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eAppendix. Methods 
 
Performance of a case-time-control design 

 

In order to examine whether the implemented case-crossover study was confounded by the 

time-trend in antipsychotic use, we adopted a case-time-control design,1 in which a control group 

without ARF was selected and served as the reference group in the OR estimated in the 

case-crossover study. Within the COPD cohort, each of the ARF cases was matched to a 

randomly-selected control without encountering ARF events, by age (± 5 years) and sex. Controls 

were assigned the same index date as the corresponding cases. The exclusion criteria in the 

case-crossover study were applied to the cases and matched controls, with 166 cases being 

unable to be matched with any controls. A total of 4,866 cases and 4,866 controls were included in 

the case-time-control analysis.  

 

For each of ARF patients and non-ARF participants, use of antipsychotics was measured in the 

case and control time period, which was set as 1 to 14 days and 75 to 88 days before the index 

date, respectively. Covariates were measured in the same way as in the case-crossover study. 

Conditional logistic regression models were performed to estimate the OR of ARF from 

antipsychotic use. eFigure 1 presents a figural presentation of the adopted case-time-control 

analysis. 

 

Employment of a nested case-control design 

 

A nested case-control study with the same ARF cases included in the case-crossover study was 

additionally performed to verify the association. By using the incidence density sampling approach, 

we randomly selected four controls for each case from the COPD population by employing the 

matching criteria of age (±5 years), cohort entry date (± 180 days), presence of pneumonia and 

heart faiure, number of COPD hospitalizations or emergency department visit in the year 

preceding the index date. Each control was assigned the same index date as the corresponding 

case. A total of 589 cases did not match with any controls and were excluded. The matched pairs 

of cases and controls were subjected to the same exclusion criteria from the case-crossover study. 

Finally, we analyzed 4,443 cases and 15,122 controls in the nested case-control study. 

 

We measured antipsychotic use for both cases and controls in the 1-14 days before the index date. 

The reference group consisted of nonusers of antipsychotics in the 14 days preceding the index 
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date. We also analyzed the effect of different average daily dose of antipsychotics in this 

case-control study. Same potential confounders as listed previously were considered. In the 

multivariate conditional logistic regression model, ORs of ARF associated with antipsychotic use 

were estimated with adjustments of covariates exhibiting a P-value <0.05 in a univariate analysis.  

 

Adoption of a lag-time approach 

 

We addressed potential protopathic bias in the adopted case-crossover design, in which prodrome 

of ARF could have promoted antiposychotic use, by using the lag-time approach.2 Specifically, a 

7-day and a 14-day lag time periods immediately preceding the index date were adopted in the 

case-crossover design in order not to capture the use of antipsychotics due to prodrome of ARF. 

Although there are no literature reporting the time interval between development of ARF 

pre-symptoms and diagnosis of ARF, the adopted lag time is probably long enough to capture 

antipsychotic use resulting from the pre-symptoms of ARF, given antipsychotic-associated ARF is 

an acute clinical outcome from case reports, and a 14-day time period was used as the case time 

period in the main analysis.   

 

eFigure 2 provides a figural presentation of the implemented case-crossover study with a 7-day 

and a 14-day lag time. 
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eTable 1. ICD-9-CM Diagnosis and Associated Procedure Codes Used to Identify Cases, Comorbidities, 
and Comedications 

Items Operational definition 

Case identification  
Inclusion criteria  
Acute respiratory 
failure 

ICD-9-CM codes:518.81, 518.82, 518.84, 786.09 

Receiving intubation 
or ventilation 

ICD-9-CM procedure codes :96.7, 93.90, 96.04 
NHIRD procedure codes:57001B,57002B, 57023B, 57024B, 
57029C, 47031C, 47036B, 56003C, 56004C, 56022C, 66006B, 
67046C 

Exclusion criteria  
Lung cancer ICD-9-CM codes:162, 163,165 

Cardiogenic 
pulmonary edema 

ICD-9-CM codes:428.1 

Pulmonary 
insufficiency 

ICD-9-CM codes:518.5 

Sepsis/shock ICD-9-CM codes:0.38, 790.7, 995.91, 995.92, 785.52 

Head/thoracic injury ICD-9-CM codes:800, 804, 807.0-807.4, 839.61-839.71, 848.3, 
848.4, 850-854, 860-862, 875, 879.0, 879.1, 901, 927.0, 922.1, 
942.x1-942.x2 

