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ABSTRACT

Objectives To characterise the prevalence and
associations of metabolic syndrome (MetS) in a multiethnic
cohort of patients with SLE.
Methods Using a standardised protocol, baseline
demographics, per visit disease activity (Systemic Lupus
Erythematosus Disease Activity Index-2K) and treatment
data, and annual recording of organ damage accrual
(Systemic Lupus International Collaborating Clinics/
American College of Rheumatology (SLICC-ACR) Damage
Index) were captured on patients with SLE from a single
tertiary centre. The presence of MetS, defined using
modified updated joint consensus criteria, was assessed at
the final visit from patient records. Serum concentrations of
adipocytokines were measured by Quantibody.
Results 116 patients, with median (Q1, Q3) age at
enrolment of 39.5 (31.4–51.1) years and disease duration
of 6.1 (1.4–12) years, were followed for a median of
6.7 (4.1–8.1) years. The prevalence of MetS was 29%
(34/116), while the prevalence of MetS components varied:
hypertension (59%), low high-density lipoproteins (HDLs)
(51%), hypertriglyceridaemia (32%), obesity (16%) and
hyperglycaemia (22%). In univariable analysis, MetS was
associated with baseline organ damage (OR 4.34; 95%
CI 1.80 to 10.48; p<0.01) and organ damage accrual (OR
2.34; 95% CI 1.02 to 5.36; p=0.04) but not with disease
activity. In multivariable analysis, baseline organ damage
remained significantly associated with MetS (adjusted
OR 3.36; 95% CI 1.32 to 8.59; p=0.01). Glucocorticoid
use was not associated with MetS or any of its five
components. High serum concentrations of resistin were
significantly negatively associated with MetS (OR 0.17;
95% CI 0.04 to 0.70; p=0.014).
Conclusion MetS was common in a multiethnic cohort
of patients with SLE, with the most frequent components
being hypertension and low HDL. An independent
association was found between MetS and organ damage
but not glucocorticoid exposure or disease activity.
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INTRODUCTION
SLE is a chronic autoimmune condition in
which unregulated tissue inflammation and
the adverse effects of treatment result in the
development of irreversible organ damage.1
SLE is known to be strongly associated with
accelerated atherosclerotic coronary artery
disease, with young women aged 35–44 years
over 50 times more likely to have a myocardial
infarction compared with their age-matched

healthy peers.2 Patients with SLE have a higher
prevalence of traditional cardiovascular risk
factors, in particular arterial hypertension
and type 2 diabetes.3–5 Even after adjustment
of the traditional Framingham risk factors,6
the risk of cardiovascular events remains
elevated in patients with SLE. This suggests
that other factors such as systemic inflammation due to disease activity, antiphospholipid
antibodies and the effects of medications are
likely to be involved.
Metabolic syndrome (MetS) is a chronic
proinflammatory and prothrombotic state
that is associated with an increased risk of
atherosclerosis, cardiovascular events and
type 2 diabetes.7 It is diagnosed in the presence of at least three of five metabolic and
atherosclerotic risk factors, that is, abdominal obesity, arterial hypertension, hypertriglyceridaemia, low high-density lipoproteins
(HDL) and insulin resistance.8 While the
pathophysiology of MetS is complex and
remains incompletely understood, a state
of chronic low-
grade inflammation occurs
as a result of visceral adiposity, through
the release of proinflammatory cytokines
by adipocytes.9 10 The proinflammatory
adipokines include resistin, tumour necrosis
factor (TNF), interleukin (IL)-1, IL-6, monocyte chemoattractant protein-1 (MCP-1), lipocalin-2 and plasminogen activator inhibitor-1
(PAI-1), which combine to mediate effects
including promoting insulin resistance,
thereby increasing glucose and free fatty
levels.11 The imbalance between proinflammatory and anti-inflammatory adipokines in
the setting of MetS leads to an overall increase
in inflammation, endothelial dysfunction and
oxidative stress.12 This results in an increase
in the development of atherosclerosis, cardiovascular events and mortality.7
Based on the association of MetS with cardiovascular outcomes, and the increased prevalence of these outcomes in patients with SLE,
several groups have reported that the prevalence of MetS in patients with SLE is higher
compared with the general population.12 In
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METHODS
Patients
Adult patients with SLE were recruited from the Monash
Lupus Clinic in Melbourne, Australia during the period
2007–2015. Patients who fulfilled criteria for SLE (either
the 1997 American College of Rheumatology (ACR)
criteria21 or the 2012 Lupus International Collaborating
Clinics (Systemic Lupus Collaborating Clinics (SLICC))
criteria)22 were eligible and were included in this study if
all required data for assessment of MetS were available in
the medical record. Data collection took place during the
routine ambulatory care of each patient with SLE using
a standardised protocol, as previously described.23 Of a
total of 271 patients screened, 116 had complete MetS
data and were included in this study.
SLE clinical assessments
reported
Baseline data included age, gender, self-
ethnicity, date of onset of SLE and diagnosis, smoking
status, highest education level and family history. At
each clinical visit, disease activity was assessed using the
Systemic Lupus Erythematosus Disease Activity Index-2K
(SLEDAI-2K)24 modified as per Thanou et al,25 and
data were collected on all medication use, including
2

