even after adjusting for traditional IR-
related factors and prednisone intake. 
HOMA2-IR indexes related to insulin 
were not different between patients and 
controls (Table II).

Association of classic IR and 
disease-related factors with IR 
in SLE patients
Since both C-peptide and insulin data 
were available in our study, and because 
there is a logic for using C-peptide data 
to calculate β-cell function (the former 
is a marker of secretion) and insulin 
data to calculate IR (HOMA-IR is de-
rived from glucose disposal as a func-
tion of insulin concentration), these two 
indexes, HOMA2-IR and HOMA2-
B%-C-peptide, were selected to illus-
trate the relationship between classic 
factors associated with IR and disease-
related characteristics with IR indexes, 
as shown in Table III.
Waist circumference, BMI, hyperten-
sion and anti-hypertensive treatment 
were all strongly associated with both 
IR and β-cell function indexes. Addi-
tionally, age and the use of statins were 
related with HOMA2%B-C-peptide 
but not with HOMA2-IR. In contrast, 
factors associated with the disease had 
no association with HOMA2-IR in-
dexes. In this sense, disease duration, 
the presence of anti-DNA or ENA, 
hypocomplementaemia, and the use 
of DMARDs, hydroxychloroquine, 

azathioprine or mycophenolate mofetil 
were not related to IR indexes, even 
though this analysis was adjusted for 
the traditional factors associated with 
IR. Only prednisone, when used in bi-
nary or continuous (mg/day) fashion, 
was linked to HOMA2%B-C-peptide 
even after adjusting for traditional fac-
tors associated with IR. A trend for the 
same association was also found with 
HOMA2IR, although statistical signifi-
cance was not reached.

Relationship between disease 
scores and IR indexes
Table IV shows how disease activity, 
damage and severity scores were as-
sociated with insulin and C-peptide 
serum levels and HOMA2IR indexes. 
The Katz severity index showed a 
marginally significant association in 
the univariate analysis, with a higher 
HOMA2-IR-C-peptide and a lower 
HOMA2-S%-C-peptide. This associa-
tion was not found with the HOMA2IR 
indexes constructed with insulin. When 
this analysis was adjusted for classic 
IR factors, the association of the Katz 
index with a lower HOMA2-S%-C- 
peptide became significant (beta coef. 
-5 95%CI [-11– -0], p=0.04). However, 
after adjusting for prednisone intake, 
this association was lost.
The SLICC index was strongly associ-
ated with insulin and C-peptide serum 
levels and with almost all the HOMA2-
IR indexes. In this regard, a log SLICC 
increase of one unit was associated with 
a reduction in HOMA2-S%-C-peptide 
of 30% (95%CI[-47– -14], p=0.00), and 
an enhanced beta cell function of 37% 
(95%CI[16–57], p=0.00). When this 
analysis was performed, adjusting for 
classic IR factors, some of the effects 
were attenuated. However, log SLICC 
still showed an association with higher 
levels of insulin serum levels and with 
higher HOMA2-IR-C-peptide indexes 
(Table IV). Interestingly, in the third 
model, when adjusted for prednisone in-
take, the association of SLICC index with 
higher C-peptide (beta coef. 0.7 95%CI 
[0.1–1.3], p=0.03) serum levels and HO-
MA2IR C-peptide (beta coef. 0.5 95%CI 
[0.1–1.0], p=0.02) was maintained.
The SLEDAI index, an index related to 
clinical manifestations during the pre-

vious 10 days, and which accounts for 
disease activity, had no relation with IR 
indexes in the 3 models studied.
The proportion of the variation of both 
HOMA-IR and HOMA2-B%-C-peptide 
(expressed as r2 correlation coefficient) 
explained by the addition of a different 
set of variables to the model was studied 
through an all sets multivariate descrip-
tive regression analysis. With respect to 
HOMA2-IR, the combination of waist 
circumference, hypertension and cur-
rent oral prednisone (mg/day) was the 
model with the highest R2 correlation 
coefficient (r2 correlation coefficient = 
0.27). In contrast, the HOMA2-B%-C-
peptide model was better explained by 
the combination of BMI, smoking, hy-
pertension, current oral prednisone (mg/
day), C-reactive protein (mg/dl) and log 
SLICC index (r2 correlation coefficient 
= 0.28) (Table V).

