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ABSTRACT

Objective Subjects with SLE display an enhanced risk
of atherosclerotic cardiovascular disease (CVD) that is
not explained by Framingham risk. This study sought to
investigate the utility of nuclear MR (NMR) spectroscopy
measurements of serum lipoprotein particle counts

and size and glycoprotein acetylation (GlycA) burden to
predict coronary atherosclerosis in SLE.

Methods Coronary plaque burden was assessed in

SLE subjects and healthy controls using coronary CT
angiography. Lipoproteins and GlycA were quantified by
NMR spectroscopy.

Results SLE subjects displayed statistically significant
decreases in high-density lipoprotein (HDL) particle
counts and increased very low-density lipoprotein (VLDL)
particle counts compared with controls. Non-calcified
coronary plaque burden (NCB) negatively associated with
HDL subsets whereas it positively associated with VLDL
particle counts in multivariate adjusted models. GlycA
was significantly increased in SLE sera compared with
controls. In contrast to high-sensitivity C reactive protein,
elevations in GlycA in SLE significantly associated with
NCB and insulin resistance (IR), though the association
with NCB was no longer significant after adjusting for
prednisone use.

Conclusions Patients with SLE display a proatherogenic
lipoprotein profile that may significantly contribute to the
development of premature CVD. The results demonstrate
that NMR measures of GlycA and lipoprotein profiles,
beyond what is captured in routine clinical labs, could be
a useful tool in assessing CVD risk in patients with SLE.

SLE is an autoimmune disorder primarily
affecting women of childbearing age that
is characterised by immune dysregula-
tion, multiorgan involvement and systemic
inflammation. The Framingham Offspring
Study estimates that women aged 35-44
years with SLE have a 50-fold increase in the
risk of myocardial infarction compared with
age-matched and gender-matched women
without SLE.! Additionally, the Framingham
risk equation does not fully account for the

» Measures of glycoprotein acetylation (GlycA) and
lipoprotein profiles, beyond what is captured in rou-
tine clinical labs, could be a useful tool in assessing
cardiovascular risk in patients with lupus.

» In patients with lupus, GlycA is a better predictor of
insulin resistance than high-sensitivity C reactive
protein.

enhanced risk of cardiovascular disease
(CVD) and CVD mortality in SLE.?

Previous studies in SLE cohorts have
demonstrated that routine cholesterol
measurements, including  high-density
lipoprotein (HDL) and low-density lipo-
protein (LDL), do not differ between SLE
and controls or between SLE subjects with
or without coronary artery involvement. As
such, CVD risk may be better explained by
aberrantproatherogeniclipoprotein particle
numbers.>® Proton nuclear MR (NMR) spec-
troscopy is an automated method that quan-
tifies plasma lipoproteins and can be used
to determine the size and concentration of
lipoprotein particle subfractions in plasma
to assess CVD.®” In addition to lipoprotein
parameters, NMR also provides quantifi-
cations of serum glycoprotein acetylation
(GlycA), which is an emerging composite
inflammatory biomarker that predicts CV
events in other patient populations.®

Previous studies have analysed lipoprotein
particle subfractions in SLE and found no
associations between these subfractions and
coronary artery calcification measured via
Agatston Scores.” However, whether associa-
tions exist with non-calcified plaque burden
(NCB), typically associated with higher risk
of plaque rupture, remains to be deter-
mined.'”" We now report an analysis of
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NMR determinations of lipid subfractions and GlycA
and their association with subclinical coronary artery
disease in SLE by assessing both calcified burden and
NCB.

PATIENTS AND METHODS

Patients

The study protocol was conducted in accordance with
principles stated in the Declaration of Helsinki. Subjects
were recruited from the National Institute of Arthritis
and Muskuloskeletal and Skin Diseases Lupus and
Community Health Center clinics. All of the patients
fulfilled revised criteria for SLE."> Healthy adults were
recruited from the National Institutes of Health healthy
volunteer cohort. Detailed clinical characteristics and
inclusion and exclusion criteria for this cohort have
been recently described.'* In brief, 64 SLE subjects were
enrolled in the study, 36 of which underwent coronary
CT angiography (CCTA) as those with an estimated
glomerular filtration rate (GFR) <60 mL/min/l.73m2
body surface were excluded from this assessment. A
total of 30 controls were included in the study, 18 of
which underwent CCTA. Homoeostatic model assess-
ment (HOMA) was used to quantify insulin resistance
(IR) (HOMA-IR = ((glucose (nmol/ml)+insulin (pIU/
ml))/22.5)).