glucocorticoids, antimalarials, immunosuppressants, antihypertensive agents, lipid-lowering therapies and glucose-
lowering agents. Prednisolone dose was recorded at each
review, allowing cumulative exposure to be calculated.
The time-adjusted mean SLEDAI-2K (AMS) was calculated as a measure of disease activity over time.26 Active
lupus disease was defined as SLEDAI-2K >4 as defined
by Yee et al.27 Lupus low disease activity state (LLDAS)
was calculated as defined by Franklyn et al.23 Organ
damage was measured at baseline and annually using the
SLICC-ACR Damage Index (SDI),28 which comprises 38
items in 12 domains. A change of one unit in SDI has
been demonstrated to be clinically significant29 and was
chosen to define damage accrual.
Arterial blood pressure measured in millimetres of
mercury (mm Hg) and weight measured in kilograms
(kg) was recorded at each clinic visit. Frequency of testing
for fasting blood lipids and glucose were as determined
by the physician and were retrospectively captured from
patient records.
MetS assessment
Patients records were assessed at the last recorded visit
for the presence of MetS, defined according to modified
2001 National Cholesterol Education Program (Adult
Treatment Panel (ATP)) III 2001 guidelines,30 with MetS
defined as present if three or more of the following five
criteria were fulfilled: (1) obesity (BMI >30 kg/m2 used
as a surrogate marker of abdominal obesity consistent
with the definition of abdominal obesity in the National
Institutes of Health obesity guidelines31; (2) elevated
triglycerides (≥1.7 mmol/L) or medication; (3) reduced
HDL-cholesterol (<1.3 mmol/L in females; <1.0 mmol/L
in males) or medication; (4) elevated arterial blood pressure (>130/85 mm Hg) or medication for hypertension;
and (5) elevated fasting glucose (>5.6 mmol/L) or antidiabetic medication.
Serum adipocytokine measurement
Biobanked serum samples matching with MetS status
assessment were available on a subset of 59 patients.
Briefly, whole blood was collected by venepuncture at
routine clinical visit. Serum was extracted and stored at
−80°C until further use, as previously described.32 Serum
concentrations of adipocytokines (resistin, lipocalin-2,
TNF, MCP-1, IL-6 as well as insulin) were measured
using the Quantibody platform (Raybiotech, Norcross,
Georgia, USA) as part of 40-
plex commercial panels.
Assays were performed by Veracity Biolabs (Scoresby,
Victoria), following manufacturer’s instruction, as previously described.33
Statistical analysis
All statistical analyses were performed using Stat
V.14.2. Continuous variables analysed in this study
were non-n ormally distributed, hence were described
as median (first and third quartiles) (Q1, Q3) or
(range) and compared using Wilcoxon rank-sum test.
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a recent meta-analysis, the estimated pooled prevalence
of MetS in patients with SLE was found to be 26%, with
the prevalence in individual studies ranging between
3.3% and 45.2%.13 Multiple associations of MetS in SLE
have been described, including an older age at diagnosis, disease duration, disease activity, renal involvement, organ damage and glucocorticoid use, along with
smoking.12 However, no single parameter has consistently
been demonstrated to be independently associated with
MetS in SLE across studies. In addition to the cardiovascular effects, MetS is associated with poorer quality of life,
potentially related to increased anxiety and depressive
symptoms in SLE.14 15
The contribution of glucocorticoids to the development
of MetS in SLE is not clear. Glucocorticoid use is highly
prevalent in patients with SLE, with up to 80% of patients
prescribed chronic glucocorticoid therapy,16–18 and clear
links between glucocorticoid exposure and adverse
outcomes including damage accrual.1 19 The potential
links between the metabolic effects of glucocorticoids and
MetS are multifactorial, with increased gluconeogenesis,
changes in lipid metabolism (increased triglycerides and
lower HDL), inhibition of insulin secretion and peripheral insulin resistance all potentially implicated.20
In this study, we aimed to describe the prevalence and
clinical associations of MetS, including with glucocorticoid use, in a well-characterised single-centre multiethnic
cohort of patients with SLE, distinguished from previously
reported cohorts by the combination of recency of care,
multiethnicity including a high proportion of Asians and
being studied under a universal healthcare model with
subsidised access to prescription medications.

