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ABSTRACT 

 

Background Hydroxychloroquine has recently received Emergency Use Authorization by the FDA and is 

currently prescribed in combination with azithromycin for COVID-19 pneumonia. We studied the safety 

of hydroxychloroquine, alone and in combination with azithromycin.  

 

Methods New user cohort studies were conducted including 16 severe adverse events (SAEs). 

Rheumatoid arthritis patients aged 18+ and initiating hydroxychloroquine were compared to those 

initiating sulfasalazine and followed up over 30 days. Self-controlled case series (SCCS) were conducted 

to further establish safety in wider populations. Separately, SAEs associated with hydroxychloroquine-

azithromycin (compared to hydroxychloroquine-amoxicillin) were studied. Data comprised 14 sources of 

claims data or electronic medical records from Germany, Japan, Netherlands, Spain, UK, and USA. 

Propensity score stratification and calibration using negative control outcomes were used to address 

confounding. Cox models were fitted to estimate calibrated hazard ratios (CalHRs) according to drug 

use. Estimates were pooled where I2<40%. 

 

Results Overall, 956,374 and 310,350 users of hydroxychloroquine and sulfasalazine, and 323,122 and 

351,956 users of hydroxychloroquine-azithromycin and hydroxychloroquine-amoxicillin were included. 

No excess risk of SAEs was identified when 30-day hydroxychloroquine and sulfasalazine use were 

compared. SCCS confirmed these findings. However, when azithromycin was added to 

hydroxychloroquine, we observed an increased risk of 30-day cardiovascular mortality (CalHR2.19 [1.22-

3.94]), chest pain/angina (CalHR 1.15 [95% CI 1.05-1.26]), and heart failure (CalHR 1.22 [95% CI 1.02-

1.45]) 
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Conclusions Short-term hydroxychloroquine treatment is safe, but addition of azithromycin may induce 

heart failure and cardiovascular mortality, potentially due to synergistic effects on QT length. We call for 

caution if such combination is to be used in the management of Covid-19. 

 
Trial registration number: Registered with EU PAS; Reference number EUPAS34497 

(http://www.encepp.eu/encepp/viewResource.htm?id=34498). The full study protocol and analysis 

source code can be found at https://github.com/ohdsi-studies/Covid19EstimationHydroxychloroquine. 
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INTRODUCTION 

As the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic exerts an 

unprecedented pressure on health care systems worldwide, there remains a paucity of evidence 

surrounding the safety and effectiveness of potential treatments.1 Several existing drugs have been 

postulated to be effective against SARS-CoV-2. These include conventional synthetic disease modifying 

anti-rheumatic drugs (csDMARDs), which are most commonly used as the first line treatment of 

autoimmune diseases such as rheumatoid arthritis (RA) and systematic lupus erythematosus (SLE).2,3 

Hydroxychloroquine (HCQ) has been proposed as potential treatment options for COVID-19 based on its 

mechanism of action. Accumulating in the acid vesicles (endosome, Golgi vesicles, lysosomes), HCQ 

causes alkalinisation, leading to enzyme dysfunction and preventing endosome mediated viral entry to 

the cell. 3-6 It is also suggested in vitro that HCQ can prevent glycosylation of virus cell proteins including 

the ACE2 receptor, inhibiting virus entry and replication, and that similar compounds like chloroquine 

can specifically inhibit SARS-Cov-2.5,7-9 In clinical studies, the addition of HCQ has shown increased early 

virological response to treatment for chronic hepatitis C, and reduced viral load in patients with HIV 

infection, compared to placebo. 10,11 Treatment with HCQ also lowered IL-6 level in HIV patients, 

suggesting the agent may have immunosuppressive properties helpful in the prevention or treatment of 

cytokine storm associated with severe COVID-19 disease.12,13  

As of 28th March 2020, there are over 21 registered ongoing clinical trials and 3 prophylactic studies 

assessing the efficacy of hydroxychloroquine HCQ for the treatment of SARS-Cov-2.14-20 Early results 

from randomised controlled trials conducted in China have shown reduced severity and course of the 

disease with hydroxychloroquine HCQ, compared with placebo, without detecting serious adverse 

effects, although others have suggested no difference in outcome from conventional treatment.21,22 Of 

those studies that have reported more detailed results and received significant media attention, HCQ 
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has been proposed at higher doses than used in the treatment of auto-immune disorders and alongside 

azithromycin (AZM), a macrolide antibiotic.23 24 Results from this open label observational study suggest 

that the combination of HCQ and azithromycin AZM might lead to a faster recovery and reductions in 

viral load in the treatment of COVID-19. However, many authors have criticised the study due to lack of 

low power, limited follow-up, confounding by indication, and lack of adherence to the allocated 

treatment arm.25 The efficacy of HCQ in combination with AZM is therefore yet to be established, but 

approval for compassionate use by regulators and media attention will likely lead to an increase in use 

of this combined therapy for the management of COVID-19 worldwide.  

 

In preparation for our study, we systematically searched the literature (PubMed, Embase), clinical trial 

registries (Clinicaltrials.gov, ICTRP and Chinese Clinical Trial Registry) and preprint servers (bioRxiv and 

medRxiv) from inception until 27/03/2020 (Supplementary appendix section 11). No contemporary 

large-scale evidence was found to identify the real-world comparative safety of HCQ compared to other 

first line DMARDs, especially in combination with macrolide antibiotics such as AZM that are being 

considered for use in treating  COVID-19.  