Coronary CT angiography nuclear MR

CCTA assessment was performed as previously
described.'* Coronary plaque quantifications were
controlled for the artery length by dividing total vessel
plaque volume by total vessel length.

Nuclear MR

NMR assessment of lipoproteins and GlycA was
performed on an FDA approved Vantera clinical NMR
analyser (LabCorp, North Carolina, USA). Using the
LipoProfile-3 algorithm, the average particle size and
concentrations of HDL, LDL and very low density lipo-
protein (VLDL) were measured (LabCorp, North Caro-
lina, USA).

Statistical analysis

Statistical analysis was performed using STATA V.12.0
software (STATACorp, College Station, Texas, USA).
A p value<0.05 was considered statistically significant.
Normality was assessed on continuous variables by
Shapiro-Wilk and by skewness and kurtosis to deter-
mine appropriate parametrical or non-parametrical
analyses. Descriptive statistics are presented as mean
and SD for parametrical data or median and IQR for
non-parametrical data. To compare SLE and controls,
Student’s t-test was used for parametrical data and
Mann-Whitney U test was used for non-parametrical
data. Standardised univariate and multivariate regres-
sions were performed and B-coefficients and p values
were reported. Bonferoni correction was reported for
multiple comparisons.

RESULTS

SLE subjects display an atherogenic lipoprotein particle
profile

Demographic and clinical characteristics of this cohort
have been recently described (table 1)."* No patient
included in the study had nephrotic range proteinuria
or proteinuria >500 mg/dL. There were no differences
in total cholesterol or triglyceride levels between SLE
and controls. However, SLE subjects demonstrated
significantly lower levels of HDL cholesterol (54.1+16
mg/dL SLE vs 66.9+16 mg/dL control, p<0.001) and
smaller HDL particle size (9.6 nm (9.2-9.9 nm) SLE
vs 9.9 nm (9.5-10.1 nm) control, p=0.013) compared
with controls (table 2). HDL particle counts were signif-
icantly lower in SLE compared with controls (30.0+5.9
umol/L vs 35.0+7.7 umol/L, respectively, p<0.001), and
these differences seemed to be accounted by significant
decreases in medium and large HDL particle counts in
SLE (table 2). LDL cholesterol levels were not signif-
icantly different between SLE and controls, but LDL
particle count was elevated in SLE (1094.0 nmol/L
(871-1220 nmol/L) SLE vs 843.5 nmol/L (675-1219
nmol/L) control, p=0.029). This elevation appeared to
be driven by significant increases in small LDL particle
count (419.5 nmol/L (211-653 nmol/L) SLE vs 271.0
nmol/L (0-389 nmol/L) control, p=0.027). There were
no significant differences in LDL particle size between
SLE and controls. SLE subjects demonstrated elevated
VLDL triglycerides (59.9 mg/dL (44-87 mg/dL) SLE
vs 47.8 mg/dL (36-58 mg/dL) control, p=0.031) and
a trend towards increased VLDL particle counts (41.1
nmol/L (29-61 nmol/L) SLE vs 33.3 nmol/L (21-47
nmol/L) control, p=0.067). These differences seemed
to be accounted by significant increases in medium
and large medium VLDL particle counts (table 2). SLE
subjects also demonstrated significantly decreased inter-
mediate-density lipoprotein particle counts compared
with controls (53.5 nmol/L (25-124 nmol/L) SLE vs
130.5 nmol/L (62-190 nmol/L) control, p=0.001).
There were no differences in VLDL particle size in SLE
compared with controls. Overall, SLE subjects displayed
a dysregulated lipoprotein particle profile.

NCB significantly associates with atherogenic lipoprotein
profiles in SLE

CCTA quantified both dense calcified plaque burden
and NCB, the latter being significantly elevated in SLE
compared with controls (86+33 mm® SLE vs 76+19 mm®
control, p<0.001), as recently described in this cohort.'*
NCB associated with HDL subfractions whereas dense
calcified plaque associated with LDL subfractions. VLDL
subfractions associated with both calcified and non-cal-
cified plaque. Specifically, NCB negatively associated
with HDL cholesterol (f=-0.331, p=0.001), medium
and large HDL particle count (f=-0.214, p=0.029 and
B=-0.292, p=0.003, respectively), and HDL particle
size (B=-0.226, p=0.021). NCB positively associated
with small HDL particle count ($=0.231, p=0.019). The
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Co-morbidities

Table 1 Demographics and clinical characteristics'

