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eAppendix. Supplementary Methods  
 
The serious illness exclusion criteria was closely modeled on the study by Ray et al. (2012).1 The detailed coding 
methodology for each element of the SIEC is shown in the table below. Except as noted in the table, the criteria was 
applied to any record with a relevant code associated with a single outpatient, emergency department, inpatient, or 
non-acute institutional stay (e.g. hospice or nursing home) encounter of any type occurring within one year prior to 
the index date. For illnesses defined by ICD and/or CPT codes, the presence of at least one single code associated 
with any of the approved encounter types within one year prior to index date classified that illness as present (unless 
otherwise specified below). For registry data, listing in the registry any time prior to the index date excluded the 
record. 
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eTable 1. Serious Illness Exclusion Coding Definitions 
 

Exclusion 
Disease 

Methodology 

Cancer • Member entered into the KP cancer registry within 3 years prior to index date 
• Non-melanoma skin cancer is the exception (should not exclude the record) 

HIV • Member listed in HIV registry 
• List of cohort MRNs and index Rx dates to be sent to HIV Registry for cross-check 

End-stage renal 
disease 

• ICD9 disease codes: 585.5, 585.6, 285.21 
• ICD9 procedure code: 996.73 
• CPT4 codes: 90935, 90937, 90945, 90947, 90951-90970, 90989, 90993, 90997, 90999 
• Or, member listed in end-stage renal disease registry (at any time prior to index date) 

Liver • ICD9 codes: 570-573 
Respiratory • ICD9 codes for respiratory failure: 518.83, 518.84 

• ICD9 codes for cardiorespiratory failure: 799.1 
• ICD9 codes for pulmonary heart disease: 416.x 
• ICD9 codes for tracheostomy (excluding temporary): V44.0, V55.0, 519.0x, 
• ICD9 procedure code for tracheostomy:  31.2x 
• CPT4 codes for tracheostomy: 31600, 31601 
• ICD9 code for home oxygen use: V46.2 
• ICD9 codes for home ventilator use: V46.1x, 96.70, 96.72 

Organ Transplant • ICD9 codes for kidney, heart, lung, liver, bone marrow, and pancreas transplants:  
996.8x, E878.0, V42.0, V42.1, V42.6, V42.7, V42.8x 

• ICD9 procedure codes: 00.91, 00.92, 00.93, 55.51-54, 55.61, 55.69 
• CPT4 codes:  50360, 50365, 50370, 50380, 33945, 33935, 47135, 32851-54, S2060, 

48160, 48554, 48556, S2065, G0341-43, 38205, 38206, 38207-15, 38230, 38232, 
38240-43 

Serious 
neuromuscular 

ICD9 codes for: 
• Multiple sclerosis: 340 
• ALS: 335.20 
• Duchenne’s muscular dystrophy: 335.21 
• Huntington’s chorea: 333.4 
• Quadriplegia, paraplegia, or spinal cord injury: 780.72, 344.0x, 344.1, 438.5x, 806.x, 

952.x 
• Recent stroke: 430.xx, 431.xx, 433.x1, 434.x1, 436.xx, 342.xx, 438.2x (*requires one of 

these codes during an inpatient encounter within 6 months of the index date) 
Exclusion 
Disease 

Methodology 

CV congenital 
anomalies 

• ICD9 codes for these conditions: Common truncus (745.0) transposition great vessels 
(745.1x), tetrology (745.2), common ventricle (745.3), endocardial cushion defect 
(745.6x), pulmonary atresia (746.0), tricuspid atresia (746.1), hypoplastic left heart 
(746.7), coarctation of aorta (747.1), other anomalies of aorta (747.2), total anomalous 
pulmonary venous connection (747.41)  

Other childhood 
conditions 

• ICD9 codes for these conditions: Sickle cell (282.6), cerebral palsy (343), spina bifida 
(741), Down's syndrome (758.0), hydrocephalus (742.3), microcephalus (742.1), 
encephalocele (742.0), severe mental retardation (318.1, 318.2), cystic fibrosis (277.0x) 

Other end-stage 
illness 

ICD9 codes for these conditions: 
• Hospice care: V66.7  
• Diagnosis of coma, vegetative state, or debility: 780.01, 780.03, 799.3 
• Total parenteral nutrition, PEG, enteral feeding, malnutrition: 260, 261,262, 263, V44.1, 

V55.1, 536.4x 
• Total parenteral nutrition and PEG ICD9 procedure codes: 99.15 
• Total parenteral nutrition and PEG CPT-4 codes: 43750, 44015 
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• Gangrene: 040.0, 785.4, 440.24 
• Intravenous medications outside of the hospital as indicated by procedures for IV access 

outside of an inpatient encounter: CPT codes 96365-96368, 96374-96376, 96409, 
96411, 96413, 96415-96417 OR ICD-9 V58.62, 99.21, 99.22, 99.24, 99.25, 99.28 

Drug abuse • Hospitalization ICD9 codes (must be the primary discharge code):  
291.x, 303.x, 305.0, 980.0, 980.9, E860.0, E860.1, E860.9 
• Outpatient ICD9 codes: 292.0, 304.x, 305.2-305.9, 965.01, 969.6  
970.8, E850.0, E854.1 

 
 
1. Indication of use methodology and results 

 
Since 2008, medications prescribed within the KP electronic medical record (EMR) system are directly linked to a 
single diagnosis code, allowing for a direct capture of indication of use (IOU).   Prior to 2008, however, this direct 
linkage was not available.  For prescriptions written prior to 2008, diagnostic codes available in the research 
databases were temporally linked to the antibiotic prescriptions (obtained from the pharmacy databases) by medical 
record numbers and date ranges (see below), thus allowing for an indirect ascertainment of IOU (as was used by Ray 
et al. 2012).1   
 
Antibiotic prescriptions with a directly-linked or indirectly-linked infection diagnosis were categorized as having 
that specific type of infection as the IOU.  Prophylactic antibiotic prescriptions (e.g., dental/procedural prophylaxis 
or traveler’s diarrhea prophylaxis) were considered as a separate category.  If there was no infection or prophylaxis 
code associated with the prescription, the IOU was categorized as missing.  The algorithm described in the study 
protocol was rigorously evaluated in the KPNC study population using an iterative process of chart review and 
programmatic improvements.  During this evaluation process, the algorithm was refined in order to reduce the rate 
of missing IOU in the KPNC population.  Strategies that were employed in this process include the discovery of 
administrative (non-ICD) codes associated with specific IOU categories and a comprehensive evaluation of SIG 
texts (prescription language) that were found to be predictive of specific IOU categories.  Once the algorithm was 
refined, a final round of chart review validation was performed in both KPNC and KPSC populations. 
The ICD-9 codes listed in Table 2 below (adapted from Ray’s study)1 were considered infection indications for an 
antibiotic prescription. Table 2 also includes an infection severity categorization (far right column) which matches 
Ray’s methodology.1  

Accepted encounter types for the diagnosis codes in the EMR included emergency department visits (without 
hospitalization), office visits, telephone encounters, and email encounters.  Both primary and secondary codes were 
accepted.    
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eTable 2.  ICD Codes Used to Define Infections for Antibiotic Indications of Use 
 

Infectious Disease 
Indication 

ICD-9 Coding Plan Infection 
Severity*  

Pneumonia 480.xx-488.xx, 500.xx -508.xx, 510.xx -511.xx, 513.xx, 515.xx, 
010.xx -012.xx, 073.xx, 517.1x 

High 

COPD 491.xx -496.xx High 
Pyrexia unknown origin 780.60 High 
Other serious infections  High 

 Cardiac infections 036.42, 093.2x, 420.xx -422.xx, 424.9xx High 
 Brain/spinal 

infections 
320.xx -326.xx, 013.xx High 

 Blood infections 995.9x, 996.6x, 038.xx, 790.7x, 018.xx, 449.xx, 634.5x, 635.5x, 636.5x, 
637.5x, 638.5x, 639.5x 

High 

 Other serious 
infections 

030.xx -037.xx, 039.xx -041.xx, 020.xx -027.xx, 017.xx High 

Ear-nose-throat 
(including dental 
infections) 

380.1x-2x, 382.xx -384.xx, 472.xx -476.xx, 460.xx -464.xx, 289.1x-3x Low 

Bronchitis 465.xx -466.xx, 490.xx Low 
Respiratory symptoms 786.xx (includes dyspnea, stridor, cough, hemoptysis, and abnormal 

sputum) 
Low 

Other diseases of the 
respiratory track 

478.xx (includes other and unspecified diseases of the nasal cavity, sinuses, 
pharynx, vocal cords, and larynx) 

Low 

Gastrointestinal 530.1x-2x, 530.4x, 530.86, 531.xx -535.xx, 540.xx -543.xx, 551.xx, 
562.01, 562.03, 562.11, 562.13, 565.1x, 566.xx, 567.xx, 572.0x, 572.1x, 
574.0x, 574.1x, 574.3x, 574.4x, 574.6x-8x, 575.xx, 576.1x, 577.0x-2x, 
001.xx -009.xx, 014.xx 

Low 

Genitourinary 590.xx, 595.xx, 597.xx, 599.0x, 604.xx, 608.0x, 608.4x, 614.xx -616.xx, 
670.xx, 672.xx, 639.0x, 601.xx, 016.xx, 634.0x, 635.0x, 636.0x, 637.0x, 
638.0x, 639.0x 

Low 

Sexually transmitted 
diseases 

090.xx -099.xx Low 

Skin/soft tissue/joint/bone 680.xx -686.xx, 711.xx, 730.xx, 015.xx Low 
Wounds 870.xx -897.xx Low 
Other Infection (not 
otherwise specified) 

675.xx, 076.xx -088.xx, 100.xx -104.xx, 120.xx -139.xx, 363.0x-2x, 
370.xx, 372.xx -373.xx, 379.xx, 390.xx -393.xx, 451.xx, 522.xx, 523.xx, 
526.4x, 527.2x-3x, 528.0x-5x, 529.0x, 611.0x 

Low 

*Infection severity classification per Ray et al. 2012Error! Reference source not found. 
 
