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Use of hydroxychloroquine and risk of
major adverse cardiovascular events in
patients with lupus erythematosus: A

Danish nationwide cohort study
Jeanette Halskou Haugaard, MD,a Lene Dreyer, MD, PhD,b Mathias Bo Ottosen, MSC,a

Gunnar Gislason, MD, PhD,c Kristian Kofoed, MD, PhD,a and Alexander Egeberg, MD, PhDa

Copenhagen and Aalborg, Denmark
Background: Limited data suggest that hydroxychloroquine may affect risk of cardiovascular disease in
patients with lupus erythematosus (LE).
Objective: To investigate whether hydroxychloroquine treatment is associated with major adverse
cardiovascular events (MACE) (myocardial infarction, ischemic stroke, or cardiovascular-associated death)
in patients with cutaneous LE (CLE) or systemic LE (SLE).
Methods: Based on the Danish nationwide registers, an observational cohort study was conducted
including patients with first-time diagnosis of CLE or SLE (between 1997 and 2017). Cox regression models
calculating the hazard ratio (HR) analyzing the risk of MACE were performed comparing time on and off
hydroxychloroquine (including never users). The models were adjusted for age, sex, socioeconomic status,
concomitant treatment, and cardiovascular risk factors.
Results: Among 4587 patients with LE, 51% (n = 2343) were treated with hydroxychloroquine during the
study period. An inverse association between use of hydroxychloroquine and MACE risk was observed
among patients with SLE (adjusted HR, 0.65; 95% confidence interval, 0.46-0.90) and patients with CLE
(adjusted HR, 0.71; 95% confidence interval, 0.42-1.19). Consistent results were found in sensitivity analyses
including a case-time control design.
Limitations: No information on disease activity/severity was available.
Conclusion: Our findings indicate an opportunity to reduce the risk of cardiovascular events in patients
with LE through use of hydroxychloroquine. ( J Am Acad Dermatol 2021;84:930-7.)

Key words: cardiovascular disease; cutaneous lupus erythematosus; hydroxychloroquine; major adverse
cardiovascular event; systemic lupus erythematosus.
F
or several decades, the antimalarial drug
hydroxychloroquine (HCQ) has had a prom-
inent role in the treatment of inflammatory

rheumatic diseases, including lupus erythematosus
(LE), due to its immunomodulatory properties and
overall good safety profile.1,2 Nevertheless, the
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potential of HCQ is still discussed and explored,
and data from recent years suggest that HCQ may
have other beneficial effects in addition to its ability
to control disease activity.3 Importantly, data suggest
that HCQ improves the lipid profile, reduces the risk
of diabetes, and increases overall survival of the
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treated patients.4-7 Notably, although some studies
have reported that treatment with HCQ may exert
cardiovascular protective effects in patients with
systemic LE (SLE),1,8,9 other studies have failed to
show any significant effect of HCQ on cardiovascular
disease (CVD).10,11 Because both patients with cuta-
neous lupus erythematosus (CLE) and patients with
CAPSULE SUMMARY

d In this nationwide cohort study, an
inverse association was found between
use of hydroxychloroquine and major
adverse cardiovascular events in patients
with lupus erythematosus.

d Our findings suggest that use of
hydroxychloroquine may provide a
considerable opportunity for clinicians to
reduce the risk of cardiovascular disease
in patients with lupus erythematosus.
SLE have an increased risk of
CVD,12 a thorough under-
standing of the cardiovascu-
lar effects of drugs used for
this disease is needed. The
association between treat-
ment with HCQ and risk of
major adverse cardiovascular
events (MACE) was therefore
investigated in a population-
based study consisting of pa-
tients with LE.

METHODS
Study design

A nationwide observa-
tional cohort study was per-

formed to investigate the association between use of
HCQ and risk of MACE in patients with CLE or SLE.

Data sources
Denmark has unique nationwide registers that

can be crosslinked to each other, go far back in time,
and have a high degree of registration of treatments
and diagnoses because of the free and equal access
to the health care system for all residents in the
country. This study used a number of the Danish
registers, tracking individual Danish residents
through the permanent Civil Personal Register num-
ber assigned at birth or upon immigration.13-15

Additional description of data sources can be
found in the Supplemental Methods (available via
Mendeley at https://doi.org/10.17632/xr7p7btvht.1).