Lupus Control
Characteristics (N=64) (N=30) P values
Demographics
Age (years) 45412 37+11 <0.001
Female gender, N (%) 56 (88%) 29 (97%) 0.15
Type-2 DM 4 (6%) 0 (0%) 0.25
Hyperlipidaemia 11 (17%) 0 (0%) 0.02
Hypertension 37 (658%) 0 (0%) <0.001
Statin use 6 (9%) 0 (0%) 0.12
Race
Caucasian 25 (39%) 16 (53%) 0.69
African-American 13 (20%) 5 (17%)
Asian 6 (9%) 2 (7%)
Other 20 (31%) 7 (23%)
Ethnicity
Hispanic 27 (42%) 10 (33%) 0.43
Non-Hispanic 35 (55%) 20 (67%)
History
Smoking
Current tobacco use, 4 (7%) 0 (0%) 0.22
N (%)
Previous smoker, N 7 (11%) 4 (14%) 0.51
(%)
Physical activity, N (%) 19 (42%) 9 (50%) 0.90
Lupus history
Disease duration (years) 1512 - -
SLEDAI 3.8+3.0 - -
SLICC 2 (0-3) -
History of thrombotic 13 (20%) - -
event
Medications
Hydroxychloroquine 57 (89%) - —
Azathioprine 16 (25%) - -
Methotrexate 10 (16%) - -
Mycophenolate 19 (30%) - -
mofetil
Prednisone 48 (75%) - -
Clinical parameters
BMI 28.4+6.2 24.1+4.4 <0.001
Framingham Risk Score 0 (0-1) 0 (0-0) 0.14
Glucose (mg/dL) 90.1+13.0 92.0+9.4 0.23
Insulin (mcU/ml) 15.0 (9-20) 8.0(6-11)  <0.001
HOMA-IR 3.3(1.9- 1.7 (1.4-2.5) 0.002
4.6)
C reactive protein 1.6 (0.8- 1.1(0.7-3.2) 0.18
(mg/L) 3.9)
Urine creatinine (mg/dl) 110 (66— 133 (52— 0.90
181) 166)
Continued

Table 1 Continued

Lupus Control
Characteristics (N=64) (N=30) P values

Urine protein (mg/dl) 32 (18-44) 13 (11-17) <0.001
Protein/creatinine ratio 0.2 (0.2— 0.1 (0.1-0.1) <0.001

0.4)

WBC count 513.9- 52(4.5-6.4) 0.53
6.4)

Neutrophil % 6112 56+10 0.03

BMI, body mass index; BP, blood pressure; DM, diabetes mellitus;
HOMA-IR, homoeostatic model assessment insulin resistance;
SLEDAI, SLE Disease Activity Index; SLICC, Systemic Lupus
International Collaborating Committee.

association of HDL particle size and small and medium
HDL particle counts persisted after multivariate regres-
sions adjusting for Framingham risk (table 3). The asso-
ciation of NCB with HDL cholesterol and large HDL
particle count also persisted after multivariate regres-
sions adjusting for Framingham risk, HOMA-IR, past
20-day cumulative prednisone dose and SLE Disease
Activity Index (SLEDAI) (table 3). NCB positively
associated with large VLDL particle count ($=0.277,
p=0.004) and VLDL particle size (f=0.283, p=0.004) that
remained significant in multivariate models (table 3).
Associations adjusted for race, ethnicity and BMI are
described in table 3. Dense calcified plaque positively
associated with LDL cholesterol (B=0.378, p=<0.001)
and total LDL particle count ($=0.352, p=<0.001); the
association was driven primarily by large LDL particle
counts (B=0.336, p=<0.001). The association of dense
calcified plaque with LDL cholesterol, total LDL particle
count and large LDL particle count persisted after
multivariate regressions adjusting for Framingham risk,
HOMA-IR and past 20-day cumulative prednisone dose.
Dense calcified plaque positively associated with overall
VLDL particle count (=0.220, p=0.025); this associa-
tion was driven by small VLDL particle count (f=0.329,
p=0.001), and negatively associated with VLDL particle
size (B=-0.238, p=0.015). As previously reported, the
Agatston Score for coronary calcification had no associ-
ations with lipoprotein particle subfractions.’

