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ABSTRACT

Background and aims: since accelerated atherosclerosis has been rdpiorteystemic lupus

erythematosus (SLE), predictive biomarkers of ecarascular disease (CVD) are needed. Among
non-traditional risk factors, bone mineral dengBMD) has been related to CVD. However, its
role in SLE remains controversial. This study aitosanalyze the associations of subclinical

atherosclerosis with traditional and non-traditlo@¥ risk factors.

Methods and results: in a cross-sectional study, atherosclerosis bungencompared between 112
female SLE patients and 31 controls. Plaque nunalper carotid intima-media wall thickness
(cIMT) were assessed by ultrasonography. In a spective study, BMD determinations obtained
5-years before the ultrasonography assessmentamatgzed in a subgroup of 62 patients. Plaque
frequency was increased in SLE, even in patienteowt CV events or carotid wall thickening.
cIMT was increased in patients with CVD, positivalgrrelated with body mass index (BMI).
Interestingly, a paradoxical effect of BMI on cddotparameters was observed. Whereas
underweight patients (BMI<20) showed increased gdemce of carotid plaques with low cIMT,
those with BMI>30 showed higher cIMT and plaguedar. Overweight patients (25<BMI<30)
exhibited both elevated cIMT and plaque number. B¥bs an independent predictor of BMD. In
our retrospective study, patients with either clithior subclinical CVD exhibited lower BMD levels
than their CV-free counterparts. A low lumbar spiB&D independently predicted CVD

development after adjusting for confounders.

Conclusion: SLE was associated with a higher subclinical aaerosis burden, a bimodal effect
being observed for BMI. Decreased BMD can be a iBk iiomarker in SLE.

Keywords: systemic lupus erythematosus, atherosclerosis, imimeral disease, body mass index,
subclinical cardiovascular disease
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INTRODUCTION

Cardiovascular disease (CVD) has a major impacimorbidity and mortality in systemic lupus
erythematosus (SLE) (1), the prototypical systeaitnimmune disease. Recent evidence suggests
an increased CV risk in patients at early disedsges or even at diagnosis. An increased
prevalence of subclinical atherosclerosis, assdsg@iesence of carotid plaque and/or arterial wall
thickening, has been observed in SLE patients (24djeover, subclinical atherosclerosis has been
reported in young SLE patients without traditiomisk factors (5). Actually, traditional CV risk
cannot fully account for the increased CVD occureein SLE (6—8), hence supporting a role for
chronic inflammation, autoimmunity and other SLEated features. Therefore, the identification of
novel biomarkers to be used in the clinical settimgdentify patients at risk represents a major
unmet need in this scenario.

In recent years, a possible relationship betwednaed bone mineral density (BMD) and CVD has

emerged. BMD is also affected by inflammation amchune over-activation, and altered BMD is a

frequent hallmark of SLE patients. The relationdhgiween BMD and vascular calcifications was

firstly described some time ago (9), but this aggmn was probably under-estimated, since
osteoporosis and vascular calcifications were oaify considered as non-modifiable disorders of
ageing. Currently, although the role of ageing carie completely dismissed, age-independent,
direct biological links between bone metabolism &\ have been described(10,11). However,

the associations between bone metabolism and steragarkers of CVD other than vascular

calcification are under debate. In fact, contraaictresults about the association between BMD and
carotid atherosclerosis have been reported in SIZ18). Interestingly, reduced BMD has been

associated with endothelial dysfunction in SLE (Jghinting to a very early crosstalk between

BMD and CVD.

Taking all these ideas into account, we aimed tauate (i) the prevalence of subclinical CVD
(measured as atherosclerotic plaques and cardtidahrwall thickening) in SLE patients and the
potential associations with traditional and nortditianal CV risk factors and (ii) the predictive
value of 5-years retrospective BMD determinationtfe development of CVD in SLE.
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MATERIAL AND METHODS

Patients and controls

This study encompasses both a cross-sectional extdoapective sub-analyses. Our cross-sectional
study involved 112 female SLE outpatient patiemd 81 matched healthy volunteers from the
same population as controls (see Online Supplemerttaterial). All patients fulfilled the
American College of Rheumatology (ACR) revised esiét for the SLE classification (15).
Traditional CV risk factors, parameters of diseas#ivity (anti-dsDNA titer and SLE disease
activity index, SLEDAI) and treatments received veddained from clinical records (See Online
Supplementary Material). A CV event was defined meviously described (16). For the
retrospective sub-analysis, a subgroup of 62 ferBalE patients who underwent a bone mass
densitometry determination 5-years before the roant for the study was selected. Clinical
features and demographic parameters at the tiB&I&f assessment were included in the analyses.