Study population
The eligible study population comprised all pa-

tients aged 18 years or older with a first-time
diagnosis of CLE or SLE in the period between
January 1, 1997, and December 31, 2017. Patients
with a history of myocardial infarction (MI) or
ischemic stroke before diagnosis of LE were
excluded. The study start date (hereafter, the index
date) was the date of the first recorded LE diagnosis.
The model accounted for patients with CLE who
developed SLE by a time-updated variable for LE,
which made it possible to change status from CLE to
SLE but not from SLE to CLE. Patients treated with
HCQ were compared with patients without HCQ
treatment during the study period, and follow-up
ended at migration, death, or occurrence of an
outcome, whichever came first.
Exposure
Treatment with HCQ was defined as a filled

prescription for HCQ registered in the Danish

National Prescription
Register (covering all com-
munity pharmacies) or as a
treatment procedure regis-
tered in the Danish National
Patient Register (either inpa-
tient treatment or if patients
received the drug directly
from outpatient clinics rather
than from community phar-
macies). HCQ use was
treated as a time-varying var-
iable whereby patients could
switch between being regis-
tered as exposed or nonex-
posed. Exposure was created
as a treatment series, where patients were considered
exposed from the date of a filled prescription and
until 120 days after the last filled prescription in the
series, as long as the interval between filled pre-
scriptions was less than 120 days (see Supplemental
Methods and Supplemental Fig 1; available via
Mendeley at https://doi.org/10.17632/xr7p7btvht.1).
Description of covariates
A number of covariates were accounted for:

diabetes mellitus was defined by either a hospital
diagnosis or use of glucose-lowering drugs; hyper-
tension was based on a previously validated algo-
rithm, defined as either a hospital diagnosis of
hypertension or treatment with at least 2 antihyper-
tensive drugs within 90 days16,17; hypercholesterole-
mia was defined by a hospital diagnosis or use
of cholesterol-lowering drugs; and a previously
described proxy for smoking was used, which was
based on different information either on or related to
smoking, such as smoking cessation.18

Because some medications prescribed for LE are
associated with CVD in other autoimmune diseases,
they were included in the model as potential
confounders. These drugs were methotrexate, sys-
temic corticosteroids, and nonsteroidal anti-
inflammatory drugs.19

Furthermore, socioeconomic status was included
in the model by the average yearly household
income 5 years before the index and grouped into
age-standardized quintiles of lowest, below-average,
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Abbreviations used:

CI: confidence interval
CLE: cutaneous lupus erythematosus
CVD: cardiovascular disease
HR: hazard ratio
IL: interleukin
IR: incidence rate
HCQ: hydroxychloroquine
LE: lupus erythematosus
MACE: major adverse cardiovascular event
MI: myocardial infarction
OR: odds ratio
PPV: positive predictive value
SLE: systemic lupus erythematosus
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average, above-average, and highest socioeconomic
status.

All International Classification of Diseases codes
used in the study can be found in Supplemental
Table I (available via Mendeley at https://doi.org/10.
17632/xr7p7btvht.1).

Outcomes
The primary outcome was the first occurrence of

MACE, which was a composite of MI, ischemic
stroke, and cardiovascular-associated death. Use of
the individual MACE componentsdthat is, MI (pos-
itive predictive value [PPV], 98.0%) and ischemic
stroke (PPV, 97.0%) have previously been vali-
dated.20,21 The secondary outcomes were MI,
ischemic stroke, cardiovascular-associated death,
and all-cause mortality, and these were analyzed in
separate models, where the occurrence of one
endpoint would not lead to censoring in analyses
of another endpoint.

