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SUMMARY

To assess atrial fibrillation (AF) risk factors in people with HIV, we identified incident AF in a 

large clinical cohort of people receiving care. Compared with 970 controls without AF, the 97 

with adjudicated incident AF were older, less likely Hispanic, and had more coronary disease, 

heart failure, and chronic obstructive pulmonary disease. In multivariable analysis, non-use of 

antiretroviral therapy and prescription of antiretroviral regimens with multiple core agents were 

associated with increased AF risk.
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Introduction

Cardiovascular diseases are common among aging PWH at rates higher than in the 

general population,[1, 2] likely due to a complex interplay of HIV infection, inflammation, 

antiretroviral therapy (ART), co-morbid conditions, and substance abuse. Atrial fibrillation 

(AF) is a common cardiac arrhythmia strongly associated with aging that increases risks 

of stroke, cognitive decline, and heart failure in the general population.[3–5] In PWH, 

therapeutic advances that reduce chronic inflammation, such as effective ART, may reduce 
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AF risk. Prior studies of AF risk factors in PWH have been limited by lack of validation 

of AF diagnoses,[6, 7] study of prevalent rather than incident AF,[8] lack of information on 

ART, and study in an earlier ART era.

Methods

The Centers for AIDS Research Network of Integrated Clinical Systems (CNICS) is a multi-

site US clinical cohort of >37,000 PWH.[9] Institutional review boards approved CNICS 

at each site and participants provided written informed consent. We identified participants 

with an inpatient or outpatient International Classification of Diseases AF diagnosis code 

between 2008–2017. Adapting previously described methods for medical record review,[10] 

physician adjudicators verified incident AF, recorded medical conditions at AF onset, and 

classified echocardiographic findings.[11]

The CNICS Data Repository provided data on AF risk factors identified in the general 

population [12] including hypertension and diabetes diagnoses, laboratory test results, 

medications, and demographic data.[9] Coronary disease and heart failure were identified 

by ICD codes,[13] and chronic obstructive pulmonary disease (COPD) from a combination 

of ICD codes and medications.[14] Medication use was determined from pharmacy records; 

ART was defined as a multi-drug regimen including ≥1 drug from the 3 core classes: 

protease inhibitor, non-nucleoside reverse transcriptase inhibitor, or integrase strand transfer 

inhibitor. Multi-core regimens contained drugs from >1 core class. Participants reported data 

on use of cigarettes, alcohol, [15] marijuana, methamphetamines/crystal, cocaine/crack, and 

opioids [16] via self-administered questionnaires [17].

We conducted a case-control analysis of risk factors for AF nested in the CNICS cohort. 

Using incidence density sampling, for every validated AF case, we identified 10 controls 

under observation at the date of the AF case diagnosis and matched on clinic site. For AF 

cases, the index date was the date of AF diagnosis and for controls, the date of the AF case 

with whom they were matched. Missing data (≤2% for each clinical characteristic, smoking, 

and alcohol use, and 4–9% for each of marijuana, methamphetamine/crystal, cocaine/crack, 

and opioids/heroin) were imputed using multiple imputation by chained equations.[18] 

Multivariable analysis was conducted using conditional logistic regression (Stata, v.17).

Results

During 2008–2017, we identified 148 potential cases of AF among CNICS participants, 

of which 97 had validated incident AF at the event date, yielding a positive predictive 

value of 66%. At AF diagnosis, the median age was 56 years and 90% were men. The 

presenting rhythm was atrial fibrillation in 73%, atrial flutter in 14%, and both in 7%; 

5% had AF identified only on an implanted device or ambulatory monitor. Common acute 

medical conditions at AF presentation were infection, post-operative state, intoxication, and 

thoracic disease in 32%, 10%, 6%, and 4%, respectively. Acute exacerbation of underlying 

coronary disease, heart failure, or COPD was noted in 4%, 11%, and 8%, respectively. In 85 

participants with echocardiography results, the ejection fraction was normal in 68%, mildly 
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reduced in 19%, and moderately-severely reduced in 13%. Left atrial diameter was normal 

in 55%, mildly enlarged in 16%, and moderately-severely enlarged in 29%.