The final results for the IOU algorithm process are shown in Table 3, below. The analysis of a final IOU validation 
sample of 300 prescriptions showed that the algorithm correctly determined an infection IOU in 93% of those 
records.  
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eTable 3. Indication of Use Results Stratified by Study Antibiotic  
Recorded indication Infection 

Severity* 
Azithromycin 
(N=1,736,976) 

Amoxicillin 
(N= 6,087,705) 

Pneumonia High 8.0% 0.4% 
Bronchitis Low 22.4% 7.8% 
COPD High 10.4% 2.6% 
Respiratory symptoms Low 12.2% 2.4% 
Other diseases of the respiratory track Low 0.9% 0.4% 
Ear-Nose-Throat  Low 20.1% 36.2% 
Recorded indication Infection 

Severity* 
Azithromycin 
(N=1,736,976) 

Amoxicillin 
(N= 6,087,705) 

Gastrointestinal Low 1.5% 2.4% 
Skin/ soft tissue/ join/ bone/wounds Low 1.4% 4.3% 
Unspecified/ other infections, Genitourinary, STDs Low 4.7% 5.8% 
Other serious infections, including Cardiac, 
Brain/Spinal, Blood 

High 1.6% 0.9% 

Pyrexia unknown origin High 0.9% 0.2% 
Immediate prophylaxis Low 0.9% 1.0% 
Delayed prophylaxis Low 0.7% 0.4% 
Missing diagnosis code   Low 14.3% 35.4% 

*Infection severity classification per Ray et al. 2012Error! Reference source not found. 

 

 
2. Death outcome definitions and death adjudication methodology  
 
The following outcomes were examined in this study: 1) cardiovascular death, 2) sudden cardiac death, 3) all-cause 
death, and 4) non-cardiovascular death.  All outcomes were initially identified via database programming, through 
algorithms using death certificate information, ICD9/10 diagnostic and procedure codes, and other data obtained 
from Kaiser Permanente research databases.  See Table 4 below for outcome variable database programming 
definitions and database sources.   
 
  



© 2020 Zaroff JG et al. JAMA Network Open. 

eTable 4. Outcome Variable Definitions  
 

Variable Data Source Operational Definition 

Cardiovascular death California state death 
registry (database 
accessed by the 
programmers) 

Death certificate with underlying cause of death 
consistent with a cardiovascular cause, including any 
of the following codes: 
 ICD10 codes: I00.xx-I99.xx, R96.0x, R96.1x or 
 ICD9 codes: 390.xx-459.xx, 798.1x, 798.2x, 

798.9x, 799.9x   

Sudden Cardiac Death, using 
the methodology of Chung et 
al.2  

California state death 
registry & KPNC/KPSC 
databases  
Thrombolytic drugs from 
pharmacy databases   
General anesthesia from 
surgical procedure 
databases  

Deaths meeting the following three criteria applied in 
this order: 
1. (exclusion): No evidence of terminal institutional 
stay (in a hospital or a nursing home on the date of 
death) 
2. (inclusion): Death certificate with an underlying 
cause of death code consistent with SCD: 
 ICD9 codes: 401.9x, 402.xx, 410.xx-414.xx, 

425.4x, 427.5x, 427.1x, 427.4x, 427.8x, 427.9x, 
429.2x, 429.9x, 440.9x, 798.2x, 798.9x or 

 ICD10 codes: I10.xx, I11.9x, I20.xx-25.xx, 
I42.9x, I42.8x, I46x, I47.0x, I47.2x, I49.0x, 
I49.8x, I49.9x, I51.6x, I51.9x, I70.9x, R96.1x, 
R98xx 

3. (exclusion): No evidence of procedure codes or 
treatments on the date of death which would not be 
expected in the clinical setting of cardiac arrest: 
 Radiology procedures: X-Ray (except chest 

x-ray), CT (computed tomography), MRI 
(magnetic resonance imaging), MRA (magnetic 
resonance angiography), ultrasound, fluoroscopy, 
angiography, mammography, nuclear medicine 
scan, PET (positron emission tomography).   

 Thrombolytic drug  
 General Anesthesia  

Non-cardiovascular death California state death 
registry 

All deaths that are not categorized as cardiovascular 
deaths, but which can be attributed to a specific 
medical condition or condition(s) (thus, not an 
unknown cause of death). 

All-cause death California state death 
registry, KPNC/KPSC 
and social security 
databases 

Death confirmed by registry/databases. 
 

Cardiac death California state death 
certificates 

Cardiac-specific deaths (underlying only), rather than 
the broader category of cardiovascular deaths 
 ICD-10 codes: I11.xx, I13.xx, I20.xx-25.xx, 

I27.xx, I30.xx-52.xx or 
 ICD-9 codes: 402.xx, 404.xx, 410.xx-414.xx, 

416.8x, 416.9x, 420.xx-429.xx 
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All CV deaths and a random sample of non-CV deaths were chart reviewed and adjudicated by a panel of 
cardiologists with research experience. The methodology for the CV cause of death categorization was based on the 
definitions published by Leupker and Apple (2003)3, as well as those recommended by Hicks et. al. in a draft 
guideline for the FDA (Standardized Definitions for Cardiovascular and Stroke End Point Events in Clinical 
Trials),4 and those utilized by the CARDIA (Coronary Artery Risk Development in Young Adults) observational 
study.5,6  Using these methods, clinical, laboratory, electrocardiographic, and imaging data was reviewed and every 
CV death as adjudicated to be due sudden cardiac death, myocardial infarction, heart failure, or other causes (which 
included stroke, pulmonary embolism, and aortic dissection).   
 
 
3. Cardiovascular risk score (CVRS) methodology and results 

 
This study’s primary objectives included a sub-group analysis of azithromycin and amoxicillin prescriptions among 
people with high baseline cardiovascular (CV risk) as defined by a cardiovascular risk score (CVRS).  The CVRS 
for this study was developed using the validated methodology of Arbogast, Ray and others1,7-9 which statistically 
summarizes the effects of numerous CV variables. The methodology for the CV risk score was modified as needed 
to match KP’s research data structure. The present study also differed from Ray’s in that it was not designed to 
compare azithromycin with an antibiotic unexposed population.  Therefore, we did not include non-users in the 
development of the risk score.   
The CV risk score regression model included all CV disease diagnoses used by Ray et al.1 (Table 5, below) as well 
as additional elements (Table 6, below), including various CV medications (at least one dispensed prescription of 
one of the drug types within one year prior to the index antibiotic prescription (t0); except as noted below).  Only 
oral forms of medication were included, with the exception of nitroglycerin and insulin.  Other CV-related variables 
not listed in the tables, such as a history of hypertension, hyperlipidemia, and diabetes mellitus were treated as 
covariates in the study’s propensity score models and not included in the CVRS. 
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eTable 5.  Component Cardiovascular Disease Diagnoses 
 

Variable Operational definition 

Acute coronary syndrome ICD9 codes: 411.1x or 410.xx 

Other ischemic heart disease ICD9 codes:  411.8x, 412.xx, 413.xx, 414.xx 

Percutaneous or surgical coronary 
revascularization 

Percutaneous coronary intervention (PCI) 
 ICD -9 procedure codes: 36.01, 36.02, 36.05, 36.06, 36.07, 36.09, 

00.66 
 or CPT 4 codes: 92980, 92981, 92982, 92984, 92995, 92996       

                                                                                           
Coronary artery bypass grafting (CABG) 
 ICD-9 procedure codes: 36.03, 36.1x 
 or CTP 4 codes:  33533, 33534, 33535, 33536, 33572, 33510, 

33511, 33512, 33513, 33514, 33516, 33517, 33518, 33519, 33521, 
33522, 33523, 33530 

Heart failure or cardiomyopathy ICD9 codes: 428.xx, 402.01, 402.11, 402.91, 425.xx 

Valvular heart disease or heart valve 
surgery 

ICD-9 codes: 424.0x-3x, 424.90, 429.5x, 429.6x, 394.xx, 395.xx, 
396.xx, 397.xx or 
ICD9 procedure codes: 35.0, 35.1, 35.2, 35.31, 35.32, 35.33, 35.96, 
35.99 

Congenital heart disease ICD9 codes: 745.xx, 746.xx, 747.xx or 
ICD9 procedure codes: 35.34, 35.35, 35.39, 35.4x, 35.5x, 35.6x, 35.7x, 
35.8x, 35.9x 

Cerebrovascular disease ICD9 codes: 430.xx-438.xx (inclusive) 

Peripheral arterial disease ICD9 codes: 440.xx-448.xx (inclusive) 

Arrhythmia (all types) ICD9 codes:  427.xx  
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eTable 6. Other Component Cardiovascular Risk Score Variables 
 