Statistical analyses
The study population was characterized by inter-

quartile range medians with skewed distribution for
continuous variables and frequencies for categorical
data. Furthermore, the number of events and inci-
dence rates (IRs) of MACE per 1000 person-years
were calculated for HCQ users and nonusers,
respectively. MACE risk was analyzed with Cox
regression models calculating hazard ratios (HRs)
comparing HCQ users with nonusers. To remove the
effects of potential confounders, the models were
adjusted for age, sex, socioeconomic status, concom-
itant medication (methotrexate, systemic corticoste-
roids, nonsteroidal anti-inflammatory drugs), and
cardiovascular risk factors (diabetes mellitus, hyper-
tension, hypercholesterolemia, and smoking). A
detailed description about covariates is provided in
the Supplemental Methods.
The population preventable fraction, that is, the
proportion of first-time MACE in the study popula-
tion that theoretically could be prevented by full
treatment with HCQ, was calculated as [(1 e Pe)(1 e
HR)]/[1 e Pe 3 (1 e HR)], where, Pe, fraction of the
study population which is exposed to hydroxychlor-
oquine, and the exposure needed to treat was
calculated as 1/[IRunexposed 3 (1e HR)].

A 2-sided P value of less than .05 was considered
to be statistically significant. Data management
and statistical analyses were performed with SAS,
version 9.4 (SAS Institute) and Stata/MP, version 15
(StataCorp).

Sensitivity analyses
Several sensitivity analyses were performed to test

the robustness of our study. The duration of pre-
scribed HCQ was 120 days, but to ensure the
robustness of our results, the length of HCQ treat-
ment was altered to 80 and 160 days. Furthermore,
although medication such as tumor necrosis factor a
inhibitors, mycophenolate, and rituximab are less
frequently used to treat LE, associations between
these drugs and CVD has also been shown,19,22,23

and these medications were therefore added as
potential confounding factors and adjusted for sepa-
rately in the sensitivity analyses. All drugs were
handled in the same way as concomitant medica-
tions in the primary analysis. A sensitivity analysis
using a stricter definition of patients with CLE and
SLE was also performed to ensure accuracy of the
diagnosis. This was done by including only patients
with LE diagnosed from a department of derma-
tology, nephrology, or rheumatology. Furthermore,
a sensitivity analysis was performed by using a
previously validated algorithm (PPV, 89%) to identify
patients with SLE.24,25 To test the sensitivity to HCQ
treatment of the model, exposure of HCQ was
handled as a fixed variable (HCQ ever or never) at
the study end. Finally, we altered the study design to
a case-time control design. A detailed description of
the study design is provided in the Supplemental
Methods.

Ethical considerations
The study was approved by the Danish Data

Protection Agency (Journal Number file no. VD-
2018-286). Ethical approval is not required for reg-
ister studies in Denmark.

RESULTS
The study cohort consisted of 4587 patients: 3036

patients with SLE and 1551 patients with CLE.
Approximately 51% (n = 2343) of the patients were
at some point during the study period treated with
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Table I. Characteristics of the study population

Characteristics

HCQ users* Never users*

All (n = 2343) SLE (n = 1616) CLE (n = 727) All (n = 2244) SLE (n = 1420) CLE (n = 824)

Age,y y, median (IQR) 47.7
(35.3-59.5)

44.7
(32.4-56.2)

53.6
(42.5-64.2)

52.6
(39.5-65.5)

51.6
(38.7-64.4)

55.2
(40.9-67.0)

Women, n (%) 1974 (84.3) 1406 (87.0) 568 (78.1) 1729 (77.1) 1117 (78.8) 612 (74.3)
Socioeconomic status,z n (%)
Lowest 454 (19.4) 349 (21.6) 105 (14.5) 458 (20.4) 293 (20.6) 165 (20.0)
Below average 433 (18.5) 270 (16.7) 163 (22.4) 457 (20.4) 261 (18.4) 196 (23.8)
Average 467 (19.9) 301 (18.7) 166 (22.8) 454 (20.2) 303 (21.3) 151 (18.3)
Above average 490 (20.9) 348 (21.5) 142 (19.5) 436 (19.4) 264 (18.6) 172 (20.9)
Highest 499 (21.3) 348 (21.5) 151 (20.8) 439 (19.6) 299 (21.1) 140 (17.0)

Cardiovascular risk factors, n (%)
Diabetes mellitus 173 (7.4) 126 (7.8) 47 (6.5) 216 (9.6) 157 (11.1) 59 (7.2)
Hypercholesterolemia 616 (26.3) 403 (24.9) 213 (29.3) 578 (25.8) 355 (25.0) 223 (27.1)
Hypertension 718 (30.6) 497 (30.8) 221 (30.4) 713 (31.8) 468 (33.0) 245 (29.7)
Smoking 604 (25.8) 381 (25.6) 223 (30.7) 520 (23.2) 323 (22.8) 197 (23.9)