Comorbidities  
Stroke ICD-9-CM codes:430-438 

Ischemic heart 
disease 

ICD-9-CM codes:410-414 

Heart failure ICD-9-CM codes:428 

Arrthymia ICD-9-CM codes:427 

Pneumonia ICD-9-CM codes:480-486, 487.0, 507 

Asthma ICD-9-CM codes:493 

Dementia ICD-9-CM codes:290, 331.0 

Anxiety ICD-9-CM codes:300, except 300.4 

Depression ICD-9-CM codes:296.2x, 296.3x, 300.4x, 311.x 

Bipolar disorder ICD-9-CM codes:496.0, 496.1, 296.4-296.8 

Delirium ICD-9-CM codes:293 

Schizophrenic ICD-9-CM codes:295 
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disorder 
Cancer ICD-9-CM codes:140-161, 164, 166-208 

Gastroesophageal 
reflux disease 

ICD-9-CM codes:530.11, 530.81 

Comedication 
classes 

Individual drugs 

Antibiotics (for 
defining moderate 
COPD exacerbation) 

Amikacin, amoxicillin, ampicillin, azithromycin, bacampicillin, 
benzylpenicillin, cefaclor, cefadroxil, cefamandole, cefatrizine, 
cefazedone, cefazolin, cefepime, cefmenoxime, cefmetazole, 
cefonicid, cefoperazone, cefotaxime, cefotetan, cefotiam, 
cefoxitin, cefpirome, cefpodoxime, cefradine, ceftazidime, 
ceftibuten, ceftizoxime, ceftriaxone, cefuroxime, ciprofloxacin, 
clarithromycin, clindamycin, doxycycline, ertapenem, 
erythromycin, flucloxacillin, gemifloxacin, gentamicin, 
imipenem, isepamicin, latamoxef, levofloxacin, linezolid, 
meropenem, metampicillin, minocycline, moxifloxacin, 
ofloxacin, oseltamivir, oxacillin, penicillin, piperacillin, 
sparfloxacin, teicoplanin, telithromycin, tetracycline, ticarcillin, 
tigecycline, TMP-SMX, tobramycin, vancomycin 

Oral corticosteroid 
(for defining 
moderate COPD 
exacerbation) 
 

Betamethasone, cortisone, dexamethasone, fludrocortisone, 
methylprednisolone, paramethasone, prednisolone, triamcinolone 

Cardiovascular drugs  
Antiplatelets Abciximab, aspirin, clopidogrel, dipyridamole, eptifibatide, 

ticagrelor, ticlopidine, and tirofiban 

ARB Candesartan, eprosartan, irbesartan, losartan, olmesartan, 
telmisartan, and valsartan 

ACEI Benazepril, captopril, cilazapril, enalapril, fosinopril, imidapril, 
lisinopril, perindopril, quinapril, and ramipril 

β-blockers  
Cardiovascular 
selective 

Acebutolol, atenolol, betaxolol, bisoprolol, and metoprolol 

Non-cardiovascular Alprenolol, carteolol, carvedilol, labetalol, 

© 2017 American Medical Association. All rights reserved. 



selective levobunolol, metipranolol, nadolol, oxprenolol, pindolol, 
propranolol, sotalol, and timolol 

Statins Atorvastatin, fluvastatin, lovastatin, pitavastatin, pravastatin, 
rosuvastatin, and simvastatin 

CNS depressive 
drugs 

 

Antihistamine  
First generation Brompheniramine, buclizine, chlorcyclizine, chlorpheniramine, 

clemastine, cyclizine, cyproheptadine, dexchlorpheniramine, 
dimenhydrinate, diphenhydramine, homochlorcyclizine, 
hydroxyzine, ketotifen, meclizine, mequitazine, promethazine, 
and triprolidine 

Comedication 
classes 

Individual drugs 

Second/third 
generation 

Astemizole, azelastine, cetirizine, desloratadine, ebastine, 
fexofenadine, levocetirizine, Loratadine, mebhydroline, 
mizolastine, and terfenadine 