GlycA is elevated in SLE and displays significant associations

with NCB

Circulating GlycA was significantly increased in SLE
(table 2) and positively associated with IR (B=0.407,
p=0.001), Systemic Lupus International Collaborating
Committee (SLICC) (B=0.331, p=0.010), erythrocyte
sedimentation rate (f=0.611, p=<0.001) and NCB
(B=0.198, p=0.044) (table 4 and table 5). The associa-
tion between GlycA and NCB persisted after multivar-
iate regression analysis adjusting for Framingham risk
and lipoproteins, suggesting that the association of
GlycA and NCB is independent of the association that
lipoproteins showed with plaque (table 3). As previously
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Table 2 Lipoprotein particle subfractions and GlycA in SLE and healthy controls as assessed by NMR

Lipoproteins SLE (n=64) Control (n=30) P values
Baseline parameters
Total cholesterol, mg/dL 163.5 (148-191) 164.0 (145-202) 0.764
Triglycerides, mg/dL 86.5 (67-123) 77.0 (61-91) 0.131
HDL cholesterol, mg/dL 54.1+16 66.9+16 <0.001
LDL cholesterol, mg/dL 99.0 (84-124) 85.5 (72-125) 0.359
VLDL triglycerides, mg/dL 59.9 (44-87) 47.8 (36-58) 0.031
GlycA 405.0 (365-470) 357.5 (301-411) 0.001
Particle counts
HDL particle count, umol/L 30.0+5.9 35.0+7.7 <0.001
Small HDL particle count, umol/L 12.7+7.7 10.1+6.7 0.057
Medium HDL particle count, umol/L 8.1 (4-12) 14.2 (9-21) <0.001
Large HDL particle count, umol/L 6.9 (5-10) 10.5 (9-12) 0.001
LDL particle count, nmol/L 1094.0 (871-1220) 843.5 (675-1219) 0.029
Small LDL particle count, nmol/L 419.5 (211-653) 271.0 (0-389) 0.027
Large LDL particle count, nmol/L 419.5 (317-577) 445.0 (249-687) 0.805
IDL particle count, nmol/L 53.5 (25-124) 130.5 (62-190) 0.001
VLDL particle count, nmol/L 41.1 (29-61) 33.3 (21-47) 0.067
Small VLDL particle count, nmol/L 26.6 (18-38) 20.8 (14-34) 0.192
Medium VLDL particle count, nmol/L 13.5 (7-25) 6.8 (2-14) 0.007
Large medium VLDL particle count, nmol/L 14.7 (7-27) 8.7 (3.7-15.1) 0.017
Large VLDL particle count, nmol/L 2.3 (1.2-4.1) 1.8 (1.3-3.7) 0.961
Particle Size
HDL particle size, nm 9.6 (9.1-9.9) 9.9 (9.5-10.1) 0.013
LDL particle size, nm 21.0 (20.4-21.4) 21.1 (20.7-21.6) 0.295
VLDL particle size, nm 47.6 (43-51) 48.5 (45-54) 0.441

Student's t-test used unless otherwise noted (mean+SD).

Parameters reaching significance (p<0.05) highlighted in bold; after controlling for multiple comparisons only those with p<0.00009 remain

significant.
*Mann-Whitney test used (median (IQR)).

GlycA, glycoprotein acetylation; HDL, high-density lipoprotein; IDL, intermediate-density lipoprotein; LDL, low-density lipoprotein; NMR,

nuclear MR; VLDL, very low-density lipoprotein.

reported, GlycA associated with a cumulative pred-
nisone dose in a univariate regression and no longer
associated with NCB when prednisone was added to the
multivariate model (tables 2 and 3).'" To determine if
GlycA could provide value beyond current markers of
inflammation, it was compared with high-sensitivity C
reactive protein (hsCRP) in univariate regressions asso-
ciating these markers with disease parameters. While
hsCRP associated better with disease duration and
traditional risk factors of atherosclerosis (Framingham
Risk), GlycA was a better predictor than hsCRP of IR,
SLICC, total plaque burden and NCB (table 4).

Associations of SLE disease markers with lipoprotein profiles

SLEDAI, a measure of recent or current disease activity,
was negatively associated with HDL particle count
(B=-0.354, p=0.006) and, in particular, with small HDL
particle counts (f=—0.281, p=0.026) (table 5 and table 6).

The SLICC Disease Index, a measure of accrued damage
over time, did not associate with the lipoprotein profile.
Protein:creatinine ratio in SLE was positively associated
with VLDL triglycerides (B=0.280, p=0.038) and VLDL
particle counts (Bf=0.436, p=0.001), particularly small
VLDL particle counts (B=0.498, p=<0.001) (table 5 and
table 6). C3 complement levels positively associated
with small HDL particle counts (B=0.377, p=0.002),
total LDL particle counts (B=0.332, p=0.008) and small
LDL particle counts ($=0.320, p=0.010), and negatively
associated with large HDL particle counts (B=-0.333,
p=0.008) and HDL particle size (f=-0.456, p=<0.001)
(table 6). C4 complement levels were positively associ-
ated with small HDL particle count ($=0.259, p=0.040).
Anti-double stranded (ds) DNA and anti-extractable
nuclear antigen (ENA) antibody levels negatively asso-
ciated with overall HDL particle counts (B=-0.264,
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ies