 

Sepriano et al. led a systematic review to inform EULAR 2019 recommendations for the safety of RA 

medications, but little high-level evidence focussed on HCQ.26 Another recent review of the comparative 

risks of non-serious and serious adverse events (SAEs) associated with DMARDs predominantly focussed 

upon biologic therapies.27 There is little good high quality evidence quantifying SAEs risk in the literature 

with several studies suggesting no increased infection risk with any nonbiologic DMARDs, including 

HCQ.28,29 The safety profile of HCQ is described in its summary of products characteristics, with adverse 

drug reactions including severe cardiac disorders as QT segment prolongation that could lead to 

arrhythmia, myocardial arrest or cardiovascular death.30 Azithromycin (AZM, and macrolides in general) 
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are known to induce cardiotoxicity when used alone, and to also increase the risk of other drugs that 

prolong QTc interval.31-34 It is therefore of utmost importance that we understand the safety 

implications of the proposed combination of HCQ and azithromycin AZM before this becomes standard 

practice in the management of COVID-19 globally. 

 

In light of the current global pandemic, information regarding the safety of HCQ in worldwide real-world 

practice is vital to inform policy.35,36 We aimed to assess the safety of hydroxychloroquine (HCQ) alone 

and in combination with AZM to help guide decisions in the face of the growing COVID-19 pandemic. 

 

METHODS 

Study design  

Two study designs were developed and executed across a multinational, distributed database network. 

First, new user cohort studies were used to estimate the safety of HCQ compared to sulfasalazine (SSZ), 

and to assess the risks associated with the addition of AZM compared to amoxicillin (AMX) amongst 

users of HCQ in patients with rheumatoid arthritis (RA). SSZ and AMX were chosen as active 

comparators as they have similar indications as the target treatments (HCQ and AZM respectively). As a 

secondary analysis, self-controlled case series (SCCS) was used to estimate the safety of HCQ in the 

wider population, including uses for non-RA indications. 

 

Data sources 

Electronic health records and administrative claims databases from primary care and secondary care 

containing participants from Germany, Japan, Netherlands, Spain, the UK, and the USA were analysed in 

a distributed network, and are detailed in the Supplementary Appendix, Table S1.  
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Observational healthcare databases mapped to the Observational Medical Outcomes Partnership 

(OMOP) common data model collaborated in an international effort with the Observational Health Data 

Science and Informatics (OHDSI) community.37,38 De-identified or pseudonymised data were obtained 

from routinely collected records from clinical practice in Germany, Spain, the UK, Japan, and the USA. 

Studies were performed locally and no patient level data shared using the following databases: IQVIA 

Disease Analyser Germany EMR (ambulatory EMR from Germany); JMDC (Japanese claims); IPCI 

(primary care EMR from Netherlands); SIDIAP (primary care EMR from Spain); CPRD and IMDR (primary 

care EMRs from UK); and CCAE, Optum, MDCR, MDCD, PanTher, IQVIA OpenClaims, Veteran Affairs (VA), 

and IQVIA US Ambulatory EMR (USA). SCCS were conducted on a subset of these as a secondary 

analysis: CCAE, CPRD, Optum, MDCD, and MDCR. Rather than pooling these data assets, all analyses 

were conducted in a distributed network, where analysis code was sent to participating sites and only 

aggregate summary statistics were returned, with no sharing of patient-level data between 

organizations. 

 

Study Period and Follow-up 

The study period started from 01/09/2000 and ended at the latest available date for all data sources in 

2020. Follow-up for each of the cohorts started at an index date defined by the first dispensing or 

prescription of the target/comparator drug as described in the cohort definitions (Supplementary Table 

2.1). Two periods were considered to define time-at-risk. First, for an intention-to-treat analysis, follow-

up started one day after the index date and continued up until the first of: outcome of interest, loss to 

follow-up, or 30 days after the index date to resemble the likely duration of COVID-19 treatment 

regimens.23 Secondly, for an on-treatment analysis, follow-up started one day after the index date and 

continued until the earliest of: outcome of interest, loss to follow-up, or discontinuation, with an added 
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washout time of 14 days. Continued use of a same treatment was inferred by allowing up to 90-day gaps 

between dispensing or prescription records. 

 

In the HCQ versus SSZ study, the index event was defined as the first recorded dispensing or prescription 

of the drug in a patient’s history. For the study of HCQ combined with AZM, follow up started when the 

second of the two co-administered treatments was initiated while still exposed to the first treatment 

(e.g. when AZM started during a period of HCQ use, or when HCQ started during a period of AZM use). 

HCQ use was assumed to be chronic in the management of RA, and AZM was assumed an acute 

prescription for infection treatment, and therefore inferred persistent exposure to AZM was assessed by 

allowing up to 30 days between dispensing or prescription records. Cohorts of combined HCQ and 

amoxicillin were generated using these same rules as an active comparator. 

 

For SSCS, periods of inferred persistent exposure to HCQ were generated by allowing up to 90-day gaps 

between dispensing or prescription records. Individual SCCS analyses were executed separately for each 

of the proposed study outcomes, including both safety events and negative control outcomes. Patients 

were followed for their entire observation time (e.g. from enrolment to disenrollment in each database), 

and incidence rates of each of the study outcomes calculated in periods of inferred persistent exposure 

to HCQ and non-exposure periods. 