Variable Operational definition 

ACE inhibitor Drug names: Quinipril, peridopril, ramipril, Benazepril, Captopril, Enalapril, 
Enalaprilat, fosinopril, lisinopril ,perindoprli, quinapril, Trandolapril 

ARB Drug names: Candesartan, irbesartan, Olmesartan, Losartan, Valsartan, 
azilsartan, telmisartan, eprosartan  

Antiarrhythmic Drug names: quinidine, procainamide, disopyramide, mexiletine, tocainide, 
flecainide, propafenone, encainide, moricizine, amiodarone, sotalol, 
dronedarone, dofetilide 

Anticoagulant Drug names: warfarin, dabigatran, rivaroxaban, apixaban, heparin, enoxaparin 

Beta-Blocker Drug names: acebutolol, atenolol, betaxolol, bisoprolol, nebivolol, carvedilol, 
Nadolol, Propranolol, penbutolol, metoprolol succinate,  metoprolol tartrate, 
pindolol, nebivolo 
Oral dosing only (not ophthalmic) 

Calcium channel blocker Drug names: verapamil, gallopamil, fendiline, diltiazem, amlodipine, felodipine, 
nicardipine, nisoldipine, nifedipine, isradapine, nimodipine, Clevidipine 

Digoxin Drug names: digoxin  

Diabetes medication Drug names: insulin, metformin, exenatide, glimepiride, sitagliptin, saxagliptin, 
pramlintide, linagliptin, liraglutide, colesevelam, pioglitazone, rosiglitazone, 
glipizide, glimepiride, glyburide, repaglinide, nateglinide, acarbose, miglitol, 
acetohexamide, chlorpropamide, exenatide, tolazamide, tolbutamide, 
troglitazone *NOTE: injection forms of insulin were accepted. 

Cholesterol- 
modifying medication 

Drug names: simvastatin, Zocor, atorvastatin, Lipitor, lovastatin, mevacor, 
rosuvastatin, Crestor, pravastatin, pravachol, fluvastatin, Lescol, pitavastatin, 
Livalo, Advicor, Simcor, Vytorin, niacin, Niaspan, Slo-niacin, nicotinic acid, 
Niacor, Nicolar, Nicobid, Endur-acin, ezetemibe, Zetia, fenofibrate, TriCor, 
gemfibrozil, Lopid, clofibrate, Atromid, ciprofibrate, Modalim, bezafibrate, 
Bezalip, fenofibric acid,  Fibricor, TriLipix, cholestyramine, colestipol, 
colesevelam. 

Loop diuretic Drug names: furosemide, torsemide, bumetanide, ethacrynic acid  

Nitroglycerin Drug names: nitroglycerin, Nitrostat, Nitroquick, Nitrolingual, Nitro-Dur, 
Minitran, Nitro-Bid, isosorbide mononitrate, isosorbide dinitrate  
*NOTE: topical forms were accepted in this drug class (in addition to oral 
forms) 

Platelet inhibitor Drug names:  clopidogrel, prasugrel, ticlopidine  
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Variable Operational definition 

Thiazide diuretic Drug names: hydrochlorothiazide, chlorothiazide, indapamide, metolazone, 
chlorthalidone, polythiazide, quinethazone  

CV emergency room visit Required: an emergency room visit with an associated ICD9 code for one of the 
types of cardiovascular disease defined above: ACS, other ischemic heart 
disease, coronary revascularization, heart failure or cardiomyopathy, valve 
disease, congenital heart disease, cerebrovascular disease, peripheral artery 
disease, or arrhythmia. 

Smoking Required: An inpatient or outpatient encounter with one of the codes (below) 
within one year prior to the index antibiotic prescription (t0) 
ICD9 codes: 305.1x or V15.82 
OR (using KP social history table) 
Smoking quit date occurs within year prior to t0 
OR  
Tobacco User = Y (Yes/ Current)  

 
The CV risk score was developed from a logistic regression analysis of the effects of each contributing variable on 
the probability of cardiovascular death.  The sequential steps involved in the generation of the CV risk score are 
detailed below: 

1. Based on the study’s inclusion and exclusion criteria, the combined population of azithromycin and 
amoxicillin exposure records was defined.   

2. The population of amoxicillin exposure records was defined (excluded azithromycin exposures).   
3. The presence/absence of each of the CVRS variables for each exposure record was determined.    
4. The presence or absence of the outcome (coded CV death [C-CVD] within 10 days) for each exposure record 

was determined.    
5. Logistic regression was used to assess 10-day risk of C-CVD in relation to the list of CVRS variables, with 

regression coefficients derived using all study-eligible amoxicillin exposure records.   
6. The resulting regression coefficients were used to calculate a risk score (prediction value) for every exposure 

period under study (both azithromycin and amoxicillin records), consisting of the sum of each regression 
coefficient multiplied by the associated covariate value assessed on the prescription fill date.   

7. The entire population of exposure records (azithromycin and amoxicillin) was then divided into 20 prediction 
score quantiles (ventiles), each of which included 5% of the records.  Quantile zero represented the lowest 
risk exposure records and quantile 19 represented the highest risk records.  From this data, the mean CVRS 
for each antibiotic group was determined by averaging the quantile score (0 to 19), separately for the 
azithromycin and amoxicillin exposure populations.  

8. The entire population of exposure records (azithromycin and amoxicillin combined) was further categorized 
into low, intermediate, and high-risk subgroups.  The low risk group was defined by quantiles 0-9 (deciles 1-
5).  The intermediate risk group was defined by quantiles 11-17 (deciles 6-9).  The high-risk group was 
defined by quantiles 18-19 (decile 10).  From this data, the mean CVRS for the three subgroups 
(low/intermediate/high CV risk) was determined separately for the azithromycin and amoxicillin exposure 
records by averaging the quantile score for the records within each of the three groups (low risk scores 0 to 9 
intermediate scores 11-17, and high-risk scores 18-19). 

9. The high CV risk subgroup defined in step #8 was used in the study’s primary analysis. 
The results of the CVRS logistic model are shown below: 
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eTable 7. Logistic Regression Output for the Cardiovascular Risk Score Model 
Parameter DF Estimate Standard 

Error 
Wald Chi-

Square 
OR (95% CI) P 

Intercept 1 289 30.6752 88.7668  <.0001 
White race 1 -0.0955 0.1273 0.5633 0.91 (0.71-1.17) 0.4529 
Male gender 1 0.6827 0.1322 26.6816 1.98 (1.53-2.56) <.0001 
Index year 1 -0.1514 0.0153 97.6571 0.86 (0.83-0.89) <.0001 
Age (per 1 year↑)    1 0.036 0.00644 31.2272 1.04 (1.02-1.05) <.0001 
Coronary Heart 
Disease 

1 -0.2567 0.2182 1.3843 0.77 (0.5-1.19) 0.2394 

MI 1 0.317 0.2292 1.9132 1.37 (0.88-2.15) 0.1666 
Stroke 1 -0.2535 0.5957 0.1811 0.78 (0.24-2.49) 0.6704 
TIA 1 0.3083 0.3985 0.5983 1.36 (0.62-2.97) 0.4392 
Coronary 
Revascularization 

1 -0.9691 0.452 4.5967 0.38 (0.16-0.92) 0.032 

Heart Failure 1 1.1312 0.2164 27.3166 3.1 (2.03-4.74) <.0001 
Valve Disease 1 0.0448 0.2363 0.036 1.05 (0.66-1.66) 0.8496 
Peripheral Vascular 
Disease 

1 0.4944 0.1845 7.1774 1.64 (1.14-2.35) 0.0074 

Arrhythmia 1 0.2435 0.2081 1.3696 1.28 (0.85-1.92) 0.2419 
Parameter DF Estimate Standard 

Error 
Wald Chi-

Square 
OR (95% CI) P 

ACE Inhibitor 1 0.2727 0.1522 3.2114 1.31 (0.97-1.77) 0.0731 
Angiotensin 
Receptor Blocker 

1 0.1268 0.2212 0.3287 1.14 (0.74-1.75) 0.5664 

Antiarrhythmic 1 0.0578 0.2424 0.0569 1.06 (0.66-1.7) 0.8115 
Anticoagulant 1 0.0192 0.1958 0.0097 1.02 (0.69-1.5) 0.9217 
Beta-Blocker 1 0.3089 0.151 4.1856 1.36 (1.01-1.83) 0.0408 
Calcium Channel 
Blocker 

1 0.3289 0.1495 4.8406 1.39 (1.04-1.86) 0.0278 

Digoxin 1 0.3096 0.2162 2.0515 1.36 (0.89-2.08) 0.1521 
Diabetes 
Medication 

1 0.3097 0.1556 3.959 1.36 (1-1.85) 0.0466 

Cholesterol 
Medication 

1 0.1188 0.1579 0.5661 1.13 (0.83-1.53) 0.4518 

Loop Diuretic 1 0.4139 0.1961 4.4561 1.51 (1.03-2.22) 0.0348 
Nitrate 1 0.1399 0.1926 0.5276 1.15 (0.79-1.68) 0.4676 
Platelet Inhibitor 1 -0.0942 0.3296 0.0817 0.91 (0.48-1.74) 0.7749 
Other Diuretic 1 0.2351 0.1447 2.6388 1.27 (0.95-1.68) 0.1043 
CV Emergency 
Room Visit 

