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Coronary Microvascular Dysfunction in 
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BACKGROUND: Systemic lupus erythematosus (SLE) is a systemic autoimmune inflammatory disorder associated with prema-
ture atherosclerosis and increased cardiovascular risk. Systemic inflammation is an emerging risk factor for coronary micro-
vascular dysfunction (CMD). We aimed to test whether CMD, defined as abnormal myocardial flow reserve (MFR) by positron 
emission tomography- computed tomography, would be independently associated with SLE after adjusting for nonobstructive 
atherosclerotic burden and common cardiovascular risk factors.

METHODS AND RESULTS: Consecutive patients with SLE who underwent symptom- prompted stress cardiac positron emission 
tomography- computed tomography were included (n=42). Obstructive coronary artery disease and systolic dysfunction were 
excluded. MFR was quantified by positron emission tomography- computed tomography, and CMD was defined as MFR <2. 
We frequency matched patients who did not have SLE and had symptom- prompted positron emission tomography studies on 
age, sex, and key cardiovascular risk factors (n=69). The attenuation correction computed tomography scans were reviewed 
for qualitative assessment of coronary artery calcium. Patients with SLE had a more severe reduction in global MFR compared 
with controls and a higher prevalence of CMD, despite a similar degree of nonobstructive atherosclerotic burden (1.91±0.5 
versus 2.4±0.7, respectively, P<0.0001; CMD, 57.1% versus 33.3%, respectively, P=0.017).

CONCLUSIONS: We demonstrated that patients with SLE with cardiac symptoms without obstructive coronary artery disease 
have a high prevalence of coronary vasomotor abnormalities. In comparison with symptomatic matched controls, patients 
with SLE have a more severe reduction in MFR that is not accounted for by common cardiovascular factors or atherosclerotic 
burden.
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Systemic lupus erythematosus (SLE) is a multi-
organ, systemic inflammatory autoimmune dis-
ease that predominantly affects young women. 

Increased prevalence of traditional cardiovascular risk 
factors including hypertension, hyperlipidemia, and 
obesity, as well as nontraditional SLE- specific factors, 
including systemic inflammation, glucocorticoids, and 
antiphospholipid antibodies, contribute to high car-
diovascular event rates among patients with SLE.1– 6 
The excess risk of a major adverse cardiovascular 
event among patients with SLE has been linked to an 

enhanced proinflammatory state.7 There is ample labo-
ratory and clinical evidence that systemic inflammation 
plays a major role in all stages of atherothrombosis,8,9 
including diffuse atherosclerosis and the early func-
tional abnormalities in vascular endothelial and smooth 
muscle cell function leading to coronary vascular dys-
function. This may help explain symptoms of chest pain 
and dyspnea, which are common in patients with SLE, 
even in the absence of obstructive coronary artery dis-
ease (CAD).10 Our objective was to test the hypothe-
sis that coronary microvascular dysfunction (CMD) is 
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a common feature in symptomatic high- risk patients 
with SLE, independent of common cardiovascular risk 
factors or atherosclerotic burden.

METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Study Population
We studied consecutive patients diagnosed with 
SLE who underwent stress positron emission 

tomography (PET) myocardial perfusion imaging 
for the evaluation of suspected CAD, on the basis 
of the presence of chest pain and/or dyspnea be-
tween January 1, 2006 and December 31, 2018 
at Brigham and Women’s Hospital. SLE diagnosis 
was confirmed on the basis of the Systemic Lupus 
International Collaborating Clinics criteria and fur-
ther validated by cross- reference to the Brigham and 
Women’s Hospital Rheumatology SLE Registry. The 
SLE disease activity index was calculated accord-
ing to the Systemic Lupus Erythematosus Disease 
Activity Index (SLEDAI) criteria.11,12 Control patients 
were identified on the basis of age, sex, obesity, hy-
perlipidemia, hypertension, diabetes mellitus, and 
history of CAD, defined as prior myocardial infarction 
or percutaneous coronary intervention obtained from 
the cardiology radiology database, which includes 
>6000 patients and linked electronic health records. 
Included were patients aged >18 years. Patients with 
left ventricular ejection fraction <50%, an abnormal 
myocardial perfusion study (summed stress score 
≥3), prior coronary artery bypass surgery, heart 
transplantation, or other systemic inflammatory dis-
order were excluded. The study was approved by the 
Partners Healthcare Institutional Review Board and 
conducted in accordance with institutional guide-
lines, and all patients signed informed consent for 
this procedure. Women of childbearing age were re-
quired to have a negative blood pregnancy test on 
the morning of the exam.