Co-m orbidities
Table 1 SLE patient demographic and clinical
characteristics at baseline and follow-up
SLE cohort (n=116)
Age at last visit, median (Q1, Q3)

46.4 (37.0, 58.1)

Age at enrolment, median (Q1, Q3)

39.5 (31.4, 51.1)

Disease duration at enrolment,
median (Q1, Q3)

6.1 (1.4, 12.0)

No. of clinic visits, median (Q1, Q3)

22.5 (15.5, 37.0)

Observation period (years), median
(Q1, Q3)

6.7 (4.1, 8.1)

Female, n (%)

102 (87.9)

Ethnicity, n (%)

RESULTS
Patient demographics and SLE disease characteristics
In this study, 116 patients with SLE, with a complete dataset,
were included. The median (Q1, Q3) age at enrolment was
39.5 (31.4, 51.1) years, with a median disease duration of
6.1 (1.4–12) years (table 1). Baseline characteristics of the
entire cohort from which these patients were included
are found in the online supplemental table 1. There were
no significant differences between the groups at baseline;
however, the studied group had an increased duration of
observation and correspondingly had increased total clinic
visits and cumulative prednisolone.
At baseline, 41% (48/116) of patients had active disease
(SLEDAI-
2K>4), and 49% (57/116) had organ damage
(SDI >0). Patients were followed for a median (Q1, Q3) of
6.7 (4.1, 8.1) years, during which the median AMS was 3.7
(2.1, 5.2). Mild-to-moderate flare rate was found to be 0.61
per year, and severe flare rate was 0.13 per year. Half of the
cohort (58/116) accrued damage during the study period,
with 97 new events captured, and six of those were in cardiovascular domains of the SDI. Eighty per cent of patients were
exposed to glucocorticoids with time-adjusted mean (TAM)
prednisolone dose of 3.7 mg/day (0.5–7.0).
Prevalence and association of MetS in SLE
The diagnostic criteria for MetS were met by 34 patients
with SLE (29%) (figure 1). We next analysed associations between demographic and clinical SLE features
(exposure) with the presence of MetS (outcome) using
a logistic regression model. In univariable analysis, MetS
was associated with baseline organ damage (SDI >0)
(OR 4.34; 95% CI 1.80 to 10.48; p<0.01), and with organ
damage accrual over the study period (change in SDI >0)
(OR 2.34; 95% CI 1.02 to 5.36, p=0.04) (table 2). Only
six patients (6/116, 5.2%) recorded new cardiovascular
damage as captured by the SDI. MetS was not statistically
significantly associated with glucocorticoid use (OR 0.94;
95% CI 0.35 to 2.53, p=0.90) or cumulative glucocorticoid dose, nor was it statistically significantly associated
with high disease activity over time (AMS ≥4) (OR 1.44;
95% CI 0.64 to 3.21, p=0.38) or LLDAS (OR 0.97; 95%
CI 0.40 to 2.32, p=0.94). No statistically significant associations were observed between MetS and age at diagnosis, gender or ethnicity, or other clinical variables

 Caucasian

60 (52.2)

 Asian

38 (33.0)

 Other

17 (14.8)

Medication use during observation
period
 Prednisolone, n (%)

93 (80.2)

 Cumulative prednisolone (mg),
median (Q1, Q3)

7637.5 (918.8, 15 487.5)

 TAM-prednisolone (mg/day),
median (Q1, Q3)

3.7 (0.5, 7.0)

 Hydroxychloroquine, n (%)