Antidepressants  
SSRI/SNRI Citalopram, escitalopram, fluoxetine, fluvoxamine, paroxetine, 

and sertraline 

Tricyclic 
antidepressants 

Amitriptyline, clomipramine, dothiepin, doxepin, imipramine, 
maprotiline, and melitracen 

Others Bupropion, duloxetine, milnacipran, mirtazapine, moclobemide, 
trazodone, and venlafaxine 

BZD/non-BZD Alprazolam, bromazepam, brotizolam, chlordiazepoxide, 
clobazam, clonazepam, clorazepate, cloxazolam, diazepam, 
estazolam, fludiazepam, flunitrazepam, flurazepam, lorazepam, 
lormetazepam, medazepam, midazolam, nimetazepam, 
nitrazepam, nordazepam, oxazepam, oxazolam, prazepam, 
temazepam, triazolam, zaleplon, zolpidem, and zopiclone 

Antidopaminergics Bromopride, domperidone, and metoclopramide 

Opioids Alfentanil, apomorphine, buprenorphine, codeine, fentanyl, 
hydromorphone, morphine, nalbuphine, noscapine, opium, p 
pethidine, propoxyphene, and tramadol 

Anesthetics 1. Propofol, etomidate 
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2. Medical procedure code: 96004C 

Barbiturates Allobarbital, amobarbital , phenobarbital, proxibarbal, and 
secobarbital 

Anticholinergics  
Bladder 
antimuscarinics 

Flavoxate, oxybutynin, solifenacin, tolterodine, and trospium 

Gastrointestinal 
antispasmodics 

Alverine, anisotropine, atropine, dicyclomine, dicycloverine, 
glycopyrrolate, glycopyrronium, homatropine, mebeverine, 
mepenzolate, methscopolamine, otilonium, oxapium, 
oxyphencyclimine, piperidolate, prifinium, propantheline, 
scopolamine, timepidium, trimebutine, and valethamate 

Antiparkinsonian Benztropine, biperiden, piroheptine and trihexyphenidyl 
Comedication 
classes 

Individual drugs 

NSAIDs Aceclofenac, acemetacin, alclofenac, 
alminoprofen, benzydamine, diclofenac, ethenzamide, etodolac, 
etofenamate, fenbufen, flufenamic acid, flurbiprofen, ibuprofen, 
indomethacin, ketoprofen, ketorolac, meclofenamic acid, 
mefenamic acid, meloxicam, mepirizole, nabumetone, naproxen, 
nefopam, niflumic acid, nimesulide, phenylbutazone, piroxicam, 
salsalate, sulindac, tenoxicam, tiaprofenic acid, tiaramide, 
tolfenamic acid, and tolmetin 

Muscle relaxant Alcuronium, atracurium, baclofen, botulinum toxin type A, 
carisoprodol, chlormezanone, chlorzoxazone, cyclobenzaprine, 
dantrolene, mephenesin, methocarbamol, orphenadrine, 
pancuronium, phenprobamate, pridinol, succinylcholine, 
tizanidine, tolperisone, tubocurarine, and vecuronium 

Lung-damaging 
drugs 

Amphotericin B, bleomycin, cyclophosphamide, cyclosporine, 
cytarabine, doxorubicin, flecainide, fludarabine, 
hydrochlorothiazide, irinotecan, melphalan, methotrexate, 
mitomycin C, nitrofurantoin, oxaliplatin, paclitaxel, 
penicillamine, procarbazine, rituximab, and vincristine 

Amiodarone Amiodarone 

COPD medications  
Short-acting β2 Fenoterol, levalbuterol, procaterol, salbutamol, and terbutaline 
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agonist 
Long-acting β2 
agonist 

Formoterol, and salmeterol 

Inhaled 
corticosteroids 

Beclomethasone, budesonide, and fluticasone 

Short-acting 
muscarinic 
antagonist 

Ipratropium 

Long-acting 
muscarinic 
antagonist 

Tiotropium 

Methylxanthines Aminophylline, diprophylline and theophylline 
Sennoside Sennoside 