Quantification of Coronary Vascular 
Function
Myocardial blood flow (MBF) and myocardial flow re-
serve (MFR), reflecting large and small coronary ves-
sel function, were quantified with PET myocardial 
perfusion imaging performed on a whole- body PET- 
computed tomography scanner (Discovery RX or 
STE Lightspeed 64; GE Healthcare, Milwaukee, WI) in 
2- dimensional mode using 82rubidium or 13N- ammonia 
as previously described.13,14 Computed tomography 
was used for attenuation correction. Coronary vaso-
dilation was achieved using regadenoson or dipyrida-
mole as per standard care. PET images were evaluated 
semiquantitatively by a 17- segment visual assessment 
of gated myocardial perfusion images with a standard 
5- point scoring system. Rest left ventricular ejection 
fractions were calculated from gated myocardial per-
fusion images with commercially available software 
(Corridor4DM; INVIA Medical Imaging Solutions, Ann 
Arbor, MI). Summed stress score <3 was considered 
to be normal and reflect absence of overt obstructive 
CAD. Rest and stress MBF, in milliliters per minute per 
gram, was quantified using a validated tracer kinetic 
model as previously described.13,14 In our laboratory, 

CLINICAL PERSPECTIVE

What Is New?
• Coronary microvascular dysfunction is prevalent 

in patients with systemic lupus erythematosus 
(SLE) and independent of atherosclerotic bur-
den and common cardiovascular risk factors.

• SLE is associated with a high prevalence of 
coronary vasomotor dysfunction, reflecting the 
presence of diffuse atherosclerosis and coro-
nary microvascular dysfunction.

• This finding is correlated with disease activity and 
not entirely accounted for by coronary risk fac-
tors, renal dysfunction, or atherosclerotic burden.

What Are the Clinical Implications?
• Coronary vascular dysfunction in patients with 

SLE supports a possible role for inflammation in 
driving coronary vasomotor abnormalities that 
might contribute to excess cardiovascular risk 
in patients with SLE.

• Future prospective studies are needed to ad-
dress the spectrum of coronary vasomotor dys-
function across clinical severities of SLE and 
whether reducing systemic inflammation with 
disease- modifying antirheumatic drugs, immu-
nosuppressants, and/or the newer novel biolog-
ics in SLE can improve abnormalities in coronary 
vascular function and cardiovascular outcomes.

Nonstandard Abbreviations and Acronyms

aPL antiphospholipid antibodies
CMD coronary microvasculature dysfunction
MBF myocardial blood flow
MFR myocardial flow reserve
SLEDAI Systemic Lupus Erythematosus 

Disease Activity Index
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the intraclass correlation coefficient for MFR among 4 
readers is 0.94 (95% CI, 0.88– 0.98),15 reflecting high 
reproducibility. CMD was defined as an MFR <2.0,15 
that is, a failure to augment MBF at least 2.0- fold from 
baseline during maximal hyperemia. All reported MBF 
and MFR values reflect global measures. Quantitative 
measures of MBF and MFR were recorded by a single 
experienced operator blinded to patient data.

Semiquantitative Assessment of 
Atherosclerotic Burden
The presence and extent of coronary artery calcium 
(CAC) was assessed using semiquantitative visual 
analysis of the low- dose, noncontrast computed to-
mography scan obtained for attenuation correction 
of the PET images.16 Semiquantitative assessment of 
CAC was performed by a cardiologist with advanced 
cardiovascular imaging training for each of the avail-
able noncontrast computed tomography scans in a 
blinded fashion (n=101, SLE=41, and controls=60). 
The degree of CAC was determined to be none, mild, 
moderate, or severe as previously described by the 
National Lung Screening Trial investigators.17 This 
approach was previously deemed comparable to 
Agatston scoring and strongly associated with car-
diovascular death.

Laboratory Measurements
Renal function (estimated glomerular filtration rate 
[eGFR]) was calculated with the Chronic Kidney 
Disease (CKD) Epidemiology Collaboration formula18 
and obtained for all patients with available data within 
90 days of the cardiac PET scan. Renal function was 
defined as normal (eGFR >60), mild (eGFR 30– 59), 
moderate (eGFR 15– 29), and severe (eGFR <15).