Medication, n (%)
Methotrexate 578 (24.7) 478 (29.6) 100 (13.8) 232 (10.3) 162 (11.4) 70 (8.5)
Mycophenolate 247 (10.5) 234 (15.5) 13 (1.8) 77 (3.4) 70 (4.9) 7 (0.9)
NSAIDs 1726 (73.7) 1245 (77.0) 481 (66.2) 1487 (66.3) 952 (67.0) 535 (64.0)
Rituximab 122 (5.2) 116 (7.2) 6 (0.8) 44 (2.0) 34 (2.4) 10 (1.2)
Systemic
corticosteroids

1634 (69.7) 1266 (78.3) 368 (50.6) 1039 (46.3) 731 (51.5) 308 (37.4)

TNF-a inhibitor 100 (4.3) 79 (4.9) 21 (2.9) 61 (2.7) 41 (2.9) 20 (2.4)

CLE, Cutaneous lupus erythematosus; HCQ, hydroxychloroquine; IQR, interquartile range; NSAID, nonsteroidal anti-inflammatory drug; SD,

standard deviation; SLE, systemic lupus erythematosus; TNF, tumor necrosis factor.

*Classification of HCQ, cardiovascular risk factors, and medication use are indicated in this table as ever or never use, which is for descriptive

purposes only. In the analyses, the variables were used as time-updated or time-varying variables. Medication use was calculated 120 days

before index and during follow-up, and cardiovascular risk factors were calculated 5 years before index and during follow-up.
yAge at LE diagnosis.
zSocioeconomic status is calculated at index.
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HCQ (Table I). Characteristics of the study popula-
tion grouped as HCQ users and never users are
presented in Table I. Minor differences in cardiovas-
cular risk factors were found between HCQ users
and never users (Table I). A greater difference
between the groups was seen in the medication
use prescribed for LE, where the HCQ users gener-
ally had almost twice the medication use during the
study period compared with never users.

Among the HCQ users 59 patients experienced
MACE compared with 396 among the nonusers.
When stratifying according to SLE and CLE, the
number of MACE was higher for patients with SLE
than CLE (Table II). The IRs (per 1000 person-years)
were 7.33 (95% confidence interval [CI], 5.68-9.46)
and 12.70 (95% CI, 11.52-14.03) for HCQ users and
nonusers, respectively.

An inverse association between HCQ use and risk
of MACEwas observed in patients with LE. The crude
HR was 0.58 (95% CI, 0.44-0.77) in patients with LE
overall, and the HR was 0.67 (95% CI, 0.51-0.89)
when adjusted for age, sex, socioeconomic status,
cardiovascular risk factors, and currentmedication. A
clear trend was observed for an inverse association
between HCQ use and all secondary outcomes (MI,
ischemic stroke, cardiovascular associated death,
and all-cause mortality) (Fig 1).

The associations were generally stronger for
patients with SLE compared with patients with CLE.
However, in patients with CLE, the only outcome that
was significantly inverse-associated with HCQ use
was the secondary outcome all-cause mortality (fully
adjusted). Ischemic stroke was the only outcome
with no significant results for patients with SLE.

The population preventable fraction for HCQ
users compared with nonusers for MACE was 26%,
and the exposure needed to treat was 187.5 person-
years.

In the sensitivity analyses, changing the length of
the HCQ treatment period to either 80 days or
160 days did not alter the trend in our study results
(Supplemental Tables II and III; available via
Mendeley at https://doi.org/10.17632/xr7p7btvht.
1). Neither did adjusting for tumor necrosis factor
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Table II. Number of events, follow-up time, and incidence rates per 1000 person-years for HCQ users and
nonusers

Lupus erythematosus Systemic lupus erythematosus Cutaneous lupus erythematosus

HCQ users Nonusers HCQ users Nonusers HCQ users Nonusers

MACE
Number of events 59 396 42 261 17 135
Follow-up time, PY 8053.4 31,147.0 6032.0 19,369.3 2021.4 11,777.7
Incidence rate/1000 PY 7.33 12.70 6.96 13.47 8.41 11.46
95% CI 5.68-9.46 11.52-14.03 5.15-9.42 11.94-15.21 5.23-13.53 9.68-13.57