Ethics approval was obtained from the InstitutioRalview Board (Regional Ethics Committee for
Clinical Research, Servicio de Salud del Principdddsturias, reference PI1-16/00113), according
to the Declaration of Helsinki. Written informednsent was signed from all individuals prior to

enrollment.

Carotid ultrasound assessments

Doppler ultrasound assessment was performed usifigshiba Aplio XG machine. The carotid
intima-media wall thickness (cIMT) was bilateratheasured according to the “Mannheim Carotid
Intima-Media Thickness Consensus (2004-2006)" ({S6e Online Supplementary Material).
Plaque prevalence was considered as the frequehpatients exhibiting at least one plaque

according to the previous consensus definition.

Bone mineral density measur ements

Bone mineral density (BMD) was measured using agiol® QDR-4500 DXA densitometer. Both
the postero-anterior lumbar spine (L2-L4) and thghtr proximal femur were analysed.
Osteoporosis was defined according to World He@ltianisation (WHO) criteria (18,19) (see
Online Supplementary Material). Z- and T-scoresenaliso calculated with the reference lumbar

spine and proximal femur bone values of the Spamigtulation (19).

Vascular calcifications were evaluated by X-rayse(©nline Supplementary Material) (9,20,21),

and the presence of osteoarthritis lesions wasrdigted according to the Kellgren-Lawrence scale.
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Statistical analyses

Variables were summarized as mean % standard d&vjiahedian (interquartile range) or n(%), as
appropriate. Differences between continuous vaeglvere analysed by T, Mann-Withney U or
Kruskal Wallis tests. For categorical variabhgStests were performed. Multivariate analyses were
carried out by multiple linear regression models bimary logistic regression. Demographic
parameters, clinical features and traditional CSkrfactors were entered in the models as
covariates, as indicated. Odds Ratios (OR) andtiRel®isk (RR), for binary logistic regression
and B for linear regression, together with theispective 95% confidence intervals (Cl) were
computed (see Online Supplementary Material). Aalr@<0.050 was considered the limit of
statistical significance.
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RESULTS

I ncreased prevalence of subclinical atherosclerosisin SLE

The presence of carotid atherosclerotic plaquesvaaltithickness (cIMT) in both left and right
arteries were evaluated as surrogate markers dflisigal atherosclerosis in 112 female SLE
patients and 31 matched healthy controls (HC). Dapmhic parameters, traditional CV risk
factors and clinical features of the subjects imedl in the study are summarized in the
Supplementary Table 1. SLE patients showed incdeasevalence of hypertension and obesity
(BMI>30) and 16 of them have a previous historyCdf events. Vascular ultrasonography revealed
higher frequency of carotid plagues in SLE patiarampared to HC (30.3% vs 9.6%, p=0.020),
mainly in the left branch (Table 1). These findivgsre more evident in those who had suffered a
CV event (Table 1). The mean number of plaquesalsashigher in patients, even in those without
CVD (p=0.045). Conversely, the cIMT was only sigrahtly increased in patients with previous
CVD, thus supporting that SLE patients may presémerosclerotic plaques even in the absence of

increased cIMT.