 

Participants  

For the new user cohorts, participants included those with a history of RA (a condition occurrence or 

observation indicating RA any time before or on the same day as therapy initiation), aged 18 years or 

over at the index event, with at least 365 days of continuous observation time prior to index event. 

Inclusion and start of follow-up started at the time one of the drugs of interest (HCQ, SSZ, or addition of 
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AZM or AMX amongst users of HCQ) was initiated after a diagnosis of RA. For the SCCS study, all 

prevalent users of HCQ were included, regardless of RA history or indication for HCQ therapy.  

 

Participants were identified using pre-specified code lists reviewed by a core team of clinicians, 

epidemiologists, vocabulary experts, and health data scientists with extensive expertise in the use of the 

OMOP CDM and the OHDSI tools. The code lists in the OMOP CDM used to identify participants are 

listed in Supplementary Table 2.2. 

 

Exposures, outcomes and confounders 

The proposed code lists for the identification of the study population and for the study exposures were 

created by clinicians with experience in the management of RA using ATLAS, and reviewed by 4 clinicians 

and 1 epidemiologist (Supplementary Table 2.1).39  

 

A total of 16 severe adverse events (SAEs) were analysed. Hospital-based events, not available in 

primary care records (CPRD, IMRD and SIDIAP), included gastrointestinal bleeding, acute renal failure, 

acute pancreatitis, myocardial infarction, stroke, transient ischaemic attack, and cardiovascular events 

(composite). Additionally, angina/chest pain, heart failure, cardiac arrhythmia, bradycardia, venous 

thromboembolism, end stage renal disease, and hepatic failure were analysed from both primary and 

secondary care data. Mortality outcomes were obtained only from data sources with reliable 

information on death date (CPRD, IMRD, IPCI, Optum, SIDIAP, VA) and cardiovascular events preceding 

death records (CPRD, IMRD, Optum, VA), with the former contributing to informing all-cause mortality, 

and the latter also used to assess to cardiovascular death. All codes for the identification of the 16 

proposed study outcomes were based on a previously published paper, and are detailed in 

Supplementary Table 2.2.40 Face validity for each of the outcome cohorts was further reviewed by 
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exploring age- and sex-specific incidence rates compared to previous clinical knowledge and/or existing 

literature. 

 

Two active comparator analyses were conducted in the cohort studies: first, incident users of HCQ were 

compared to new users of SSZ; second, new use of AZM amongst prevalent users of HCQ was compared 

to incident use of AMX during ongoing HCQ use. 

Exposure commenced on the first day of dispensing or prescription recorded with at least 365 days of 

prior observation period to increase confidence that the exposure was incident.  Exposure interval gaps 

of ≤90 days (HCQ and SSZ) and of ≤30 days (AZM and AMX) between drug dispensing or prescription 

records were allowed and inferred as persistent exposure. Drug discontinuation was considered in the 

HCQ study if a patient switched from one study drug to another. Patients who switched from target 

exposure to comparator exposure, or vice versa, contributed follow-up time to the exposure cohort that 

they entered first, and were censored at the time of switching in the ‘on treatment’ analysis. 

A list of negative control outcomes was also assessed for which there is no known causal relationship 

with any of the drugs of interest. These outcomes were identified using a semi-automatic process based 

on data extracted from literature, product labels, and spontaneous reports, and confirmed by manual 

review by 2 clinicians.41  A full list of codes used to identify negative control outcomes can be found in 

Supplementary Table 3, and details on covariate/confounder identification are provided in 

Supplementary Table 4.  

 

Study size 

This study was undertaken using routinely collected data and all patients meeting the eligibility criteria 

above during the study observation period were included. No a priori sample calculation was 

performed; instead, a minimum detectable rate ratio (MDRR) was estimated for each drug-outcome pair 
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in each of the available databases. The MDRRs for each of the databases for each drug pair-outcome 

analysis, as well as sample size for each of the comparisons are reported in full in an interactive web app 

(https://data.ohdsi.org/Covid19EstimationHydroxychloroquine/. Only analyses with 0 counts in either 

treatment group were excluded based on power, with all others contributing to meta-analytic estimates 

where applicable. 

 

Statistical methods  

PS stratification was used as the analytical strategy to adjust for imbalance between exposure cohorts in 

a comparison, using a large-scale regularized logistic regression 36 fitted with a LASSO penalty and with 

the optimal hyperparameter determined through 10-fold cross validation. Baseline patient 

characteristics were constructed for inclusion as potentially confounding covariates.42 From this large set 

of tens of thousands of covariates, key predictors of exposure classification were selected for the 

propensity score. The predictor variables included were based on all observed patient characteristics 

and covariates available at each data source, including conditions, procedures, visits, observations and 

measurements. All covariates that occur in fewer than 0.1% of patients within the target and 

comparator cohorts were excluded prior to propensity score model fitting for computational efficiency. 

Patients in the target and comparator cohorts were stratified into 5 propensity score quintiles.  