1 -0.04 0.2567 0.0242 0.96 (0.58-1.59) 0.8763 

Smoking 1 2.3219 0.1949 141.9579 10.19 (6.96-14.94) <.0001 
 
The calculated mean CVRS for the azithromycin records was 8.8 (SD 6.0, median 9) versus 9.5 (SD 5.6, median 9) 
for amoxicillin.  Note that the proportion of very low risk records (in quantiles 0-2) was higher in the azithromycin 
population, thus resulting in a lower mean CVRS in the azithromycin exposed.  Table 8 below breaks down the 
CVRS results according to CVRS subgroup and demonstrates that the mean CVRS is lower for azithromycin than 
amoxicillin in the low risk sub-group, but not in the medium and high-risk subgroups.   
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eTable 8. Summary Cardiovascular Risk Score Results Stratified by Group and Whole Cohort  
Low Risk:  
Deciles 1-5 

Medium Risk: Deciles 
6-9 

High Risk:  
Decile 10 

Whole cohort 

 
Azith  Amox  Azith  Amox  Azith  Amox  Azith  Amox  

Rx (n) 921,914 3,099,598 675,772 2,413,873 139,290 574,234 1,736,976  6,087,705  
Mean 3.85 4.68 13.51 13.44 18.48 18.48 8.78 9.45 
SD 2.93 2.83 2.23 2.30 0.49 0.50 5.97 5.64 
 
The finding that the mean CVRS was lower in the azithromycin records was surprising as the majority of the CV 
disease variables comprising the CVRS were more prevalent in the azithromycin group (see Table 1 in the 
manuscript).  However, year of index prescription was a strong predictor of CV death in the study population (OR 
0.86 per one-year increase, P <0.001), as well as exposure (azithromycin vs amoxicillin).  Specifically, azithromycin 
prescriptions, on average, were prescribed during the later years of the study cohort compared to the amoxicillin 
records, when the myocardial infarction death rate was known to be declining at KP.10  Thus, the index year variable 
was proposed to be an important factor in the lower CVRS in the azithromycin group.  To test this hypothesis, the 
CVRS was reconstructed after removing index year from the model and resulted in the mean CVRS being higher for 
azithromycin than amoxicillin users, as shown in Table 9, below.  
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eTable 9. Summary Cardiovascular Risk Score Results After Removing Index Year from the Logistic Model  
Low Risk:  
Deciles 1-5 

Medium Risk:  
Deciles 6-9 

High Risk:  
Decile 10 

Whole cohort 

 
Azith  Amox  Azith  Amox  Azith  Amox  Azith  Amox  

Rx (n) 921,914 3,099,598 675,772 2,413,873 139,290 574,234 1,736,976 6,087,705 
Mean 5.62 4.71 14.12 12.65 18.06 17.51 9.93 9.06 
SD 3.69 3.43 3.02 3.48 1.25 1.52 5.73 5.70 
 
 
 
 
4. Propensity score (PS) methodology and results 
 
Variables for inclusion in the propensity score (PS) logistic regression model are outlined in Table 10.   All 
covariates were assessed on the fill date of each study-eligible prescription.  Regression results are presented in 
Table 11.    
 
Propensity score diagnostics included assessing the overlap in the score distributions between the two exposure 
groups (azithromycin vs amoxicillin).   There were no appreciable areas of non-overlap in either tail (Table 12).  
   
Covariate balance within each PS decile was assessed using descriptive statistics, rather than significance testing, 
given the large sample size. The standardized mean difference (SMD) was used in the assessment of between-group 
(azithromycin vs amoxicillin) balance, with a focus on identifying covariates with an SMD > .10 standard deviation 
units in at least one PS decile. 
Additional Cox regression models were created, per protocol, to provide additional covariate adjustment for 
variables that were imbalanced.  The following PS variables were added individually as covariates to Cox models 
with outcomes of CV death, and non-CV death (i.e. 12 additional models): 
 

1. Indication of use category (infection, prophylaxis, or missing).   
2. Specific indication of use infection category (e.g. pneumonia vs gastrointestinal, etc.) 
3. Dispensation of an antibiotic within 30 days prior to index date 
4. Dispensation of a beta-agonist medication within one year prior to index date 
5. Geographic service area 
6. Index year 

 
The HRs for azithromycin did not change by more than 5% with the additional adjustment for any of these 
covariates.  Finally, models were fitted including all six additional covariates and these also did not appreciably 
change the HR. 
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eTable 10. Propensity Score Variable Definitions 
 

Variable Operational definition 
Demographic   
Race White  

African-American 
Asian 
Latino 
Native American 
Pacific Islander or 
Other/Missing 

Age Age at the time of the index antibiotic prescription (t0) 
Variable Operational definition 
Gender Male/female 
Body mass index 
(BMI) 

At the time of the most recent encounter prior to t0.  Calculated from height and weight data when 
necessary. 

Service area Geographic divisions of KPNC and KPSC 
Calendar Year At t0 
Month At t0 
Respiratory   
COPD Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 

year prior to t0: 490.xx -492.xx, 494.xx-496.xx 
Asthma Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 

year prior to t0:  493.xx 
Respiratory disease 
hospitalization 

Defined by a hospitalization with a primary diagnosis including any of the following ICD9 codes 
within 1 year prior to t0: 460.xx-519.xx 

Smoking Defined by the presence of any of the following ICD9 codes during any encounter occurring at any 
time prior to t0:  305.1 or V15.82 

Nebulizer therapy Defined by inpatient or outpatient dispensation of any of the following medications in nebulizer form 
within 1 year prior to t0:  albuterol, salbutamol, fenoterol, isoetherine, isoproterenol, metaproterenol, 
terbutaline, tornalate, levalbuterol, or ipratropium 

Beta-agonist therapy Defined by inpatient or outpatient dispensation of any of the following medications in metered dose 
inhaler or tablet form within 1 year prior to t0:  albuterol, levalbuterol, salbutamol, fenoterol, 
isoetherine, metaproterenol, terbutaline, bambuterol, salmeterol, formoterol, or Pirbuterol 

Other 
bronchodilator 
therapy 

Defined by inpatient or outpatient dispensation of any of the following medications in metered dose 
inhaler or tablet form within 1 year prior to t0:  ipratropium, beclomethasone, budesonide, ciclesonide, 
flunisolide, fluticasone, mometasone, montelukast, zafirlukast, methylprednisolone, prednisolone, 
prednisone, or cromolyn sodium. 

Cardiovascular  
Angina pectoris Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 

year prior to t0:  413.xx 
Cardiac 
revascularization 

Defined by the presence of any of the following codes during any encounter occurring within 1 year 
prior to t0:   
 ICD -9 procedure codes: 36.01, 36.02, 36.05, 36.06, 36.07, 36.09, 00.66, 36.03, 36.1x 
 or CPT 4 codes: 92980, 92981, 92982, 92984, 92995, 92996, 33533, 33534, 33535, 33536, 

33572, 33510, 33511, 33512, 33513, 33514, 33516, 33517, 33518, 33519, 33521, 33522, 33523, 
33530                                                                                                        

Myocardial 
infarction 

Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 
year prior to t0:  410.xx, 412.xx 

Other coronary heart 
disease 

Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 
year prior to t0:  411.xx, 414.xx 

Cardiac valve 
disease 

Defined by the presence of any of the following codes during any encounter occurring within 1 year 
prior to t0:   
• ICD‑9 codes: 424.0x‑3x, 424.90, 429.5x, 429.6x, 394.xx, 395.xx, 396.xx, 397.xx or 
  



© 2020 Zaroff JG et al. JAMA Network Open. 

 ICD9 procedure codes: 35.0, 35.1, 35.2, 35.31, 35.32, 35.33, 35.96, 35.99 
Conduction disorder Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 

year prior to t0:  426.xx 
Atrial fibrillation Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 

year prior to t0:  427.3x 
Arrhythmia Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 

year prior to t0:  427.xx 
 

Congestive heart 
failure 

Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 
year prior to t0:  428.xx, 402.01, 402.11, 402.91, 425.xx 

Stroke Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 
year prior to t0:  433.x1, 434.x1, 436, 430, 431, or 432.x 

Variable Operational definition 
Transient ischemic 
attack 

Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 
year prior to t0:  435.xx 

Peripheral vascular 
disease 

Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 
year prior to t0:  440.xx-448.xx  

Obesity diagnosed, 
not morbid 

Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 
year prior to t0:  278.00 
or 
BMI >30 kg/m2, (based on height and weight) at any time within 1 year prior to t0. 

Morbid obesity Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 
year prior to t0:  278.01 
or 
BMI >35 kg/m2, (based on height and weight) at any time within 1 year prior to t0. 

