LUPUS

SCIENCE &
MEDICINE"

To cite: McVeigh ED,

Batool A, Stromberg A, et al.
Cardiovascular complications of
systemic lupus erythematosus:
impact of risk factors and
therapeutic efficacy—a
tertiary centre experience

in an Appalachian state.

Lupus Science & Medicine
2021;8:6000467. doi:10.1136/
lupus-2020-000467

» Additional supplemental

material is published online only.

To view, please visit the journal
online (http://dx.doi.org/10.
1136/lupus-2020-000467).

Received 16 December 2020
Revised 5 March 2021
Accepted 16 April 2021

| '.) Check for updates

© Author(s) (or their
employer(s)) 2021. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

'Internal Medicine Department,
Division of Rheumatology,
University of Kentucky,
Lexington, Kentucky, USA
%Department of Statistics,
University of Kentucky,
Lexington, Kentucky, USA
%Internal Medicine, Division

of Cardiology, University of
Kentucky, Lexington, Kentucky,
USA

Correspondence to
Dr Nayef Mohammed Kazzaz;
nkazzaz86@gmail.com

Cardiovascular complications of
systemic lupus erythematosus: impact of
risk factors and therapeutic efficacy —a
tertiary centre experience in an

Appalachian state

Elise Danielle McVeigh,' Amna Batool," Arnold Stromberg,? Ahmed Abdel-Latif,®

Nayef Mohammed Kazzaz © '

ABSTRACT

Objectives Cardiovascular complications became a
notable cause of morbidity and mortality in patients
with lupus as therapeutic advancements became
more efficient at managing other complications. The
Appalachian community in Kentucky has a higher
prevalence of traditional cardiovascular risk factors,
predisposing them to cardiovascular events. Namely,
the mean body mass index of the members of the
Kentucky Appalachian community was reported

at 33 kg/m? and 94.3% of male members of this
community use tobacco. We sought to identify

risk factors that predispose patients with lupus to
cardiovascular morbidities and examine the effect of
immunomodulatory drugs.

Methods We identified 20 UKHS patients having
both a lupus diagnosis and experienced at least one
cardiovascular event. We chose three controls matched
for birth-year +5 years to each case. In a case—
control design, we analysed lupus manifestations,
cardiovascular risk factors and immunosuppressive
therapies. We collected Systemic Lupus Erythematosus
Disease Activity Index 2000 disease activity index
during the cardiovascular event.

Results We identified 308 patients with lupus from
among all University of Kentucky Health System patients.
20 (6.5%) of such patients with lupus were confirmed

to cardiovascular complication. Of those 20, 7 (35%)

had experienced myocardial infarction, 10 (50%) had
experienced stroke and 4 (20%) had peripheral ischaemia.
Tobacco use and male gender were the only traditional
cardiovascular risk factors higher in the cases group.
Hydroxychloroquine and steroids were less utilised

in the cases than in the controls (70% vs 100% in
hydroxychloroquine, 30% vs 82% in steroids). Venous
thrombosis was found to be significantly higher in the
cases. On multivariate analysis, venous thrombosis
remained significant.

Conclusion Despite tobacco use partially explaining the
increased risk of cardiovascular disease among the cases
group, the higher prevalence of venous thrombosis in the
cases group suggests lupus as a potential additional risk
factor of cardiovascular morbidity among patients with
lupus in this Appalachian community.

Key messages

What is already known about this subject?
» Lupus is a known contributor to increased risk of
cardiovascular morbidity.

What does this study add?

» Traditional cardiovascular risk factors, especially
tobacco use, should be addressed in patients with
lupus .

How might this impact on clinical practice or future

developments?

» Among patients with lupus with venous thrombosis,
clinicians should be alert to the higher risk of cardio-
vascular complications, particularly stroke.

» Among patients with arterial thrombovascular dis-
ease, venous thrombosis should alert clinicians to
consider the presence of underlying lupus.