 

Plotting the propensity score distribution and assessment of covariate balance expressed as the 

standardized difference of the mean was undertaken for every covariate before and after propensity 

score adjustment. A standardized difference > 0.1 indicated a non-negligible imbalance between 

exposure cohorts.43 The target and comparator cohort were compared using a univariate Cox 

proportional hazards model conditioned on the propensity score strata with treatment allocation as the 

sole explanatory variable. Negative control outcomes analyses and empirical calibration were used to 
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further minimise potential unresolved confounding with calibrated HRs (CalHRs) and 95% confidence 

intervals estimated.44,45 

 

For SCCS, safety of HCQ therapy was assessed separately as a secondary analysis, regardless of 

indication, comparing exposed and unexposed time periods within the same individuals. The method is 

self-controlled in that it makes within-person comparisons of event rates during periods of hypothesized 

increase risk with other periods of baseline risk, with eliminates all time-invariant confounding. Because 

we do not compare between persons, the SCCS is robust to between-person differences, even including 

unmeasured differences (like genetics). However, the method is vulnerable to time-varying 

confounders: the time of exposure may be incomparable to the time when not exposed. To adjust for 

this, we included many time-varying co-variates in the models, including age, season, and other drug 

exposures. The effects of age and season were assumed constant within each calendar month and were 

modelled using bicubic splines with 5 knots. A conditional Poisson regression was used to fit the 

outcome model using the Cyclops package, with a hyperparameter selected through 10-fold cross-

validation.46  

 

Study diagnostics (power, propensity score distribution, covariate balance, empirical null distribution) 

were evaluated by clinicians and epidemiologists to determine which database-target-comparator-

outcome-analysis variants could produce unbiased estimates.  Database-target-comparator-analysis 

variants with zero event outcomes in the time-at-risk window or contained analyses with baseline 

covariate with standardized mean difference>0.1 after stratification were excluded from analysis. Study 

diagnostics for all database-target-comparator-outcome-analysis will be provided as part of study, 

regardless of which effect estimation results are unblinded. All the proposed analyses were conducted 

for each database separately, with estimates combined in fixed effects meta-analysis methods where I2 
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is <=40%. No meta-analysis was conducted where I2 for a given drug-outcome pair is >40%. Of note, 

when running analysis in a distributed network, it was not possible to link across datasets, and to know 

the extent of overlap between data. 

 

All analytical code is available at https://github.com/ohdsi-

studies/Covid19EstimationHydroxychloroquine, with study diagnostics considered prior to the 

unblinding of estimation results. All study diagnostics are available for exploration at 

https://data.ohdsi.org/Covid19EstimationHydroxychloroquine/. All statistical analyses were conducted 

using tools previously validated by the OHDSI community. For the cohort analysis, the CohortMethod 

package was used  (https://ohdsi.github.io/CohortMethod/) using a large-scale propensity score (PS) 

constructed through the Cyclops package (https://ohdsi.github.io/Cyclops).46 All SCCS were run using 

the freely available package (https://ohdsi.github.io/SelfControlledCaseSeries/).47 

 

 

RESULTS  

Participants 

A total of 956,374 HCQ and 310,350 SSZ users were identified, with 323,122 and 351,956 contributing to 

the analyses of combination therapy of HCQ with AZM compared to HCQ with AMX respectively. 

Participant counts in each data source are provided in Appendix S5. 

Users of HCQ were more likely female (e.g. 82.0% vs 74.3% in CCAE) and less likely to have certain 

comorbidities like inflammatory bowel disease (e.g. prevalence of Crohn’s disease 0.6% vs 1.8% in CCAE) 

or psoriasis (e.g. 3.0% vs 8.9% in CCAE). All these differences were however minimised after propensity 

score stratification, with all reported analyses balanced on all identified confounders including socio-

demographics, comorbidities and concomitant drug/s use. Similarly, users of combination HCQ+AZM 

differed from those of HCQ+AMX, with a prevalence of acute respiratory disease appearing higher 
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amongst azithromycin users (62.5% vs 50.7% in CCAE). Again, propensity score methods resolved these 

differences, and comparison groups became balanced for all observed confounders after stratification. 

Detailed baseline characteristics for HCQ vs SSZ and for HCQ+AZM vs HCQ+AMX after propensity score 

stratification in CCAE are detailed in Table 1 for illustrative purposes, and similar tables with a more 

complete list of features for each included database and comparing before and after propensity score 

stratification are provided as Supplementary Tables 6.1.1 to 6.1.14 for HCQ vs SSZ, and Supplementary 

Tables 6.2.1 to 6.2.13 for HCQ+AZM vs HCQ+AMX. 

 
Propensity score distribution plots showing overlap between groups and figures depicting all covariate 

balance and empirical null distribution plots based on negative controls can be found in Supplementary 

Tables 9.1 to 9.14 (Evidence evaluation diagnostics), and interactive versions of these are available at 

https://data.ohdsi.org/Covid19EstimationHydroxychloroquine/  
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Table 1. Baseline characteristics of users of HCQ compared to SSZ, and HCQ+AZM vs HCQ+AMX after 
propensity score stratification in CCAE 

 HCQ vs SSZ AZM vs AMX 
 HCQ SSZ  AZM AMX  

Characteristic % % 
Std. 
diff 

% % 
Std. 
diff 

    15-19 0.6 0.6 0.00  0.5  0.5  0.00 
    20-24  1.8  2.0 -0.01  1.4  1.4  0.00 
    25-29  2.5  2.7 -0.01  2.2  2.2  0.00 
    30-34  4.5  4.4  0.00  4.0  3.9  0.01 
    35-39 7.1 7.1 0.00  6.8  6.7  0.00 
    40-44  9.7  9.5  0.01  9.3  9.3  0.00 
    45-49 13.6 13.4  0.00 13.2 13.3  0.00 
    50-54 18.2 18.0  0.01 18.1 18.0  0.00 
    55-59 20.8 20.8  0.00 21.5 21.8 -0.01 
    60-64 19.4 19.8 -0.01 21.1 21.1  0.00 
    65-69  1.8  1.6  0.01  2.0  2.0  0.00 
Gender: female 80.1 79.7  0.01 86.3 86.2 0.00 

