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ABSTRACT

Objective To investigate the occurrence of and risk
factors for progression of carotid intima media thickness
(IMT) and plaque in women with and without SLE.
Methods A cohort of 149 women with SLE and 126
controls participated in SOLVABLE (Study of Lupus
Vascular and Bone Long-term Endpoints). Demographics,
cardiovascular and SLE factors, and laboratory
assessments were collected at baseline. Carotid IMT
and plaque were measured using B-mode ultrasound
at baseline and at 5-year follow-up. Regression models
were used to identify predictors of progression in carotid
IMT and plaque; multivariate models were adjusted for
age, hypertension and total cholesterol to high-density
lipoprotein ratio.
Results The mean±SD follow-up time was 5.35±0.60
years in cases and 5.62±0.66 years in controls. The mean
IMT change per year was 0.008±0.015 mm in cases
and 0.005±0.019 mm in controls (p=0.24). At follow-
up, 31.5% of cases and 15% of controls had plaque
progression, with a relative risk for plaque progression of
2.09 (95% CI 1.30 to 3.37). In SLE cases, higher fasting
glucose and lower fibrinogen were associated with IMT
progression after adjustment. Larger waist circumference
and non-use of hydroxychloroquine were associated with
plaque progression after adjustment.
Conclusion Potential modifiable risk factors for carotid
IMT and plaque progression in women with SLE were
identified, suggesting that monitoring of glucose and waist
circumference and use of hydroxychloroquine may be
beneficial.

Key messages
What is already known about this subject?
►► Adult patients with lupus have increased subclini-

cal atherosclerosis, as measured by carotid intima
media thickness and carotid plaque, compared with
healthy controls.
What does this study add?
►► Higher fasting glucose and lower fibrinogen level

were risk factors for progression of intima media
thickness over a span of 5 years in adult women
with lupus.
►► Larger waist circumference and non-use of hydroxychloroquine were risk factors for plaque progression
over a span of 5 years in adult women with lupus.
How might this impact on clinical practice or future
developments?
►► Stringent control of these modifiable risk factors may
protect adult women with lupus from accelerated
atherosclerosis and adverse cardiovascular events.

(IMT) and carotid atherosclerotic plaque in
patients with SLE when compared with age-
matched and sex-
matched controls.5–8 In
a prospective, observational study of adult
women with SLE and no previous cardiovascular events, we found baseline carotid IMT
and presence of plaque to be predictive of any
adverse cardiovascular events, independent
of traditional cardiovascular risk factors and
INTRODUCTION
medication use.9
Cardiovascular disease (CVD) is a well- When compared with the general populaestablished cause of morbidity and mortality tion, progression of atherosclerosis has been
in patients with SLE and is known to occur at found to be accelerated in SLE. However,
an earlier age than the general population.1–4 studies investigating risk factors for this accelInvestigations into subclinical atherosclerosis erated progression are few and have yielded
in patients with SLE have been undertaken varied results.
with the hope of identifying modifiable risk
Carotid IMT progression has been assofactors for CVD. Earlier studies have observed ciated with age,10 age at diagnosis,11 longer
increased carotid intima media thickness duration of SLE,11 12 higher C3 level,11 13
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Risk factors for changes in carotid
intima media thickness and plaque over
5 years in women with systemic
lupus erythematosus
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METHODS
Study population
Details of our study population have been described
previously.19 Briefly, women aged ≥18 years from the
Chicago Lupus Database (CLD) who met at least four of
the 1982 or updated 1997 American College of Rheumatology (ACR) classification criteria for SLE were invited
to participate. The first 185 respondents were enrolled
in SOLVABLE (Study of Lupus Vascular and Bone Long-
term Endpoints). Healthy control women without SLE
(n=186) were recruited from the general population,
matched to patients with SLE by age (±5 years), ethnicity
and residence zip code from 2002 to 2009.
Data collection
All study participants provided informed consent prior
to enrolment. Study participants were followed for up to
5 years over the time span from 2004 to 2013. During study
visits at baseline, 36 months and 60 months, each participant provided blood and urine samples for laboratory
tests, completed a self-administered questionnaire and a
physician performed a physical examination. This study
focuses on the study subjects who completed follow-up
data obtained at 60 months.
SLE-related factors
Trained assessors collected and completed measures
of lupus disease activity (Systemic Lupus Erythematosus Disease Activity Index 2000 (SLEDAI-2K))20 and
damage (American College of Rheumatology Systemic
Lupus International Collaborating Clinics Damage Index
(ACR/SLICC-
DI)), excluding coronary artery bypass
2