110 (94.8)

 Immunosuppressants*, n (%)

113 (97.4%)

 Baseline SLEDAI-2K, median (Q1,
Q3)

4.0 (2.0, 8.0)

 Baseline SLEDAI-2K >4, n (%)

48 (41)

 AMS, median (Q1, Q3)

3.7 (2.1, 5.2)

 LLDAS ever attained, n (%)

109 (94)

 LLDAS at last review, n (%)

74 (64)

 Mild to moderate flare rate (flare/
year)

0.61

 Severe flare rate (flare/year)

0.13

 Baseline renal disease†, n (%)

10 (8.6)

 BMI (baseline), median (Q1, Q3)

24.1 (21.9, 27.5)

 BMI (final), median (Q1, Q3)

23.5 (21.3, 27.8)

 Organ damage (baseline) (SDI >0),
n (%)

57 (49.1)

 Baseline SDI, median (Q1, Q3)

0.0 (0.0, 1.0)

 Change in SDI >0, n (%)

58 (50.0)

Data are n (%) or median (Q1, Q3).
*Methotrexate, azathioprine, mycophenolate mofetil, mycophenolic
acid, leflunomide, ciclosporin, cyclophosphamide, tacrolimus,
rituximab or belimumab.
†As captured in baseline SDI (estimated GFR <50%, proteinuria
>3.5 g/day or end-stage renal failure).
AMS, time-adjusted mean Systemic Lupus Erythematosus Disease
Activity Index 2000; BMI, body mass index; GFR, glomerular
filtration rate; LLDAS, lupus low disease activity state; SDI,
SLICC-ACR Damage Index; SDI, Systemic Lupus International
Collaborating Clinics Disease Index; TAM, time-adjusted mean.

SLEDAI), antimalarial
including disease activity (TAM-
exposure or flare (table 2). The association of baseline
organ damage (SDI >0) with presence of MetS remained
significant following adjustment for damage accrual and
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Categorical variables were described as frequency (%)
and compared using χ2 test. Associations with serum
adipocytokines were analysed by comparing patients
with levels greater versus less than median concentrations. Univariable and multivariable logistic regression
analyses were carried out to identify factors associated
with the presence of MetS as an outcome variable.
Variables associated with the presence of MetS with
p<0.1 in univariable analyses were included in multivariable model to account for potential confounders.
Results were reported as ORs with 95% CIs. Values of
p<0.05 were regarded as statistically significant.

Lupus Science & Medicine

Figure 1 Heatmap of the components of the MetS in
SLE patients. SLE patients (N =116, shown one per row)
were assessed for components of MetS. Patients above
the bold line fulfilled the diagnostic criteria for MetS (≥3/5
components).

age at diagnosis (adjusted OR 3.36; 95% CI 1.32 to 8.59;
p=0.01), while other associations observed in univariable
model were attenuated (table 2).
Prevalence and association of individual components of MetS
in SLE
Figure 1 illustrates that over 80% (95/116) of patients in
the cohort had at least one component of the MetS, while
the median (Q1, Q3) number of MetS components per
patient was 2 (1, 3). The prevalence of components of
the MetS is shown in table 3, with arterial hypertension
the most common component (59%). Sixteen per cent
of patients (19/116) had a BMI defined as obese (BMI
>30), with a further 25% (29/116) having a BMI in the
overweight category (BMI 25–30).
We next analysed the association between clinical variables and obesity. Patients that were exposed to glucocorticoids during the study (n=93) had a significantly lower
final median BMI compared with those that were not
(n=23) (23.3 kg/m2 vs 27.0 kg/m2, p=0.02). While the
prevalence of obesity was higher in the group not exposed
to glucocorticoids (26% (6/23) vs 14% (13/93)), this did
not reach statistical significance (p=0.16). In univariable
analysis, older age at diagnosis (>60 years) was positively
associated with obesity, while negative associations were
found with Asian ethnicity, prednisolone exposure and
disease activity with obesity (online supplemental table
2). In the multivariable model, the association between
an older age at diagnosis and obesity remained significant
4