Medical history: General                     
    Acute respiratory disease 35.1 34.8  0.01 58.0 57.5  0.01 

    Chronic obstructive lung disease  4.3  4.5 -0.01  5.0  5.2 -0.01 
    Depressive disorder 13.3 13.5  0.00 14.7 14.8  0.00 
    Diabetes mellitus 13.6 13.8 -0.01 13.2 13.1  0.00 
    Hyperlipidaemia 31.2 31.4  0.00 30.4 30.3  0.00 
    Pneumonia  4.0  4.0  0.00  5.7  5.5  0.01 
    Renal impairment  3.0  2.8  0.01  4.2  4.1  0.00 
    Urinary tract infectious disease 11.6 11.5  0.00 14.0 13.9  0.00 

Medical history: Cardiovascular disease                     
    Atrial fibrillation  1.4  1.3  0.01  1.7  1.8  0.00 
    Cerebrovascular disease  2.8  2.9 -0.01  3.1  3.2 -0.01 
    Coronary arteriosclerosis 4.4 4.6 -0.01  5.0  4.9  0.00 
    Heart disease 15.5 15.4  0.00 17.8 17.9  0.00 
    Heart failure  1.9  2.0  0.00  2.5  2.4  0.01 
    Ischemic heart disease  3.0  3.1 -0.01  3.3  3.1  0.01 

Medication use                     
    Agents acting on the renin-angiotensin system 24.5 24.6  0.00 27.1 26.9  0.00 

    Antidepressants 36.3 36.5  0.00 43.0 42.8  0.00 
    Drugs for obstructive airway diseases 29.5 29.5  0.00 41.1 40.7  0.01 
    Immunosuppressants 43.4 43.6  0.00 51.1 51.2  0.00 
    Opioids 39.0 39.3 -0.01 41.4 41.2  0.00 
    Psycholeptics 33.4 33.3  0.00 38.2 38.1  0.00 

HCQ= hydroxychloroquine; SSZ= sulfasalazine; 
AZM vs AMX = combination of HCQ+ azithromycin (AZM) vs HCQ + amoxicillin (AMX) 

 
 
Outcome Data 

We report here (Table 2) on database-specific counts and rates of key outcomes (cardiovascular 

mortality, chest pain/angina and heart failure) observed in the proposed 30-day intention-to-treat 

analysis.  
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Table 2. Event occurrence 

      30-day follow-up On-treatment follow-up 
Comparison 

T vs C Outcome Database Patients Events IR Patients Events IR 

      T C T C T C T C T C T C 

HCQ  vs SSZ 

CV-related mortality 

CPRD       9,127 11,398 7 25 0.39 0.94 

Optum 51,280 17,389 16 <5 3.85 <3.54 51,280 17,389 234 25 4.39 2 

VA 32,028 14,349 9 <5 3.43 <4.25 32,028 14,349 315 65 5.69 3.71 

Meta-analysis 83,308 31,738 25 <10 3.68 <3.86 92,435 43,136 556 115 4.39 2.03 

Chest pain or angina 

AmbEMR 57,140 15,268 122 31 26.04 24.76 57,140 15,268 451 112 24.44 19.89 

CCAE 65,935 22,173 440 143 82.41 79.62 65,935 22,173 3,354 810 55 58.8 

CPRD 9,114 11,388 10 17 13.4 18.22 9,114 11,388 260 422 14.99 16.78 

DAGermany 3,884 5,045 <5 5 <15.69 12.07 3,884 5,045 31 36 12.36 10.26 

IMRD 8,843 8,452 9 10 12.45 14.46 8,843 8,452 235 293 14 16.25 

MDCD 7,982 2,177 80 23 123.5 130.43 7,982 2,177 467 100 87.34 85.81 

MDCR 15,690 5,150 129 49 101.25 117.43 15,690 5,150 1,178 279 71.38 75.12 

OpenClaims 617,628 182,776 2,674 804 52.83 53.68 617,628 182,776 31,161 6,198 38.59 38.11 

Optum 50,698 17,221 396 166 96.62 119.34 50,698 17,221 3,185 829 66.13 72.48 

PanTher 76,844 21,549 629 143 101.46 82.23       
VA 31,824 14,276 130 54 49.89 46.2 31,824 14,276 1,822 611 35.88 37.31 

Meta-analysis 945,582 305,475 <4,624 1,445 <59.86 57.9 868,738 283,926 42,144 9,690 40.36 37.07 

Heart failure 

AmbEMR 57,383 15,305 42 10 8.92 7.96 57,383 15,305 182 53 9.76 9.37 

CCAE 66,604 22,370 30 5 5.55 2.75 66,604 22,370 305 74 4.64 5.07 

CPRD 9,126 11,397 <5 <5 <6.69 <5.35 9,126 11,397 16 36 0.89 1.36 

DAGermany 3,885 5,042 <5 <5 <15.68 <12.08 3,885 5,042 11 22 4.29 6.22 

IMRD 8,852 8,460 <5 <5 <6.91 <7.22 8,852 8,460 15 21 0.86 1.11 

MDCD 8,072 2,195 15 <5 22.81 <27.99 8,072 2,195 118 28 20.55 23.02 

MDCR 15,808 5,171 39 19 30.3 45.22 15,808 5,171 586 141 33.13 36.29 

OpenClaims 620,244 183,350 749 214 14.71 14.22 620,244 183,350 12,246 2,246 14.36 13.22 