grafting, myocardial infarction (MI), stroke and angina
(modified ACR/SLICC-DI). Disease duration was calculated using the date the fourth ACR classification criteria
for lupus21 22 was fulfilled. Self-reported information on
use of corticosteroids, hydroxychloroquine (HCQ) and
immunosuppressants was collected at each visit and verified in CLD; 10% of study participants were sampled
and their reports were found to be 100% consistent with
the medical record. Patients with SLE with active lupus
nephritis were excluded at the time of enrolment. A
history of lupus renal disease was defined as being present
if the subject fulfilled the ACR classification criteria for
lupus renal involvement (greater than 0.5 g/day or 3+
proteinuria and/or presence of cellular casts) or had a
renal biopsy demonstrating immune complex-mediated
glomerulonephritis.
Traditional cardiovascular risk factors
Age, self-reported race/ethnicity, current smoking status
and current medication use were obtained from the questionnaire. Blood pressure and waist circumference were
measured twice and the mean was used for analysis.
Laboratory tests included fasting lipids, homocysteine,
fasting glucose and lipoprotein(a) measured in the Lipid
Laboratory at the University of Pittsburgh, Graduate
School of Public Health, which has been certified by the
Centers for Disease Control and Prevention; C reactive
protein and fibrinogen were measured at the University
of Vermont.19
Hypertension at baseline was defined a priori as present
if systolic blood pressure was ≥140 mm Hg or diastolic
blood pressure was ≥90 mm Hg or if on an antihypertensive medication excluding use solely for renal disease.
The total cholesterol to high-density lipoprotein (HDL)
ratio was calculated. Presence of diabetes was determined
if the fasting glucose level was ≥126 mg/dL, if the patient
was currently taking diabetes medication or if the patient
self-reported diabetes.
Imaging and subclinical CVD outcome measures
Study participants underwent assessment for carotid IMT
and plaque with carotid ultrasounds at baseline and at
60-month follow-up. Carotid ultrasounds were obtained
by technicians who received training at the University
of Pittsburgh using B-
mode ultrasound. All baseline
and 5-year follow-up carotid ultrasound readings were
performed at the University of Pittsburgh Ultrasound
Research Laboratory by radiologists who followed strict
protocols. Ultrasound images were read in a blinded
fashion. The reproducibility of carotid duplex scanning
using this technique has been previously documented.23 24
Ultrasound technicians were blinded to subjects’ SLE/
control status.
Carotid IMT was measured across eight sites, including
the bilateral near and distal walls of the common carotid
artery, the distal wall of the carotid bulb, and the internal
carotid artery. Average carotid IMT was obtained from
these eight measurements. Difference in the mean of
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higher homocysteine level,11 immunosuppressant use13
and presence of nephrotic-range proteinuria12 at baseline. In contrast, Kiani et al14 did not find age at diagnosis
or any SLE-related factors to be significantly associated
with carotid IMT progression. We have shown that women
with SLE with depression have increased carotid IMT
progression when compared with those without.15
Plaque progression has been associated with higher
baseline homocysteine level,16 17 longer SLE disease
duration,14 16 17 higher C3 level13 and immunosuppressant use.13 Only Thompson et al13 found lupus activity (as
measured by the Systemic Lupus Activity Measure score)
to be significantly associated with plaque progression
after controlling for age.13 We did not find depression to
be associated with plaque progression, despite the relationship with IMT progression.15 A recent study found
several factors including longer baseline disease duration
and higher cumulative prednisone dose to be predictive
of plaque progression, but only in patients with SLE who
were in low disease activity over >50% of follow-up time.18
While previous longitudinal studies spanned 2–3 years,
our study investigated progression over a longer follow-up
period of 5 years to refine the identification of risk factors
for carotid IMT and plaque progression in patients with
SLE.

Co-m orbidities

Statistical methods
Patient demographic data, laboratory values and subclinical CVD measures were described as mean, SD and
percentages. IMT progression was analysed as a continuous variable and defined as the difference in IMT
between follow-up and at baseline visit. Change in IMT
was normally distributed. Plaque progression was analysed
as a dichotomous variable (present/abnormal vs absent/
normal).
Linear and logistic regression models were used to estimate the relationships of progression of IMT and plaque,
respectively, with the various baseline cardiovascular risk
factors in SLE cases. These models were further adjusted
for age, total cholesterol to HDL ratio and presence of
hypertension. Smoking status and diabetes were not
included in the adjustment covariates due to too few cases
self-identified as current smokers or defined as diabetic.
Time to follow-up was not significantly correlated with
progression measures and was thus not included.
Linear regression results were reported as β-coefficient
with 95% CI. β-coefficients represented annual change
in IMT for 1 SD difference for a continuous risk factor.
Logistic regression results were reported as OR with
95% CI.
A second analysis was done using combined data from
cases and controls in which the presence of SLE was
univariately regressed against the progression variables as
an independent variable. This model was also adjusted
for age, total cholesterol to HDL ratio and presence of
hypertension.
Of the 149 SLE cases, 12 had prior CVD events (MI,
percutaneous transluminal coronary angioplasty, angina,
coronary artery bypass graft, cerebrovascular accident or
transient ischaemic attack) confirmed on chart review.
A sensitivity analysis was performed excluding SLE cases
with prior CVD events. We did not observe any significant difference in regression results; therefore, the results
presented here include SLE cases with prior CVD events.
All data analyses were performed using SAS V.9.4
software.