Co-morbi

‘utejoidod| Aysuap-ybiy Asen 1A
xapu| AlAnoy asesasig 37S ‘IVAI TS ‘90ur1SISal UINSUl JUSWISSASSE [9pOoW 11e1sosowoy ‘HI-YINOH ‘uieloidodi) Aususp-ybiy “1aH ‘uonejA1aoe uie101dodA|b ‘yoA| xapul ssew Apoq ‘|INgG
ueolubis Ajleonsiiels urewsal 60000 0>d yum asoyy Ajuo suosuiedwod a|diyinw Joy Buljjosuod Jaye ‘pjog ul payybiybiy (g0 0>d) @oueoiubis Buiyoeal sieyoweled

"8zls

ajoiped QA + unod ajoiped gA 8bJe] + 1unood soiued 1aH abJe| + 1unod spoiued JaH wnipaw + 1unod ajoiued JgH [[ews + azis ajoiued JaH + |0481S8|0yd JaH 40} paisnipe — 0| [9PON
'WoAID + |va31S + 9sop auosiupald Aep-0g + HI-VINOH + Ysi weybuiwel Joy paisnipe — g [9PON

‘Iva31s + esop auosiupaid Aep-0g + HI-VINOH + Ysu weybuiwel{ Joy paisnipe —g [9poA

9sop auosiupald Aep-0z + HI-VINOH + su weybuiwel Jo} paisnipe — / [9pPON

*9sop auosjupald Aep-Qg + sl weybuiwel 1o} paisnipe — 9 |9poN

"HI-VINOH + sk weyBuiweid 1o} pajsnipe — G [9PON
ysu weybuiwel oy paisnipe — ¢ |9poN

‘IING + @9.i + Ajo1uyle Joy paisnipe — ¢ |opoN
"a0eJ + AJ01UY3e Jo} paisnipe — Z [9pPOIAl
"Ayoluyse Joy persnipe — | [8pojA

(¥20°0) v120 = = = = = = = 0l I18PON
- (000 ¥e€0  (ge0°0) G220  (900°0) €2¢°0-  (#lc0)2vL'0-  (095°0) 0070 (62%°0) 6800~ (L00°0>) LLv 0~ 6 [9POoN

(L06'0) 810°0 (co0'0)8Le'0  (ge00) 222’0  (0LO'0) 20€0-  (222°0) 9FL'0-  (985°0) €90°0 (res0) €20°0- (L00°0>) OV¥"0- 8 [opoN
(22002v00-  (200°0)¥ee'0  (860°0)08L'0  (5¥0°0)2€20-  (BY1°0) 29L°0—  (202°0) 8¥L0 (829°0) G500~ (01070) S0€°0- . 19poN
(oge0) 8eL0 (200°0) 862°0 (#0'0) Le2'0  (800°0) LOE'0O-  (2€L°0) €8L°0—  (050°0) k22 0 (8e1°0) 210~ (¢00°0) Le€°0- 9 [9PON
(969°0) 2¥0°0 (L000) 60€'0  (#20°0) ¥L2'0  (600°0) 6S2°0—  (6€0°0) €6L'0—  (2L0°0) 2810 (1S1°0) L¥L0- (L0070) 61€°0- G [oPOIN
(L¥0°0) G6L°0 (c00'0)262°0  (¥00°0) 6220  (L00°0) OLE'0O—  (¥20°0) 222'0—  (8L0'0) €€2'0 (€10°0) gte0- (100°0>) £5€°0— ¥ [9PON
(8e€°0) 220 (L200)022°0  (PO00) 6280  (B¥1'0) €8L°0—  (290°0) 682°0—  (222°0) 0¥0'0—  (828°0) 920°0 (800°0) ¥ve0- € [9poN
(8e1°0) evL0 (8000) 8¥2'0  (500°0) ¥82°0  (200°0) #0£'0—  (LLO'0) 0S20—  (€00°0) 06270 (60070) 092°0- (1000) 82€°0- 2 IspoN
(#%0°0) 6610 (¢00'0) 182°0  (500°0)8.2°0  (€00°0) L62°0—  (220°0) 9L2'0—  (610°0) 0EC 0 (€2070) 922°0- (L000) 0€€"0- I IPPOIN
(#%0°0) 8610 (#000) €82°0  (#00'0) 822°0  (€00°0) 262°0—  (620°0) #L20—  (61L0°0) €20 (120°0) 922°0- (L00°0) LEE 0 paisnlpeun
VvoAID 9zis junod 9poiped  junod ddiped  junod 9oied junod spdied ozis |o491s9|0Y2 1aH [°POIN

sonued 1@1A 1a7A ebueq 7aH 964e7  JQH wnipsy 1aH llews spoied 1aH

VOAID pue suonoesqns QA PUB TJdH UIM Usping paliiojed-uou Jo suoissalbal sleleAln\ € a|qeL