Multivariate regression analysis including sex, age traditional CV risk factors (dyslipidemia,
hypertension, obesity and smoking habit) revediatl $LE patients presented more than 2-fold risk
than HC for the development of atherosclerotic pésg(Table 2). A similar result was obtained
when patients with previous CVD were excluded fiitva analysis (RR[95% ClI]: 2.63[1.03, 8.50],
p=0.038). Additionally, controlling for glucocort@ usage at recruitment and ever use of high
doses since diagnosis did not modify the assoddt&ween SLE and plaque burden (RR[95% CIJ:
2.50[1.06, 7.89], p=0.039). Interestingly, a mudtiate analysis in SLE patients including
traditional CV risk factors, disease activity anatation, previous CVD and treatments (including
current and ever use high doses of glucocorticardghe model (Supplementary Table 2) showed
an unexpected protective role for BMI in the depetent of carotid plaques (RR[95% CIJ:
0.92[0.87, 0.98], p=0.015). Conversely, BMI was ifpesly correlated with cIMT in patients
(r=0.335, p<0.001), even after adjusting for sege and disease activity, duration and therapy
usage (including current use of glucocorticoids @wer use of high doses of glucocorticoids,
antimalarials and immunosuppresant$>(.253, p<0.001). Interestingly, patients with B&5>
(n=55) exhibited an increased cIMT compared witle timder- and normal weight patients
(p<0.001) and the HC group (p=0.022). Concurreryais of carotid plagues and cIMT in SLE
patients categorized according to BMI showtleat both under- and overweight patients exhibited
higher prevalence of carotid plaques, hence suggest bimodal pattern, whereas cIMT was
exhibited an increase in the overweight group atatepuing beyond BMI>30 (Figure 1).

6
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Interestingly, quadratic curve fitting showed naramse in cIMT above BMI>30 (Figure 1).
Exclusion of SLE patients with CVD from the anatysetrieved similar findings. Glucocorticoid

usage was similar among BMI groups (p=0.432).

Finally, we evaluated whether any SLE-related fiscimould be associated with the presence of
carotid plagques using a multivariate logistic regien model. In a backward multistep analysis
entering demographic variables, clinical featurgsgatments (including current use of
glucocorticoids and ever use of high doses of gladaoids) and traditional CV risk factors in the
initial model, only age (RR[95% CI]: 1.13[1.06, Q]2 p<0.001) and (RR[95% CI]: 2.51[1.02,
7.42], p=0.043) showed a significant association.

These results confirm an increased prevalencelafligical atherosclerosis in female SLE patients
and a paradoxical bimodal effect of BMI. Importadifferences between cIMT and plaque
occurrence were disclosed.

L ow lumbar spine mineral density as a prognostic factor for CVD

The possible predictive value of low bone mineehsity (BMD) for the development of CVD was
analyzed in a subgroup of 62 female SLE patientgiom the BMD at lumbar spine, femoral neck,
total hip and Ward triangle had been determined eary before the vascular ultrasound
examination. This subgroup was representative efwiole cohort of SLE patients regarding
demographic, clinical and traditional CV risk fastoData of BMD (g/crf), T-score and Z-score at
all bone sites, and concurrent clinical data (Seqmgintary Table 3), were analyzed in relation to the
current CVD status, either clinical CVD or subdiiai CVD (considered as presence of carotid
plaques) (Figure 2).

Interestingly, patients with either clinical or slibhical CVD exhibited a lower value of BMD 5
years before, especially at lumbar spine. Therefooth CVD groups were grouped and analyzed
together thereafter. A logistic regression modeluding all bone mineral measurements, age, BMI,
usage of high doses of glucocorticoids (>7.5 mg/elegr since diagnosis), immunosuppressants
(since diagnosis), history of previous fracturesnopause status, and the presence of osteoarthritis
lesions and vascular calcifications at the timedehsitometry, revealed that low lumbar spine
mineral density was an independent predictive fafido CVD development (Table 3). Actually,
low lumbar BMD (defined either as osteopenia [n=b8]osteoporosis [n=12] according to the
reference values) was associated with an increaskdf CVD development (OR[95% CI], p:
6.411[1.134, 36.239], p=0.036) after adjusting footential confounders. Importantly, this
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association was already observed in patients witieopenia (5.161[1.126, 52.181], p=0.040),
whereas a separate analysis on their osteopommaserparts alone did not exhibit such association
(1.276[0.090, 18.080], p=0.857). Interestingly, BMi2terminations at any bone site were not

predictive of cIMT values (Supplementary Table 4).