RESULTS
Of the 185 women with SLE enrolled, 36 did not have
a follow-
up visit (20 refused participation, 3 did not
respond, 2 were unable to be reached, 2 relocated and
9 were deceased). Of the nine deceased patients with
SLE, the cause of death was known in five: two died from
heart failure, one died from lung cancer, one died from
unknown cancer and one died from infectious complications. SLE cases lost to follow-up had a higher rate
of smoking, End stage renal disease (ESRD) and corticosteroid use at baseline compared with the SLE cases
included in this study (data not shown).
Of the 186 controls enrolled, 60 did not have a follow-up
visit (one died from unknown cancer and the remainder
refused participation or could not be reached). The lost
to follow-
up controls had higher baseline glomerular
filtration rate (GFR) and a higher percentage of African
Americans and Asians compared with the controls
included in this study (data not shown).
A total of 149 SLE cases and 126 controls were included
in the subsequent analyses. The mean±SD time to
follow-up was 5.35±0.60 years in cases and 5.62±0.66 years
in controls.
Demographics and traditional cardiovascular risk factors
The mean±SD age at first study visit was 43.2±10.1 years in
cases and 46.6±10.0 years in controls (p=0.006; table 1).
Most were Caucasian, with a small percentage of current
smokers at baseline. More SLE cases were noted to have
hypertension compared with controls (52.3% vs 23.8%,
p<0.001). Fasting glucose levels in SLE cases were
91.0±18.5 mg/dL compared with 96.8±18.5 mg/dL in
controls (p=0.01). Homocysteine level in SLE cases was
higher than that found in controls (11.2±4.1 vs 8.6±2.6,
p<0.001). In cases, the mean total cholesterol to HDL
ratio was 3.7±1.4, with 7.4% taking statin medication and
20.8% taking aspirin. In controls, the mean total cholesterol to HDL ratio was 3.5±1.0, with 4.8% taking statin
and less were taking aspirin (7.1%) compared with cases
(p=0.001). GFR was not significantly different between
cases and controls (p=0.89).
SLE factors
At baseline visit, the mean±SD SLEDAI-2K and modified
ACR/SLICC-
DI scores were 3.98±3.63 and 1.56±1.78,
respectively (table 1). The median modified ACR/
SLICC-DI score was 1.0 with an IQR of 2.0. The average
disease duration was 12.0±8.6 years. Anti-double stranded
DNA (dsDNA) antibody by the Crithidia luciliae method
was present in 49% (positive result was ≥1:10 titres), with
a mean titre of 87.5±182.8 at baseline.
Of SLE cases, 37.6% were taking corticosteroids
at baseline, with a mean±SD corticosteroid dose of
12.1±8.7. Baseline daily corticosteroid dose was not
significantly different in those with fasting glucose
levels ≥100 mg/dL when compared with those with
fasting glucose levels <100 mg/dL (p=0.44; data not
shown). Of the cases 75% were taking HCQ and 35.6%
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IMT readings at baseline and follow-up was divided by the
follow-up time in years to give a change per year, which
was used for analysis.
Carotid plaque was assessed across eight sites, including
the bilateral common carotid artery, carotid bulb,
external carotid artery and proximal internal carotid
artery. Plaque was defined as a focal, protruding area
that was ≥50% greater than the thickness of the adjacent
intima media layer. The degree of plaque at each site was
graded between 0 (no observable plaque) and 3 (plaque
covering ≥50% of the vessel diameter). The sum of the
grades from each of the eight sites was the plaque index.
Plaque progression was defined as any increase in plaque
index at 60-month follow-up visit. Plaque regression was
defined as any decrease in plaque index at 60-month
follow-
up visit. Plaque index score that remained the
same at the time of follow-up was defined as no change.