Purmalek MM, et al. Lupus Science & Medicine 2019;6:6000332. doi:10.1136/lupus-2019-000332



I

Lupus Science & Medicine

Table 4 Univariate regressions for GlycA and hsCRP

Parameter

GlycA (n=64)

hsCRP (n=63)

Demographic and clinical
characteristics

Age
Gender
Smoking, N (%)

Clinical and laboratory
values

BMI, kg/m?

Systolic BB, mm Hg
Diastolic BB, mm Hg
Total cholesterol, mg/dL
LDL, mg/dL

HDL, mg/dL
Triglycerides, mg/dL
Framingham Risk Score
HOMA-IR

Glucose, mg/dL

Insulin, mcU/ml

Erythrocyte sedimentation

rate, mm/hour

High-sensitivity C reactive

protein, mg/L
Protein/creatinine ratio
WBC count

SLE characteristics
SLEDAI
SLICC
Disease duration, years
Hydroxychloroquine, N
(%)
Azathioprine, N (%)
Methotrexate, N (%)

Mycophenolate mofetil,
N (%)

Cumulative 20-day
steroid dose, mg

Coronary plague burden

Total burden, (x 100) mm2
Calcified burden, (x 100)
2

mm

Non-calcified burden,
(x100) mm?

0.013 (0.901)
0.011 (0.934)
0.240 (0.060)

0.328 (0.008)
0.033 (0.794)
0.023 (0.854)
~0.008 (0.950)
0.008 (0.952)
-0.139 (0.272)
0.187 (0.143)
0.040 (0.752)
0.407 (0.001)
0.270 (0.031)
0.433 (<0.001)
0.611 (<0.001)

0.578 (<0.001)

0.226 (0.097)
0.441 (<0.001)

0.011 (0.934)
0.331 (0.010)
0.226 (0.073)
0.079 (0.533)
0.205 (0.104)
~0.187 (0.140)
~0.043 (0.735)

0.410 (0.016)

0.217 (0.027)
0.092 (0.355)

0.198 (0.044)

0.199 (0.118)
0.090 (0.485)
0.534 (<0.001)

0.221 (0.081)

0.052 (0.687)

-0.155 (0.225)
-0.127 (0.322)
~0.051 (0.695)
-0.226 (0.075)
0.043 (0.739)

0.310 (0.013)
0.234 (0.065)
0.093 (0.470)
0.247 (0.051)
0.284 (0.025)

-0.071 (0.611)
0.233 (0.068)

0.043 (0.740)
0.293 (0.024)
0.456 (<0.001)
0.026 (0.841)

-0.092 (0.471)
~0.014 (0.911)
~0.114 (0.372)

-0.178 (0.314)

-0.131 (0.184)
-0.077 (0.438)

-0.117 (0.238)

Univariate regressions reported as -coefficient (p value).
Parameters reaching significance (p<0.05) highlighted in bold;
after controlling for multiple comparisons only those with
p<0.00009 remain statistically significant.
BMI, body mass index; GlycA, glycoprotein acetylation; HDL,
high-density lipoprotein; HOMA-IR, homoeostatic model
assessment insulin resistance; LDL, low-density lipoprotein;
SLEDAI, SLE Disease Activity Index; SLICC, Systemic Lupus
International Collaborating Committee; WBC, white blood cell
count; hsCRP, high-sensitivity C reactive protein.

p=0.037 and B=-0.273, p=0.032, respectively). Anti-La
autoantibodies negatively associated with large HDL
particle counts (f=-0.262, p=0.043), while anti-ribo-
nuclear protein (RNP) autoantibodies negatively asso-
ciated with both total HDL particle count (B=-0.295,
p=0.022), and LDL particle size (B=-0.273, p=0.035)
(table 6). Anti-Smith antibodies and SLE disease dura-
tion demonstrated no associations with lipoprotein
particle subfractions. A past 20-day prednisone dose did
associate with NMR parameters, however other medi-
cations did not show associations (table 7). Overall,
dysregulation in lipoprotein fractions by NMR was
significantly associated with lupus activity and specific
autoantibody profiles. Of note, only p values less than
0.00009 in this study are statistically significant after
controlling for multiple comparisons.