It is noteworthy that BMI (at the time of densitany was an independent predictor of BMD at all
bone sites in linear regression analyses adjustedge (lumbar spingg=0.317, p=0.028; femoral
neck:p=0.516, p<0.001; total hi=0.473, p=0.001, and Ward triangps0.289, p=0.072). Use of
high dosages of glucocorticoids (either at the tioieBMD measurement and ever use since
diagnosis) was not found to have an effect on thessmciations. Similarly, these associations
remained after controlling for menopause and hjstof previous fractures. Moreover, no
association was found between BMD and presenceastwar calcifications or osteoarthritis

lesions.

Overall, our findings confirm that a low BMD can &e independent predictor of CVD occurrence

in SLE patients. Additionally, a positive asso@atbetween BMI and BMD is disclosed.
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DISCUSSION

Although a compelling body of evidence supportsiraateased prevalence of CVD in SLE, the
origin of this increased risk remains elusive aeavrbiomarkers allowing early identification of
patients at risk are needed. Apart from vasculandustasis, bone metabolism has been largely
reported to be altered in SLE. In the present weekhave explored the potential links between
these two conditions and we have reported, forfitisé time, that a low BMD at lumbar spine
predict clinical and subclinical CV events occumenn female SLE patients. Additionally, a

paradoxical bimodal effect of BMI on atherosclesdsiirden was observed.

In line with the prevalence reported by other artghip—4) about one third of our SLE patients
presented carotid plaques, suggestive of subdirdti@erosclerosis, even in the absence of a
substantial cIMT increase. In fact, a significartedal wall thickening was only detected in patgen
with CVD, whereas SLE patients without previoustdrg of CV events have near 3-fold higher
frequency of carotid plaques than controls aftgustihg for traditional CV risk factors. These
results highlight important differences betweenhbattrasound findings. Although frequently
considered as synonymous assessments, our resdigdine important differences between them,
in line with other studies in immune-mediated ctiods (22,23). Of note, cIMT not only
represents subclinical atherosclerosis but it iso ainfluenced by non-atherosclerotic wall
remodeling (17). However, the presence of plaquefisoverriding importance in reflecting
cardiovascular risk (24). Therefore, all thesediné evidence point to a complementary, different
interpretation of cIMT and plague number, espegimlimmune-mediated diseases. Whether these

discrepancies are also the consequence of diffaretgrlying mechanisms warrants further studies.

An interesting result from our study was the apptyeparadoxical effect of the BMI on the
development of subclinical atherosclerosis in SThRe worst carotid parameters, high both cIMT
and plaque number, were observed in overweigheptsti However, underweight (BMI<20) was
found to be detrimental for plaque development witheffect on cIMT, whereas obese patients
(BMI>30) were less likely to exhibit carotid plaguén spite of the increased cIMT. All these
findings reflect the complex relationship betwedlBand CVD and are in agreement with the so-
called “obesity paradox”, a term coined to expldia epidemiologic observation of a protective
effect of obesity on CVD outcomes in several stsdig5-27). A number of quantitative and
gualitative concepts emerge from these findingsstFrom a quantitative point of view, although
high BMI has been largely recognized as an indepetn@V risk factor in the general population,
recent epidemiological studies have challengedrtbion by reporting better survival outcomes in
obese patients than in their non-obese counterpagsvide range of chronic diseases, from heart
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failure and other CVD to chronic kidney disease) (2&ronic obstructive lung disease (29),
hypertension, type 2 diabetes (30), rheumatoidriigh(31) or osteoporosis (32)nterestingly,
Sacre and colleagues have found that overweigheisnain contribution to atherosclerosis in SLE
patients (33). However, no separate analysis oéumeight and obese patients has been performed,
which makes difficult the comparison between stsidi@en the other hand, a non-linear effect of
BMI has been reported elsewhere (34,35), whiclm iacicordance with our results. These findings
may suggest that the effect of obesity cannot tedysexplained by the quantity of adipose tissue,
hence pointing to qualitative aspects such usdtaposition, metabolic status or location in the
body. As a consequence, a multifactorial origin egas from the obesity paradox, thus explaining,
at least partially, the heterogeneous results nbtbelsewhere.