Optum 51,204 17,356 84 25 20.23 17.76 51,204 17,356 915 207 17.55 16.9 

PanTher 77,813 21,768 237 50 37.64 28.39       
VA 31,895 14,307 56 17 21.42 14.49 31,895 14,307 897 296 16.75 17.42 

Meta-analysis 950,886 306,721 <1,267 <360 <16.28 <14.34 873,073 284,953 15,291 3,124 13.85 11.43 

AZM vs AMX 

CV-related mortality 

Optum 23,597 24,521 9 6 4.7 3.02 23,597 24,521 96 82 5.56 5.58 

VA 6,234 8,005 46 18 90.6 27.49 6,234 8,005 157 115 14.6 10.2 

Meta-analysis 29,831 32,526 55 24 22.7 9.08 29,831 32,526 253 197 9.03 7.59 

Chest pain or angina 

AmbEMR 13,093 12,028 32 21 29.8 21.29 13,093 12,028 142 119 25.69 25.31 

CCAE 32,165 32,229 241 211 92.76 80.98 32,165 32,229 1,402 1,145 60.46 60.54 

MDCD 3,712 3,764 30 37 99.97 121.56 3,712 3,764 129 113 60.05 63.39 

MDCR 7,991 9,195 81 85 125.6 114.2 7,991 9,195 517 498 74.83 71.25 

OpenClaims 214,494 231,851 1,050 888 59.76 46.74 214,494 231,851 8,348 7,223 36.24 36.37 

Optum 23,206 24,254 244 203 130.28 103.7 23,206 24,254 1,019 887 70.33 70.28 

PanTher 18,039 16,191 218 134 150.01 102.42       
VA 6,121 7,912 58 50 116.96 77.52 6,121 7,912 340 371 38.48 39.87 

Meta-analysis 318,821 337,424 1,954 1,629 75.13 59.12 300,782 321,233 11,897 10,356 40.82 40.95 

Heart failure 

AmbEMR 13,152 12,053 16 16 14.83 16.18 13,152 12,053 61 49 10.44 9.96 

CCAE 32,586 32,496 30 23 11.36 8.73 32,586 32,496 177 126 6.58 5.82 

MDCD 3,796 3,795 16 9 52.08 29.21 3,796 3,795 65 48 26.26 24.83 

MDCR 8,085 9,239 45 33 68.88 43.97 8,085 9,239 322 295 41.61 38.34 

OpenClaims 215,732 232,725 472 370 26.68 19.38 215,732 232,725 4,352 3,714 17.5 17.43 

Optum 23,541 24,468 65 49 34.08 24.73 23,541 24,468 337 317 20.33 22.63 

PanTher 18,054 16,298 99 60 67.77 45.45       
VA 6,164 7,959 79 31 158.53 47.73 6,164 7,959 280 229 28.17 21.64 

Meta-analysis 321,110 339,033 822 591 31.32 21.32 303,056 322,735 5,594 4,778 17.58 17.44 

 

T = target therapy; C= comparator therapy. IR= incidence rate. CV-related mortality = cardiovascular-related mortality 
HCQ= hydroxychloroquine; SSZ= sulfasalazine. AZM= HCQ+ Azithromycin; AMX = HCQ + amoxicillin. 
AmbEMR=IQVIA Ambulatory EMR; CCAE=IBM Commercial Database; CPRD=Clinical Practice Research Datalink, DAGermany=IQVIA Disease 
Analyzer Germany; IMRD=IQVIA UK Integrated Medical Record Data; MDCD=IBM IBM Multi-state Medicaid; MDCR=IBM Medicare 
Supplemental Database; OpenClaims=IQVIA Open Claims; Optum=Optum Clinformatics Datamart; PanTher=Optum PanTherapeutic Electronic 
Health Record; VA=Veteran’s Health Administration Database 

 

Database-specific counts, incidence rates (IR) of all study outcomes stratified by drug use are detailed in 

full in Supplementary Table S7. Least common outcomes included bradycardia (e.g. IR 0.92/1,000 
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person-years (py) amongst HCQ users in CCAE) and end-stage renal disease (e.g. IR <0.92/1,000 py 

amongst HCQ users in CCAE), whilst most common ones were chest pain/angina (e.g. IR 82.41/1,000 py 

amongst HCQ users in CCAE) and composite cardiovascular events (e.g. IR 17.96/1,000 py amongst HCQ 

users in CCAE). As expected, most IRs appeared higher in data sources which included older populations 

(e.g. IR of composite cardiovascular events in HCQ users in MDCR of 91.39/1,000 py). Mortality rates 

ranged from 4.81/1,000 person-years in HCQ users in Optum to 17.13/1,000 py amongst HCQ users in 

VA, with cardiovascular-specific mortality ranging from IR 3.43/1,000 py in HCQ users in VA to 

<4.25/1,000 person-years in SSZ users in the same data source.  