INTRODUCTION

SLE is a multisystem autoimmune disease with
high morbidity." Classically, disease mortality
was attributed to renal involvement.! As
immunomodulatory therapy improved, renal-
related mortality was reduced."™ Cardiovas-
cular mortality has become a more promi-
nent cause of mortality," making up 30% of
mortality in the first 5 years after diagnosis.””
Both stroke and myocardial infarction were
noted to occur more often in premenopausal
lupus women compared with their counter-
parts.! *' Average age at which such events
occurred in comparison to general popu-
lation was younger (49 vs 69 years).” The
risk of cardiovascular disease in lupus is not
completely accounted for by traditional cardi-
ovascular risk factors.®'' The increased risk is
not restricted to myocardial infarctions and
stroke but also includes peripheral arterial
disease.'?
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In Appalachian communities, cardiovascular events are
increased compared with the rest of the USA. Particularly,
Kentucky ranked sixth in 2003 on total cardiovascular
age-adjusted death rate.”” According to the American
Heart Association, the state of Kentucky has one of the
highest death rates in both stroke and coronary artery
disease. Kentucky is ranked 42nd in the nation, with first
ranked state reflecting lowest death rate from stroke and
coronary artery disease.'*

It is noteworthy that traditional cardiovascular risk
factors are increased in this population, with overall
average body mass index (BMI) of 33kg/m?* and tobacco
use reaching up to 94.3% in male members of the popu-
lation."” Therefore, addressing all potential risk factors
of cardiovascular disease among Kentucky Appalachian
patients with lupus is imperative. Among traditional
cardiovascular risk factors in patients with lupus, several
studies have demonstrated important associations.
Namely, peripheral arterial disease was associated with
higher risk of cardiovascular endpoints.'® Additionally,
dyslipidaemia,'” metabolic syndrome,'® older age at diag-
nosis and longer duration of cardiovascular disease were
also associated with high risk of cardiovascular adverse
events.” ' In contrast, among other studies, particularly
in Europe'’® and Canada,' lupus itself and its manifes-
tations were identified as risk factors for cardiovascular
disease in patients with lupus. Namely, arthritis, pleuritis,
venous thrombosis, neuropsychiatric disease manifesta-
tions and antiphospholipid antibodies were identified as
important predictors.6 20

Response to immunosuppressive treatments differed
among studies and medications. In a study on peripheral
ischaemia in lupus, Erdozain et al'* noted that patients
with lupus with normal ankle-brachial index had a higher
chance of being on cyclophosphamide. This raised the
question that perhaps cyclophosphamide may have been
protective of peripheral arterial disease in this studied
population. However, hydroxychloroquine did not show
this potential beneficial effect.'” Yet, other studies have
shown a reduction of cardiovascular disease in hydroxy-
chloroquine users.”’ In regard to steroids, a study on all
cardiovascular end points, mean duration of steroid use
was correlated with higher risk.’

Cardiovascular disease pathogenesis in lupus was
explained by either atherosclerosis and/or subclinical
vasculitis. Ultrasonographic carotid intima-media thick-
ness, as a proven predictor of myocardial infarction events
in lupus, was used as surrogate of atherosclerosis.” > A
multination study, utilising angiography as a surrogate for
atherosclerosis, did not show atherosclerosis as predictor
of cardiovascular disease in patients with lupus.”’ In
autopsy-based studies, both accelerated atherosclerosis
and vasculitis were noted on histopathology of coronary
vasculature.” ** These findings might partially justify
why studies differ in the type of risk factors (traditional
cardiovascular vs lupus manifestations) and response
to immunosuppressive therapies. Therefore, further
studies need to delineate the magnitude of contribution

of cardiovascular risk factors and atherosclerosis versus
lupus disease activity and subclinical vasculitis in different
populations.

METHODS

Patient population

Through search of the University of Kentucky Health
System (UKHS) database, including inpatient and outpa-
tient medical records for the years 2004 through 2020, we
identified 308 patients having diagnosis codes of ICD-9
(710-Connective tissue disease, unspecified) or (Lupus
erythematosus 695.4) or ICD-10 (M32 Systemic lupus
erythematosus) or (L93 Lupus erythematosus). Among
these patients, only those who received treatment with
hydroxychloroquine and/or had two or more visits with
University of Kentucky Rheumatology Clinic were selected
for further study. The hydroxychloroquine treatment
criteria was added to capture newly added UKHS patients
who had previously received outpatient rheumatology
treatment outside of that system. Since some relevant
individuals might not have been captured if treatment
with hydroxychloroquine had been contraindicated, we
elected to expand the search by including individuals
who were provided at least one follow-up visit with the
UKHS Rheumatology Clinic as a more reliable indicator
of a true diagnosis of systemic autoimmunity. All patients
included in this study fulfill the American College of
Rheumatology classification criteria by reviewing docu-
mentation in medical records.”™