MetS and adipocytokines
Serum samples matching MetS assessments were available on 59 patients, with the concentrations of measured
biomarkers shown in table 4. Lower serum concentrations of resistin were statistically significantly associated
with the presence of MetS (OR 0.17; 95% CI 0.04 to 0.70;
p=0.01) and hypertriglyceridaemia (OR 0.2; 95% CI 0.08
to 0.91; p=0.03) (table 4). Serum resistin concentrations
were statistically significantly lower in patients with MetS
compared with those without (median (Q1, Q3) 3170
ng/mL vs 1760 ng/mL, respectively; p=0.02) (figure 2).
Of the individual components of MetS, patients with high
triglyceride had lower serum concentrations of resistin
with borderline statistical significance compared with
those without (median (Q1, Q3) 1858 ng/mL vs 3124
ng/mL, respectively; p=0.05). Lower serum concentrations of lipocalin-2 were also associated with MetS (OR
0.25; 95% CI 0.07 to 0.92; p=0.04). There were no statistically significant associations seen between serum concentrations of MCP-1, TNF, IL-6 or insulin with the MetS or
its components.
DISCUSSION
The presence of MetS may be important to diagnose in
patients with SLE, as a potential contributor to the higher
risk of accelerated atherosclerosis and cardiovascular
disease. Here, we evaluated the prevalence and clinical
associations of MetS in SLE. Using established diagnostic
criteria, MetS was identified in 29% of patients with SLE.
Four out of five patients had at least one component of
the MetS, highlighting the significant burden of comorbidities in SLE. The most common component of MetS
observed was arterial hypertension, followed by dyslipidaemia, hyperglycaemia and obesity. Baseline organ
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but other associations attenuated (online supplemental
table 2). Obesity was not statistically significantly associated with damage accrual.
Fifty-nine per cent of patients (68/116) fulfilled criteria
for arterial hypertension. Three-quarters (51/68) of these
patients were on antihypertensive medications. Nine per
cent (10/116) of patients had a history of renal disease at
baseline, with 90% (9/10)) fulfilling criteria for arterial
hypertension and 70% were on antihypertensive medications. There was no statistically significant association
found between baseline renal disease or glucocorticoid
exposure with arterial hypertension in univariable analysis (data not shown).
Fifty-one per cent and 32% of patients fulfilled MetS
diagnostic criteria for low HDL and hypertriglycerithird of patients
daemia, respectively. Less than one-
(34/116) were on lipid-lowering therapies. The median
fasting blood glucose recorded was 4.7 (4.4–5.2). Twenty-two per cent of the cohort had high fasting glucose.
There were no statistically significant differences in lipid
profiles or prevalence of hyperglycaemic in patients
exposed to glucocorticoids (data not shown).

Co-m orbidities

Presence of MetS
Univariable
Exposure variables

OR

95% CI

Multivariable
P value

Adjusted OR

(95% CI)

P value

Age at diagnosis (years)
 <40

1.00

 40–60

2.63

1.05 to 6.54

0.04

2.48

0.94 to 6.57

0.07

 >60

4.67

0.96 to 22.79

0.06

3.82

0.69 to 21.12

0.12

0.63 to 6.22

0.24

<0.01

3.36

1.32 to 8.59

0.01

0.04

1.93

0.77 to 4.87

0.16

Gender
 Female

1.00

 Male

1.98

Ethnicity
 Caucasian

1.00

 Asian

1.12

0.45 to 2.77

0.81

 Other

1.93

0.63 to 5.92

0.25

0.15 to 1.21

0.11

0.35 to 2.53

0.90

Smoking at baseline
 No

1.00

 Yes

0.43

Received prednisolone
 No

1.00

 Yes

0.94

Cumulative prednisolone
 First quartile

1.00

 Second quartile

0.85

0.27 to 2.63

0.77

 Third quartile

0.85

0.27 to 2.63

0.77

 Fourth quartile

1.00

0.33 to 3.04

1.00

Received hydroxychloroquine
 No

1.00

 Yes

2.14

0.24 to 19.06

0.49

1.44

0.64 to 3.21

0.38

0.40 to 2.32

0.94

0.15 to 2.98

0.60

AMS
 <4
 ≥4
LLDAS
 No

1

 Yes

0.97

Flare
 No

1

 Yes

0.67

Baseline SDI
 0

1.00

 >0

4.34

1.80 to 10.48

Change in SDI
 0

1.00

 >0

2.34

1.02 to 5.36

AMS, time-adjusted mean Systemic Lupus Erythematosus Disease Activity Index 2000; LLDAS, lupus low disease activity state; MetS,
metabolic syndrome; SDI, Systemic Lupus International Collaborating Clinics Disease Index.;

damage was statistically significantly and independently
associated with the presence of MetS. Surprisingly, glucocorticoid use was not associated with MetS in this cohort.
Lower serum concentrations of resistin and lipocalin-2

were statistically significantly associated with the presence
of MetS in SLE.
MetS is recognised to have greater significance than
simply that of a cluster of risk factors in the prediction
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Table 2 Univariable and multivariable associations between demographic and clinical SLE characteristics with MetS