In fact, there are some pieces of evidence undeglithe limitations of the use of BMI as a measure
of obesity (36). This is especially evident in inmeudriven conditions, where an altered body
composition is widely recognized (37,38) and arpbroetrical measures have yielded
contradictory results (39). It is important to nobat body composition, and thus the qualitative
effects of obesity, may also differ by gender. Hegre our study was focused on female SLE
patients, hence allowing us to avoid a potentiaif@onding effect of gender. Additionally, other
mechanisms associated to adipose tissue are pyabablved, such as the secretion of a variety of
adipokines or soluble receptors, with differentd drequently controversial, effects on CVD (40—
44). Finally, several studies have revealed som&@eersy with regards to the association between
BMI and cIMT or plaque numbers (12,13), differeasaciations being observed for each surrogate
marker. On the one hand, these findings add teuh@nt complexity of the “obesity paradox”. On
the other hand, these divergent associations may pw different mechanisms underlying cIMT
and plague development in SLE, thereby supportiurgpoevious results. Interestingly, Ajeganova
and colleagues found a considerable number ofcalipparameters independently associated with
plague formation in SLE patients, including low @#sease duration and activity score, but not for
cIMT, which was strongly associated with BMI (1®ur analyses revealed an association of
plague burden with the presence of serositis, gptioation of SLE. Taken together, these data lead
us to consider that plaque development may be mctieely influenced by chronic inflammation
and impaired immune response, whereas the cIMT Imeamore dependent of the BMI, probably

because of hemodynamic factors (36).

Overall, the results herein reported allow us tappse a new CV-protective mechanism of adipose
tissue, at least in female SLE patients, sinceceedsed BMD, associated to a low BMI, was a clear
predictive factor of CVD in these patients. Thedicéve value of a low BMD for the development

10
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of CVD in SLE patients detected in this study idime with the relationship between osteoporosis
and atherosclerosis reported in several large vatenal studies (45—-47). However, contradictory
results have been found in SLE patients, since botrassociation between BMD and carotid
plaques (13) and a lack of it (12) have been régcamiported. Nevertheless, methodological
differences between studies must be acknowledgede $oth atherosclerosis development and
bone turnover are progressive, long-lasting praesse evaluated the predictive potential of BMD
assessment for the development of clinical or $nigal CVVD along the disease course. We found
that low BMD at lumbar spine can be proposed aev&InCV risk factor in female SLE patients.
Importantly, although previously linked to endothkebysfunction (14), our findings were further
by demonstrating an association with both clinieald subclinical CVD occurrence in SLE.
Interestingly, glucocorticoids usage was not asdedi with CV endpoints in our study, hence
ruling out the possibility of a potential confoundieffect (either by indication bias or a potential
glucocorticoid-dependent bone loss). Moreover,results showed a predictive value of low BMD
even at subclinical osteopenia levels, hence expgrtie established idea about the association
between clinical osteoporosis and CVD and addintiecclinical value to the subclinical bone loss

in this setting.

It could be hypothesized a protective effect ofpade tissue in SLE patients that could be partly
attributed to the preservation of an adequate rairggnsity over time, whereas at low BMI the
bone loss is enhanced. Actually, our results confirpositive association between BMI and BMD.
Low BMI is a well-known risk factor for decreasedMB and fragility fracture (32,48).
Nevertheless, a larger BMI confers greater meclémd@ding on bone, enhancing its capacity to
accommodate the heavier load. Hence, it is feasitZea low BMI may be related to an altered
bone storage capacity, which may ultimately affdué promotion of atherosclerosis, hence
suggesting a link among BMI, bone metabolism aratdjo)vascular homeostasis along disease

course.

Finally, although different bone locations were lgped in the present study, only lumbar spine
remained as an independent predictor of CVD dewedoy in multivariate analyses. Similar results
were published by our group (20) when looking adcudar calcifications. These results reinforce
the idea that bone loss might occur first in trall@cbone (lumbar spine) instead in cortical bone
(proximal femur), as previously suggested (49).sTikialso in line with previous studies by other
groups in SLE (50). Consequently, this will facitié the implementation of BMD as a novel risk
biomarker in the clinical setting. The strong assian between low BMD and CVD occurrence

proved these findings worthy of further researcintprove clinical management in this condition.