We screened the 308 UKHS patients with lupus for
atherosclerosis (ICD-9 440.2, ICD-10 170), coronary
artery disease (ICD-9 414.01, ICD-10 I120-125, 100-199) and
peripheral arterial disease (ICD-9 443.9, ICD-10 173.9),
which identified 20 patients as our cases group of patients
with lupus having cardiovascular complications. Three
of the UKHS patients with lupus that had not exhib-
ited any cardiovascular complications were matched
with each member of the cases group by birth year +5
years as controls to increase the power of the study. The
codes encompassed events occurring within the Univer-
sity of Kentucky or historically, particularly when events
occurred in external systems. Follow-up post lupus diag-
nosis ranged between 1year and 41 years, as earliest diag-
nosis was 1979 and latest was 2019.

We searched the medical records of the cases and
control groups for traditional cardiovascular risk factors
including tobacco use, diabetes mellitus, hypertension,
dyslipidaemia and obesity. We recorded lupus manifesta-
tions at baseline and at the time of cardiovascular events.
These included malar rash, arthritis, other lupus rashes,
alopecia, mucocutaneous ulceration, pleuritis, pericar-
ditis, neuropsychiatric manifestations, renal involve-
ment, Raynaud’s phenomenon and sicca symptoms. We
collected information regarding laboratory test results for
these patients, including leucopenia, thrombocytopenia,
lymphopenia, leukouria, haematuria, proteinuria, red cell
casts, C3 and C4 complements levels, anti-double-stranded
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DNA antibodies, anti-Smith antibodies, anti-RNP anti-
bodies, anti-SSA antibodies, anti-SSB antibodies, lupus
anticoagulant, anti-cardiolipin antibodies and anti-$2
glycoprotein antibodies. Systemic Lupus Erythematosus
Disease Activity Index 2000 (SLEDAI-2K) was collected at
the time of event for the cases.

We also collected information regarding any immu-
nomodulatory disease-modifying agents that had been
administered to patients of the study cohort (with such
administration being before the occurrence of cardio-
vascular events for patients of the cases group). Such
agents included steroids, azathioprine, mycophenolate
mofetil, rituximab, cyclophosphamide, belimumab and
hydroxychloroquine.

Statistical analysis

x* test was used for categorical variables, while the Shapiro-
Wilks test was used when the assumption of normality
was not fulfilled. Equal variance t-tests for continuous
variables were used to compare case versus control at
baseline. We evaluated the association between the cardi-
ovascular outcomes (stroke, myocardial infarction and
peripheral ischaemic event) and aforementioned lupus
clinical manifestations, serological testing and traditional
cardiovascular risk factors using univariate analysis. Multi-
variate logistic regression was done using all variables
and their two-way interactions as possible predictors for
forward selection using the rFSA R package to check for
interactions. Throughout the analyses, a p value<0.05 was
considered statistically significant.

RESULTS

Weidentified 308 UKHS patients with lupusfulfilling afore-
mentioned ICD-9/10 code at the University of Kentucky
in addition to either use of hydroxychloroquine and/or
having two or more visits with Rheumatology between the
years 2004 and 2020. Among the 308 patients with lupus
identified, we found 20 (6.7%) patients who had cardi-
ovascular complications. In comparison, the University
of Pittsburgh Registry demonstrated that 23/498 (4.7%)
patients developed myocardial infarction.” Among these
20 individuals, 7 (35%) had myocardial infraction, 10
(50%) had stroke and 4 (20%) had peripheral ischaemia.
One patient had both a cardiovascular complication and
stroke. Out of the 20 patients with SLE with cardiovas-
cular disease, 15 (75%) were Caucasian and 5 (26%) were
African American (table 1). The mean SLEDAI-2K score
among the cases group at the time of cardiovascular event
was 11.15+9.25, with most common associated manifes-
tation being thrombocytopenia at 6 (30%), followed by
low complements at 5 (25 %) and elevated dsDNA at
4 (20%). Excluding neuropsychiatric manifestations,
SLEDAI score would be reduced to 9.35+5.68.