6

0.5
Median levels used as reference.
HDL, high-density lipoproteins; IL, interleukin; MCP-1, monocyte chemoattractant protein-1; MetS, metabolic syndrome; TNF, tumour necrosis factor.

0.68
0.44 to 3.47

0.20 to 2.20
0.66

1.24
0.09

0.94
0.29 to 3.17

0.14 to 1.17
0.41

0.96
0.75

0.52
0.23 to 2.10

0.22 to 2.92
0.81

0.69
0.52

0.25
0.14 to 1.68

0.50 to 3.93
1.4

0.49
0.59

0.68
0.44 to 3.47

0.42 to 4.67
1.39

1.24

0.72 0.21 to 2.40
Hyperglycaemia

0.59

0.46 0.16 to 1.31
Low HDL

0.15

0.97

0.52
0.23 to 2.10

0.13 to 7.34
0.96

0.69
0.23

0.31
(.03 to 3.05

0.16 to 1.54
0.5

0.3
0.48

0.19
0.13 to 1.52

0.04 to 4.42
0.43

0.44
0.52

.
1.00 to 1.00

0.48 to 4.41
1.45

1
.

0.93
0.31 to 2.89

1.00 to 1.00
1

0.95
0.03
0.27 0.08 to 0.91
Hypertriglyceridaemia

.
1
Obesity

1.00 to 1.00

0.23
0.19 to 1.52
0.54
0.24
0.19 to 1.52
0.54
0.58
0.24 to 2.20
0.73
0.05
0.12 to 1.02
0.35
0.05
0.98 to 8.12
2.83
0.47 0.17 to 1.33
Arterial
hypertension

0.16

P
95% CI

0.25 to 2.59
0.8

OR
P

0.04
0.07 to 0.92

95% CI
OR

0.25
0.23

P
95% CI

0.12 to 1.67
0.44

OR
P
95% CI
OR
P
95% CI
OR
P
95% CI

of cardiovascular disease.34 Through the release of
adipokines, a cascade of low-grade chronic inflammation,
insulin resistance and enhanced oxidative injury to vessels
and tissues is triggered. It has previously been suggested
that the risk of MetS in SLE is approximately double that
of control populations.13 The prevalence of MetS in our
cohort was 29%, which is in line with the pooled prevalence of 26% reported in a recent meta-analysis of multinational SLE patients.13 The prevalence of MetS in SLE
has geographical variation, with patients from Europe
and Asia having lower prevalence when compared with
Africa and South America.13 This is considered to be associated with a combination of genetic predisposition along
with environmental and lifestyle factors, such as diet. In
addition, in common with worldwide trends in obesity,
the prevalence of MetS in the general population has
been steadily increasing since 2006, with a pooled prevalence in 2006–2010 of 23%, compared with a pooled prevalence after 2016 of 30%.13
We found a significant association between organ
damage and the presence of MetS, with both baseline
and damage accrual significant in univariable analysis
and baseline damage remaining significant after adjustment. In an extant, rather than inception, cohort, organ
damage at study entry is contributed to by exposures prior
to enrolment, most likely to active disease and glucocorticoid treatment, as these are the major risk factors for
damage accrual.1 19 Although we did not find associations
between MetS and these variables during the observation
period, we cannot exclude a contribution to the risk of
MetS linked to these risk factors for damage accrual. We

Insulin

Data are n (%) or median (Q1, Q3).
BMI, body mass index; HDL, high-density lipoprotein; MetS,
metabolic syndrome.