11
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Similarly, although our results confirm its prediet value over a 5-years period, whether other

time-points may be useful requires further eludatat

In summary, our findings confirm an increased plewvee of subclinical atherosclerosis in female
SLE patients compared to healthy controls. Whepéague development was observed in patients
free of CV events, cIMT was only increased in tha#té a history of previous CVD and in patients
with high BMI. Furthermore, although age and sdi®sivere independently associated with
atherosclerotic plaques, a paradoxical associatias observed for BMI. Additionally, the most
striking finding, not previously reported, was tisab-clinically low BMD, beyond the osteoporosis
threshold, at lumbar spine emerged as an indeper@éD predictor in a retrospective analysis.
Importantly, low BMD was associated with a low BMius suggesting a crosstalk between bone
metabolism and cardiovascular traits in SLE. ltirngortant to consider that our study was
developed under a retrospective design and, as, soithnsic bias may represent a potential
limitation. However, an appropriate management amaysis of clinical datasets to minimize its

possible effect was performed.

12
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HIGHLIGHTS

» Atherosclerosis is found in female SLE patientshaitt CV disease (CVD) or increased
cIMT

» A paradoxical, negative association between obasitlplaque burden is found

 BMlis an independent predictor of bone mineralsitgr(BMD) in female SLE patients

» Low BMD predicts clinical or subclinical CVD devedment in SLE

13
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FIGURE LEGENDS

Figure 1. Association between BMI and cIMT in SLE female patients. Our data showed fitted
best to a quadratic curve fitting. No effect of BMtyond 30 kg/mwas observed on cIMT values.
However, a bimodal distribution was observed foaqole development. Patients with obesity
exhibited the lowest plaque number among BMI groftpble below graph). Presence of carotid
plagues was calculated as the frequency of patigittisat least one plague within the group sample

population (indicated in each column. Differencesavassessed by Kruskal-Wallisydtest.

Figure 2. Analysis of retrospective BMD determinations and CV status in female SLE
patients. BMD determinations (BMD, T-score and Z-score) dfedent bone sites (lumbar spine,
femoral neck, total hip and Ward triangle) obtaifteglears before ultrasonography determination
were compared in SLE patients among groups: no @i of CV events, n= 33), subclinical
CVD (defined as the presence of carotid plaquesghand CVD (occurrence of a past CV event,
n=13). BMD values are represented according toYedixis (g/cni), whereas those of Z- and T-
scores are to the left Y-axis (score). Boxes repremedian as well as first and third quartileg| an
the lines outside the boxes represent the minimmu @aximum values. Differences were
evaluated by Kruskal-Wallis test and Dunn-Bonferarrection for multiple comparisons tests.
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Table 1. Prevalence of atherosclerotic plaquesin controlsand SLE patients.

HC SLE without SLE with
(n=31) CVD (n=96) CVD (n=16)  Pp-value

Presence of carotid plaques®, n (%)

Left 2 (6.5) 21 (21.9) 6 (37.5) 0.034

Right 3(9.7) 21 (21.9) 5 (31.3) 0.174

Left + Right 3(9.7) 26 (27.1) 8 (50.0) 0.009
Plague number, mean + SD 0.13+0.42 0.49 £0.87 0.81 +0.50 0.014
cIMT (mm), median (IQR)

Left 0.56 (0.07) 0.56 (0.10) 0.70 (0.24) 0.022

Right 0.56 (0.16) 0.56 (0.19) 0.58 (0.19) 0.240

Mean 0.56 (0.12) 0.57 (0.10) 0.67 (0.21) 0.044

Variables were summarized as mean=SD, median (IQR}%).? Presence of carotid plaques was calculated as the
frequency of patients with at least one plaque iwithe whole population. Statistical differencesrevassessed by
Kruskal-Wallis ory? tests, as appropriate. cIMT: coronary intima-mekiekness.



Table 2. Relative risk for change in the number of atherosclerotic plaques in SLE
compared with controls.

Relative risk 95% ClI p-value
SLE 2.884 1.027, 8.098 0.039
Age 1.074 1.038, 1.111 <0.001
BMI 0.710 0.563, 0.980 0.040
Smoking 1.446 0.636, 3.289 0.378
Dyslipidemia 1.167 0.482,2.823 0.732
Hypertension 1.853 0.784, 4.380 0.160

Relative risks (RR) and 95% Cl were computed from multivariate negative binomial regression models.
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