Among the seven patients who developed coronary
artery disease, three of these patients, all of which were
tobacco users, underwent Coronary Artery Bypass Graft.
The average age at lupus diagnosis of all the individuals

Table 1 Active lupus manifestations prior to cardiovascular
end event

Active features Frequency Percentage
SLEDAI-2K score 11.15+£9.25

Any lupus rash 1 5
Arthritis 2 10
Serositis 1 5
Renal disease 2 10
Neuropsychiatric 2 10
Leucopenia 3 15
Thrombocytopenia 6 30
Low complements 5 25
Elevated anti-dsDNA 4 20

dsDNA, double stranded DNA; SLEDAI-2K, Systemic Lupus
Erythematosus Disease Activity Index 2000.

developing myocardial infarction was 45.4 years. Among
the patients with single-vessel disease involvement, two
had right coronary artery involvement and one had left
anterior descending artery involvement. Tobacco use was
a risk factor in 4/7 (57%) myocardial infarction patients
(online supplemental table 1). The mean age at diagnosis
of myocardial infarction was 51.43+8.43.

Among patients who had a stroke, average age in
patients with lupus was 30.9 years, which is around 15
years younger than lupus diagnosis in the myocardial
infarction group. Tobacco use was a risk factor present
in 4 (40%) of the 10 patients who had a stroke. Two
patients had multi-infarct disease, both of whom were
diagnosed with lupus in their 20’s and neither of whom
was a tobacco user. The mean of age of stroke diagnosis
was 38+11.97, which is 13 years younger than the mean
age of occurrence of myocardial infarction. (p=0.0297)
(online supplemental table 2).

Among the individuals who had suffered a myocar-
dial infarction, three patients suffered that event prior
to their lupus diagnosis. Per records, these were initially
attributed to traditional risk factors such as obesity
(online supplemental table 1). Among the individuals
who had experienced one or more strokes, one patient
was diagnosed with lupus after stroke diagnosis and this
was initially attributed to traditional risk factors of hyper-
tension and obesity (online supplemental table 2). A
prior study at University of Toronto noted myocardial
infarction occurred early at onset of lupus or prior to
diagnosis.®

Among patients with peripheral ischaemic vascular
disease, only one was a tobacco user. Two of the periph-
eral ischaemia patients were diagnosed with lupus in their
teenage years, one of whom was diagnosed with both
lupus and peripheral ischaemia at a young age (online
supplemental table 3).

We controlled for baseline therapy by focusing on the
therapies given to the cases group prior to occurrence of
a cardiovascular event. All patients of the control group
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Table 2 Treatments given prior to cardiovascular events versus treatments given in control group

Treatment Cases (n=20) Controls (n=60) OR (C)) P value
Steroids 6/20 49/60 0.10 (0.03 to 0.31) <0.001*t
Hydroxychloroquine 14/20 60/60 Not applicable <0.001t
Azathioprine 6/20 17/60 1.08 (0.36 to 3.29) 0.89
Mycophenolate mofetil 5/20 18/60 0.78 (0.25 to 2.46) 0.67
Cyclophosphamide 3/20 6/60 1.59 (0.36 to 7.04) 0.54
Rituximab 3/20 3/60 3.35(0.62 to 18.16) 0.14
Belimumab 1/20 4/60 0.74 (0.08 to 7.01) 0.79

*Remained significant in multivariate analysis.
TBold indicates statistical significance.

had been treated with hydroxychloroquine, while only
70% (14/20) of the cases group had been treated with
hydroxychloroquine. Steroid use was also lower in the
cases group. None of the other disease-modifying agents
were found to have protective effect or different utilisa-
tion between the cases and the controls (table 2).

On univariate analysis, the cases group had less arthritis
reported (table 3). Among the other lupus risk factors,
only venous thrombosis was higher in the cases group,
which persisted through multivariate analysis (table 4).
Among the traditional cardiovascular risk factors, tobacco
use was higher in the cases group, but did not persist into
multivariate analysis.