Statistical Analysis
Patient baseline characteristics were reported as fre-
quency with percent and mean with SD where appro-
priate. χ2 and Fisher exact tests for binary variables 
and 2- sided t test for continuous variables were used 
to demonstrate the matching between patients with 
SLE and control patients and to compare the MFR 
and prevalence of CMD. The Fisher exact test was 
used when sample size in an outcome had <5 pa-
tients. The primary analysis compared patients with 
SLE versus patients without SLE (exposure) by car-
diac PET- assessed MBF and MFR, as well as preva-
lence of CMD, defined as MFR <2 (primary outcome). 
To determine the effect of qualitative grading of CAC 
on MFR, a χ2 analysis was performed. To determine 
the relationship between MFR and SLE disease ac-
tivity, SLEDAI scores were calculated at the time of 
the cardiac PET. Pearson correlation was used to 

compare the SLE disease activity index and MFR. 
For univariate and multivariable modeling, all analy-
ses, α <0.05 was considered statistically significant. 
Bivariable correlations between study variables were 
calculated using Spearman rank correlation coeffi-
cients. We conducted a subgroup analysis among 
those with eGFR <60 mL/min per 1.73 m2. All analy-
ses were performed by using SAS University Edition 
9.4 (SAS Institute, Cary, NC).

RESULTS
The SLE cohort was predominantly women, with 
a mean age of 61  years (Table  1). Patients with 
SLE had a high prevalence of hypertension (71%) 
and otherwise low prevalence of other cardiovas-
cular risk factors. The mean SLE disease duration 
was 15.7 (±10.5 SD) years. The median SLEDAI 
score was 4 (interquartile range, 0– 6), suggesting 
low- to- moderate disease activity. Approximately 
half of the SLE cohort was taking hydroxychlo-
roquine (23/42, 55%) and/or prednisone (20/42, 
48%) at the time of the cardiac PET exam. Within 

Table 1. Baseline Characteristics of the Study Cohort

Clinical Characteristics
SLE, 
n=42

Control, 
n=69

P 
Value

Age, y, mean (SD) 61.2 (0.5) 61.7 (11.9) 0.8

Women, n (%) 41 (97) 66 (95) 0.59

Cardiovascular risk factors

BMI >30 kg/m2, n (%) 20 (29) 13 (31) 0.83

Diabetes mellitus, n (%) 7 (16.7) 14 (20.3) 0.64

Hypertension, n (%) 30 (71) 49 (71) 0.96

Dyslipidemia, n (%) 15 (35) 27 (39) 0.72

Smoking, n (%) 0 (0) 4 (5.8) 0.3

Known CAD, n (%) 3 (7.1) 6 (8.7) 1.0

Medication history

Statin therapy, n (%) 18 (42.9) 27 (39.1) 0.7

Aspirin therapy, n (%) 18 (42.9) 29 (42) 0.93

Antithrombotic therapy, n (%) 11 (26.2) 4 (5.8) 0.004

SLE disease characteristics

Disease duration, mean (SD) 15.7 (10.5) — — 

SLE Disease Activity Index, 
mean (IQR)

4 (0– 6) — — 

Hydroxychloroquine use, 
n (%)

23 (55) — — 

Prednisone use, n (%) 20 (48) — — 

Antiphospholipid syndrome, 
n (%)

4 (9.5) — — 

Antiphospholipid antibodies, 
n (%)

18 (42.9) — — 

BMI indicates body mass index, CAD, coronary artery disease; IQR, 
interquartile range; and SLE, systemic lupus erythematosus.
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the year of the PET scan, there were 4 patients 
(9.5%) who had received high- dose steroids (de-
fined as >50  mg/d for 15  days), and 9 patients 
(21.4%) with a history of concomitant immuno-
suppressant therapy. Medication history further 
revealed a similar prevalence of statin and aspirin 
use between the SLE cohort and control group, 
although the SLE cohort had a higher prevalence 
of antithrombotic therapy (11/42 [26.2%] versus 
4/69 [5.8%], P=0.004). Given this dif ference, we 
next evaluated the presence of antiphospholipid 
syndrome and antiphospholipid antibodies (aPL), 
which can drive microvascular thrombosis.19,20 
Among the SLE cohort, 4 of 42 patients (9.5%) 
had evidence of antiphospholipid syndrome, and 
18 of 42 (42.9%) had evidence of at least 1 posi-
tive aPL antibody.