 

Database and outcome-specific HRs (uncalibrated as well as calibrated) are reported in full in the form 

of forest plots (Supplementary Figure Sections 8.1 and 8.2). None of the SAEs appeared consistently 

increased with the short-term use of HCQ (vs SSZ) in the intention-to-treat analyses (Figure 1), with 

meta-analytic calibrated HRs (CalHRs and 95%CI) ranging from 0.67 (0.45-1.01) for hepatic failure to 1.35 

(0.51-3.63) for cardiovascular mortality (Figure 2).  

 

 

 

 

 

 
 

 

 

 . CC-BY-NC 4.0 International licenseIt is made available under a 
author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 

 is the(which was not peer-reviewed) The copyright holder for this preprint .https://doi.org/10.1101/2020.04.08.20054551doi: medRxiv preprint 

https://doi.org/10.1101/2020.04.08.20054551
http://creativecommons.org/licenses/by-nc/4.0/


 19  

 

Figure 1. Source-specific and meta-analytic cardiovascular risk estimates for 
hydroxychloroquine vs sulfasalazine and azithromycin vs amoxicillin new users during 30-day 
follow-up 
 

 
 
HCQ=hydroxychloroquine; SSZ=sulfasalazine; AZM=azithromycin (plus concurrent hydroxychloroquine exposure); AMX=amoxicillin (plus 
concurrent hydroxychloroquine exposure); CalHR=calibrated hazard ratio; CI=confidence interval; I2=estimate heterogeneity statistic. Meta-
analytic estimates reported where I2<0.4. All database-specific estimates are reported in Appendix Table S7. AmbEMR=IQVIA Ambulatory EMR; 
CCAE=IBM Commercial Database; CPRD=Clinical Practice Research Datalink, DAGermany=IQVIA Disease Analyzer Germany; IMRD=IQVIA UK 
Integrated Medical Record Data; MDCD=IBM IBM Multi-state Medicaid; MDCR=IBM Medicare Supplemental Database; OpenClaims=IQVIA 
Open Claims; Optum=Optum Clinformatics Datamart; PanTher=Optum PanTherapeutic Electronic Health Record; VA=Veteran’s Health 
Administration Database 
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Figure 2. Meta-analytic risk estimates for hydroxychloroquine vs sulfasalazine and azithromycin vs 
amoxicillin new users during on-treatment during 30-day and on-treatment follow-up 

 

HCQ=hydroxychloroquine; SSZ=sulfasalazine; AZM=azithromycin (plus concurrent hydroxychloroquine exposure); AMX=amoxicillin (plus 
concurrent hydroxychloroquine exposure); CalHR=calibrated hazard ratio; CI=confidence interval; I2=estimate heterogeneity statistic. 
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Figure 3. Source-specific and meta-analytic cardiovascular risk estimates for 
hydroxychloroquine vs sulfasalazine and azithromycin vs amoxicillin new users during on-
treatment follow-up  

 

HCQ=hydroxychloroquine; SSZ=sulfasalazine; AZM=azithromycin (plus concurrent hydroxychloroquine exposure); AMX=amoxicillin (p lus 
concurrent hydroxychloroquine exposure); CalHR=calibrated hazard ratio; CI=confidence interval; I2=estimate heterogeneity statistic; 
AmbEMR=IQVIA Ambulatory EMR; CCAE=IBM Commercial Database; CPRD=Clinical Practice Research Datalink, DAGermany=IQVIA Disease 
Analyzer Germany; IMRD=IQVIA UK Integrated Medical Record Data; MDCD=IBM IBM Multi-state Medicaid; MDCR=IBM Medicare 
Supplemental Database; OpenClaims=IQVIA Open Claims; Optum=Optum Clinformatics Datamart; PanTher=Optum PanTherapeutic Electronic 
Health Record; VA=Veteran’s Health Administration Database. AZM vs AMX comparisons in CPRD, DAGermany, and IMRD did not meet study 
diagnostic criteria so estimates are not reported. On-treatment follow-up information was not available in the PanTher database. 

 

Consistent findings were seen with the long-term (on treatment) use of HCQ vs SSZ (Figure 3), with the 

exception of cardiovascular mortality, which appeared inconsistent in the available databases, but 

overall increased in the HCQ group when meta-analysed: pooled CalHR 1.65 (1.12-2.44). 

Similar results were obtained in SCCS analyses, which looked at the effect of HCQ use (on- vs off-

treatment) on all outcomes except mortality regardless of indication, and therefore included non-RA 

patients (Tables S10.1 to 10.6 for database-specific results). 

 
 
All the obtained database- and outcome-specific calHRs for the association between short-term (1 

month) use HCQ+AZM vs HCQ+AMX are depicted in the form of Forest plots in Supplementary Figure 
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Sections 8.1 and 8.2. Three SAEs appeared increased with the short-term (30-day fixed follow-up) use of 

HCQ+AZM: chest pain/angina (meta-analytic CalHR 1.15 (1.05-1.26), heart failure (meta-analytic CalHR 

1.22 (1.02-1.45)), and cardiovascular mortality (meta-analytic CalHR 2.19 (1.22-3.94) (Figure 1).  

 

 

DISCUSSION 

Despite a lack of evidence on efficacy, HCQ and HCQ+AZM have become the most popular treatment/s 

for COVID-19. This is the largest ever analysis of the safety of such treatments worldwide, examining over 

900,000 HCQ and more than 300,000 HCQ+AZM users respectively.  