Among the six patients who had venous thrombosis,
four had strokes and two had peripheral ischaemia. Four
of the six venous thrombosis patients were diagnosed with
lupus at an age below 45 years and two of such patients
were diagnosed after 45 years of age. Three of the six
venous thrombosis patients were tobacco users (online
supplemental table 4).

DISCUSSION

SLE has been associated with an increased risk of adverse
cardiovascular events. However, the risk of cardiovascular
events among a high-risk population such as the Appala-
chian population is not well understood. To our knowl-
edge, this is the first study on cardiovascular morbidity
risk factors among Appalachian patients with lupus. In a
prospective lupus cohort, several risk factors were found
to be predictive of a first cardiovascular event including
arthritis, pleuritis and venous thrombosis.” We found
similar correlation in venous thrombosis and associa-
tion with cardiovascular morbidity. As we analysed our
cases with venous thrombosis, they were mainly patients
who developed strokes and peripheral ischaemia rather
than myocardial infarction. Generally, we show in our
study trends towards higher traditional cardiovascular
risk factors in the cases group, particularly using tobacco
showing statistical significance (only on univariate anal-
ysis). Similarly, results from the University of Toronto
lupus cohort identified tobacco as a risk factor for cardi-
ovascular end points (myocardial infarction (MI), stroke
and peripheral ischaemia).’ Appalachian communities

are at higher risk of cardiovascular morbidity.” For
instance, a 2020 study noted an average BMI of 33kg/
m® in the Kentucky Appalachian community with a
concerning 94.3% tobacco use among men.'”

Beyond showing the contribution of traditional cardio-
vascular risk factors, we were able to identify venous
thrombosis as significantly higher in cases with adverse
cardiovascular events compared with controls.” In view
of this result, we believe it is important that clinicians be
vigilant in regarding a new diagnosis of lupus as a risk
factor for stroke and regard lupus as a potential risk factor
for early stroke, particularly in patients with history of
venous thrombosis.® 203 Nonetheless, we show some cases
who developed myocardial infarction or stroke prior to
lupus diagnosis in our study. Initially, those events were
attributed to traditional risk factors. Prior study from the
University of Toronto showed myocardial infarction prior
to or early on after diagnoses of lupus.37

Our cases had mean SLEDAI-2K score of 11.15 prior to
the event. A prospective study evaluating stroke in lupus
found an SLEDAI-2K of 12.6 on average in comparison
with 8.4 in control group.” Hinting that even in the
Appalachian community, which has high level of tradi-
tional cardiovascular risk factors, lupus activity remains
a contributing factor for stroke. Prior studies supported
our findings, namely the Framingham score, fell short of
predicting cardiovascular morbidity in patients with lupus
indicating lupus-related risk.® !

Our study shows lower steroid use in cases with adverse
cardiovascular events compared with controls in contrast
to a prior study which showed higher steroid use.’
However, we measured steroids use as a dichotomous
value in comparison with the Hopkins cohort who utilised
duration of steroid use.” Steroid use is a risk of cardiovas-
cular disease but can lead to lower lupus disease activity.
A possible explanation is that, at initial doses, steroid
use reduces disease activity but when such use is exces-
sive the benefit of disease control is offset by steroid side
effects such as obesity. Additionally, our study is in 2020 in
comparison with the 1992 study.” The use of steroids could
possibly be higher in 1992 compared with 2020, as rheu-
matologists are becoming more aggressive with disease-
modifying agents. In relation to immunosuppression, a
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Historical features Cases (n=20) Controls (n=60) OR (CI) P value