DISCUSSION
We report that SLE subjects with overall mild to
moderate disease activity display a proatherogenic lipo-
protein profile characterised by lower levels and smaller
size of HDL particles and increases in VLDL and LDL
particle number. Our findings are in agreement with
previous studies that have shown decreases in HDL and
increases in VLDL particle counts and triglycerides in
SLE.'® As previously suggested, our findings indicate
that lupus disease activity is associated with a more
proatherogenic lipid profile.'®

To our knowledge, this is the first study to associate the
aberrant lipoprotein profile in SLE with burden of non-cal-
cified coronary plaque. The shift towards smaller HDL
particle size in SLE could support a proatherogenic envi-
ronment that contributes to the enhanced NCB in SLE.
This is significant because NCB can predict CV events in
other patient populations and is considered higher risk for
unstable plaque development.'”"* Although we observed
a significant association between LDL particles and dense
calcified plaque in fully adjusted models, we did not see an
association between LDL and NCB. This is in contrast to
previous studies that have identified LDL as a predictor of
NCB in other patient populations.'” ' Those studies were
not focused on patients with autoimmune conditions,
suggesting that the pathways underlying atherogenesis in
SLE could be distinct. Our group has previously reported
that modifications to HDL in SLE cause it to become proin-
flammatory and atherogenic due to its impaired choles-
terol efflux capacity (CEC)." Indeed, small HDL particle
numbers associate with impaired CEC and we recently
found that impaired CEC associates with NCB in SLE."**’

An association between VLDL and plaque burden,
measured by carotid intima-media thickness, was previ-
ously reported in SLE.*' Here, we found that large VLDL
particle counts and VLDL particle size positively associated
with both NCB and calcified plaque, providing additional
evidence that VLDL may act as an independent predictor
of subclinical coronary artery disease in SLE. It has been
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Co-morbidities

Table 7 Univariate regressions of NMR parameters and medications

20-day prednisone

Hydroxychloroquine

NMR parameters Prednisone (n=64) dose (n=34) (n=64) Statins (n=64)
Baseline parameters
Total cholesterol 0.045 (0.724) 0.243 (0.166) 0.082 (0.519) —-0.042 (0.740)
Triglycerides 0.143 (0.261) 0.405 (0.018) 0.178 (0.160) —0.133 (0.294)
HDL cholesterol 0.048 (0.707) —-0.021 (0.904) 0.009 (0.946) 0.123 (0.333)
LDL cholesterol 0.013 (0.918) 0.333 (0.054) 0.078 (0.542) —-0.107 (0.398)
VLDL triglycerides 0.162 (0.200) 0.430 (0.011) 0.172 (0.174) —-0.150 (0.236)
GlycA 0.214 (0.089) 0.410 (0.016) 0.079 (0.553) 0.133 (0.294)
Particle counts
HDL particle count -0.217 (0.086) —0.206 (0.243) —0.067 (0.596) 0.136 (0.285)
Small HDL particle count -0.236 (0.060) 0.049 (0.784) -0.111 (0.384) —0.034 (0.790)
Medium HDL particle count —0.079 (0.536) —0.374 (0.029) 0.033 (0.795) 0.104 (0.415)
Large HDL particle count 0.200 (0.112) 0.048 (0.787) 0.050 (0.694) 0.121 (0.341)
LDL particle count —0.050 (0.694) 0.321 (0.065) 0.046 (0.717) —-0.135 (0.289)
Small LDL particle count —-0.114 (0.370) 0.025 (0.889) —-0.027 (0.834) —-0.088 (0.488)
Large LDL particle count 0.046 (0.716) 0.338 (0.050) 0.112 (0.380) —0.038 (0.764)
IDL particle count 0.124 (0.327) 0.011 (0.951) —-0.028 (0.826) —-0.083 (0.516)
VLDL particle count 0.179 (0.157) 0.468 (0.005) 0.115 (0.365) —-0.114 (0.368)
Small VLDL particle count 0.136 (0.283) 0.340 (0.049) 0.093 (0.467) —-0.027 (0.831)
Medium VLDL particle count 0.172 (0.173) 0.419 (0.014) 0.074 (0.561) —-0.162 (0.202)
Large medium VLDL particle count  0.156 (0.219) 0.424 (0.013) 0.095 (0.453) —-0.161 (0.203)
Large VLDL particle count 0.033 (0.793) 0.194 (0.271) 0.183 (0.149) —0.048 (0.706)
Particle size
HDL particle size 0.184 (0.147) —-0.063 (0.725) 0.036 (0.778) 0.069 (0.588)

LDL particle size
VLDL particle size

0.063 (0.619)
0.094 (0.459)

0.003 (0.985)
0.112 (0.529)

0.121 (0.342)
0.081 (0.523)

0.086 (0.498)
0.022 (0.863)

Univariate regressions reported as p-coefficient (p value).