Lupus Science & Medicine

SLE cases (n=149)

Controls (n=126)

43.2±10.1

46.6±10.0

P value*

Traditional cardiovascular risk factors
Age, years, mean±SD
Hypertension, n (%)

78 (52.3)

30 (23.8)

0.006
<0.001†

Waist circumference, cm, mean±SD

87.3±16.7

89.3±17.3

0.34

Total cholesterol to HDL ratio, mean±SD

3.7±1.4

3.5±1.0

0.32

GFR, mL/min, mean±SD

82.4±23.0

82.1±19.8

0.89

Diabetes, n (%)‡

14 (9.4)

Current smoker, n (%)

5 (4.0)

13 (8.7)

Lipoprotein(a), mg/dL, mean±SD

46.6±45.5

0.08

11 (8.7)

0.99

37.3±37.8

0.07
0.58

Fibrinogen, mg/dL, mean±SD

329.7±103.7

323.6±82.6

CRP, μg/mL, mean±SD

3.6±7.8

2.9±4.4

0.35

Homocysteine, μmoles/L, mean±SD

11.2±4.1

8.6±2.6

<0.001

Fasting glucose, mg/dL, mean±SD

91.0±18.5

96.8±18.5

0.01

Race, n (%)
 Caucasian

92 (61.7)

87 (69.1)

 African American

42 (28.2)

27 (21.4)

 Asian

9 (6.0)

4 (3.2)

 Hispanic

6 (4.0)

8 (6.4)

0.29†

SLE-related factors
SLEDAI-2K, mean±SD

4.0±3.6

–

–

Modified ACR/SLICC-DI score, mean±SD

1.6±1.8

–

–

Anti-dsDNA titre (by Crithidia), mean±SD

87.5±182.8

–

–

–

–

Positive anti-dsDNA, n (%)

73 (49.0)

Current corticosteroid dose (n=56), mg, mean±SD

12.1±8.7

–

–

C3, mg/dL, mean±SD

97.7±28.4

–

–

C4, mg/dL, mean±SD

19.4±9.0

–

–

Disease duration, years, mean±SD

12.0±8.6

–

–

GFR <50%, n (%)§

4 (2.7)

End-stage renal disease, n (%)§

5 (3.4)

Presence of proteinuria, n (%)§

6 (4.0)

Current medication use
Hydroxychloroquine, n (%)

112 (75.2)

–

–

Corticosteroids, n (%)

56 (37.6)

–

–

Immunosuppressants, n (%)¶

53 (35.6)

–

Oestrogen, n (%)

13 (8.7)

–
9 (7.1)

0.63

Aspirin, n (%)

31 (20.8)

9 (7.1)

0.001

Statin, n (%)

11 (7.4)

6 (4.8)

0.37

Modified ACR/SLICC-DI excluding coronary artery bypass grafting, myocardial infarction, stroke and angina.
*Two-sided t-test used for continuous variables and Fisher’s exact test for proportions.
†χ2 test used.
‡Fasting glucose ≥126 mg/dL or on diabetes medication or self-reported diabetes.
§Defined by ACR/SLICC-DI components.
¶Cyclophosphamide, azathioprine, methotrexate, mycophenolate mofetil, ciclosporin or tacrolimus.
ACR/SLICC-DI, American College of Rheumatology Systemic Lupus International Collaborating Clinics Damage Index; CRP, C reactive protein; GFR,
Glomerular filtration rate; HDL, high-density lipoprotein; SLEDAI-2K, Systemic Lupus Erythematosus Disease Activity Index 2000.

taking immunosuppressants: 5 (3.4%) were taking
cyclophosphamide, 9 (6.0%) azathioprine, 17 (11.4%)
methotrexate, 24 (16.1%) mycophenolate, 5 (3.4%)
ciclosporin and 1 (0.67%) tacrolimus.
4

Four (2.7%) cases had GFR <50% at baseline, five
(3.4%) were in end-stage renal disease and six (4.0%)
had proteinuria by the ACR/SLICC-DI criteria.
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Table 1 Baseline demographics of SLE cases and controls

Co-m orbidities

Cases (n=149)

Controls (n=126)

P value

Baseline
5-year follow-up

0.606±0.129
0.644±0.120

0.632±0.129
0.657±0.134

0.10
0.39

Change per year

0.008±0.015

0.005±0.020

0.24

Any increase at 5-year follow-up
Regression at 5-year follow-up

108 (72.5)
41 (27.5)

84 (66.7)
42 (33.3)