Subclinical atherosclerosis and IR 
in SLE patients
In the univariate analysis, while HO-
MA2IR C-peptide was positively relat-
ed to carotid plaque (OR 3.15 [95%CI 
1.17–8.51], p=0.02), HOMAIR-S%-C-
peptide was negatively associated with 
cIMT (beta coef. 0.98 [95%CI 0.96–
0.99], p=0.03). However, after adjusting 
for classic cardiovascular risk factor, 
this relationship was lost (Table VI).

Discussion
In the present study we confirm that 
IR is increased in SLE patients when 
compared to controls. It is worth not-
ing that according to our results these 
differences may be the result of beta 
cell function impairment. Similarly, 
we found that this augmented IR is 
independently related to the damage 
that the disease causes over time and 
that, although statistical significance 
was not reached in the multivariable 
analysis, it may be associated with the 
accelerated subclinical atherosclerosis 
observed in SLE patients. 
To the best of our knowledge, C-
peptide serum levels had never been 
assessed in SLE. In our study we dis-
closed that C-peptide is up-regulated in 
SLE patients and that it is independent 
of other classic IR risk factors and/or 
prednisone intake. Interestingly, the 
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use of C-peptide, instead of insulin, 
yielded higher HOMA2-IR indexes. 
Previous studies found that insulin 
levels and HOMA-IR are significantly 
increased in SLE patients compared to 
controls (15, 24). However, in the pre-
sent study levels of both parameters 
were not found increased in SLE pa-
tients compared to controls. In general, 
levels of C-peptide and insulin correlate 
well in blood but, unexpectedly, in our 
study SLE patients had higher levels of 
C-peptide and lower levels of insulin 
than controls. As discussed before, it 
is possible that IR in SLE patients may 
be mainly mediated by a beta cell im-
pairment mechanism rather than being 
the result of the peripheral IR or insulin 
sensitivity. However, the excess of the 
beta cell function could be due to the 
decrease in peripheral sensitivity. With 
respect to this, El Magadmi et al. found 
that non-diabetic patients with SLE had 
a significant decrease in sensitivity to 
insulin which caused the hyperinsuli-
naemia observed in these patients (15). 

Additionally, it is possible that a lower 
degree of inflammatory burden in SLE 
when compared with that observed in 
patients with inflammatory rheumatic 
diseases such as rheumatoid arthritis 
may explain in part the reason of our 
findings (11). Moreover, the finding 
that the SLICC damage index was also 
associated with HOMA2-IR C-peptide 
and not with HOMA2-IR assessed with 
insulin serum levels further reinforces 
our point of view.
We also observed that traditional cardi-
ovascular risk factors or factors known 
to be associated with IR account for 
the variation of IR in SLE patients. 
In this regard, age, BMI, waist cir-
cumference, hypertension and statins 
use were associated with an increased 
IR. This finding is in agreement with 
previous reports that showed an in-
creased prevalence of traditional risk 
factors for atherosclerosis in patients 
with SLE. For example, a series of 250 
women from the Toronto Lupus Cohort 
showed higher prevalence of hyperten-

sion, diabetes, premature menopause, 
sedentary lifestyle, and at-risk body 
habitus than controls (21). However, 
in our study disease duration or labora-
tory data, such as positivity for ANA, 
ENA or hypocomplementaemia, were 
not associated with IR in the univariate 
analysis or after adjusting for tradition-
al cardiovascular risk factors.
We could not find any beneficial effects 
conferred by hydroxychloroquine or by 
any other anti-rheumatic drugs on IR 
indexes or insulin and C-peptide serum 
levels. This finding is in contrast with 
two recent studies that reported a pro-
tective effect of antimalarial agents on 
the prevalence of metabolic syndrome 
in SLE patients (22) that occurred early 
during the disease course (23). How-
ever, in these studies neither insulin or 
C-peptide serum levels nor HOMA-IR 
indexes were specifically studied. 
SLE patients who receive higher doses 
of glucocorticoids are also more likely 
to have more active and severe disease. 
Therefore, it is possible that disease se-
verity may be responsible for some of 
the metabolic effects attributed to glu-
cocorticoids in SLE. Nevertheless, in 
our study we disclosed that glucocor-
ticoids were associated with HOMA2-
IR-C-peptide after adjusting for covari-
ates. This finding not only implies that 
they may independently exert a delete-
rious effect over IR, but also supports 
the recommendations for using the 
lowest possible dose of glucocorticoids 
for the shortest time to control life- or 
organ-threatening manifestations in 
SLE (24).
Our study also constitutes the first at-
tempt in which the association of IR 
with damage, activity or severity SLE 
disease indexes was studied using in-
sulin or C-peptide serum levels or 
HOMA2 models. With respect to this, 
we established that SLE damage is in-
dependently associated, even after ad-
justing for prednisone intake, with HO-
MA2-IR-B%-C-peptide. Our finding is 
in agreement with previous reports that 
showed disease activity or damage to 
correlate with IR. For example, Parker 
et al. (23, 25) reported that metabolic 
syndrome is a persistent phenotype in a 
significant proportion of patients with 
SLE and that active inflammatory dis-