Myocardial infarction
Number of events 16 120 11 78 5 42
Follow-up time, PY 8278.1 32,036.9 6227.1 19,979.5 2051.0 12,057.4
Incidence rate/1000 PY 1.93 3.75 1.77 3.90 2.44 3.48
95% CI 1.18-3.15 3.13-4.48 0.98-3.19 3.13-4.87 1.01-5.86 2.57-4.71

Ischemic stroke
Number of events 36 195 28 130 8 65
Follow-up time, PY 8109.0 31,623.7 6076.2 19,695.9 2032.8 11,927.8
Incidence rate/1000 PY 4.44 6.17 4.61 6.60 3.94 5.45
95% CI 3.20-6.15 5.36-7.10 3.18-6.67 5.56-7.84 1.97-7.87 4.27-6.95

Cardiovascular death
Number of events 11 129 6 86 5 43
Follow-up time, PY 8340.4 32,581.8 6277.6 20,342.6 2062.8 12,239.3
Incidence rate/1000 PY 1.32 3.96 0.96 4.23 2.42 3.51
95% CI 0.73-2.38 3.33-4.70 0.43-2.13 3.42-5.22 1.01-5.82 2.61-4.74

All-cause mortality
Number of events 66 703 37 469 29 234
Follow-up time, PY 8340.4 32,581.8 6277.6 20,342.6 2062.8 12,239.3
Incidence rate/1000 PY 7.91 21.58 5.89 23.06 14.06 19.12
95% CI 6.22-10-07 20.0-23.2 4.27-8.13 21.06-25.24 9.77-20.23 16.82-21.73

CI, Confidence interval; HCQ, hydroxychloroquine; MACE, major adverse cardiovascular events; PY, person years.
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a inhibitors, mycophenolate, and rituximab alter our
findings (Supplemental Tables IV-VII; available via
Mendeley at https://doi.org/10.17632/xr7p7btvht.1).
Similarly, no changes to the main outcomes of the
model were found by including only the 3656
patients diagnosed with LE from a department of
dermatology, rheumatology, or nephrology
(Supplemental Table VIII; available via Mendeley at
https://doi.org/10.17632/xr7p7btvht.1). An even
stronger inverse association was found between
HCQ use and cardiovascular-associated death for
the validated algorithm identifying patients with SLE,
with a fully adjusted HR of 0.10 (95% CI, 0.01-0.74)
(Supplemental Table IX; available via Mendeley at
https://doi.org/10.17632/xr7p7btvht.1). Furthermore,
the results remained the same when HCQ was
altered to a fixed variable (Supplemental Table X;
available via Mendeley at https://doi.org/10.17632/
xr7p7btvht.1). Finally, applying a case-time control
study design showed the same trend as in the cohort
study, with an overall odds ratio (OR) for MACE of
0.07 (95% CI, 0.02-0.31) (Supplemental Table XI;
available via Mendeley at https://doi.org/10.17632/
xr7p7btvht.1).
DISCUSSION
In this nationwide cohort study, we found an

inverse association between the use of HCQ and
MACE in patients with LE. Overall, a 33% decrease in
the risk of MACE was found, which remained
consistent across secondary outcomes and in a range
of sensitivity analyses. Only approximately half of
the patients with LE were ever treated with HCQ.

HCQ is an immunomodulatory drug that works by
blocking proinflammatory pathways.26 It interferes
with and inhibits lysosome function by altering the
pH, resulting in decreased cytokine production,
especially interleukin (IL) 1b and IL-6.27 Similarly,
targeted inhibition of IL-1b through the use of other
therapies, such as canakinumab, has shown signifi-
cant reductions in the risk of recurrent MI in ran-
domized controlled trials.28 In addition, HCQ blocks
the activation of toll-like receptors, thereby inhibit-
ing multiple interferon alfaemediated pathways,
resulting in decreased inflammatory damage.26