TNF

4.7 (4.4, 5.2)

MCP-1

26 (22)

 Fasting glucose, median (Q1, Q3)

Resistin

 n (%)

Table 4 Serum adipocytokine concentrations and associations with MetS and its components in SLE

Hyperglycaemic

0.17 0.04 to 0.70

1.4 (1.1, 1.8)

OR

59 (51)

 Fasting HDL, median (Q1, Q3)

MetS

 n (%)

Associations

0.8 (0.6, 1.0)

Low HDL

2,751 (1656–47,20)

 Fasting triglyceride, median (Q1, Q3)

3837 (584–94 446)

37 (32)

Lipocalin-2

 n (%)

99 (0–420)

23.5 (21.3, 27.8)

Hypertriglyceridaemia

356 (94–1165)

 BMI, median (Q1, Q3)

2756 (598–21 107)

19 (16)

Median (range)
concentration pg/mL
(n=59)

 BMI >30, n (%)

0.82

Obesity

0.27 to 2.83

72 (64, 79)

0.88

120.5 (113, 134)

 Diastolic, median (Q1, Q3)

0.71

 Systolic, median (Q1, Q3)

0.25 to 2.59

68 (59)
IL-6

 Arterial hypertension, n (%)

0.8

34 (29)

Blood pressure

69 (0–496)

MetS, n (%)

0.01

SLE cohort (n=116)
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Table 3 Prevalence of MetS and its components in
patients with SLE

0.71
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Co-m orbidities

did not find any significant association between LLDAS
and MetS and hypothesise that the cohort size may have
constrained the ability to find a significant association.
Additionally, unexpectedly, no association was seen with
antimalarial use and MetS. Antimalarials have been found
to exhibit favourable effects on lipid profile and glucose
control, with studies finding lower level of triglycerides,
low-density lipoproteins, and increased HDL in patients
with SLE using hydroxychloroquine, along with lower
insulin resistance and decreased fasting insulin levels,35 36
with previous study finding an association with lower prevalence of MetS in SLE.37 Alternatively, risk factors for
MetS, potentially including adipocytokines, could be
novel risk factors for organ damage accrual in SLE; this
requires further investigation.
Glucocorticoid use has been found to indirectly
contribute to the risk of atherosclerosis by increasing
the levels of traditional coronary artery disease risk
factors (hypercholesterolaemia, arterial hypertension
and obesity), and both lupus-induced injury to coronary
vessels as well as glucocorticoid use have been reported
to accelerate atherosclerosis in SLE.38 In our study, glucocorticoid use was not associated with either the presence
of MetS, or any of its components. This was unexpected
and may be explained by the predominantly young,
female cohort, and by the low median dose of glucocorticoid used in this cohort.
Obesity was found in 16% of this cohort, with an additional 25% of patients classified as overweight. In data
from the Australian Bureau of Statistics from 2014 to