0.36
0.30

CVD events
CVD events were documented throughout the 5-
year
period of this study. We confirmed these CVD events using
participants’ medical records. Seven SLE cases experienced at least one CVD event during the 5-year period.
Two out of the seven SLE cases experienced two separate
CVD events, while five out of the seven SLE cases experienced one CVD event. The nine CVD events reported in
SLE cases included one angina, one MI, two strokes, two
percutaneous transluminal coronary angioplasties and
three transient ischaemic attacks. One control participant
experienced one angina event during the 5-year period.
Imaging markers
Baseline
The mean IMT at baseline was 0.61±0.13 mm in cases and
0.63±0.13 in controls (p=0.1). The mean IMT at follow-up
was 0.64±0.12 mm in cases and 0.66±0.13 mm in controls
(p=0.39) (table 2). Fifty-five (36.9%) cases and 51 (40.5%)
controls had plaque at baseline (p=0.72).
Follow-up
The mean IMT change per year (∆IMTpy) was
0.008±0.015 mm in cases and 0.005±0.019 mm in controls
(p=0.24) (table 2). Of the 149 cases, 108 (72.5%) had any
increase in IMT, and of 126 controls 84 (66.7%) had any
increase in IMT at follow-up (p=0.36). Forty-one (27.5%)
cases and 42 (33.3%) controls had regression in IMT at
follow-up (p=0.30).
At follow-up, 31.5% of cases and 15% of controls had
plaque progression, with a relative risk (RR) for plaque
progression of 2.09 (95% CI 1.30 to 3.37) (table 3). Of
those with plaque at baseline, 24 (16.1%) cases and 10
(7.9%) controls developed more plaque at follow-
up
(p=0.04), while 16 (10.7%) cases and 26 (20.6%) controls
had less plaque at follow-up than at baseline (p=0.04).

Twenty-
three (15.4%) cases and nine (7.1%) controls
had no plaque at baseline and developed new plaque at
follow-up (RR=2.16, 95% CI 1.04 to 4.50). The cases and
controls that had plaque at baseline were more likely to
have progressed at follow-up than those without plaque
at baseline (16.1% vs 15.4% in cases, 7.9% vs 7.1% in
controls).
Analysis of progression risk factors in SLE cases
IMT progression in SLE
Baseline risk factor associations with 5-
year ∆IMTpy
regression results for cases are shown in table 4. In
univariate models, increased baseline fasting glucose and
SLEDAI-2K score were associated with increase in IMTpy.
After adjustment for age, hypertension and cholesterol
to HDL ratio, SLEDAI-2K score was no longer associated
and lower fibrinogen level became associated. No renal
or SLE factors were significantly associated with ∆IMTpy.
Plaque progression in SLE
The 5-year follow-up of plaque progression regression
results is shown in table 5. In univariate models, plaque
progression was associated with older age, presence of
hypertension, larger waist circumference, higher fasting
glucose, higher fibrinogen level, longer disease duration and non-use of HCQ. In multivariate models, after
adjusting for age, hypertension and cholesterol to HDL
ratio, greater waist circumference and non-use of HCQ
remained associated.
Combined analysis for SLE as progression risk factor
In the combined analysis of cases and controls, the presence of SLE was not significantly associated with ∆IMTpy
(β=132.2, 95% CI −90.2 to 354.7). As depression in
women with SLE has been shown to be a risk factor for
IMT progression,15 models were additionally adjusted for

Table 3 Carotid plaque progression categories at 5-year follow-up
No plaque
Plaque and
Relative risk
and no
No plaque and
Plaque and
no change, n Plaque and
of progression
change, n (%) progressed, n (%) regressed, n (%) (%)
progressed, n (%) (95% CI)
Cases (n=149) 71 (47.7)
Controls
66 (52.4)
(n=126)

23 (15.4)
9 (7.1)

16 (10.7)*
26 (20.6)†

15 (10.1)
15 (11.9)

24 (16.1)
10 (7.9)

2.09 (1.30 to 3.37)

Relative risk was calculated as the proportion of cases who progressed compared with the proportion of controls who progressed.
*n=11 regressed to normal, n=5 regressed but were still abnormal.
†n=16 regressed to normal, n=10 regressed but were still abnormal.
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Table 2 Carotid intima media thickness, mm (mean±SD) or n (%)
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Unadjusted

Adjusted†

β‡ (×10−4 mm/year)

95% CI (×10−4 mm/year)

β‡ (×10−4 mm/year) 95% CI (×10−4 mm/year)

Traditional risk factors
 Age, years
 Hypertension, yes/no
 Total cholesterol to high-density
lipoprotein ratio
 Lipoprotein(a), yes/no
 Current smoking status, yes/no