 
Abbreviations: ICD-9-CM, International Classification of Disease, 9th Revision, Clinical 
Modification; NHIRD, National Health Insurance Research Database; COPD, chronic 
obstructive pulmonary disease; CNS, central nervous system; SSRI, selective serotonin 
reuptake inhibitor; SNRI, serotonin and norepinephrine reuptake inhibitors; BZD, 
benzodiazepine; NSAIDs, nonsteroidal anti-inflammatory drugs. 
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eTable 2. Receptor Binding Affinity (pKi) for Antipsychoticsa 
Antipsychotic 
drug 

Serotonin 
5-HT2A 
receptor 

Dopamine 
D2 
receptor 

Histamine 
H1 receptor 

Dopamine 
D1 
receptor 

Muscarinic 
M1 
receptor 

  Amisulpride  5.08 8.66 5.00 5.00 5.00 
  Aripiprazole  7.29 8.64 7.55 5.93 5.17 
  Chlorpromazine  7.85 8.28 8.28 7.09 7.49 
  Chlorprothixene  
Clopenthixol 

9.37 
N/A 

8.32 
N/A 

8.42 
N/A 

N/A 
N/A 

N/A 
N/A 

  Clothiapine  8.46 N/A N/A N/A N/A 
  Clozapine  8.10 6.83 8.74 6.62 7.92 
  Droperidol  
Flupentixol 

8.46 
5.85 

9.60 
7.89 

N/A 
9.05 

6.06 
8.46 

N/A 
N/A 

  Fluphenazine  7.52 9.15 7.66 7.24 5.96 
  Haloperidol  
Levomepromazine 

6.99 
5.62 

6.71 
N/A 

5.88 
9.24 

6.92 
N/A 

5.14 
N/A 

  Loxapine  8.28 7.57 8.31 7.27 6.92 
  Olanzapine  
Paliperidone 

8.35 
N/A 

7.51 
N/A 

8.72 
N/A 

7.24 
N/A 

7.55 
N/A 

  Perphenazine  
Pimozide 
Pipotazine 
Prochlorperazine 

8.25 
5.70 
N/A 
7.82 

9.10 
8.20 
N/A 
8.54 

8.09 
6.45 
N/A 
7.74 

7.43 
N/A 
N/A 
N/A 

N/A 
N/A 
N/A 
N/A 

  Quetiapine  6.38 6.36 8.01 5.96 6.52 
  Risperidone  9.05 8.43 7.62 6.48 5.09 
  Sulpiride  5.00 6.35 5.00 5.00 N/A 
  Thioridazine  7.74 7.93 7.72 7.02 7.89 
  Trifluoperazine  
  Ziprasidone 

7.35 
9.40 

8.77 
8.16 

7.20 
7.32 

6.13 
7.10 

N/A 
5.29 

  Zotepine  
Zuclopenthixol 

8.57 
N/A 

7.78 
N/A 

8.49 
N/A 

7.15 
N/A 

5.30 
N/A 

Abbreviation: N/A, not available. 
a Ki values were retrieved from National Institute of Mental Health’s Psychoactive Drug 
Screening Program database: http://kidbdev.med.unc.edu/databases/pdsp.php (accessed 2016/9), 
based on Roth BL, et al. Screening the receptorome to discover the molecular targets for 
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eTable 3. Demographic and Clinical Characteristics of Incident Acute Respiratory 
Failure Cases 