Hypertension Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 
year prior to t0: 401.1, 401.9, 405.1, 405.9, or 997.91, 

Malignant 
hypertension 

Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 
year prior to t0:  401.0 or 405.0 

Hyperlipidemia Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 
year prior to t0:  272.0-272.5 

Other cardiovascular 
disease 

Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 
year prior to t0:  390.xx-392.xx, 393.xx, 397.xx, 398.xx, 415.xx-417.xx, 420.xx-425.xx, 429.xx, 
451.xx-459.xx 

New cardiovascular 
diagnosis, past 30 
days 

Defined by the presence of any of the following ICD9 codes during any encounter occurring within 30 
days prior to t0 that did not previously appear within the electronic medical record:  390.xx-459.xx 

New cardiovascular 
medication, past 30 
days 

Defined by inpatient or outpatient dispensation of any of the following drug classes (below) in any of 
the forms included in the individual sections (below) within 30 days prior to t0:  ACE inhibitor, ARB, 
anticoagulant, antiarrhythmic, aspirin, beta-blocker, calcium channel blocker, digoxin, diuretic, statin, 
fibrate, nitrate, vasodilator, other antihypertensive, non-aspirin platelet inhibitor, ranolazine, 
ivabradine 

Psychiatric  
Schizophrenia Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 

year prior to t0:  295.xx 
Alcohol abuse Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 

year prior to t0:  305.0x, 303.0x 
Psychiatric 
hospitalization 

Defined by a hospitalization with a primary diagnosis including any of the following ICD9 codes 
within 1 year prior to t0:  290-302.xx, 304-312.xx 

Musculoskeletal 
and injury-related 

 

Inflammatory 
arthropathy 

Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 
year prior to t0:  710xx-714.xx 

Opioid poisoning Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 
year prior to t0:  965.0x, E850.0-2 
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Psychotropic 
poisoning 

Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 
year prior to t0:  969.xx 

Poisoning, 
unspecified 
medication 

Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 
year prior to t0:  960.xx-979.xx, E850.3-858.9 

Suicide attempt Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 
year prior to t0:  E950.xx-E958.xx 

Fall Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 
year prior to t0:  E880.xx-E888.xx 

Injury ED, 1-2 visits Defined by 1-2 emergency department visits with a primary diagnosis including any of the following 
ICD9 codes within 1 year prior to t0:  E800.xx-E999.xx 
 

Variable Operational definition 
Injury ED, 3+ visits Defined by >3 emergency department visits with a primary diagnosis including any of the following 

ICD9 codes within 1 year prior to t0:  E800.xx-E999.xx 
Injury outpatient, 1-
2 visits 

Defined by 1-2 outpatient visits with a primary diagnosis including any of the following ICD9 codes 
within 1 year prior to t0:  E800.xx-E999.xx 

Injury outpatient, 3-
5 visits 

Defined by 3-5 outpatient visits with a primary diagnosis including any of the following ICD9 codes 
within 1 year prior to t0:  E800.xx-E999.xx 

Injury outpatient, 6+ 
visits 

Defined by >6 outpatient visits with a primary diagnosis including any of the following ICD9 codes 
within 1 year prior to t0:  E800.xx-E999.xx 

Neurologic  
Seizure disorder Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 

year prior to t0:  345.xx 
Dementia Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 

year prior to t0:  332.xx, 290.xx 
Frailty  
Decubitus ulcer Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 

year prior to t0:  707.0x, 707.2x 
Amputation Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 

year prior to t0: 997.6x, 905.9x, E878.5x, 895.xx-897.xx, V49.6x, V49.7x, , 887.xx,  
Delirium Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 

year prior to t0:  291.0x, 292.81, 290.41, 290.11, 293.1, 290.3x, 293.0x, 780.97 
Incontinence, urine Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 

year prior to t0:  788.91, 625.6x, 788.3x 
Incontinence, fecal Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 

year prior to t0:  787.6x 
Indwelling urinary 
catheter 

Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 
year prior to t0:  V53.6, 996.31, 57.94 

Feeding/nutrition 
problem 

Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 
year prior to t0:  263.xx, V77.2, 262.xx 

Wheelchair/walker Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 
year prior to t0:  V46.3x, V53.8, E884.3, 719.7 

Other conditions  
Renal disease Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 

year prior to t0:  580.xx-589.xx 
Diabetes mellitus Defined by the presence of any of the member’s medical record number with the registry within 1 year 

prior to t0. 
Diabetes, ocular 
complication 

Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 
year prior to t0:  250.2x 

Diabetes, neurologic 
complication 

Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 
year prior to t0:  250.6x 

Diabetes, skin 
complication 

Defined by the presence of the following combination of ICD9 codes during any encounter occurring 
within 1 year prior to t0:  692.9 & 250.8 
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Diabetes, renal 
complication 

Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 
year prior to t0:  250.4x 

Diabetes, other 
complication 

Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 
year prior to t0:  250.10, 250.11, 250.20, 250.21 250.30, 250.31, 259.7x, 250.80, 250.81. 250.91, 
250.91 

Diabetes, poor 
control noted 

Defined by the presence of any of the following ICD9 codes during any encounter occurring within 1 
year prior to t0: 250.83, 250.93 

Medications  
ACE inhibitor Defined by inpatient or outpatient dispensation of any of the following medications in oral or 

intravenous form within 1 year prior to t0:  Quinipril, peridopril, ramipril, Benazepril, Captopril, 
Enalapril, Enalaprilat, fosinopril, lisinopril, perindopril, quinapril, Trandolapril 
 
 

Variable Operational definition 
Angiotensin 
receptor blocker 

Defined by inpatient or outpatient dispensation of any of the following medications in oral form within 
1 year prior to t0:  Candesartan, irbesartan, Olmesartan, Losartan, Valsartan, azilsartan, telmisartan, 
eprosartan 

Anticoagulant Defined by inpatient or outpatient dispensation of any of the following medications in oral, 
intravenous, or subcutaneous form within 1 year prior to t0:  warfarin, dabigatran, rivaroxaban, 
apixaban, anagrelide, heparin, enoxaparin, argatroban, bivalirudin, dalteparin, fondaparinux, lepirudin 

Antiarrhythmic Defined by inpatient or outpatient dispensation of any of the following medications in oral or 
intravenous form within 1 year prior to t0:  moricizine, quinidine, disopyramide, phenytoin, 
propafenone, flecainide, mexiletine, lidocaine, procainamide, tocainide, amiodarone, sotalol, 
dofetilide, dronedarone, ibutilide 

Aspirin Defined by inpatient or outpatient dispensation of aspirin in any oral dose within 1 year prior to t0 
Beta-blocker Defined by inpatient or outpatient dispensation of any of the following medications in oral or 

intravenous form within 1 year prior to t0:  Acebutolol, Atenolol, betaxolol, bisoprolol, nebivolol, 
Carvedilol, Nadolol, Propranolol, penbutolol, metoprolol succinate, Metoprolol tartrate, pindolol, 
nebivolo 

Calcium-channel 
blocker 

Defined by inpatient or outpatient dispensation of any of the following medications in oral or 
intravenous form within 1 year prior to t0:  diltiazem, verapamil, amlodipine, felodipine, nisoldipine, 
nifedipine, nicardipine, isradipine, nimodipine, bepridil 

Digoxin Defined by inpatient or outpatient dispensation of digoxin in any oral or intravenous dose within 1 
year prior to t0 

Loop diuretic Defined by inpatient or outpatient dispensation of any of the following medications in oral or 
intravenous form within 1 year prior to t0:  torsemide, furosemide, bumetanide, ethacrynic acid 

Other diuretic Defined by inpatient or outpatient dispensation of any of the following medications in oral or 
intravenous form within 1 year prior to t0:  acetazolamide, acetazolamide, dichlorphenamide, 
methazolamide, methazolamide, methazolamide, pamabrom, mannitol, triamterene, spironolactone, 
amiloride, indapamide, chlorthalidone, hydrochlorothiazide, metolazone, methyclothiazide, 
chlorothiazide, bendroflumethiazide, plythiazide, hydroflumethiazide  

Insulin Defined by inpatient or outpatient dispensation of insulin in any intravenous or subcutaneous 
formulation within 1 year prior to t0.   

Oral hypoglycemic Defined by inpatient or outpatient dispensation of any of the following medications in oral form within 
1 year prior to t0:  miglitol, acarbose, pramlintide, saxagliptin, sitagliptin, linagliptin, alogliptin, 
liraglutide, exenatide, albiqlutide, repaglinide, nateglinide, metformin, canagliflozin, dapagliflozin, 
chlorpropamide, glimepiride, glipizide, glyburide, tolazamide, acetohexamide, tolbutamide, 
rosiglitazone, pioglitazone, troglitazone 

Statin Defined by inpatient or outpatient dispensation of any of the following medications in oral form within 
1 year prior to t0:  Lovastatin, Atorvastatin, Rosuvastatin, Fluvastatin, Pravastatin, Simvastatin 

Fibrate lipid-
lowering agent 

Defined by inpatient or outpatient dispensation of any of the following medications in oral form within 
1 year prior to t0:  Fenofibrate/TriCor, Gemfibrozil/Lopid, Clofibrate/Atromid, Ciprofibrate/Modalim, 
Bezafibrate/Bezalip, Fenofibric acid/ Fibricor/TriLipix 
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Nitrate anti-anginal Defined by inpatient or outpatient dispensation of any of any nitroglycerin preparation in oral, 
intravenous, sublingual, or topical form within 1 year prior to t0: nitroglycerin, isosorbide 
mononitrate, isosorbide dinitrate.   