2015 on the equivalent ‘median’ patient (female, age
45–54 years),39 the reported prevalence of obesity was
33%, which is much higher than in our SLE cohort.
These findings indicate that BMI of patients with SLE are
lower than in the general community. We investigated if
high SLE disease activity or organ damage contributed to
lower BMI and found no association between BMI and
high disease activity, or damage either at baseline, or
accrued. Unexpectedly, we report that the BMI of patients
with SLE exposed to glucocorticoids was lower than in
patients not exposed to glucocorticoids, although glucocorticoid use was not associated with obesity in multivariable analysis. The possibility that the ethnic diversity
of our cohort contributed to this finding was further
explored. Asian ethnicity was negatively associated with
obesity in univariable analysis, although this association
attenuated in multivariable analysis. The lower BMI in
patients with SLE exposed to glucocorticoids, that is, the
majority of patients with SLE, highlights the complexity
of analysing MetS in this condition, and relationships
between genetics, disease factors, medications and body
weight, in SLE. It is possible that a modified MetS definition emphasising components other than obesity and,
including therapies, such as glucocorticoids, could have
more utility in SLE, along the lines of modified cardiovascular risk calculators generated for use in SLE.6
While we know that MetS and its associated components are prevalent in SLE, specific recommendations for
the management of these in SLE are currently lacking.
Broadly, the recommendations for arterial hypertension
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Figure 2 Serum resistin concentrations in SLE patients categorised according to MetS and its individual components.
Differences in serum resistin concentrations (pg/mL) according to the presence of (A) MetS, (B) arterial hypertension, (C) obesity,
(D) high triglycerides, (E) low HDL and (F) hyperglycaemia analysed using Wilcoxon rank-sum test in n = 59 patients. HDL, high-
density lipoprotein.
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cent of patients had a disease duration less than 1 year
at enrolment, but this group was too small to provide
useful information regarding timing of the development
of MetS in an inception subset. Arterial hypertension may
have been overestimated in this study, as the MetS criteria
for hypertension can be satisfied by the administration
of antihypertensive treatment, and patients with lupus
nephritis are often treated with ACE inhibitors or angiotensin receptor blockers.50 For the analysis of obesity,
we chose to use the stringent WHO criteria of BMI >30
kg/m2, which may underestimate rates of obesity in our
cohort.31 This modification, needed as waist circumference, was not collected in our dataset, has also been used
in other studies of MetS in SLE.51 52 Our serum biomarker
observations are based on a cross-sectional analysis and
only in a subset of patients where a biosample was available. Multiple measurements of a broader panel of
adipocytokines over time are likely to provide additional
information.
In conclusion, we confirm that MetS is common in a
multiethnic cohort of patients with SLE. Baseline organ
damage was independently associated with the presence
of MetS, consistent with a high risk of adverse outcome
in SLE patients with irreversible organ damage. Surprisingly, glucocorticoid use during the period of observation was not associated with the presence of MetS. Serum
resistin and lipocalin-2 were negatively associated with
MetS in SLE. Whether the presence of MetS increases the
already-high prevalence of cardiovascular events in SLE
requires longer follow-up in a larger cohort, and the prevalence of MetS we observed suggests that such studies are
warranted. Investigating the kinetics of adipocytokines in
this context may provide further information regarding
the link between MetS and adverse outcomes in SLE.
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would be aiming for blood pressure <130/80,40 particularly in the subset of patients with renal involvement. With
regards to dyslipidaemia, both statins and fibrates have
been shown to reduce triglycerides while also increasing
HDL,41 thereby reducing proinflammatory cytokines.
Generally, the recommendations for body weight would
suggest a BMI <25 kg/m2 should be aimed for40; however,
the safety and efficacy of antiobesity medications or
bariatric surgery in SLE are unknown.
The analysis of adipocytokines in SLE has yielded
mixed results to date. In particular, the role of resistin in
insulin sensitivity and obesity remains unclear. The role
of resistin in SLE has been little studied. A meta-analysis
of case–control studies in patients with SLE and rheumatoid arthritis (RA) did not reveal an increase in resistin
levels in patients with SLE,42 but did so in RA. In a study
by Chung et al, no association between resistin levels and
MetS or its components in SLE was found.43 This is in
contrast to our results that show an inverse relationship
between high resistin levels and MetS. The differing
results may be related to differences in patient characteristics. In particular, median BMI in our cohort was 23.5
kg/m2 compared with 29.5 kg/m2 in Chung et al, and
Caucasian ethnicity was lower in our cohort (52% vs 68%,
respectively). We acknowledge that these findings were
unexpected and contrary to the biological rationale. Lipocalin-2, a less well-studied and novel adipocytokine, has
been found to be upregulated in adipose tissue of obese
animals.44 45 Interestingly, it has been recently suggested as
a biomarker in neuropsychiatric lupus.46 Zhang et al47 did
not find an association between plasma lipocalin-2 and
higher BMI or increased disease activity in SLE. We found
higher serum lipocalin-2 concentrations to be negatively
associated with MetS in SLE, although similarly to Zhang
et al, we did not find any association with obesity or other
components of the MetS. Of interest, other studies of
adipocytokines in SLE have found unexpected findings,
such as those of Reynolds et al,48 who reported an unexpected positive association between atheromatous plaque
and adiponectin; adiponectin was not included in the
panel studied here and such results would be of interest
in future studies.
There are some limitations of this study and differences
to previously reported cohorts. It is a single-centre study
with a moderate-sized cohort analysed. However, many
years of longitudinal data were available, informing analysis of time-
adjusted disease activity, cumulative glucocorticoid dose exposure and damage accrual. We did
not formally capture cardiovascular events other than
via the relevant domains of the SDI, whereby six events
were captured over the study period. These are relatively
infrequent events, particularly in a cohort of predominantly young, female patients. Our lupus cohort is fairly
contemporary, with data collection from 2007 onwards,
potentially influencing the glucocorticoid doses documented here compared with historical cohorts. Disease
activity, flare rates and damage accrual of our cohort were
on par with other international cohorts.49 Nineteen per
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