Characteristics Cases (n = 5,032) 
Age (mean ± SD) 74.4 ± 9.9 
Sex, male, n (%)   3,533 (70.2) 
Prevalent antipsychoticsa  1,169 (23.2) 
Admission to ICUb   573 (11.4) 
Comorbidities, n (%)b  
Cardiovascular disease  
Stroke  1,758 (34.9) 
Ischemic heart disease  1,635 (32.5) 
Heart faliure  1,298 (25.8) 
Arrhythmia  1,025 (20.4) 
Pulmonary disease  
Pneumonia  1,962 (39.0) 
Asthma  1,751 (34.8) 
Psychiatric disease  
Dementia   912 (18.1) 
Anxiety   688 (13.7) 
Depression  339 (6.7) 
Bipolar disorder   172 (3.4) 
Delirium   55 (1.1) 
Schizophrenic disorder   42 (0.8) 
Cancer (except for lung cancer)   565 (11.2) 
GERD  364 (7.2) 
Medication use, n (%)c  
Cardiovascular drugs  
Antiplatelets  2,282 (45.4) 
ARBs  1,119 (22.2) 
ACEIs  1,025 (20.4) 
β-blockers  
Non-cardiovascular selective    870 (17.3) 
Cardiovascular selective   502 (10.0) 
Statins  382 (7.6) 
CNS depressive drugs  
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Antihistamines  
First generation  3,017 (60.0) 
Second/Third generation  1,643 (32.7) 
Characteristics Cases (n = 5,032) 
Antidepressants  
TCA  373 (7.4) 
SSRI/SNRI  216 (4.3) 
Others  261 (5.2) 
BZDs/ Non-BZDs 2,863 (56.9) 
Antidopaminergics 2,495 (49.6) 
Opioids    932 (18.5) 
Anesthetics  233 (4.6) 
Barbiturates  190 (3.8) 
Anticholinergics  
Gastrointestinal antispasmodics   751 (14.9) 
Bladder antimuscarinics  279 (5.5) 
Antiparkinsonian  183 (3.6) 
NSAIDs 3,361 (66.8) 
Muscle relaxants 1,264 (25.1) 
Respiratory-failure-causing drugs   953 (18.9) 
Amiodarone   315 (6.3) 
COPD medications  
SABA  
Nebulized   526 (10.5) 
Inhaled 2,407 (47.8) 
SAMA  
Nebulized  1,731 (34.4) 
Inhaled 1,149 (22.8) 
ICS 1,044 (20.8) 
LABA   811 (16.1) 
LAMA  318 (6.3) 
Methylxanthine 2,439 (48.5) 
Proxy indicators for COPD severity, n (%) 
Number of type of COPD medicationsc 
0 1,646 (32.7) 
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1~2 1,563 (31.1) 
≥ 3 1,823 (36.2) 
Characteristics Cases (n = 5,032) 
  Number of COPD ER visit or hospitalizationb 
0 3,786 (75.2) 
1   608 (12.1) 
≥ 2   638 (12.7) 
Number of use oral steroids or antibiotics from outpatient visitsb 
0 3,940 (78.3) 
1 423 (8.4) 
≥ 2  669 (13.3) 
Abbreviations: SD, standard deviation; ICU, intensive care unit; GERD, 
gastroesophageal reflux disease; ARBs, angiotensin II receptor blockers; ACEIs, 
angiotensin- converting enzyme inhibitors; CNS, central nervous system; TCA, tricyclic 
antidepressant; SSRI, selective serotonin reuptake inhibitors; SNRI, 
serotonin-norepinephrine reuptake inhibitors; BZD, benzodiazepines; NSAIDs, 
nonsteroidal anti-inflammatory drugs; COPD, chronic obstructive pulmonary disease; 
SABA, short-acting β2 agonists; SAMA, short-acting muscarinic antagonist; ICS, inhaled 
corticosteroids; LABA, long-acting β2 agonists; LAMA, long-acting muscarinic 
antagonist; ER, emergency room. 
a Prevalent antipsychotic use was measured in the year before cohort entry. 
b Admission to ICU, comorbidities, number of COPD ER visit or hospitalization, and 
number of use oral steroids or antibiotics from outpatient visits were measured in the year 
before the index date. 
c Comedications and number of type of COPD medications were measured in the 6 
months before the index date.  
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eTable 4. Clinical Characteristics Between Cases and Matched Controls in the Nested Case-Control 
Design 

Characteristics Case 
(n = 
4,443) 

Control 
(n = 15,122) 

Crude OR 
(95% CI) 

P 
value 
a 

Age (mean ± SD)b  74.5±9.7    74.0±9.4 NA  
Sex, male, n (%)b  3,074 

(69.2) 
 10,363 
(68.5) 

NA  

Admission to ICU, n (%)c   477 
(10.7) 

 1,461 (9.7) 1.05 
(0.94-1.18) 