The results on the risk of SAEs associated with short-term (1 month) HCQ treatment as proposed for 

COVID-19 therapy are reassuring, with no excess risk of any of the considered safety outcomes compared 

to an equivalent therapy (SSZ). However, long-term treatment with HCQ as used for RA is associated with 

a 65% increase in cardiovascular mortality. 

Worryingly, significant risks are identified for combination users of HCQ+AZM even in the short-term as 

proposed for COVID19 management, with a 15-20% increased risk of angina/chest pain and heart failure, 

and a two-fold risk of cardiovascular mortality in the first month of treatment. 

 

A systematic review of the cardiac side effects of chloroquine and HCQ identified 86 articles reporting 

short series or individual cases.39 In the 127 included patients, cardiac side effects occurred in mainly 

women (65.4%) who had a median age of 56 years. Conduction disorders were the main side effect 

reported (85%), with heart failure (26.8%), ventricular hypertrophy (22%), hypokinesia (9.4%), valvular 

dysfunction (7.1%) and pulmonary arterial hypertension (3.9%) being the other reported side effects. 

When drugs were withdrawn, 44.9% of patients recovered normal cardiac function; 12.9% sustained 

irreversible damage, and 30% died. It should be noted that cardiac toxicity was induced by a high 

cumulative dose of chloroquine or HCQ in most patients, although some studies identified by this 
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systematic review mentioned complications even in patients with a low cumulative dose. Furthermore, 

interrogation of the Food and Drug Administration’s adverse event reporting database FAERS from 2004-

2019 Q4 saw 357 adverse events reported.48 20% of the events reported were cardiac, with the median 

age of patients included being 39, and a male to female ratio of 0.60. The cardiovascular SAEs reported 

appear similar to those included in the review by Chatre et al., with complete AV block 1.8%; cardiac arrest 

1.8% ventricular fibrillation 1.09%, cardiogenic shock 0.6%; heart failure 1.4%; cardiomyopathy 1.6% 

reported as the most likely cardiovascular SAEs.  

 

Our results suggest that long-term use of HCQ leads to an increased risk of cardiovascular mortality, with 

no observable excess risk of major cardiovascular events or diagnosed bradycardia. Considering the 

current evidence, this may relate to cumulative effects of HCQ leading to an increased risk of QT 

lengthening or relate to the moderately increased risk of angina and heart failure seen. However, as the 

strong association observed with cardiovascular death is not observed with diagnosed arrhythmia or 

bradycardia in this study, sudden cardiovascular death here is more likely due to QT lengthening and 

undetected and/or sudden torsade-de-pointes. Although long-term treatment with HCQ is not expected 

for the management of COVID-19, some research suggests that higher doses as prescribed for COVID-19 

can, even in the short-term, lead to equivalent side effects given the long half-life of HCQ.49  

 

QT lengthening is a known effect of all macrolides including AZM and physicians already use caution 

when prescribing macrolides concurrently with other medications that can also increase the QT 

interval.32-34 In this study, the elevated risk of cardiovascular death with combined HCQ +AZM therapy 

may arise through their synergistic effects of inducing lethal arrhythmia.  
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As with all observational data, this study is limited by its ability to appropriately identify exposure and 

outcome. Due to the nature of sudden cardiac death, capturing the true cause of cardiovascular related 

mortality is difficult. We therefore have explored cardiovascular related outcomes other than mortality 

to determine if deterioration in these pathophysiological processes led to increased mortality. Since this 

is not seen, and sudden cardiac death in association with prolonged QT interval is described in the 

literature, our conclusions are drawn from these assumptions. It should be acknowledged that 

misclassification can occur due to non-adherence or non-compliance with exposure medication, and 

incomplete lack of recording of SAEs may lead to underestimation of these outcomes.  

 

Another potential limitation in this study is the potential for patients to be included in more than one 

dataset in the US. Whilst we ran meta-analysis, which assume populations are independent, we wish to 

highlight we are likely to under-estimate variance in our meta-analytic estimates.  

 

The comparative new user cohort studies are anchored in patients using HCQ for RA, who therefore are 

likely to be using HCQ at a lower dose than is currently being proposed for use in the treatment of 

COVID-19. We have taken into consideration that patients with RA taking HCQ may also have further 

auto-immune conditions such as systemic lupus erythematosus (SLE) and therefore generate the 

potential for confounding by indication.50 We therefore ensured that when investigating covariate 

balance after propensity score stratification and matching and before unblinding study results, that we 

did not see unbalanced proportions of patients with a diagnosis of SLE between the groups. Negative 

control outcome analyses also did not identify any residual unobserved confounding in the PS analysis. 

Whilst patients with RA may have greater levels of comorbidities than the general population, the age 

and demographic profile of patients developing cardiovascular complications described in both the 

systematic review and FAERS database suggests that complications are not only restricted to those with 
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multimorbidity.48 However, absolute risk in our study should be interpreted cautiously since patients 

with RA are likely different from those with COVID-19.  

 

As the world awaits the results of clinical trials for the anti-viral efficacy of HCQ in the treatment of 

SARS-Cov2 infection, this large scale, international real-world data network study enables us to consider 

the safety of the most popular drugs under consideration. HCQ appears to be largely safe in both direct 

and comparative analysis for short term use, but when used in combination with AZM this therapy 

carries double the risk of cardiovascular death in patients with RA.  Whereas we used the collective 

experience of a million patients to build our confidence in the evidence around the safety profile, the 

current evidence around efficacy of HCQ+AZI in the treatment of covid-19 is quite limited and 

controversial.   
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