MFR, Diffuse Atherosclerosis, and SLE 
Disease Activity
Compared with controls, patients with SLE had simi-
lar MBF at rest but lower MBF augmentation during 
maximal stress (2.5±0.8 versus 2.14±0.72 mL/min per 
gram, respectively, P=0.01). Consequently, MFR was 
lower in patients with SLE compared with controls 
(1.91±0.5 versus 2.4±0.7, respectively, P<0.0001; 
Figure 1).

To account for the confounding of diffuse athero-
sclerosis on MFR, we assessed the presence and se-
verity of CAC. Approximately half of the patients with 
SLE and controls had no CAC, and the proportion of 
patients with mild- to- moderate and severe CAC were 
similar in both groups (Figure 1B). These results sug-
gest that patients with SLE compared with similarly 
matched patients did not have evidence of a higher 
atherosclerotic burden. To further determine if the pa-
tients with SLE with no evidence of atherosclerosis, 
reflective of endothelial dysfunction, had impaired MFR 
compared with the control population, we examined 
the subgroup of patients without CAC (SLE [n=22], 
2.04±0.59 versus control [n=31], 2.54±0.59, P=0.004). 
These data suggest that even in patients with SLE 
without evidence of overt atheroma, there is a lower 
MFR, suggestive of coronary endothelial dysfunction.

The frequency of MFR <2.0, reflecting CMD, was 
higher in patients with SLE compared with controls 
(24/42 [57.1%] versus 23/69 [33.3%], P=0.017; Table 2). 
To determine the relationship between MFR and SLE 
disease activity, SLEDAI scores were calculated at the 
time of the cardiac PET. MFR was inversely related 
to SLEDAI (Pearson r=−0.44, P=0.003; Figure 2). No 
significant association was found between MFR and 
SLE disease duration (r=−0.15, P=0.9). Additionally, 
there was no difference in the MFR between the pa-
tients with SLE with or without documented evidence 

Figure 1. Myocardial flow reserve (MFR) and atherosclerotic burden in patients with systemic lupus erythematosus (SLE).
A, Histogram and box plot represent the distribution of MFR in patients with SLE and controls (1.91±0.5 vs 2.4±0.7, respectively, 
P<0.0001). MFR represents stress/rest myocardial blood flow (MBF). Rest and stress MBF are presented in milliliters per minute per 
gram. B, The degree of coronary artery calcium (CAC) was semiquantitatively determined to be none, mild- to- moderate, or severe 
as described in the Methods. Stacked bar plots demonstrate the frequency of each CAC category between SLE (n=41) and controls 
(n=60). Results were not significantly different on the basis of a Fisher exact test (P=0.7).
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of positive aPL antibodies (SLE with aPL antibodies 
[n=18], 1.98±0.59 versus SLE without aPL antibodies 
[n=24], 1.86±0.46, P=0.47).

Subgroup Analysis Based on Renal 
Function
Lupus nephritis can lead to CKD. Because CKD is 
associated with CMD in the absence of SLE, we per-
formed additional sensitivity analyses to account for 
the potential confounding of CKD (ie, eGFR <60 mL/
min) on measures of MFR. Only patients who had an 
eGFR within 90 days of the cardiac PET scan were in-
cluded (SLE=32 and controls=52). In patients with nor-
mal renal function, patients with SLE had lower MFR 
than controls (2.15±0.5 versus 2.5±0.65, respectively, 
P=0.01; Figure 3). Likewise, MFR was also lower in pa-
tients with SLE compared with controls among those 
with CKD (ie, eGFR <60  mL/min) (1.68±0.43 versus 
2.4±0.86, respectively, P=0.02; Figure 3).

In unadjusted models, both renal impairment and 
SLE were univariate predictors of lower MFR. We also 
performed multivariable modeling adjusting for age, 
sex, CAC, diabetes mellitus, obesity, and hyperten-
sion as additional predictors of MFR. CKD and SLE 
both remained significant predictors of MFR (P=0.007, 
β=−0.18 and P<0.001, β=−0.49, respectively) after 
controlling for these factors. Together, these results 
demonstrate that both the presence of SLE and renal 
dysfunction are associated with MFR; however, as 
demonstrated in the subgroup analyses, patients with 
SLE have a further reduction of MFR that is not entirely 
explained by the reduced renal function.