Other 
antihypertensive 

Defined by inpatient or outpatient dispensation of any of the following medications in oral, 
intravenous, or topical form within 1 year prior to t0:  clonidine, reserpine, minoxidil, prazosin, 
doxazosin, methyldopa 

Peripheral 
vasodilator 

Defined by inpatient or outpatient dispensation of any of the following medications in oral, 
intravenous, or topical form within 1 year prior to t0:  hydralazine 

Platelet inhibitor, 
not aspirin 

Defined by inpatient or outpatient dispensation of any of the following medications in oral form within 
1 year prior to t0:  Clopidogrel, Prasugrel, Ticlopidine 

Tricyclic 
antidepressant 

Defined by inpatient or outpatient dispensation of any of the following medications in oral form within 
1 year prior to t0:  amitriptyline, amoxapine, clomipramine, desipramine, doxepin, imipramine, 
maprotiline, nortriptyline, protriptyline, trimipramine 
 
 

Variable Operational definition 
SSRI/SNRI 
antidepressant 

Defined by inpatient or outpatient dispensation of any of the following medications in oral form within 
1 year prior to t0:  citalopram, escitalopram, fluoxetine, fluvoxamine, paroxetine, sertraline, 
desvenlafaxine, duloxetine, milnacipran, venlafaxine 

Serotonin modulator 
antidepressant 

Defined by inpatient or outpatient dispensation of any of the following medications in oral form within 
1 year prior to t0:  trazodone, nefazodone, vilazodone 

Other antidepressant Defined by inpatient or outpatient dispensation of any of the following medications in oral form within 
1 year prior to t0:  bupropion, mirtazapine, isocarboxazid, phenelzine, selegiline, tranylcypromine 

Benzodiazepine/GA
BA agonist 

Defined by inpatient or outpatient dispensation of any of the following medications in oral form within 
1 year prior to t0:  alprazolam, clonazepam, lorazepam, oxazepam, chlordiazepoxide, diazepam, 
clorazepate, prazepam, triazolam, estazolam, temazepam, flurazepam, quazepam 

Antipsychotic Defined by inpatient or outpatient dispensation of any of the following medications in oral, 
intravenous, subcutaneous, or intramuscular form within 1 year prior to t0:  haloperidol, droperidol, 
fluphenazine, loxapine, perphenazine, pimozide, trifluoperazine, thiothixene, chlorpromazine, 
thioridazine, mesoridazine, risperidone, olanzapine, quetiapine, ziprasidone, aripiprazole, 
paliperidone, iloperidone, asenapine, lurasidone, clozapine, sertindole, sulpiride, amisulpride, 
flupentixol, zuclopenthixol, pipamperone, 

Lithium Defined by inpatient or outpatient dispensation of lithium in any oral dose within 1 year prior to t0 
Mood stabilizer Defined by inpatient or outpatient dispensation of any of the following medications in oral form within 

1 year prior to t0:  valproate, carbamazepine 
Hydroxyzine Defined by inpatient or outpatient dispensation of hydroxyzine in any oral or intramuscular form 

within 1 year prior to t0  
Morphine rx past 12 
months 

Defined by inpatient or outpatient dispensation of morphine in any oral, intravenous, or intramuscular 
form within 1 year prior to t0  

Fentanyl rx past 12 
months 

Defined by inpatient or outpatient dispensation of fentanyl in any oral, topical, intravenous, or 
intramuscular form within 1 year prior to t0  

Meperidine rx past 
12 months 

Defined by inpatient or outpatient dispensation of meperidine in any oral, intravenous, subcutaneous, 
or intramuscular form within 1 year prior to t0  

Other Opioid Rx, 
past 12 months  

Defined by inpatient or outpatient dispensation of any of the following medications in oral, topical, 
intravenous, subcutaneous, or intramuscular form within 1 year prior to t0:  hydromorphone, codeine, 
oxycodone, hydrocodone, oxymorphone, levorphanol, methadone, , buprenorphine, tapentadol, 
tramadol, dihydrocodeine, butorphanol, nalbuphine 

Systemic 
corticosteroid 

Defined by inpatient or outpatient dispensation of any of the following medications in any oral, 
intravenous, subcutaneous, or intramuscular form within 1 year prior to t0:  hydrocortisone, cortisone 
acetate, prednisone, prednisolone, methylprednisolone, triamcinolone, dexamethasone 

Anticonvulsant Defined by inpatient or outpatient dispensation of any of the following medications in any oral, 
intravenous, subcutaneous, or intramuscular form within 1 year prior to t0:  carbamazepine, clobazam, 
eslicarbazepine, ethosuximide, ezogabine/retigabine, felbamate, gabapentin, lacosamide, lamotrigine, 
levetiracetam, oxcarbazepine, perampanel, phenobarbital, phenytoin, pregabalin, primidone, 
rufinamide, tiagabine, topiramate, valproate, vigabatrin, zonisamide 
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Parkinson’s 
medication 

Defined by inpatient or outpatient dispensation of any of the following medications in any oral, 
intravenous, subcutaneous, or intramuscular form within 1 year prior to t0:  levodopa, bromocriptine, 
pramipexole, ropinirole, rotigotine, apomorphine, selegiline, rasagiline, trihexyphenidyl, benztropine, 
biperiden, orphenadrine, procyclidine, amantadine, tolcapone, entacapone 

Other drugs known 
to prolong the QT 
interval 

Defined by inpatient or outpatient dispensation of any of the following medications in oral, 
intravenous, subcutaneous, or intramuscular form within 1 year prior to t0:  Gonadotropin releasing 
hormone agonists (buserelin, goserelin, histrelin, leuprolide, triptorelin), novel antianginal drugs 
(ranolazine, ivabradine),  
HIV antiretrovirals (lopinavir, nelfinavir, saquinavir), antihistamines (terfenadine, astemizole), certain 
antineoplastic drugs (arsenic trioxide, crizotinib, dasatinib, eribulin, nilotinib, lapatinib, pazopanib, 
romidepsin, sorafenib, sunitinib, toremifene, vandetanib, vemurafenib, vorinostat, cesium chloride), 
certain other sedatives (chloral hydrate), gastrointestinal drugs (Ondansetron, granisetron, dolasetron, 
cisapride, omeprazole, rabeprazole, esomeprazole, pantoprazole, lansoprazole, dexlansoprazole), 
neurologic drugs (tetrabenazine, fingolimod), miscellaneous other drugs (alfuzosin, arformoterol, 
cocaine, mifepristone, papaverine, pasireotide, probucolΔ, terlipressin) 

Variable Operational definition 
Any antibiotic 
therapy within past 
30 days 

Defined by outpatient dispensation of any of the following oral medications within 30 days prior to t0:   
amoxicillin (±clavulanate), ampicillin, azithromycin, bacampicillin, carbenicillin, cefaclor, cefadroxil, 
cefazolin, cefdinir, cefixime, cefpodoxime, cefprozil, ceftibuten, cefuroxime, chloramphenicol, 
cinoxacin, ciprofloxacin, clarithromycin, clindamycin, clofazimine, cloxacillin, cycloserine, dapsone, 
demeclocycline, dicloxacillin, dirithromycin, doxycycline, enoxacin, erythromycin, ethambutol, 
ethionamide, fidaxomicin, fosfomycin, furazolidone, gatifloxacin, isoniazid, levofloxacin, lincomycin, 
linezolid, lomefloxacin, loracarbef, metronidazole, minocycline, moxifloxacin, nafcillin, nalidixic 
acid, neomycin, nitrofurantoin, norfloxacin, ofloxacin, oxacillin, oxytetracycline, paromomycin, 
penicillin, pyrazinamide, rifabutin, rifampin, rifapentine, rifaximin, sparfloxacin, sulfadiazine, 
sulfamethoxazole, sulfasalazine, sulfisoxazole, telithromycin, temafloxacin, tetracycline, tinidazole, 
trimethoprim, troleandomycin, trovafloxacin, vancomycin, artemether-lumefantrine, chloroquine, 
halofantrine, mefloquine, quinine, voriconazole, posaconazole, pentamidine, telavancin,  

Medical care  
Any outpatient visit 
past 30 days 

Defined by the occurrence of any outpatient visit within 30 days prior to t0 

Any prescription 
past 30 days (not 
study abx) 

Defined by at least 1 new prescription for any medication (other than a study antibiotic) within 30 
days prior to t0 

CV inpatient visit 
91-365 days before 
t0 

Defined by a hospitalization occurring between 91 and 365 days prior to t0 with a primary discharge 
ICD9 diagnosis code included among the following:  390.xx-459.xx 

CV inpatient visit 
30-90 days before t0 

Defined by a hospitalization occurring between 30 and 90 days prior to t0 with a primary discharge 
ICD9 diagnosis code included among the following:  390.xx-459.xx 

CV hospital stay 
lasting >5 days 

Defined by a hospitalization occurring between 30 and 365 days prior to t0 with a primary discharge 
ICD9 diagnosis code included among the following:  390.xx-459.xx and a hospital length of stay of at 
least 5 days.  