−0.7770
−82.4
29.1
0.0607
0.4991

 Waist circumference, cm

0.3597

 GFR, mL/min
 Homocysteine, mg/dL
 CRP, mg/dL

–

−329.1 to 164.3

–

–

−32.5 to 90.6

–

–

−815.4 to 50.2
0.1461 to 0.8520§
−0.0246 to 7.440

0.0512
338.0

–

−0.0104 to 0.1319

−382.6

 Fasting glucose, mg/dL
 Fibrinogen, mg/dL

−1.9797 to 0.4257

−0.1025 to 0.0002
−2012.0 to 2687.0

0.0606
−369.2

−0.0126 to 0.1338
−808.1 to 69.7

0.5475

0.1825 to 0.9124§

0.3996

−0.0293 to 0.8286

−0.0634
−419.0

−0.1196 to −0.0072
−3106.0 to 2269.0

2.3715

−5.1021 to 9.8450

3.3805

−0.8192

−2.8508 to 1.2124

−1.0197

−4.4866 to 11.2
−3.1061 to 1.0667

−8.8293

−40.0 to 22.3

11.7

−1.9798 to 25.3

SLE-related factors
 Modified ACR/SLICC-DI

−6.9459

 SLEDAI-2K

12.9

 Disease duration, years

−35.1 to 21.2
0.0583 to 25.7

−0.2510

−1.9210 to 1.4191

0.0456

−1.7016 to 1.7928

 C3, mg/dL

0.0431

−0.1082 to 0.1944

0.0526

−0.1134 to 0.2186

 C4, mg/dL

−1.0103

−2.5722 to 0.5515

−1.1131

−2.8064 to 0.5803

 Corticosteroid dose, mg

−0.0740

−1.854 to 1.706

−0.1526

 Anti-dsDNA level
 GFR <50%, yes/no

0.000338

−0.00337 to 0.00404

0.000231

−1.9703 to 1.6650
−0.0035 to 0.0004

−552.3

−1310.4 to 205.8

−575.4

−1346.0 to 196.1

−56.0

−603.3 to 491.4

−127.4

−691.5 to 436.8

−343.0

−968.2 to 282.2

−410.6

−1060.2 to 239.1

−148.4

−433.0 to 136.2

−135.0

−422.6 to 152.6

−1.7

−439.0 to 435.5

37.7

−410.5 to 485.9

 Statin

163.5

−307.7 to 634.7

221.5

−268.1 to 711.1

 Aspirin

−33.4

−337.3 to 270.6

−46.6

−353.0 to 259.8

 Corticosteroid

−11.4

−264.5 to 24.7

−56.4

−320.1 to 207.3

 ESRD, yes/no
 Proteinuria, yes/no
Current medication use
 Hydroxychloroquine
 Oestrogen

 Immunosuppressant¶

−154.9

−411.4 to 101.6

−210.7

−486.4 to 65.0

Modified ACR/SLICC-DI excluding coronary artery bypass grafting, myocardial infarction, stroke and angina.
*Change from baseline to 5 years.
†Adjusted for age, total cholesterol to high-density lipoprotein ratio and presence of hypertension.
‡β-coefficient calculated for a 1 SD increase in risk factor for continuous variables.
§Statistically significant at p<0.05.
¶Cyclophosphamide, azathioprine, methotrexate, mycophenolate mofetil, ciclosporin or tacrolimus.
ACR/SLICC-DI, American College of Rheumatology Systemic Lupus International Collaborating Clinics Damage Index; Anti-dsDNA, Anti-double
stranded DNA; CRP, C reactive protein; ESRD, End stage renal disease; GFR, Glomerular filtration rate; SLEDAI-2K, Systemic Lupus Erythematosus
Disease Activity Index 2000.

the presence of depression; this did not abrogate the association with any of the risk factors.
In the combined analysis of cases and controls, those
with SLE were more likely to have plaque progression when compared with controls in both unadjusted
(OR=2.60, 95% CI 1.43 to 4.72) and adjusted (OR=2.93,
95% CI 1.49 to 5.74) models. The regression models were
additionally adjusted for the presence of depression; associations were not altered.
6

DISCUSSION
In this 5-year follow-up study, we found that among SLE
cases, higher fasting glucose and lower fibrinogen were
independent predictors of carotid IMT progression; large
waist circumference and non-
use of HCQ were independent predictors of plaque progression. SLE was an
independent risk factor for carotid plaque progression,
but not for carotid IMT progression.
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Table 4 Association of intima media thickness progression at 5-year follow-up* and baseline cardiovascular risk factors in
cases