DISCUSSION
Systemic inflammatory disorders such as SLE are not 
static, and patients exhibit periods of increased and 
decreased inflammation over the course of the dis-
ease. SLE provides an ideal disease model to further 
understand the vascular changes that occur as a result 
of longstanding systemic inflammation. Our findings 
are novel and extend the observations of prior stud-
ies of microvascular dysfunction in SLE.21,22 Our results 
demonstrate a high prevalence of coronary vasomotor 
abnormalities in symptomatic high- risk patients with 
SLE without obstructive CAD, and also demonstrate 
that the severity of these abnormalities is not accounted 
for by the burden of atherosclerosis, by commonly as-
sociated coronary risk factors, or the presence of CKD. 
These data demonstrate that patients with SLE have 
a reduced MFR even in the presence of normal or re-
duced renal function. Renal involvement is not uncom-
mon in SLE, and lupus nephritis is linked to increased 
morbidity and mortality in SLE.23,24 For this study, we 
defined renal impairment on the basis of eGFR alone, 
and not on the presence of other findings seen in active 
nephritis that might not be associated with a low eGFR 
(eg, proteinuria, active sediment). In addition, low GFR 
in an SLE patient may not necessarily be due entirely 

Table 2. Positron Emission Tomography Myocardial Blood 
Flow, MFR, and Myocardial Function in SLE and Matched 
Controls

Imaging Findings SLE, n=42 Controls, n=69 P Value

Rest myocardial 
blood flow, mL/min/g

1.2 (0.4) 1.1 (0.5) 0.8

Stress myocardial 
blood flow, mL/min/g

2.1 (0.8) 2.5 (0.9) 0.01

Myocardial flow 
reserve, mL/min/g

1.91 (0.5) 2.4 (0.7) <0.0001

Coronary 
microvascular 
dysfunction (MFR <2), 
n (%)

24/42 (57.1% 23/69 (33.3) 0.017

Rest LVEF, % 58.3 (8.2) 63.4 (7.3) 0.002

Stress LVEF, % 64.7 (9.6) 68 (8.9) 0.07

Resting HR, beats/
min

70.7 (11.1) 70.1 (13) 0.78

Peak HR, beats/min 87.4 (16) 94 (19.2) 0.06

Resting SBP, mm Hg 146.4 (26.3) 143.8 (19) 0.57

Peak SBP, mm Hg 137.9 (25.6) 138.4 (23.3) 0.9

Resting MAP, mm Hg 97.5 (16.7) 96.7 (11.9) 0.78

Peak MAP, mm Hg 91.6 (14.7) 92.3 (13.5) 0.81

Mean and SD are shown, except where noted otherwise. HR indicates 
heart rate; LVEF, left ventricular ejection fraction; MAP, mean arterial 
pressure; MFR, myocardial flow reserve; SBP, systolic blood pressure; and 
SLE, systemic lupus erythematosus.

Figure 2. Correlation between systemic lupus 
erythematosus disease activity and myocardial flow reserve 
(MFR).
Disease activity was calculated on the basis of the Systemic 
Lupus Erythematosus Disease Activity Index (SLEDAI) score 
at the time of the cardiac positron emission tomography scan. 
Shown is the linear relationship with Pearson correlation 
(r=−0.44, P=0.003).
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to lupus nephritis, because other common conditions, 
such as hypertension and drug effects, could result 
in CKD. Kidney involvement in SLE is heralded by the 
presence of an active urinary sediment, presence of 
proteinuria, or an unexplained rise in the serum creati-
nine. A kidney biopsy is the gold standard for diagno-
sis. Whether there is organ- specific SLE involvement 
that is directly associated with the coronary microvas-
culature preferentially, or whether it is the overall de-
gree of systemic inflammatory burden, is not known 
and is an important question to further address.