Any lupus rash 9/20 28/60 0.94 (0.34 to 2.58) 0.90

Sicca 6/20 17/60 1.08 (0.36 to 3.29) 0.89

Arthritis 5/20 34/60 0.25 (0.08 to 0.79) 0.01t

Pericarditis 3/20 5/60 1.94 (0.42 to 8.98) 0.39

DAH 1/20 0/60 Not applicable 0.08

Neuropsychiatric 1/20 1/60 3.10 (0.19 to 52.08) 0.40

Leucopenia 11/20 32/60 1.07 (0.39 to 2.96) 0.90

Haemolysis 3/20 2/60 5.12 (0.79 to 33.17) 0.06

Anti-dsDNA 6/18 32/59 0.42 (0.14 to 1.27) 0.12

Anti-SSB 2/15 10/50 0.62 (0.12 t0 3.18) 0.56

Anti-RNP 714 21/53 1.52 (0.47 to 4.98) 0.48

Pregnancy loss 117 2/58 1.75 (0.15 to 20.56) 0.65

Seizure 5/20 5/60 3.67 (0.94 to 14.35) 0.05

Anti-B,GPI IgM 2/12 1/32 6.2 (0.51 to 75.84) 0.11

Cardiolipin IgM 1/14 1/34 2.54 (0.15 to 43.67) 0.51

BMI>30 11/20 22/60 2.11 (0.76 to 5.89) 0.15

Dyslipidaemia 8/20 15/60 1.83 (0.63 to 5.30) 0.26

Tobacco 11/20 14/60 4.01 (1.38 to 11.65) 0.0081

*Remained significant in multivariate analysis.

TBold indicates statistical significance.

BMI, body mass index; DAH, diffuse alveolar haemorrhage; dsDNA, double-stranded DNA; ,GPI, B-2 glycoprotein I; RNP,
ribonucleoprotein; SSA, Sjogren syndrome A; SSB, Sjogren syndrome B.

study focused on peripheral ischaemia showed poten-
tial correlation between cyclophosphamide as protec-

Term Estimate P value OR (95% Cl) tive against peripheral vascular disease, but this was not
Steroids ~ —1.42 0.0003 0.063 (0.012 to 0.342) we have found that hydroxychloroquine use was signifi-

cantly lower in the cases group indicating possible

[3,]
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protective effect that was not found in other immunosup-
pressive disease-modifying agents. A possible reason for
this discrepancy is that we analysed stroke, MI and periph-
eral ischaemic vascular disease, while the Erdozain et al'®
focused on peripheral ischaemia in their study. Addition-
ally, the reason behind patient cardiovascular morbidity
could have been atherosclerosis and/or subclinical coro-
nary vasculitis.”’ * Another possible explanation is that
most of our cases, particularly among patients that had
experienced a stroke, experienced the cardiovascular
event and were diagnosed with lupus at a young age. Also,
we need to keep in mind the possibility of skewed data due
to the selection methodology. As pointed out in Methods,
we chose patients with lupus based on lupus ICD codes
with additional criteria of having had two or more visits
with University of Kentucky Rheumatology Clinic and/
or being treated with hydroxychloroquine, wherein the
hydroxychloroquine treatment criteria was intended to
catch patients with lupus who were followed at Rheuma-
tology clinics outside the University of Kentucky Rheuma-
tology Clinic.

In summary, our study highlights the significance of
tobacco use and venous thrombosis in lupus cardiovas-
cular morbidity, also in agreement with the similar find-
ings in the University of Toronto cohort.’ In contrast to
prior studies in the USA, we were able to show the effect
of lupus manifestations, namely venous thrombosis.”
Statistical significance of this manifestation was found
despite the high prevalence of cardiovascular risk factors
in our cases, particularly using tobacco, and overall higher
cardiovascular risk factors in Appalachian communities.'’
In regard to medications, we showed the potential benefit
of hydroxychloroquine on reducing cardiovascular events
as seen in prior analyses.”’ We showed a lower steroid use
in the cases which contrasts with higher mean duration
use of steroids in a prior study among individuals with
cardiovascular events.”

Therefore, rheumatologists should be vigilant with
cessation of tobacco use counselling in patients with
lupus. Neurologists and clinicians caring for new patients
who had a stroke should consider lupus as risk factors,
especially in younger patients, even in the presence of
other risk factors. We further note that, despite being
generally regarded as a mainstay of therapy in all patients
with lupus, hydroxychloroquine is still not prescribed
consistently in clinical practice. In view of the potential
benefit of hydroxychloroquine in reducing cardiovascular
events, hydroxychloroquine initiation threshold should
be lowered, particularly in patients who have other tradi-
tional risk factors or had venous thrombosis.
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