Co-m orbidities

Unadjusted
OR‡

Adjusted†
95% CI

OR‡

95% CI

Traditional risk factors
Age, years

2.01

1.37 to 2.97§

–

–

Hypertension, yes/no

2.60

1.26 to 5.37§

–

–

Total cholesterol to high-density lipoprotein ratio

1.28

0.91 to 1.80

–

–

Lipoprotein(a), mg/dL

1.23

0.88 to 1.72

1.12

0.77 to 1.63

Waist circumference, cm

1.79

1.25 to 2.57§

1.62

1.07 to 2.45§

Current smoking status, yes/no

2.80

0.89 to 8.85

2.09

0.63 to 6.89

Fasting glucose, mg/dL

2.11

1.22 to 3.64§

1.63

0.96 to 2.74

Fibrinogen, mg/dL

1.62

1.13 to 2.31§

1.42

0.95 to 2.14

GFR, mL/min

0.71

0.50 to 1.02

1.04

0.68 to 1.59

Homocysteine, mg/dL

1.30

0.93 to 1.82

1.07

0.74 to 1.56

Modified ACR/SLICC-DI

1.33

0.94 to 1.87

1.09

0.72 to 1.63

SLEDAI-2K

1.08

0.79 to 1.47

1.19

0.83 to 1.70

Disease duration, years

1.57

1.11 to 2.22§

1.45

0.99 to 2.12

C3, mg/dL

1.34

0.94 to 1.90

1.02

0.68 to 1.53

C4, mg/dL

1.32

0.93 to 1.87

1.01

0.68 to 1.49

Corticosteroid dose, mg

1.21

0.70 to 2.09

1.25

0.64 to 2.41

Anti-dsDNA level

0.85

0.57 to 1.27

0.82

0.54 to 1.23

GFR <50%, yes/no

2.22

0.30 to 16.28

1.72

0.22 to 13.27

ESRD, yes/no

3.41

0.55 to 21.13

5.11

0.77 to 33.88

Proteinuria, yes/no

1.09

0.19 to 6.17

1.17

0.18 to 7.63

Hydroxychloroquine

0.43

0.20 to 0.93§

0.38

0.16 to 0.90§

Oestrogen

2.80

0.89 to 8.85

1.95

0.57 to 6.71

Statin

1.91

0.55 to 6.59

1.23

0.30 to 5.00

Aspirin

1.04

0.45 to 2.43

0.94

0.37 to 2.38

Corticosteroid
Immunosuppressant¶

1.25
1.19

0.62 to 2.52
0.58 to 2.43

1.74
1.14

0.77 to 3.93
0.50 to 2.60

SLE-related factors

Current medication use, yes vs no

Modified ACR/SLICC-DI excluding coronary artery bypass grafting, myocardial infarction, stroke and angina.
*Change from baseline to 5 years.
†Adjusted for age, total cholesterol to high-density lipoprotein ratio and presence of hypertension.
‡OR calculated for a 1 SD increase in risk factor for continuous variables.
§Statistically significant at p<0.05.
¶Cyclophosphamide, azathioprine, methotrexate, mycophenolate mofetil, ciclosporin or tacrolimus.
ACR/SLICC-DI, American College of Rheumatology Systemic Lupus International Collaborating Clinics Damage Index; Anti-dsDNA, Anti-
double stranded DNA; ESRD, End stage renal disease; GFR, Glomerular filtration rate; SLEDAI-2K, Systemic Lupus Erythematosus Disease
Activity Index 2000.

At baseline, plaque was present in 37% of cases, which
is consistent with previous reports.6 8 Other investigators7 25 noted less frequent occurrence of plaque at 23%
and 17%. However, one cohort was slightly younger than
ours (38±12 years vs 43.2±10.1 years)7 and the other used
an alternate definition of plaque (IMT ≥1.3 mm).25 We
observe plaque in 40% of controls at baseline. The prevalence of carotid plaque in the general population has
ranged from 17% reported by Thompson et al13 to 31%