Chronic inflammation has been suggested to be the
common pathogenetic background between LE and
atherosclerosis.29,30 Increasing evidence indicates
that HCQ has a cardiovascular protective role,

https://doi.org/10.17632/xr7p7btvht.1
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Fig 1. Lupus erythematosus. Forest plot showing the crude and adjusted hazard ratios for
hydroxychloroquine users compared with nonusers in patients with LE. The model was
adjusted for age, sex, socioeconomic status, cardiovascular risk factors, and current medication.
HRs below 0 indicate a protective effect of hydroxychloroquine. CI, Confidence interval; CLE,
cutaneous lupus erythematosus; HR, hazard ratio; LE, lupus erythematosus; SLE, systemic lupus
erythematosus.
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working in multiple ways with a positive effect on
the lipid profile, and reduces the risk of diabetes and
CVD, shown in patients with different rheumatic
diseases.1,2,5,9,26,31-37

A meta-analysis from 2018 found statistically sig-
nificant associations between HCQ/chloroquine use
and reduced risk of CVD in patients with different
rheumatic diseases. The pooled results were divided
in studies reporting HRs/relative ratios. The pooled
relative ratio for CVD in patients with SLE was 0.64
(95% CI, 0.51-0.81), and the pooled OR was 0.44
(95% CI, 0.24-0.80).32 Our study confirmed these
findings for patients with SLE both for the fully
adjusted HR for MACE in the cohort study and for the
pooled OR for MACE in the case-time control study.
The results from the meta-analysis combined with
our findings indicate that HCQ has a cardiovascular
protective effect in patients with SLE.

To the best of our knowledge, it has not previ-
ously been investigated whether the cardiovascular
protective effect of HCQ also applies in patients with
CLE. This study also found that patients with CLE had
a trend of an inverse association between HCQ use
and MACE with consistent results across all second-
ary outcomes. However, for this subgroup of pa-
tients, the majority of the results were insignificant,
which could either be due to lack of power to detect
a difference or due to less systemic inflammation in
patients with CLE.

HCQ is recommended for all patients with SLE,38

but previous studies from Denmark have shown that
only half of the patients with LE have ever been
treated with HCQ.25,39 The same trend has been
described in other European countries,5 even though
it is well described that HCQ has an excellent efficacy
on disease activity in LE and relatively few and mild
adverse effects.2 The inverse association between
HCQ use and MACE observed in our study highlights
the potential for CVD risk reduction in patients with
LE using HCQ as monotherapy or combination
therapy.

Limitations and strengths
Certain limitations warrant mentioning. As with all

observational studies, we cannot claim a causal
link. Moreover, no information on disease activity
or severity was available from the Danish registers,
which prevented adjustment for disease severity in
the cohort study. However, Table I shows that the LE-
specific medication use among the HCQ users was
almost twice that of nonusers. The medication use
could be an indicator of the severity of the
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diseasedthat is, HCQ users might be more severely
affected than nonusersdthus suggesting that our
results are indeed due to HCQ being cardioprotec-
tive. In addition, the case-time control study has the
advantage of being a self-controlled design, which
means that it is not necessary to adjust for disease
severity and other covariates because the same
patient or case is its own self-control in an earlier
time period. This, however, is a valid assumption
only if the 2 comparable periods are not too far
apart.40 Likewise, no information on obesity or
physical activity was available on the patients, which
could be relevant factors to adjust for in the cohort
study. The case-time control design can eliminate
confounders (both the measured and unmeasured)
that are constant over time, which also applies to, for
example, obesity.41 Another limitation is that we
were unable to assess a potential dose-response
relationship between HCQ exposure and MACE risk.

Poor adherence to treatment is common for HCQ,
and lack of clinical efficacy or adverse events could
also be some of the reasons why patients sometimes
interrupt long-term HCQ therapy.38 It might there-
fore be more precise to use HCQ as a time-varying
variable. Further strengths of our study include the
use of nationwide registers, long-term follow-up, the
sheer number of included patients, and the consis-
tency of our results throughout numerous sensitivity
analyses.

CONCLUSION
In this nationwide cohort study consisting of

patients with CLE or SLE, a consistent inverse asso-
ciation between the use of HCQ and risk of MACE
was found. Because only approximately half of the
patients were ever treated with HCQ, our findings
suggest an opportunity to reduce the risk of cardio-
vascular events in patients with LE through the use of
HCQ as monotherapy or in combination with the
patients’ current treatments.
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