Parameters reaching significance (p<0.05) highlighted in bold; after controlling for multiple comparisons only those with p<0.00009 remain

statistically significant.

GlycA, glycoprotein acetylation; HDL, high-density lipoprotein; IDL, intermediate-density lipoprotein; LDL, low-density lipoprotein; NMR,

nuclear MR; VLDL, very low-density lipoprotein.

suggested that decreased lipoprotein lipase activity, poten-
tially due to autoantibodies targeting this enzyme in SLE,
promotes lipoprotein dysregulation and increased VLDL
and LDL levels.”” Given the associations identified here
between VLDL and NCB, future studies should investigate
the role that lipoprotein lipase has in VLDL deposition
and atherosclerotic progression. In addition, traditional
clinical laboratory tests do not capture the detailed assess-
ments of lipoprotein subfraction counts and sizes. Our data
suggest that, in SLE, small HDL particles have a positive
association with proatherogenic pathways while the oppo-
site is observed with larger HDL particles. It may therefore
be beneficial for clinicians to determine the relative abun-
dance of small HDL particles when determining potential
CV risk in patients with SLE. This reinforces the notion that
using NMR to obtain a detailed assessment of lipoprotein
parameters may help better characterise CVD risk in lupus.

In other patient populations, GlycA confers additional
value beyond traditional biomarkers of inflammation,
like hsCRP, in predicting long-term CV and all-cause
mortality.® In support of this, GlycA but not hsCRP was
significantly elevated in SLE. Although this increase in
GlycA has been shown to predict systemic inflamma-
tion in SLE, its association to subclinical coronary artery
disease had not been identified because of the reliance on
coronary calcification scores.” We now found that GlycA
associates with NCB but not with calcified plaque. More-
over, a comparison between GlycA and hsCRP revealed
that GlycA significantly associated with IR and plaque
burden in SLE, while hsCRP did not. Taken together, our
findings suggest that GlycA may be a better tool to assess
CV risk in SLE than hsCRP. Indeed, previous studies
have shown that CRP is suppressed by type I interferons
and this may explain the poor association of this acute

Purmalek MM, et al. Lupus Science & Medicine 2019;6:6000332. doi:10.1136/lupus-2019-000332 9
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phase reactant to lupus disease activity and organ-specific
complications.**

Although GlycA represents a composite NMR signal of
multiple acetylated glycoproteins, it has been suggested
that neutrophils are an important source of two major
protein contributors to the GlycA signal, al-acid glycopro-
tein and haptoglobin.® It has also been shown that elevated
GlycA is associated with neutrophil activity.® In this cohort,
we have previously identified elevated levels of a patho-
genic neutrophil subset, known as low density granulocytes,
which display an activated phenotype and associate with
NCB in SLE." These neutrophils could potentially serve as
a significant source for the elevated GlycA in SLE and the
extent to which they contribute to the GlycA signal should
be investigated. The association of GlycA with NCB did not
persist after controlling for prednisone dose. These find-
ings suggest that there is a possible link between GlycA and
corticosteroid use and that GlycA may be useful in tracking
vascular damage caused by steroids. In addition, this could
be a confounding effect as patients with more severe disease
tend to take higher doses of steroids. The associations of
GlycA with inflammatory markers and plaque imply that
the inflammatory pathways producing acetylated glyco-
proteins may play a role in driving atherogenesis. Future
studies should seek to determine the putative role that the
pathways associated with this marker have in other aspects
of lupus pathogenesis.

Although our study was limited by a relatively small sample
size and included patients with mild to moderate disease
activity, GlycA and lipoprotein profiles still independently
predicted NCB in SLE. However, due to the exploratory
nature of this cross-sectional analysis, after controlling
for multiple comparisons, only p values less than 0.0009
remain statistically significant. Our study was not appropri-
ately powered to meet this requirement and is therefore
subject to type 1 error. Future studies should confirm these
findings in larger cohorts and study the predictive value of
GlycA and lipoprotein profiles in subjects with more severe
disease. Longitudinal assessments of these parameters are
also required to further understand the pathogenicity of
lipoprotein subsets in SLE and the extent to which GlycA
fluctuates with changes in vascular damage and predicts
progression to coronary events.
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