reported by Ajeganova et al in a recent study26 and up to
54% among healthy, postmenopausal women reported by
Sutton-Tyrrell et al.27
IMT values in our population at baseline and at
follow-up could be considered normal, although definitions of abnormal IMT are variable in the literature. In
the general population, abnormal/atherosclerotic IMT
has been considered >0.83 mm,28 with >1.0 mm suggestive
of plaque,29 whereas in some SLE studies a thickened IMT
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Table 5 Association of plaque progression at 5-year follow-up* and baseline cardiovascular risk factors in cases
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with SLE compared with controls and are associated with
carotid plaques and IMT thickness.39 Of note, we did not
find corticosteroid doses to be different between those
with fasting glucose levels ≥100 mg/dL and those with
lower fasting glucose levels (data not shown).
The reason for the association between lower fibrinogen levels and IMT progression is not clear. Fibrinogen is known to be directly involved in atherogenesis
and in inflammation.40 In the Coronary Artery Risk
Development in Young Adults study of 1396 adults aged
25–37 years, elevated fibrinogen levels were associated
with IMT progression after a 13-year follow-up.40 This
surprising finding needs to be further investigated.
While others have found an association between IMT
progression and nephrotic-range proteinuria and immunosuppressant use,10 12 13 16 we did not find such associations in our cohort. First, our cohort had few numbers
with proteinuria, and in those with GFR <50% and ESRD
there was no association with IMT progression in univariate nor adjusted models and no association with plaque
progression in a univariate model.
There are recognised limitations to this study. This is
a small cohort of subjects, with approximately 19% of
enrolled cases without 5-year follow-up data. We had too
few numbers identified as current smokers and as patients
with diabetes and did not control for these known cardiovascular risk factors. The number of subjects with significant renal impairment at baseline was small and stable
adjusted model estimates could not be obtained. Of the
185 patients with SLE who enrolled in this study, 38.9%
fulfilled the ACR criteria for lupus renal involvement
or had a renal biopsy demonstrating immune complex-
mediated glomerulonephritis. This suggests that majority
of patients with SLE who had renal involvement likely
had more active renal disease earlier on in their disease
course and had achieved remission by the time they
enrolled in this study. Our follow-up time may not have
been sufficient for distinct changes in IMT or plaque to
occur. Our ultrasound methods used traditional B-mode
two-
dimensional ultrasound to detect plaque; three-
dimensional ultrasound is a newer imaging method that
may detect more subtle findings suggesting vulnerable
plaque and change in plaque more reliably by measuring
plaque volume.41 42 It is possible that alterations and fluctuations of risk factors over time may affect the progression of subclinical atherosclerosis and may be a reason
for why previous studies on risk factors for accelerated
atherosclerosis in SLE have yielded differing results. An
inception cohort of patients newly diagnosed with SLE
(within the past 15 months) exemplifies a reasonable study
approach to include a more uniform group of patients
with SLE to identify risk factors for the development of
metabolic syndrome and atherosclerosis over time.43 IMT
progression has also been described to be site-specific in
association with various risk factors,44 45 and as the IMT
measurements were averaged across eight sites a segment-
specific progression may not have been apparent.
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is considered to be >0.9 mm and plaque defined to be
>1.3 mm.25 The mean IMT in the general population has
been reported from 0.66±0.13 mm to 0.92±0.16 mm,29–31
which is higher than our baseline or follow-up (table 2);
some SLE studies have reported lower IMT levels in SLE
versus controls,8 32 while others have noted no difference
between those with SLE and controls.13 It is possible
that arterial remodelling occurred prior to baseline in
response to atherosclerosis and thus a significant progression was not captured over the follow-up period.
At follow-up, ∆IMTpy had not significantly increased
with an average of 0.007 mm, which is less than the noted
annual 0.01–0.015 mm increase associated with ageing in
the general population.33 Our progression rate was also less
than that reported by de Leeuw et al10 of 0.012±0.04 mm/
year. This may be related to the number of patients with
IMT regression in our cohort. Better control of disease
activity and more judicious use of glucocorticoids in
patients with lupus as well as improvement in the prevention and treatment of established modifiable cardiovascular risk factors in the modern era in patients with lupus
and the general population are possible contributing
factors to carotid IMT and plaque regression.
Although SLE itself was found to be an independent
risk factor in plaque progression, we did not find disease
damage to be associated with plaque13 17 or IMT progression5 11 13 after adjustment for age, hypertension and
cholesterol to HDL ratio, consistent with previous studies.
Similar to other studies, baseline disease activity was not
associated with plaque progression8 10 12 14 but was associated with progression in IMT in unadjusted models.
However, after adjustment for cardiovascular risk factors,
the association disappeared. How risk factors associated
with active SLE disease interact with traditional cardiovascular markers in the atherosclerosis process remains to be
better understood.
Our results suggest HCQ use to be protective against
carotid plaque progression, but not against IMT progression. Observational studies on the effect of HCQ in atherosclerosis in patients with SLE have yielded varied results
but overall suggest a protective effect against accelerated
atherosclerosis.33 34 Roman et al8 found a borderline independent effect of current or former treatment with HCQ
in reducing plaque burden in patients with SLE. HCQ
use has also been observed to result in lower aortic stiffness35 and lower systemic vascular resistance,36 suggesting
a more systemic effect on the cardiovascular system. HCQ
use has also been observed to decrease subclinical atherosclerosis in patients with SLE by reducing the amount of
circulating proatherogenic effector T cell subsets.37
Higher fasting glucose levels were associated with IMT
progression in the adjusted models, and a greater waist
circumference was associated with plaque progression.
These risk factors may indicate the presence of metabolic
syndrome, which may be a risk factor in the development
of IMT and atherosclerosis in SLE.38 Waist circumference
is a known risk factor for insulin resistance. Indexes of
insulin resistance are higher in non-
diabetic patients

Co-m orbidities
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CONCLUSION
We identified SLE as an independent risk factor for
carotid plaque progression. Fasting glucose and lower
fibrinogen predicted carotid IMT progression, while
waist circumference and non-
use of HCQ predicted
plaque progression. These are potentially modifiable
risk factors for subclinical atherosclerosis in patients with
SLE that warrant attention and stringent control. While
better screening for these risk factors and earlier implementation of lifestyle modifications are essential, future
research is needed to examine the longitudinal efficacy
and safety of interventions including HCQ use in alleviating metabolic syndrome and the progression of atherosclerosis in patients with SLE. The implementation of an
inception cohort may be a reasonable study approach to
begin to answer these questions.
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