Overall, these data support a role for systemic in-
flammation in driving coronary vasomotor abnormali-
ties that might contribute to the excess cardiovascular 
risk. These results further suggest a relationship be-
tween cardiovascular risk and the severity of SLE dis-
ease activity on MFR. CMD was not associated with 
SLE disease duration, suggesting that control of in-
flammation and disease activity is an important factor 
in driving excess cardiovascular risk. The prevalence of 
documented antiphospholipid syndrome in this cohort 
was low, although the prevalence of aPL antibodies 
was relatively high, because almost 50% of this pop-
ulation had documentation of at least 1 positive aPL 
antibody. A possible role of aPL antibodies, which are 
associated with microvascular thrombosis, resulting 
in a reduced MFR, was examined and not associated 
with a difference in MFR. However, given the small 
sample size of this cohort and the power to detect a 
difference, future studies should include more subjects 
with aPL antibodies and antiphospholipid syndrome 
to examine this relationship further. Furthermore, in 

patients with SLE with aPL antibodies, the role of an-
tithrombotic therapy, in addition to the traditional and 
biologic disease- modifying antirheumatic drugs, the 
armamentarium of therapy should be investigated to 
understand the role in microvascular thrombosis and 
CMD in this patient population.

Limitations of the current study include the study 
population, which were older symptomatic patients 
with long- standing SLE, which represents a higher- 
risk cohort. Whether MFR is impaired in younger pa-
tients with SLE is not known, but it is important to 
address in the future given that age of onset is most 
often between the ages of 15 to 45. Whether CMD is 
more prevalent in patients who were diagnosed with 
child- onset SLE compared with adult- onset SLE is 
also not known; although it has been demonstrated 
that the clinical course and disease activity is worse 
in child- onset SLE.25,26 The small sample size limited 
the power to ascertain the impact on long- term car-
diovascular outcomes and mortality. Because of the 
unavailability of unique matching identification in the 
analysis data set, it was not possible to use statistical 
techniques that account for the correlation introduced 
by matching in the control population, which could 
result in selection bias. Regardless, it is anticipated 
that this analysis limitation had a marginal effect on 
reported inference. Previous work from our group and 
others have established the importance of MFR and 
CMD on risk stratification and long- term outcomes in 
the general population27; however, whether this holds 
true in systemic inflammatory conditions character-
ized by flares of inflammation is not known. Given 

Figure 3. Subgroup analysis based on chronic kidney disease.
Subjects were only included in the analysis if a serum creatinine was performed within 90 days of cardiac positron emission tomography 
(40/42 systemic lupus erythematosus [SLE] and 52/69 control group). A, Box and whisker plot of the distribution of myocardial flow 
reserve (MFR) in SLE and controls with renal impairment (estimated glomerular filtration rate [eGFR] <60). B, Distribution in patients 
with normal renal function. Mean and SD are shown within box plots. MBF indicates myocardial blood flow.



J Am Heart Assoc. 2021;10:e018555. DOI: 10.1161/JAHA.120.018555 7

Weber et al Coronary Microvascular Dysfunction in SLE

the heterogeneous clinical manifestations of SLE, 
future prospective studies are needed to address 
CMD across clinical severities of SLE and organ in-
volvement. Furthermore, studies are needed to ad-
dress whether reducing systemic inflammation with 
frequently prescribed disease- modifying antirheu-
matic drugs (eg, hydroxychloroquine, methotrexate), 
systemic immunosuppressants (eg, mycophenolate 
mofetil), and/or newer targeted biologics (eg, an-
ti- CD19 [rituximab] and anti- B- lymphocyte stimulator 
protein [belimumab]) can improve coronary microvas-
cular function and cardiovascular outcomes.28,29

CONCLUSIONS
These findings demonstrate that older patients with 
long- standing SLE have a much higher prevalence 
and more severe coronary vasomotor dysfunction 
than age- , sex- , and cardiovascular risk factor– 
matched controls in the absence of obstructive 
CAD. Importantly, the similar prevalence and sever-
ity of CAC in SLE and control subjects suggest that 
reduced MFR is not simply a result of diffuse ath-
erosclerosis, and support a potentially earlier abnor-
mality in coronary microvascular response to stress. 
MFR correlated with SLE disease activity, highlight-
ing the role of systemic inflammation, and was more 
severely reduced in patients with SLE than controls 
with both preserved and reduced renal function. 
The identification of impaired MFR in SLE may be a 
sensitive marker of excess cardiovascular risk in this 
population and could necessitate aggressive cardio-
vascular risk reduction strategies.
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