From among the 11,178 participants under observation at the participating CNICS sites, we 

selected 970 controls. In unadjusted analyses, AF cases had lower nadir CD4 count than 

controls (median 159 cells/mm3, IQR 57–268 vs. 195, IQR 64–357), lower recent CD4 

count (median 391 cells/mm3, IQR 269–632 vs. 526, IQR 336–752), and more AF cases 

had a recent viral load ≥ 400 copies/mL (23% vs. 16%). More AF cases than controls were 

not using ART at the index date (16% vs. 12%), and more had prescriptions for multi-core 

regimens (33% vs. 14%). The distribution of specific core agents and the proportions with 

current smoking, heavy alcohol use, or use of other substances were similar in AF cases 

and controls. In multivariable analysis, older age, a history of coronary disease, heart failure, 

or COPD, not being on ART at all, and prescription of a multi-core ART regimen were 

associated with incident AF, and Hispanic ethnicity with lower AF risk (Table 1).

Discussion

In CNICS, accurate identification of incident AF required medical record review. AF risk 

factors well-studied in the general population were also identified in PWH, including 

advanced age, White race/ethnicity, and underlying coronary disease, heart failure, and 

COPD.[12, 19] Particular to PWH, non-use of ART or prescription of multi-core ART 

regimens was associated with incident AF.

Previous studies reported associations of lower CD4 count and higher viral load with 

AF after conventional risk factor adjustment,[20] but information is limited regarding the 

association of ART with AF. In one study, longer ART duration was associated with lower 

risk of prevalent AF, even after adjustment for CD4 nadir.[8] We found that both lack of 

ART and the prescription of multiple-core regimens, often an indicator of longer treatment 

history and potentially past treatment failure, were associated with increased AF risk. In our 

multivariable model examining ART use and multiple-core regimens, we did not include 

CD4 count and viral load because the estimates for these strongly correlated measures are 

difficult to interpret when all are included in the same model.

Strengths of our study include the geographic, racial, and ethnic diversity of the participants, 

collection of data from the current ART era, careful adjudication of AF, and the availability 

of extensive clinical data. Limitations include the relatively small number of AF cases, 

precluding the study of specific ART regimens, and the possibility of residual confounding.

In sum, PWH and uninfected individuals share many risk factors for AF. In addition, lack 

of ART and multi-core ART regimens were risk factors for incident AF in PWH. Research 

is needed to clarify the roles of specific antiretroviral regimens and inflammation in AF 

development.
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Table 1.

Multivariable analysis of risk factors for incident atrial fibrillation or flutter (AF) in CNICS (97 AF cases, 970 

controls)

Odds ratio 95% Confidence interval

Age, per 10 yrs 1.89 1.43, 2.49

Male sex 2.13 0.82, 5.54

Race/ethnicity

 White Ref.

 Black 0.54 0.29, 1.00

 Hispanic 0.33 0.13, 0.82

 Other 0.64 0.16, 2.55

Treated hypertension 1.61 0.93, 2.79

Diabetes 1.56 0.89, 2.75

Current smoking 1.14 0.69, 1.87

Coronary disease 2.03 1.01, 4.06

Heart failure 3.96 1.84, 8.49

Chronic obstructive pulmonary disease 1.97 1.01, 3.83

Antiretroviral therapy at index date

 Regimen with INSTI, NNRTI, or PI core Ref.

 Not on antiretroviral therapy 2.86 1.39, 5.88

 Regimen with 2 or more cores 1.90 1.05, 3.41

INSTI=Integrase strand transfer inhibitor, NNRTI=Non-nucleoside reverse transcriptase inhibitor, PI=Protease inhibitor
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