 .39 

Comorbidities, n (%)c     
Cardiovascular disease     
Stroke 1,585 

(35.7) 
 4,523 (29.9) 1.28 

(1.19-1.37) 
< .001 

Ischemic heart disease 1,398 
(31.5) 

 4,460 (29.5) 1.06 
(0.99-1.15) 

 .11 

Heart faliureb 1,025 
(23.1) 

 3,189 (21.1) NA  

Arrhythmia   848 
(19.1) 

 2,709 (17.9) 1.03 
(0.94-1.13) 

 .50 

Pulmonary disease     
Pneumoniab 1,568 

(35.3) 
 4,692 (31.0) NA  

Asthma 1,391 
(31.3) 

 4,284 (28.3) 1.06 
(0.99-1.15) 

 .11 

Psychiatric disease     
Dementia    830 

(18.7) 
 2,602 (17.2) 1.07 

(0.98-1.17) 
 .12 

Anxiety   596 
(13.4) 

 2,153 (14.2) 0.92 
(0.83-1.01) 

 .09 

Depression   301 
(6.8) 

   969 (6.4) 1.05 
(0.92-1.20) 

 .49 

Bipolar disorder    155 
(3.5) 

   508 (3.4) 1.03 
(0.85-1.24) 

 .78 

Schizophrenic disorder    39    118 (0.8) 1.14  .49 
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(0.9) (0.79-1.65) 
Delirium    11 

(0.3) 
    35 (0.2) 1.00 

(0.50-2.00) 
 .99 

Cancer (except for lung 
cancer) 

  521 
(11.7) 

 1,335 (8.8) 1.39 
(1.25-1.56) 

< .001 

GERD   306 
(6.9) 

   946 (6.3) 1.03 
(0.89-1.18) 

 .71 

Medication use, n (%)d     
Cardiovascular drugs     
Antiplatelets 1,899 

(42.7) 
 6,135 (40.6) 1.09 

(1.01-1.16) 
 .02   

ARBs   966 
(21.7) 

 3,372 (22.3) 0.96 
(0.88-1.05) 

 .38 

ACEIs   889 
(20.1) 

 2,821 (18.7) 1.05 
(0.96-1.15) 

 .27 

β-blockers     
Cardiovascular selective   455 

(10.2) 
 1,494 (9.9) 1.06 

(0.94-1.18) 
 .34 

Non-cardiovascular 
selective  

  769 
(17.3) 

 2,178 (14.4) 1.26 
(1.15-1.38) 

< .001 

Statins   344 
(7.7) 

 1,490 (9.9) 0.76 
(0.67-0.86) 

< .001 

CNS depressive drugs     
Antihistamines     
  First generation 2,584 

(58.2) 
 8,389 (55.5) 1.08 

(1.01-1.16) 
 .03 

  Second/Third generation 1,318 
(29.7) 

 4,762 (31.5) 0.90 
(0.84-0.98) 

 .009 

Antidepressants     
  SSRI/SNRI   191 

(4.3) 
   579 (3.8) 1.10 

(0.93-1.31) 
 .26 

  TCA   315 
(7.1) 

 1,009 (6.7) 1.05 
(0.92-1.21) 

 .43 

  Others   223 
(5.0) 

   691 (4.6) 1.08 
(0.92-1.26) 

 .36 
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BZDs/ Non-BZDs 2,479 
(55.8) 

 7,640 
(50.5) 

1.21 
(1.13-1.29) 

< .001 

Antidopaminergics 1,789 
(40.3) 

 4,627 
(30.6) 

1.48 
(1.37-1.59) 

< .001 

Anesthetics   200 (4.5)    391 (2.6) 1.74 
(1.46-2.08) 

< .001 

Barbiturates   150 (3.4)    530 (3.5) 0.95 
(0.78-1.14) 

 .56 

Characteristics Case 
(n = 4,443) 

Control 
(n = 15,122) 

Crude OR 
(95% CI) 

P 
value 
a 

Anticholinergic agents     
  Gastrointestinal 
antispasmodics 

  648 
(14.6) 

 1,940 
(12.8) 

1.14 
(1.03-1.26) 