Table V. All subsets regression model for predicting insulin resistance in SLE patients. 
  
 beta coefficient (95% CI), p-value 

 HOMA-IR HOMA2B%-C-peptide

Waist circumference, cm 0.02 (0.00-0.03), 0.01 
BMI, kg/m2   0.05 (0.01-0.09), 0.01 
Currently smoking    -0.42 (-0.95-0.10), 0.11
Hypertension 0.32 (0.02-0.63), 0.04    
Prednisone, mg/day 0.02 (-0.00-0.05), 0.10 0.35 (-0.10-0.79), 0.13 
CRP, mg/dl    1.02 (-0.61-2.67), 0.10
log SLICC index    18 (-4-40), 0.11

R2 correlation coefficient 0.27 0.28 
 
 BMI: body mass index, kg/m2; CRP: C-reactive protein;  SLICC: Systemic Lupus International Colla-
borating Clinics/American College of Rheumatology Damage Index. 

Table VI. Multivariate analysis of IR indexes vis-à-vis subclinical atherosclerosis in SLE 
patients.
 
 Carotid plaque  IMT, mm
 
 OR 95%CI p p* beta coef. 95%CI p p*

HOMA2IR 1.45 (0.77-2.74) 0.26 0.31 1.09 (0.51-2.34) 0.83 0.82
HOMA2-S% 0.63 (0.33-1.20) 0.16 0.96 0.99 (0.99-1.00) 0.18 0.56
HOMA2-B% 1.06 (0.56-1.99) 0.86 0.66 0.99 (0.99-1.01) 0.96 0.56
HOMA2IR-C-peptide 3.15 (1.17-8.51) 0.02 0.54 1.50 (0.96-2.35) 0.08 0.70
HOMA2S%-C-peptide 0.25 (0.08-0.77) 0.02 0.85 0.98 (0.96-0.99) 0.03 0.75
HOMA2B%-C-peptide 1.86 (0.83-4.18) 0.13 0.60 1.01 (0.99-1.01) 0.15 0.55

HOMA2IR: Homeostatic Assessment Model for determining insulin resistance using insulin and     
glucose serum levels;  HOMA2%B-C-peptide: Homeostatic Assessment Model for evaluating beta cell 
function using C-peptide and glucose serum levels.         
p* adjusted for age, hypertension, dyslipidaemia and smoking.
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ease and damage are SLE-related fac-
tors that promote the development of 
metabolic syndrome. 
To further investigate the impact of sev-
eral disease-related or classic cardio-
vascular factors on the development of 
IR in SLE, we constructed a predictive 
model to explain IR variability for HO-
MA2-IR and HOMA2-IR-C-peptide in-
dexes. Interestingly, the SLICC damage 
score included in this predictive model 
proved to be one of the most decisive 
factors. This supports, the aforemen-
tioned role of disease damage over IR 
in SLE patients.
Atherosclerotic plaques in the carotid 
arteries, which correlate with the pres-
ence of severe lesions in the coronary 
arteries, are found in a higher propor-
tion of patients with SLE than in age- 
and sex-matched controls (5, 26). In our 
study, we observed an association be-
tween IR and carotid plaques and cIMT. 
However, this association was lost after 
adjusting for traditional cardiovascular 
risk factors. One plausible explana-
tion for this may be that our study was 
underpowered to examine the associa-
tion of carotid ultrasound abnormalities 
with IR, since our primary end point 
was to address the relationship of dis-
ease-related factors with IR rather than 
the impact of subclinical atherosclero-
sis on the development of IR. Neverthe-
less, the univariate analysis suggests a 
possible relationship between IR and 
subclinical atherosclerosis in SLE. In 
any case, further studies are needed to 
better understand the specific nature of 
this relationship in SLE. 
In conclusion, C-peptide serum levels 
and IR indexes are up-regulated in SLE 
patients. Not only traditional IR risk 
factors and prednisone intake, but also 
SLE disease damage account for this 
up-regulation. A better understanding 
of the interplay between IR and disease 
activity, therapeutic exposure and tradi-
tional cardiovascular risk factors may 
be useful for improving cardiovascular 
risk stratification in patients with SLE.
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