Non-CV 
hospitalization 

Defined by a hospitalization occurring within 365 days prior to t0 with a primary discharge ICD9 
diagnosis code that is NOT one of the following:  390.xx-459.xx 

Cardiovascular ED 
visit 

Defined by an Emergency Department visit occurring within 365 days prior to t0 with a primary ICD9 
diagnosis code included among the following:  390.xx-459.xx 

Non-CV ED visit Defined by an Emergency Department visit occurring within 365 days prior to t0 with a primary ICD9 
diagnosis code that is NOT one of the following:  390.xx-459.xx 

Non-CV ED visit 
past 30 days 

Defined by an Emergency Department visit occurring within 30 days prior to t0 with a primary ICD9 
diagnosis code that is NOT one of the following:  390.xx-459.xx 

CV ED visit past 30 
days 

Defined by an Emergency Department visit occurring within 30 days prior to t0 with a primary ICD9 
diagnosis code included among the following:  390.xx-459.xx 

Any ED visit past 7 
days 

Defined by the occurrence of any Emergency Department visit within 7 days prior to t0 
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CV outpatient visits 
past year: 1 

Defined by the occurrence of a single Cardiology Department visit occurring within 365 days prior to 
t0 

CV outpatient visits 
past year: 2-5 

Defined by the occurrence of 2-5 Cardiology Department visits occurring within 365 days prior to t0  

CV outpatient visits 
past year: 6-10 

Defined by the occurrence of 6-10 Cardiology Department visits occurring within 365 days prior to t0  

CV outpatient visits 
past year: >10 

Defined by the occurrence of >10 Cardiology Department visits occurring within 365 days prior to t0  

Non-CV outpatient 
visits past year: 1 

Defined by the occurrence of a single outpatient visit (excluding Cardiology Department visits) 
occurring within 365 days prior to t0 

Non-CV outpatient 
visits past year: 2-5 

Defined by the occurrence of 2-5 outpatient visits (excluding Cardiology Department visits) occurring 
within 365 days prior to t0  

Non-CV outpatient 
visits past year: 6-10 

Defined by the occurrence of 6-10 outpatient visits (excluding Cardiology Department visits) 
occurring within 365 days prior to t0  

Non-CV outpatient 
visits past year: >10 

Defined by the occurrence of >10 outpatient visits (excluding Cardiology Department visits) occurring 
within 365 days prior to t0  

Variable Operational definition 
Study antibiotic 
indication of use 

Defined by the infection diagnosis associated with the individual prescription exposure, using the 
following categories (see Protocol Table 4, p. 31-32 for coding definitions and designation algorithm): 
 Pneumonia 
 COPD 
 Pyrexia of unknown origin 
 Other serious infections 
 Ear-nose-throat infection 
 Bronchitis/Respiratory symptoms/Other respiratory 
 Gastrointestinal 
 Genitourinary 
 Skin/soft tissue/joint/bone/Wounds 
 Other 
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eTable 11. Azithromycin-Amoxicillin Propensity Score Model 
Parameter  DF OR CI low CI high PChiSq 
Race (reference = White)      

 Hispanic 1 0.75 0.74 0.75 <.0001 
 Black 1 0.75 0.74 0.75 <.0001 
 Hawaiian/Pacific Islander 1 0.88 0.86 0.9 <.0001 
 Asian 1 1.01 1 1.01 0.1138 
 Native American 1 0.95 0.92 0.98 0.0004 
 Missing/Other 1 0.99 0.98 1 0.0338 
Service Area (reference = area 26)      

 1 1 1.07 1.05 1.09 <.0001 
 2 1 2.06 2.03 2.09 <.0001 
 3 1 1.69 1.67 1.72 <.0001 
 4 1 0.81 0.8 0.82 <.0001 
 5 1 2.24 2.21 2.28 <.0001 
 6 1 0.71 0.7 0.72 <.0001 
 7 1 1.85 1.82 1.89 <.0001 
 8 1 2.23 2.2 2.27 <.0001 
 9 1 1.65 1.63 1.68 <.0001 
 10 1 1.2 1.18 1.23 <.0001 
 11 1 1.4 1.37 1.42 <.0001 
 12 1 1.93 1.9 1.96 <.0001 
 27 1 1.66 1.62 1.7 <.0001 
 13 1 1.64 1.62 1.67 <.0001 
 14 1 0.91 0.9 0.92 <.0001 
 15 1 1.09 1.07 1.11 <.0001 
 16 1 2.11 2.07 2.15 <.0001 
 17 1 1.18 1.16 1.2 <.0001 
 18 1 1.43 1.4 1.45 <.0001 
 19 1 1.24 1.22 1.26 <.0001 
 20 1 0.5 0.49 0.51 <.0001 

 21 1 1.78 1.75 1.81 <.0001 

 22 1 1.77 1.74 1.8 <.0001 

 23 1 1.3 1.27 1.32 <.0001 

 24 1 1.57 1.54 1.59 <.0001 

 25 1 1.19 1.17 1.22 <.0001 
Parameter  DF OR CI low CI high 
Rx Year (reference = 2014)      

 1998 1 0.06 0.06 0.07 <.0001 

 1999 1 0.17 0.17 0.18 <.0001 

 2000 1 0.21 0.21 0.21 <.0001 

 2001 1 0.22 0.22 0.22 <.0001 

 2002 1 0.24 0.23 0.24 <.0001 

 2003 1 0.26 0.26 0.26 <.0001 

 2004 1 0.25 0.25 0.26 <.0001 

 2005 1 0.31 0.31 0.32 <.0001 

 2006 1 0.39 0.38 0.39 <.0001 

 2007 1 0.47 0.46 0.47 <.0001 

 2008 1 0.57 0.56 0.58 <.0001 
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 2009 1 0.67 0.66 0.68 <.0001 

 2010 1 0.85 0.84 0.86 <.0001 

 2011 1 1.05 1.04 1.06 <.0001 

 2012 1 1.13 1.12 1.14 <.0001 

 2013 1 1.1 1.09 1.12 <.0001 
Rx month (reference = December)      
 January 1 0.92 0.91 0.93 <.0001 

 February 1 0.93 0.92 0.94 <.0001 

 March 1 0.89 0.88 0.9 <.0001 

 April 1 0.86 0.85 0.87 <.0001 

 May 1 0.84 0.84 0.85 <.0001 

 June 1 0.84 0.83 0.85 <.0001 

 July 1 0.82 0.81 0.83 <.0001 

 August 1 0.8 0.8 0.81 <.0001 

 September 1 0.85 0.84 0.86 <.0001 

 October 1 0.88 0.87 0.89 <.0001 

 November 1 0.92 0.91 0.93 <.0001 
Age  1 1 1 1 <.0001 
Obesity (reference = missing)      

 Not obese  1 1.05 1.04 1.06 <.0001 

 Obese (BMI 30-34.9) 1 0.98 0.98 0.99 <.0001 

 Obese (BMI ≥35) 1 0.99 0.98 1 0.0308 
Indication Category (reference = Prophylaxis Immediate)      

 Infection 1 12.91 10.47 15.92 <.0001 

 Missing 1 13.06 10.67 15.99 <.0001 

 Prophylaxis Delayed 1 8.03 6.56 9.84 <.0001 
Infection Category (reference = Gastrointestinal)      
 Pneumonia 1 7.65 7.53 7.77 <.0001 

 COPD 1 0.91 0.9 0.92 <.0001 

 Pyrexia unknown origin 1 1.18 1.15 1.21 <.0001 

 
Infections: Other serious, Cardiac, 
Brain/spinal, Blood 

1 0.38 0.38 0.39 <.0001 

 ENT 1 0.15 0.15 0.15 <.0001 

 Bronchitis 1 1.29 1.28 1.3 <.0001 

 Respiratory symptoms 1 0.4 0.39 0.41 <.0001 

 Other respiratory 1 0.19 0.19 0.2 <.0001 
Parameter  DF OR CI low CI high PChiSq 
 Skin/ soft tissue/ join/ bone, Wounds 1 0.09 0.09 0.09 <.0001 