 .01 

  Bladder antimuscarinics   238 (5.4)    819 (5.4) 0.98 
(0.84-1.14) 

 .78 

  Antiparkinsonian   174 (3.9)    522 (3.5) 1.14 
(0.96-1.37) 

 .14 

NSAIDs 2,806 
(63.2) 

 9,088 
(60.1) 

1.12 
(1.04-1.20) 

  .003 

Muscle relaxants 1,092 
(24.6) 

 3,672 
(24.3) 

1.00 
(0.92-1.08) 

 .98 

Respiratory-failure-causing 
drugs 

  788 
(17.7) 

2,450 (16.2) 1.10 
(1.01-1.21) 

  .037 

Amiodarone   251 (5.7)    461 (3.1) 1.83 
(1.55-2.16) 

< .001 

COPD medications     
SABA      
  Nebulized    383 (8.6)    514 (3.4) 2.40 

(2.07-2.79) 
< .001 

  Inhaled 1,853 
(41.7) 

 3,609 
(23.9) 

2.26 
(2.09-2.45) 

< .001 

SAMA      
  Nebulized  1,274 

(28.7) 
 2,076 
(13.7) 

2.50 
(2.28-2.75) 

< .001 
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  Inhaled   830 
(18.7) 

 1,660 (11.0) 1.71 
(1.55-1.89) 

< .001 

ICS    761 
(17.1) 

 2,036 
(13.5) 

1.21 
(1.10-1.34) 

< .001 

LABA    594 
(13.4) 

 1,608 
(10.6) 

1.17 
(1.05-1.31) 

  .004 

LAMA    214 (4.8)    531 (3.5) 1.26 
(1.05-1.50) 

 .01 

Methylxanthine 1,934 
(43.5) 

 5,273 
(34.9) 

1.35 
(1.25-1.46) 

< .001 

Proxy indicators for COPD severity, n 
(%) 

   

  Number of type of COPD 
medicationsd 

   

0 1,623 
(36.5) 

 7,819 
(51.7) 

Reference  

1~2 1,468 
(33.0) 

 4,243 
(28.1) 

1.71 
(1.58-1.87) 

< .001 

≥ 3 1,352 
(30.4) 

 3,060 
(20.2) 

2.05 
(1.86-2.25) 

< .001 

  Number of COPD ER visit or 
hospitalizationb,c 

   

0 3,727 
(83.9) 

 13,210 
(87.3) 

NA  

1   
525 
(11.8) 

 1,323 (8.8) NA  

≥ 2   
191 
(4.3) 

   589 (3.9) NA  

  Number of use oral steroids or antibiotics from 
outpatient visitsc 

  

0 3,564 (80.2)  
12,798 
(84.6) 

Reference  

© 2017 American Medical Association. All rights reserved. 



1   373 (8.4)   
1,077 
(7.1) 

1.09 
(0.96-1.24) 

 .19 

≥ 2   506 
(11.4) 

  
1,247 
(8.3) 

1.27 
(1.13-1.43) 

< .001 

Abbreviations: OR, odds ratio; CI, confidence interval; ICU, intensive care unit; GERD, 
gastroesophageal reflux disease; ACEI, angiotensin-converting enzyme inhibitors; ARB, 
angiotensin II receptor blockers; CNS, central nervous system; SSRI, selective serotonin 
reuptake inhibitors; SNRI, serotonin-norepinephrine reuptake inhibitors; TCA, tricyclic 
antidepressant; BZD, benzodiazepines; NSAIDs, nonsteroidal anti-inflammatory drugs; 
COPD, chronic obstructive pulmonary disease; SABA, short-acting β2 agonists; LABA, 
long-acting β2 agonists; ICS, inhaled corticosteroids; SAMA, short-acting muscarinic 
antagonist; LAMA, long-acting muscarinic antagonist ; ER, emergency room.  
a P-value was obtained by conditional logistic regression. 
b Matching variables. 
c Admission to ICU, comorbidities, number of COPD ER visit or hospitalization, and 
number of use oral steroids or antibiotics from outpatient visits were measured in the year 
before the index date. 
d Comedications and number of type of COPD medications were measured in the 6 
months before the index date.  
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eTable 5. