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Abstract
Background and aims: SLE is a systemic autoimmune disease associated with an increased
cardiovascular risk which is related with the characteristic dyslipidemia of SLE. This consists of an
alteration of triglyceride-rich lipoprotein metabolism and an increased concentration of apoB containing
particles. The objective of this study is to know the prevalence of carotid atherosclerosis and to analyze
its relationship with dyslipidemia and its related genetic factors in a population of SLE patients.
Methods: Seventy-one SLE female were recruited. A carotid ultrasound was performed to evaluate the
presence of atheromatous plaques and cIMT. Lipid profile and analysis of ZPR1, APOA5 and GCKR genes
were carried out. SLE patients were analyzed according to the presence or absence of carotid plaques.
Statistical analyses were performed to evaluate the relationship between lipid parameters and these
allelic variants involved in triglyceride metabolism.
Results: SLE patients with carotid plaque had higher concentrations of plasma triglyceride than SLE
patients without carotid plaque (1.5 vs 0.9 mmol/L, respectively, p=0.001), Non-HDLC (3.5 vs 3.1 mmol/L,
p= 0.025) and apoB (1.0 vs 0.9 g/L, p=0.010). GCKR (c.1337C>T) C-allele was observed in 83.3% and
16.7% (p=0.047) of patients with and without carotid plaque, respectively. The GCKR (c.1337C>T) CC
genotype (OR= 0.03; [95% CI] [0.002 to 0.53], p=0.016), and triglyceride concentrations (OR= 7.57; [95% CI]
[1.43 to 40.19], p=0.017) were independently associated with the diagnosis of carotid plaque.
Conclusions: plasma triglyceride concentration and CGKR CC homozygosity for CGKR gene are
independent predictive factors of carotid atherosclerosis in women with systemic lupus
erythematosus.Keywords: triglycerides, CGKR gene, Non-HDLC, atherosclerosis, systemic lupus
erythematosus.

1 Introduction
Systemic lupus erythematosus (SLE) is a systemic autoimmune disease characterized by inflammation
and tissue damage through an exaggerated response of the immune system due to the binding of auto
antibodies to the body's cells and the deposit of antigen-antibody complexes. SLE most commonly
presents in women in the reproductive age, has a highly variable clinical course and is associated with a
3-fold increased risk of premature death, mostly due to infection, renal impairment or cardiovascular
disease (1). Even during inactive disease SLE patients may have a characteristic dyslipidemia that is
known as “Lupus pattern” consisting of hypertriglyceridemia and decreased levels of high-density
lipoprotein-cholesterol (HDLC) (2). In active SLE, this “Lupus pattern” may be aggravated by the presence
of Anti- lipoprotein lipase (LPL) antibodies and the consequent decrease in lipolysis that results in
accumulation of triglyceride-rich lipoproteins (3). Furthermore, HDL efflux capacity is significantly
impaired and there is an increased expression of apolipoprotein E (apoE) (4).
The increase in cardiovascular risk of patients with SLE is not justified by traditional risk factors alone. It
has been suggested that chronic inflammation related to SLE plays a role in the development of
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atherosclerosis (5). Also other, more subtle lipid metabolism disorders may play a role. Among them, it is
observed an alteration in the structure and composition of lipoproteins, which occurs as triglyceride
concentrations increase, associating decreasing HDLC concentration and raising small and dense lowdensity lipoprotein-cholesterol (LDLC) particles proportion, which is known as the atherogenic lipoprotein
phenotype (6).
Different methods for quantification and characterization of lipoprotein subfractions have been used.
Ultracentrifugation is not usually used due to its complexity and new methods such as the nuclear
magnetic resonance (NRM) or several electrophoresis techniques still are not available for clinical routine
As of today, there are only a few reports on atherogenic lipoprotein phenotype and its significance in SLE.
Also, not only SLE disease but environmental and lipid factors are influenced by polygenic disorders. This
genetic role has not been fully explained, and its relation with dyslipidemia and cardiovascular disease in
SLE subjects is unknown.
The objective of this study is to know the prevalence of carotid atherosclerosis and to analyze its
relationship with dyslipidemia and its related genetic factors in a population of patients with SLE

2 Materials And Methods
2.1 Study population
Seventy-one female patients with SLE diagnosis, based on revised American College of Rheumatology
(ACR) classification criteria for SLE (24), were recruited from the systemic autoimmune diseases unit of
the Hospital Universitari de Bellvitge (L’Hospitalet de Llobregat, Barcelona). The research protocol was
approved by the ethics committee of the hospital. The study protocol conforms to the ethical guidelines
of the 1975 Declaration of Helsinki and all patients gave their informed consent to participate in the
study. The exclusion criteria were as follows: history of a previous atherosclerotic cardiovascular event
and autoimmune disease other than SLE, non-cardiovascular lower limb amputation and when it was not
possible to obtain an ultrasound image of the carotid bifurcation. The clinical information that was
retrieved for each study participant included:
1. Demographic data: age and ethnic
2. Cardiovascular risk factors: smoking status, arterial hypertension, dyslipidemia, diabetes mellitus,
body mass index (BMI) and family history of early cardiovascular disease (7), premature menopause
before the age of 40 years (8)
3. Drugs: antithrombotic medications, statins, immunosuppressive
4. Carotid ultrasound
5. Laboratory data: serum glucose, lipid profile, liver and kidney parameters, hematology and
coagulation tests.
6. Ankle-brachial index
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7. Lifestyle: A Mediterranean Diet questionnaire of SEA (Sociedad Española de Aterosclerosis) (9) and
physical activity
8. SLE: onset and time evolution of the disease, analytical immunological activity, SLE disease activity
index scales SLEDAI (Systemic Lupus Erythematosus Disease Activity Index) (10) and Systemic
Lupus International Collaborating Clinics/ACR Damage Index (SDI) (11), secondary antiphospholipid
syndrome, history of immunosuppressive drugs and analytical parameters of inflammation.
Samples were collected in tubes containing the anticoagulant EDTA-K4 and were centrifuged for 15
minutes at 1500 g and at 4ºC then plasma was separated and stored at -80º until analyzed.
2.2 Measurement of small and dense LDL cholesterol concentration
Small and dense LDL (sd-LDL) particles were isolated using the previously and validated reported
precipitation method adapted for use in our laboratory to process samples containing elevated
concentrations of triglycerides (12). The surfactant magnesium heparin was prepared as a solution of
150U/mL of Heparin-Na+ (Sigma Aldrich H3393) and 90 mmol/L of MgCl2 300µL of Magnesium Heparin
was added to each 300µL of plasma and incubated for 10 minutes at 37ºC. The mixture was the kept at
0ºC for 15 minutes and centrifuge in at 21913g for 15 minutes at 4ºC (6K15 SIGMA centrifuge). At this
moment, lipoproteins with a density <1.044g/mL were precipitated. The supernatant contained HDL and
sd-LDL particles that had densities of between 1.044 and 1.063 g/mL. Supernatants HDLC and total
cholesterol were measured using a Cobas 8000 modular analyzer (Roche® Diagnostics GmbH,
Mannheim, Germany by homogeneous assay) (13).
2.3 Genetic analysis of polymorphisms involved in triglyceride metabolism
Functional variants in APOE gene were genotyped using validated TaqMan™ MGB Probes. We performed
the genetic analysis of the most prevalent allelic variants that most determine the presence of polygenic
hypertriglyceridemia (14) adapted to the population of our area and therefore making the three most
relevant genetic variants corresponding to the ZPR1, APOA5 and GCKR genes. The three possible
genotypes will be dichotomized in homozygotes so as not to present a risk allele (0) or risk allele carriers
(either hetero or homozygous) (1) as shown below: c*724C>G (ZPR1); (0=CC vs 1=G), c.56C>G (APOA5);
(0=CC vs 1=G), c.1337T>C (GCKR); (0=CC vs 1=T).
2.4 Carotid ultrasound and ankle-brachial index
Certified vascular technologists measured the carotid ultrasound (US) and the ankle-brachial index (ABI)
using standardized protocols. Carotid US was performed to assess carotid intima-media wall thickness
(cIMT) in the far wall of the common carotid artery and to detect focal plaques in the extracranial carotid
tree with the commercially available scanner (ACUSON Antares™ Siemens Medical Solutions USA, Inc.)
ultrasound system using a 6 MHz linear array transducer. Based on the Mannheim consensus, plaque
criteria were defined as a focal protrusion in the lumen measuring at least cIMT > 1.5 mm, a protrusion at
least 50% greater than the surrounding cIMT or an arterial lumen encroaching > 0.5 mm (15). The cIMT
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was defined as the distance between the leading edge of the lumen–intima echo and the leading edge of
the media–adventitia echo (16). The normal values of cIMT in Spanish women corresponding to the 75th
percentile are 0.60mm for < 46 years, 0.84mm for < 65 years and 1.02 for > 65years. At inclusion, cIMT
measurements above those values were considered pathologic. When a plaque was observed in the
region of the CCA measurements, the cIMT was not measured (17).
The ABI was performed after 5 minutes of resting in the supine position. Systolic blood pressure was
measured in the brachial arteries and at the ankle level and on both sides of the body using an automatic
waveform analyzer (Vascular Handheld Doppler Bidop 7 Hadeko® Kawasaki, Japan). The ABI was
calculated as ratio of ankle pressure to brachial pressure. Ratios of > 0.90 to < 1.4 are considered normal,
ratios ≤ 0.9 indicate the presence of peripheral artery disease (18) and ratios ≥ 1.4 usually indicate the
presence of arterial calcification, a situation that is also associated with an increased risk of
cardiovascular complications and increased risk of all-cause mortality (7, 19).
2.5 Statistical analyses
Qualitative variables were described as absolute frequency (percentage) and were analyzed by the Chisquare test or Fisher's exact test. Normally distributed quantitative variables were described as mean
(standard deviation), and analyzed by analysis of variance (ANOVA). Variables that were not distributed
normally were described as median (interquartile range) and analyzed with nonparametric tests (MannWhitney U). To analyze the relationship between genetic variables and the presence of plaque, a binary
logistic regression model was carried out, with the presence of plaque as a dependent variable, genetic
variables as independent variables and adjusting for covariates: age, hypertension, SLICC, triglycerides
(mmol/L) and presence of nephritis. p <0.05 was considered significant.

3 Results
3.1 Subjects characteristics
Seventy-one SLE female patients met inclusion criteria and were enrolled. As shown in Table 1, the mean
age of subjects at enrollment was 52.2 years (30-75) with a median BMI of 25.5 kg/m2 and mean waist
circumference of 88.4 cm (58-129). Thirty subjects (42.3%) had a family history of cardiovascular
disease, 46.5% were hypertensive, 53.5% had dyslipidemia and 7% were diabetic. The mean time of SLE
disease duration was 20.7 years. Antiphospholipid syndrome was present in 14.1% of subjects. Thirty
four (47.9%) subjects had a history of lupus nephritis. Regarding treatments, 46.4% of patients were on
statins and 28.1% on antithrombotic drugs. Sixty five (91.5%) subjects were on hydroxychloroquine. Sixty
three (88.7%) subjects had been treated with immunosuppressive drugs at some point since SLE
diagnosis.
3.2 Comparisons between subgroups of SLE-patients
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Two groups of SLE patients according to the presence or absence of carotid plaques were considered.
Carotid plaques were present in 15 patients (21.1%). No significant differences were observed between
both groups with and without carotid atherosclerosis with reference to age, race, educational level, dietary
pattern, smoking and alcohol consumption. There were also no significant differences with reference to
early menopause and other gyneco-obstetric history including contraceptive use, menarche, early
menopause, pregnancies, miscarriages and breastfeeding, nor with respect to factors directly related with
SLE, such as antiphospholipid syndrome, nephritis and SLE disease activity scores assessed using the
SLEDAI and SDI scores.
Compared to patients without carotid plaque, SLE patients with carotid plaque had higher concentration
of plasma triglyceride (TG) (1.5 vs 0.9 mmol/L, p=0.001), non-HDL-cholesterol (Non-HDLC) (3.5 vs 3.1
mmol/L, p= 0.025), apolipoprotein B (apoB) (1.0 vs 0.9 g/L, p=0.010) and homocysteine (13 vs 10.5, p=
0.037). Patients with carotid plaque also had a higher prevalence of hypertension than patients without
carotid plaque (80% vs 37.5%, p=0.003), as well as a higher prevalence of dyslipidemia (86.7% vs 44.6%,
p=0.004). The clinical course of SLE was longer in patients with carotid plaque than in those without it
(24.1 vs 19.8 years, p= 0.063) although it was not statistically significant. As it is shown in Table 1,
cholesterol-lowering drugs were more frequently used by SLE patients with carotid plaque than those
without carotid plaque, being on statins 86.7% vs 35.7% (p<0.001), respectively, and on ezetimibe 20% vs
0% (p=0.008), respectively.
Table 1. Baseline characteristics of patients
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Variables

Total (n=71)

No Carotid
Plaque (n=56)

Carotid Plaque
(n=15)

p

Age (years)

52 (9.9)

51 (10.3)

56 (7.3)

0.067

BMI (kg/m2)

25.5 (23.0 to
29.6)

25.4 (22.9 to
29.0)

25.9 (23.2 to
30.7)

0.460

Waist circumference (cm)

88.4 (12.8)

88.0 (12.2)

90.0 (15.2)

0.611

Dietary questionnaire SEA (score)

11 (9 to 12)

11 (9 to 12)

11 (10 to 12)

0.585

Smoking (pack/years)

0,9 (0 to
15.7)

3.0 (0 to 15.9)

0 (0 to 14.5)

0.268

Hypertension

33 (46.5%)

21 (37.5%)

12 (80%)

0.003

Diabetes mellitus

5 (7%)

5 (8.9%)

0

0.577

Dyslipidemia

38 (53.5%)

25 (44.6%)

13 (86.7%)

0.004

Cardiovascular familial history

30 (42.3%)

21 (37.5%)

9 (60%)

0.117

Antiphospholipid syndrome

10 (14.1%)

8 (10.7%)

4 (26.7%)

0.202

Nephritis

34 (47.9%)

24 (42.9%)

10 (66.7%)

0.101

SLE disease length (years)

20.7 (8.1)

19.8 (7.2)

24.1 (10.1)

0.063

Pathological ABI

5 (7%)

5 (8.9%)

0

0.577

Glomerular filtration rate CKD-EPI
(ml/min/1,73 m2)

90 (78 to
90)

90 (84.5 to 90)

89 (64 to 90)

0.068

Total cholesterol (mmol/L)

4.9 (0.7)

4.8 (0.7)

5.2 (0.8)

0.091

LDLC (mmol/L)

2.6 (0.6)

2.6 (0.6)

2.8 (0.6)

0.431

HDLC (mmol/L)

1.7 (0.4)

1.7 (0.5)

1.6 (0.4)

0.489

TG (mmol/L)

1.0 (0.8 to
1.4)

0.9 (0.7 to 1.3)

1.5 (1.1 to 2.1)

0.001

Non-HDLC (mmol/L)

3.2 (0.7)

3.1 (0.7)

3.5 (0.7)

0.025

ApoB (g/L)

0.9 (0.8 to
1.0)

0.9 (0.8 to 1.0)

1.0 (0.9 to 1.1)

0.010

Sd-LDL (mmol/L)

1.2 (0.3)

1.2 (0.3)

1.2 (0.4)

0.572

Lipoprotein (a) (g/L)

0.17 (0.07 to
0.47)

0.17 (0.07 to
0.37)

0.25 (0.05 to
1.30)

0.430

Homocysteine (μmol/L)

11 (9 to
14.9)

10.5 (8 to 14.5)

13 (11 to 18)

0.037
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SDI (score)

0 (0 to 1)

0 (0 to 1)

0 (0 to 1)

0.578

SLEDAI (score)

4 (2 to 8)

5 (2 to 8)

4 (2 to 6)

0.083

C3 complement (mg/L)

1049 (233)

1050 (241)

1042 (212)

0.904

C4 complement (mg/L)

172 (84)

175 (88)

162 (71)

0.601

Prothrombin time (ratio)

1.0 (0.9 to
1.0)

1.0 (0.9 to 1.0)

1.0 (0.9 to 2.1)

0.703

Fibrinogen (g/L)

3.2 (2.7 to
3.7)

3.2 (2.6 to 3.7)

3.4 ( 2.8 to 3.8)

0.489

Table 1. Data are expressed as n (%); mean (SD= standard deviation) for normally distributed quantitative
variables and median (interquartile interval) for non-normally distributed variables. Value data highlighted
in bold indicate P values p< 0.05. BMI= body mass index, LDLC= low-density lipoprotein cholesterol,
HDLC= high-density lipoprotein cholesterol, TG= triglycerides, Non-HDLC = non-HDL-cholesterol, Apo B=
apolipoprotein B, sd-LDL= small and dense LDL, SDI: Systemic Lupus International Collaborating
Clinics/ACR Damage Index, SLEDAI= Systemic Lupus Erythematosus Disease Activity Index, ABI= ankle
brachial index.

Results of the genetic analysis of the three common allelic variants that most influence the plasma
concentration of triglycerides in patients from our area are shown in Table 2. Comparable proportions of
subjects had carotid plaque across the ZPR1 and APOA5 genotypes. Patients homozygote and
heterozygote for a protective GKCR C-allele had a lower prevalence of carotid plaque than homozygote
patients with the GCKR (c.1337C>T) TT variant (16.7% vs 45.5%, p= 0.047).
Table 2. Comparison of carotid plaque across genotypes.
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Gene

Allelic variant

No Carotid Plaque

Carotid Plaque

Total

p

ZPR1 (c.*724C>G)

Homozygous CC

38

(76%)

12

(24%)

50

0,617

Heterozygous CG

17

(85%)

3

(15%)

20

Homozygous GG

1

(100%)

0

(0%)

1

Homozygous CC

46

(78%)

13

(22%)

59

Heterozygous CG

9

(81.8%)

2

(18.2%)

11

Homozygous GG

1

(100%)

0

(0%)

1

Homozygous CC

23

(85.2%)

4

(14.8%)

27

Heterozygous CT

27

(81.8%)

6

(18.2%)

33

Homozygous TT

6

(54.5%)

5

(45.5%)

11

Grouped

Homozygous CC

50

(83.3%)

10

(16.7%)

60

GCKR (c.1337C>T)

or

6

(54.5%)

5

(45.5%)

11

APOA5 (c.56C>G)

GCKR (c.1337C>T)

0.838

NA

0.047

Heterozygous CT
Homozygous TT

Table 2. Data are expressed as n (%) and value data highlighted in bold indicate P values p< 0.05. NA=
non-applicable

In the multivariate logistic regression (Table 3) we observed the protecting GCKR rs1260326 CC genotype,
reduced the risk of having carotid plaque (Odds Ratio-OR= 0.03; [95% confidence interval-CI] [0.002 to
0.53], p=0.016). Furthermore, a one millimole per liter-unit increase of triglycerides was associated with
increasing risk for carotid plaque (OR= 7.57; [95% CI] [1.43 to 40.19], p=0.017). The whole model
explained the 54% (Nagelkerke R2) of the risk for developing carotid plaque in our SLE patients.
Table 3. Multivariate analysis of risk factors for carotid plaque in SLE patients
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OR (IC 95%)

p

- CC

0.03 (0.002 to 0.53)

0.016

- CT

0.15 (0.02 to 1.46)

0.103

Triglycerides

7.57 (1.43 to 40.19)

0.017

Hypertension

7.57 (0.98 to 58.17)

0.052

Nephritis

1.88 (0.38 to 9.37)

0.440

SLE disease length (years)

1.05 (0.96 to 1.16)

0.289

SDI

1.00 (0.60 to 1.67)

0.997

Age (10 years)

2.10 (0.89 to 4.94))

0.090

Variables

GCKR (c.1337C>T)

Table 3. OR=odds ratio; CI=confidence interval. Age (10 years) indicates ten years age difference, SDI:
Systemic Lupus International Collaborating Clinics/ACR Damage Index. Value data highlighted in bold
indicate P values p< 0.05.

4 Discussion
To our knowledge, this is the first study to link common genetic variants associated with the
concentration of plasma triglyceride to subclinical carotid atherosclerosis in SLE.
Detection of carotid plaques is one of the most common findings in the study of subclinical
atherosclerosis and a strong predictor of future cardiovascular events. More specifically, the presence of
carotid plaque at baseline has been associated with a greater than four-fold increased risk for any hard
cardiovascular event in SLE patients (20). Although intimal thickening has also been linked to increased
cardiovascular risk, it is well established that presence of an atherosclerotic plaque is a better surrogate
marker of cardiovascular risk than carotid intima–media thickness also in SLE patients (21-23). In this
sense, we only analyzed the data on the presence of carotid plaque. Our SLE population had a similar
prevalence of carotid plaque (21.1% vs 16% to 37%) than what was reported in previous series of SLE
patients (24, 25). Patients with carotid plaque were more hypertensive and dyslipidemic than those
without plaque. These, are two modifiable conventional cardiovascular risk factors that increase the risk
of cardiovascular events in SLE (26-29). In concordance to previous results, patients with plaque have
higher plasmatic concentrations of TG which was consistent with the more common dyslipidemia of SLE
(30). Although Non-HDLC and apoB were higher in patients with plaque, there were no statistically
differences in low-density lipoprotein cholesterol (LDLC). Non-HDLC includes the atherogenic potential of
remnant lipoproteins and offers a more accurate risk estimation than does LDL-C in hypertriglyceridemic
subjects by adding remnant-cholesterol (remnant-cholesterol= total cholesterol - HDLC - LDLC) to LDLC
(31). These results are in agreement with current knowledge of the role of TG-rich lipoproteins and their
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remnants as a strong proatherogenic factor for the initiation and the progression of atherosclerosis
determined by the number of circulating concentration of apoB-containing particles (32). On the other
hand, we did not find statistically significant differences in HDL-C concentrations. This result is in
agreement with the data from Mendelian randomization studies that do not provide compelling evidence
that HDL-C is causally associated with the risk of atherosclerotic cardiovascular disease (33).
The study of small dense LDL in SLE patients with atherosclerosis has been addressed in different
investigations. By using the Lipoprint LDL system, it was demonstrated that patients with SLE have a
population of LDL particles smaller and denser than those from healthy controls (34) and another study
reported that circulating lipoprotein remnant particles measured by nuclear magnetic resonance were
better predictor of carotid atherosclerosis in SLE subjects than other lipoprotein variables (30). In spite of
the higher TG and Non-HDLC plasma concentrations that SLE patients with carotid atherosclerosis from
this study displayed, we did not find any differences in small dense LDL concentrations by using the
modified heparin-Mg2+ precipitation method (13) between SLE patients with and without carotid
atherosclerosis. It has also been suggested the association of ε2 APOE allele with increased cIMT in SLE
patients (30), but this was not observed in SLE patients from this study.
Triglycerides are carried in plasma by very low-density lipoproteins (VLDL), chylomicrons and their
remnants which are highly atherogenic. There is a direct relationship between the concentration of
plasma triglyceride and concentration of cholesterol in remnant particles. Strong evidence suggests that
elevated TG-rich lipoproteins are causal risk factors for low-grade inflammation and atherosclerosis (35,
36). Mild-to-moderate hypertriglyceridemia is a polygenic disorder, being the consequence of a
cumulative burden of common and rare genetic variants that are usually exacerbated by non-genetic
factors (37). In this study, the analysis of the ZPR1, APOA5 and GCKR genes displayed that GCKR
rs1260326 have a strong relationship with the presence of carotid plaque in SLE patients. Glucokinase
regulator GCKR gene encodes glucokinase regulatory protein (GKRP), which is released in postprandial
phase to cytoplasm and stimulates glycogen deposition and de novo lipogenesis. The homozygous TT
allele of the GCKR rs1260326 led to a destabilization of the glucokinase binding interface. Increased
hepatic glucokinase activity results in higher fasting serum TG concentration and lower glucose
concentration (38, 39). In a meta-analysis of 46 genome-wide association studies a significant
association between the homozygous TT allele of GCKR rs1260326 and higher circulating TG levels was
observed (40) although the atherogenic effect of this variant is controversial (41-43). The evaluation of
non-traditional cardiovascular risk factors revealed statistically significant differences in plasma
homocysteine concentrations in patients with carotid plaque (p=0.037) which is consistent with the
reported role of homocysteine as a potential contributor to the increased burden of atherosclerotic
disease in SLE (44, 45). Antiphospholipid antibodies and SLE nephritis are tightly related to the risk of
cardiovascular events in SLE patients (24, 26, 46), although neither antiphospholipid syndrome nor lupus
nephritis or the complement were statistically relevant in our population.
Regarding severity and chronicity of SLE, average SLEDAI score index disease activity was moderate (4
of 2 to 6). Nevertheless, subjects included in this study had less accumulated structural damage
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evaluated using SLICC index than cited in former cardiovascular risk reports. Length of SLE disease was
longer (20.7 years) than described in other investigations. Evolution time of SLE disease would be a
parameter which could be correlated with longer time of chronic inflammation but published evidences
do not implicate it as a strong risk factor for cardiovascular events appearance (47, 48).
In this study, the multivariate logistic regression analysis that was performed to identify the independent
predictors of carotid atherosclerosis, showed that the CGKR CC homozygosity for CGKR gene and plasma
triglycerides (OR=0.03, and 7.57, respectively) remained independently associated with plaques.
Remarkably, risk of having carotid plaques was directly related to the highest concentration of plasma
TG, despite mean TG concentrations were within the reference intervals (< 150mg/dL or < 1.7 mmol/l). As
reported, there was direct relationship between triglyceride levels and mortality in patients with
established coronary heart disease even in patients with TG plasma< 1.7 mmol/l (49).
The association between hypertension and atherosclerosis in general population and in SLE patients is a
well-known major contributor to cardiovascular disease (46) as well as age that in this study was not
statistically significant, but showed a trend. Although nephritis history, and SLE disease duration and
activity (SDI) were included in the model because of its clinical relevance, they lost their significance
when CGKR genetic study, triglycerides and hypertension were included in the model.
This study has some limitations. Only women were included. In addition, a model adjusted for SLE and
dyslipidemia treatments would have given more precise information. Corticosteroids treatments are one
of the most important factors related to cardiovascular events in SLE patients in a dose and time
depending way (28, 29) and other immunosuppressive agents as azathioprine had been related to the
cardiovascular risk in these patients (26). It would have been interesting to perform an analysis on the
independent relationship of corticosteroid dose and atherosclerosis beyond disease activity, but it was
not possible to calculate cumulative dosages of steroids because the information to perform this
calculation was not available.
Higher prevalence of statin treatment in SLE subjects with carotid plaque is the consequence of
dyslipidemia. Despite atherogenic dyslipidemia is a well-demonstrated cardiovascular risk factor (50), the
mechanisms by which the treatment of hypertriglyceridemia and the lipoprotein disorders associated
would reduce cardiovascular disease have not yet been fully established. Currently, there are several
ongoing clinical trials to assess the benefit of hypertriglyceridemia treatment in cardiovascular disease. It
would be interesting to verify the cardiovascular protective effect of these drugs in lupus patients with
asymptomatic atherosclerosis and atherogenic dyslipidemia where TG-rich lipoproteins play a major role.
Finally, other limitations of this study that may be considered are the cross-sectional design and its
sample size.
In summary, this study shows that plasma triglyceride concentration and CGKR CC homozygosis for

CGKR gene are independent predictive factors of carotid atherosclerosis in women with SLE. These data
suggest that strict triglyceride management may be useful to prevent atherosclerosis in SLE. Finally, this
study also suggests that the diagnosis of different genetic variants related with hypertriglyceridemia can
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be useful to better stratify the cardiovascular risk in patients with SLE. Further study on the role of genetic
markers in the study of cardiovascular risk of SLE patients is needed.

List Of Abbreviations
SLE: systemic lupus erythematosus; HDLC: high-density lipoprotein-cholesterol; LPDL: lipoprotein lipase;
apoE: apolipoprotein E; LDLC: low-density lipoprotein-cholesterol; NRM: nuclear magnetic resonance; ACR:
American College of Rheumatology; BMI: body mass index; SLEDAI: Systemic Lupus Erythematosus
Disease Activity Index; SDI: Systemic Lupus International Collaborating Clinics/ACR Damage Index; sdLDL: small and dense LDL; US: ultrasound; ABI: ankle-brachial index; cIMT: carotid intima-media wall
thickness; ANOVA: analysis of variance; Non-HDLC: non-HDL-cholesterol; apoB: apolipoprotein B; TG:
triglyceride, SEA: Sociedad Española de Aterosclerosis; SD: standard deviation; NA: non-applicable; OR:
Odds Ratio; CI: confidence interval; VLDL: very low-density lipoprotein; GKRP: glucokinase regulatory
protein.

Declarations
Acknowledgements:
Not applicable.
Authors’ contributions:
Study conception and design: Fanlo-Maresma M, Candás-Estébanez B, Pintó-Sala X. Acquisition of data:
Fanlo-Maresma M, Esteve-Luque V, Escrihuela-Vidal F, Carratini-Moraes M. Analysis and interpretation of
data: Fanlo-Maresma M, Candás-Estébanez B, Padró-Miquel A, Corbella-Ingles E, Pintó-Sala X. Drafting of
manuscript: Fanlo-Maresma M. Critical revision: Candás-Estébanez B, Corbella-Virós X, Pintó-Sala X.
Funding:
Not applicable
Availability of data and materials:
The datasets used and analyzed during the current study are available from the corresponding author on
reasonable request.
Ethics approval and consent to participate:
The research protocol was approved by the ethics committee of Hospital Universitari de Bellvitge
(L’Hospitalet de Llobregat, Barcelona). The study protocol conforms to the ethical guidelines of the 1975
Declaration of Helsinki and all patients gave their informed consent to participate in the study.
Consent for publication:
Page 14/18

Not applicable.
Competing interests:
The authors declare that they have no competing interests.
Author details:
1) Cardiovascular Risk Unit-Internal Medicine Department, Hospital Universitari de Bellvitge, L’Hospitalet
de Llobregat, Spain; 2) Institut d’Investigació Biomèdica de Bellvitge (IDIBELL), L’Hospitalet de Llobregat,
Spain; 3) Clinical Laboratory, Hospital Universitari de Bellvitge, L’Hospitalet de Llobregat, Spain; 4)
CIBEROBN Fisiopatología de la Obesidad y Nutrición, Instituto de Salud Carlos III, Madrid, Spain; 5)
Faculty of Medicine and Health Sciences, Universitat Internacional de Catalunya, Barcelona, Spain; 6)
Faculty of Medicine , Universitat de Barcelona, Barcelona, Spain.

References
1. Yurkovich M1, Vostretsova K, Chen W, Aviña-Zubieta JA. Overall and cause-specific mortality in
patients with systemic lupus erythematosus: a meta-analysis of observational studies. Arthritis Care
Res (Hoboken). 2014; 66 (4):608-616.
2. Borba EF, Bonfa E. Dyslipoproteinemias in systemic lupus erythematosus: influence of disease,
activity, and anticardiolipin antibodies. Lupus. 1997; 6 (6):533-539.
3. Reichlin M, Fesmire J. Quintero-del-Rio Al, Wolfson–Reichlin M. Autoantibodies to lipoprotein lipase
and dyslipidemia in systemic lupus erythematosus. Arthritis Rheum. 2002; 46 (11):2957-2963.
4. Szabó M, Szodoray P, Kiss E. Dyslipidemia in systemic lupus erythematosus. Immunol Res. 2017; 65
(2):543-550.
5. Urowitz MB, Su J, Gladman DD. Atherosclerotic Vascular Events in Systemic Lupus Erythematosus an Evolving Story. J Rheumatol. 2020; 47 (1):66-71.
6. Austin MA. Triglyceride, small, dense low-density lipoprotein, and the atherogenic lipoprotein
phenotype. Curr Atheroscler Rep. 2000; 2(3):200-207.
7. Mostaza JM, Pintó X, Armario P, et al. Standards for global cardiovascular risk management
arteriosclerosis. Estándares SEA 2019 para el control global del riesgo cardiovascular. Clin Investig
Arterioscler. 2019; 31 Suppl 1:1-439.
8. Lumsden MA, Davies M, Sarri G; Guideline Development Group for Menopause: Diagnosis and
Management (NICE Clinical Guideline No. 23). Diagnosis and Management of Menopause: The
National Institute of Health and Care Excellence (NICE) Guideline. JAMA Intern Med. 2016;
176(8):1205-1206.
9. Pérez-Jiménez F, Ros E, Solá R, Godás G, Pérez-Heras A, Serra M, Mostaza J, Pintó X. Consejos para
ayudar a controlar el colesterol con una alimentación saludable. Clin Invest Arterioscl. 2006;
18(3):104-110.
Page 15/18

10. Bombardier C, Gladman DD, Urowitz MB, Caron D, Chang CH. Derivation of the SLEDAI. A disease
activity index for lupus patients. The Committee on Prognosis Studies in SLE.Arthritis Rheum. 1992;
35(6):630-640.
11. Gladman D, Ginzler E, Goldsmith C, et al. The development and initial validation of the Systemic
Lupus International Collaborating Clinics/American College of Rheumatology damage index for
systemic lupus erythematosus. Arthritis Rheum. 1996; 39(3):363‐
12. Fernández-Cidón B, Padró-Miquel A, Alía-Ramos P, et al. Reference values assessment in a
Mediterranean population for small dense low-density lipoprotein concentration isolated by an
optimized precipitation method. Vasc Health Risk Manag. 2017; 13:201-207.
13. Fernández-Cidón B, Candás-Estébanez B, Ribalta J, et al. Precipitated sdLDL: An easy method to
estimate LDL particle size. J Clin Lab Anal. 2020; e23282.
14. Johansen CT1, Kathiresan S, Hegele RA. Genetic determinants of plasma triglycerides. J Lipid Res.
2011; 52(2):189-206.
15. Touboul PJ, Hennerici MG, Meairs S, Adams H, Amarenco P, Bornstein N, et al. Mannheim carotid
intima-media thickness consensus (2004-2006). Cerebrovasc Dis 2007; 23:75-80.
16. Wendelhag I, Liang Q, Gustavsson T, et al. A new automated computerized analyzing system
simplifies readings and reduces the variability in ultrasound measurement of intima–media
thickness. Stroke 1997; 28:2195-2200.
17. Junyent M, Gilabert R, Núñez I, et al. Carotid ultrasound in the assessment of preclinical
atherosclerosis. Distribution of intima-media thickness values and plaque frequency in a Spanish
community cohort]. Med Clin (Barc). 2005; 125(20):770-774.
18. Doobay AV, Anand SS. Sensitivity and specificity of the ankle-brachial index to predict future
cardiovascular outcomes: a systematic review. Arterioscler Thromb Vasc Biol. 2005; 25(7):14631469.
19. Gu X, Man C, Zhang H, Fan Y. High ankle-brachial index and risk of cardiovascular or all-cause
mortality: A meta-analysis. Atherosclerosis. 2019; 282:29-36.
20. Kao AH, Lertratanakul A, Elliott JR, et al. Relation of carotid intima-media thickness and plaque with
incident cardiovascular events in women with systemic lupus erythematosus. Am J Cardiol. 2013;
112(7):1025-1032.
21. Piepoli MF, Hoes AW, Agewall S, et al. 2016 European Guidelines on cardiovascular disease
prevention in clinical practice: The Sixth Joint Task Force of the European Society of Cardiology and
Other Societies on Cardiovascular Disease Prevention in Clinical Practice. Eur Heart J. 2016;
37(29):2315-2381.
22. Frerix M, Stegbauer J, Kreuter A, Weiner SM. Atherosclerotic plaques occur in absence of intimamedia thickening in both systemic sclerosis and systemic lupus erythematosus: a duplex
sonography study of carotid and femoral arteries and follow- up for cardiovascular events. Arthritis
Res Ther. 2014; 16(1):R54.

Page 16/18

23. Sacre K, Escoubet B, Zennaro MC, Chauveheid MP, Gayat E, Papo T. Overweight Is a Major
Contributor to Atherosclerosis in Systemic Lupus Erythematosus Patients at Apparent Low Risk for
Cardiovascular Disease: A Cross-Sectional Controlled Study. Medicine (Baltimore). 2015;
94(48):e2177.
24. Faurschou M, Mellemkjaer L, Starklint H, et al. High risk of ischemic heart disease in patients with
lupus nephritis. J Rheumatol. 2011; 38(11):2400-2405.
25. Haque S, Skeoch S, Rakieh C, et al. Progression of subclinical and clinical cardiovascular disease in
a UK SLE cohort: the role of classic and SLE-related factors. Lupus Sci Med. 2018; 5(1):e000267.
26. Fernández-Nebro A, Rua-Figueroa Í, López-Longo FJ, et al. Cardiovascular events in systemic lupus
erythematosus: a nationwide study in Spain from the RELESSER registry. Medicine (Baltimore) 2015;
94: e1183.
27. Wand XY, Tang XQ, Huang YJ, et al. Frequency of established cardiovascular disease and its risk
factors in Chinese patients with systemic lupus erythematosus. Clin Rheumatol 2012; 31:669-675.
28. Magder LS, Petri M. Incidence of and risk factors for adverse cardiovascular events among patients
with systemic lupus erythematosus. Am J Epidemiol 2012; 176:708-719.
29. Manzi S, Meilahn EN, Rairie JE, et al. Age-specific incidence rates of myocardial infarction and
angina in women with systemic lupus erythematosus: comparison with the Framingham study. Am J
Epidemiol 1997; 145:408-415.
30. Gonzàlez M, Ribalta J, Vives G, et al. Nuclear magnetic resonance lipoprotein subclasses and the
APOE genotype influence carotid atherosclerosis in patients with systemic lupus erythematosus. J
Rheumatol. 2010; 37(11):2259-2267.
31. Langlois MR, Chapman MJ, Cobbaert C, et al. Quantifying Atherogenic Lipoproteins: Current and
Future Challenges in the Era of Personalized Medicine and Very Low Concentrations of LDL
Cholesterol. A Consensus Statement from EAS and EFLM. Clin Chem. 2018; 64(7):1006-1033.
32. Salinas CAA, Chapman MJ. Remnant lipoproteins: are they equal to or more atherogenic than LDL?.
Curr Opin Lipidol. 2020; 31(3):132-139.
33. 2019 ESC/EAS guidelines for the management of dyslipidaemias: Lipid modification to reduce
cardiovascular risk [published correction appears in Atherosclerosis. 2020; 292:160-162.
34. Olusi SO, George S. Prevalence of LDL atherogenic phenotype in patients with systemic lupus
erythematosus. Vasc Health Risk Manag. 2011; 7:75-80.
35. Do R, Willer CJ, Schmidt EM, et al. Common variants associated with plasma triglycerides and risk
for coronary artery disease. Nat Genet. 2013; 45(11):1345-1352.
36. Nordestgaard BG. Triglyceride-Rich Lipoproteins and Atherosclerotic Cardiovascular Disease: New
Insights From Epidemiology, Genetics, and Biology. Circ Res. 2016; 118(4):547-563.
37. Hegele RA, Ginsberg HN, Chapman MJ, et al. The polygenic nature of hypertriglyceridaemia:
implications for definition, diagnosis, and management. Lancet Diabetes Endocrinol. 2014; 2(8):655666.
Page 17/18

38. Fernandes Silva L, Vangipurapu J, Kuulasmaa T, Laakso M. An intronic variant in the GCKR gene is
associated with multiple lipids. Sci Rep. 2019; 9(1):10240.
39. Rousseaux J, Duhamel A, Dumont J, et al. The n-3 long-chain PUFAs modulate the impact of the
GCKR Pro446Leu polymorphism on triglycerides in adolescents. J Lipid Res. 2015; 56(9):1774-1780.
40. Teslovich , T. M. , K. Musunuru , A. V. Smith , A. C. Edmondson , I. M. Stylianou , M. Koseki , J. P.
Pirruccello , S. Ripatti , D. I. Chasman , C. J. Willer , et al . 2010 . Biological, clinical and population
relevance of 95 loci for blood lipids. Nature. 466: 707-713.
41. Gao H, Liu S, Zhao Z, et al. Association of GCKR Gene Polymorphisms with the Risk of Nonalcoholic
Fatty Liver Disease and Coronary Artery Disease in a Chinese Northern Han Population. J Clin Transl
Hepatol. 2019; 7(4):297-303.
42. Zhou YJ, Hong SC, Yin RX, Yang Q, Cao XL, Chen WX. Polymorphisms in the GCKR are associated
with serum lipid traits, the risk of coronary artery disease and ischemic stroke. Int J Clin Exp Med.
2015; 8(7):10678-10686.
43. Mohás M, Kisfali P, Járomi L, et al. GCKR gene functional variants in type 2 diabetes and metabolic
syndrome: do the rare variants associate with increased carotid intima-media thickness?. Cardiovasc
Diabetol. 2010; 9:79.
44. Roman MJ, Crow MK, Lockshin MD, et al. Rate and determinants of progression of atherosclerosis in
systemic lupus erythematosus. Arthritis Rheum. 2007; 56(10):3412-3419.
45. Giannelou M, Nezos A, Fragkioudaki S, et al. Contribution of MTHFR gene variants in lupus related
subclinical atherosclerosis. Clin Immunol. 2018; 193:110-117.
46. Gustafsson JT, Herlitz Lindberg M, Gunnarsson I, et al. Excess atherosclerosis in systemic lupus
erythematosus,-A matter of renal involvement: Case control study of 281 SLE patients and 281
individually matched population controls. PLoS One. 2017; 12(4):e0174572.
47. Fernández-Garcés M, Haro G, Micó ML. Predisposing factors to nonfatal cardiovascular events in
women with systemic lupus erythematosus. An observational, cross-sectional, multicenter study in
Spain from the risk/systemic lupus erythematosus thematic network. Medicine (Baltimore). 2019;
98(43):e17489.
48. Bengtsson C, Öhman ML, Nived O, et al. Cardiovascular event in systemic lupus erythematosus in
northern Sweden: incidence and predictors in a 7-year follow-up study. Lupus 2012; 21:452-459.
49. Klempfner R, Erez A, Sagit BZ, et al. Elevated Triglyceride Level Is Independently Associated With
Increased All-Cause Mortality in Patients With Established Coronary Heart Disease: Twenty-Two-Year
Follow-Up of the Bezafibrate Infarction Prevention Study and Registry [published correction appears
in Circ Cardiovasc Qual Outcomes. 2016 Sep; 9(5):613]. Circ Cardiovasc Qual Outcomes. 2016;
9(2):100-108.
50. Chapman MJ, Ginsberg HN, Amarenco P, et al. Triglyceride-rich lipoproteins and high-density
lipoprotein cholesterol in patients at high risk of cardiovascular disease: evidence and guidance for
management. Eur Heart J. 2011; 32(11):1345-1361.

Page 18/18