 
Unspecified/ other infections, Genitourinary, 
STDs 

1 0.26 0.26 0.26 <.0001 

 Immediate prophylaxis 1 3.17 2.57 3.91 <.0001 

 Delayed prophylaxis 1 0.63 0.59 0.66 <.0001 

 Uncategorized diagnosis code 1 0.24 0.23 0.25 <.0001 
Male 1 0.92 0.92 0.93 <.0001 
COPD 1 1.38 1.37 1.39 <.0001 
Asthma 1 0.9 0.89 0.91 <.0001 
Any respiratory disease hospitalization within 1 year of t0 1 1.05 1.02 1.09 0.0025 
Smoke 1 0.95 0.94 0.95 <.0001 
Nebulizer therapy 1 1.18 1.17 1.2 <.0001 
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Beta agonist 1 1.54 1.53 1.55 <.0001 
Other bronchodilators  1 1.22 1.21 1.23 <.0001 
Study antibiotic within past 30 days 1 0.98 0.97 0.99 <.0001 
Any antibiotic therapy within past 30 days 1 1.68 1.67 1.7 <.0001 
Angina pectoris 1 0.98 0.96 1 0.062 
Cardiac revascularization 1 0.95 0.92 0.99 0.0177 
Myocardial infarction 1 1.01 0.99 1.03 0.5747 
Other coronary heart disease 1 1.02 1.01 1.04 0.0047 
Cardiac valve disease 1 0.69 0.67 0.7 <.0001 
Conduction disorder 1 0.98 0.95 1.01 0.1927 
Atrial fibrillation 1 0.93 0.91 0.95 <.0001 
Arrhythmia 1 0.97 0.95 0.98 <.0001 
Congestive heart failure 1 1.01 0.99 1.03 0.5532 
Stroke 1 1.03 0.99 1.08 0.1594 
Transient ischemic attack 1 1.05 1.02 1.09 0.0006 
Peripheral vascular disease 1 0.97 0.96 0.98 <.0001 
Hypertension 1 0.93 0.92 0.93 <.0001 
Malignant hypertension 1 1.22 1.12 1.33 <.0001 
Hyperlipidemia 1 0.92 0.92 0.93 <.0001 
Renal Disease 1 0.98 0.97 1 0.0333 
Diabetes (in registry prior to index date) 1 1.02 1.01 1.04 <.0001 
Other Cardiovascular Disease 1 0.97 0.97 0.98 <.0001 
New Cardiovascular Diagnosis 1 1.13 1.08 1.17 <.0001 
New CVD medication with last 30 days 1 1.07 1.04 1.09 <.0001 
Diabetes - Ocular Complication 1 1.09 0.84 1.4 0.5231 
Diabetes - Neurologic Complication 1 1.01 1 1.03 0.1361 
Diabetes - Renal Complication 1 0.98 0.96 1 0.0181 
Diabetes - Other Complication 1 0.88 0.86 0.89 <.0001 
Diabetes - poorly managed 1 1.11 0.96 1.27 0.1623 
ACE inhibitors  1 0.97 0.96 0.97 <.0001 
Angiotensin receptor blockers 1 1.1 1.09 1.11 <.0001 
Anticoagulant  1 0.66 0.65 0.67 <.0001 
Antiarrhythmic 1 0.94 0.91 0.96 <.0001 
Aspirin  1 0.95 0.94 0.97 <.0001 
Beta-blockers  1 1 1 1.01 0.3045 
Calcium channel blockers 1 1.07 1.06 1.08 <.0001 
Parameter  DF OR CI low CI high 
Digoxin  1 0.92 0.9 0.95 <.0001 
Loop diuretic  1 1.1 1.09 1.12 <.0001 
Other diuretics  1 0.99 0.99 1 0.0338 
Insulin 1 1.08 1.06 1.09 <.0001 
Hypoglycemic medications  1 1.04 1.03 1.05 <.0001 
Cholesterol modifying medication (including statins)   1 1.03 1.02 1.03 <.0001 
Nitroglycerin   1 1.1 1.08 1.11 <.0001 
Other anti-hypertensive medications 1 0.99 0.97 1.01 0.1793 
Peripheral vasodilator: hydralazine   1 0.96 0.93 0.99 0.008 
Platelet inhibitors   1 1.01 0.99 1.03 0.3812 
Schizophrenia 1 0.83 0.79 0.87 <.0001 
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Alcohol Abuse 1 0.87 0.85 0.89 <.0001 
Any psychiatric hospitalization within 1 year of t0 1 1.08 1.03 1.14 0.0016 
Tricyclic antidepressant 1 0.96 0.96 0.97 <.0001 
SSRI/SNRI antidepressant   1 1.02 1.02 1.03 <.0001 
Serotonin modulator antidepressant   1 1 0.99 1.01 0.7324 
Other antidepressants   1 1 0.99 1.01 0.5093 
Benzodiazepine/GABA agonist   1 1.09 1.08 1.09 <.0001 
Antipsychotic   1 0.93 0.92 0.95 <.0001 
Lithium   1 0.93 0.89 0.96 0.0002 
Mood stabilizers   1 1.01 0.97 1.04 0.7178 
Hydroxyzine   1 1.07 1.06 1.08 <.0001 
Inflammatory Arthropathy 1 1.08 1.06 1.1 <.0001 
Opioid Poisoning 1 1.09 0.91 1.3 0.3659 
Psychotropic poisoning 1 0.75 0.68 0.82 <.0001 
Poisoning unspecified medication 1 1.05 0.99 1.12 0.1289 
Suicide Attempt 1 1.01 0.9 1.13 0.8817 
Fall 1 1 0.99 1.02 0.8104 
At least one ED injury visit within 1-year prior t0 1 0.5 0.47 0.53 <.0001 
1-2 outpatient injury visits within 1-year prior t0 1 0.7 0.67 0.72 <.0001 
3-5 outpatient injury visits within 1-year prior t0 1 0.82 0.78 0.86 <.0001 
6+ outpatient injury visits within 1-year prior t0 1 0.91 0.85 0.98 0.0183 
Opioid within 30 days 1 1.02 1.01 1.02 <.0001 
Opioid within 31-365 days 1 0.92 0.91 0.92 <.0001 
Systemic corticosteroid   1 1.1 1.09 1.11 <.0001 
Seizure Disorder 1 0.96 0.93 0.99 0.0081 
Dementia 1 0.94 0.89 0.99 0.0159 
Anticonvulsant   1 1.02 1.01 1.03 0.0004 
Parkinson’s medications   1 1.04 1.01 1.06 0.0018 
Decubitus Ulcer 1 0.98 0.91 1.07 0.7073 
Amputation 1 1.01 0.95 1.07 0.832 
Delirium 1 1 0.94 1.07 0.9744 
Incontinence, urine 1 0.97 0.96 0.98 <.0001 
Incontinence, fecal 1 1.03 0.98 1.09 0.2531 
Indwelling urinary catheter 1 0.94 0.88 1.01 0.1154 
Feeding, nutrition problem 1 1.37 0.89 2.09 0.1498 
Wheelchair, walker 1 0.84 0.79 0.9 <.0001 
Parameter  DF OR CI low CI high 
Any outpatient visits within 30 days prior t0 1 0.96 0.96 0.97 <.0001 
Any CV inpatient/ hospitalization visits within 91-365 days 
prior t0 

1 1.09 1.06 1.13 <.0001 

Any CV inpatient/ hospitalization visits within 30-90 days 
prior t0 

1 1.1 1.03 1.17 0.0063 

CV hospital stay lasting >5 days 1 1.05 1 1.1 0.042 
Any non-CV inpatient/ hospitalization visits within 365 days 
prior t0 

1 0.96 0.95 0.97 <.0001 

Any ED CV dx visits within 31-365 days prior t0 1 1.06 1.04 1.08 <.0001 
Any ED non-CV dx visits within 31-365 days prior t0 1 1.02 1.01 1.03 <.0001 
Any ED non-CV dx visits within 30 days prior t0 1 1.09 1.06 1.12 <.0001 
Any ED CV dx visits within 30 days prior t0 1 1.04 0.98 1.1 0.216 
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Any ED visit within 7 days prior 1 1.74 1.7 1.78 <.0001 
Number of CV outpatient visits past year: 1 1 1.01 1 1.01 0.1328 
Number of CV outpatient visits past year: 2-5 1 1.05 1.04 1.06 <.0001 
Number of CV outpatient visits past year: 6-10 1 1.07 1.04 1.1 <.0001 
Number of CV outpatient visits past year: > 10 1 1.1 1.04 1.17 0.0006 
Number of non-CV outpatient visits past year: 1 1 1.01 0.99 1.03 0.3524 
Number of non-V outpatient visits past year: 2-5 1 1.04 1.02 1.06 <.0001 
Number of non-CV outpatient visits past year: 6-10 1 1.09 1.07 1.11 <.0001 
Number of non-CV outpatient visits past year: > 10 1 1.17 1.15 1.19 <.0001 
Other drugs known to prolong the QT interval   1 0.95 0.95 0.96 <.0001 
Any rx within past 30 days 1 1.02 1.02 1.03 <.0001 
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eTable 12. Azithromycin-Amoxicillin Propensity Score Percentiles  
Azithromycin  Amoxicillin  

Propensity Score 
Minimum 0.0027 0.0014 
5% 0.0643 0.0222 
25% 0.1869 0.0575 
50% 0.4122 0.1085 
75% 0.6929 0.2114 
95% 0.8924 0.4725 
Maximum 0.9962 0.9922 

 
 
  



© 2020 Zaroff JG et al. JAMA Network Open. 

eReferences 
1. Ray WA, Murray KT, Hall K, Arbogast PG, Stein CM. Azithromycin and the risk of cardiovascular death. 
The New England journal of medicine 2012;366:1881-90. 
2. Chung CP, Murray KT, Stein CM, Hall K, Ray WA. A computer case definition for sudden cardiac death. 
Pharmacoepidemiol Drug Saf 2010;19:563-72. 
3. Luepker RV, Apple FS, Christenson RH, et al. Case definitions for acute coronary heart disease in 
epidemiology and clinical research studies: a statement from the AHA Council on Epidemiology and Prevention; 
AHA Statistics Committee; World Heart Federation Council on Epidemiology and Prevention; the European Society 
of Cardiology Working Group on Epidemiology and Prevention; Centers for Disease Control and Prevention; and 
the National Heart, Lung, and Blood Institute. Circulation 2003;108:2543-9. 
4. Hicks K, Tcheng J, Bozkurt B, et al. 2014 ACC/AHA Key Data Elements and Definitions for 
Cardiovascular and Stroke End Point Events for Clinical Trials. Confidential Peer Review and Public Comment 
Draft 2014. 
5. Armstrong AC, Jacobs DR, Jr., Gidding SS, et al. Framingham score and LV mass predict events in young 
adults: CARDIA study. Int J Cardiol 2014;172:350-5. 
6. Armstrong AC, Liu K, Lewis CE, et al. Left atrial dimension and traditional cardiovascular risk factors 
predict 20-year clinical cardiovascular events in young healthy adults: the CARDIA study. Eur Heart J Cardiovasc 
Imaging 2014. 
7. Arbogast PG, Kaltenbach L, Ding H, Ray WA. Adjustment for multiple cardiovascular risk factors using a 
summary risk score. Epidemiology 2008;19:30-7. 
8. Cooper WO, Habel LA, Sox CM, et al. ADHD drugs and serious cardiovascular events in children and 
young adults. The New England journal of medicine 2011;365:1896-904. 
9. Graham DJ, Campen D, Hui R, et al. Risk of acute myocardial infarction and sudden cardiac death in 
patients treated with cyclo-oxygenase 2 selective and non-selective non-steroidal anti-inflammatory drugs: nested 
case-control study. Lancet 2005;365:475-81. 
10. Yeh RW, Sidney S, Chandra M, Sorel M, Selby JV, Go AS. Population trends in the incidence and 
outcomes of acute myocardial infarction. The New England journal of medicine 2010;362:2155-65. 
 


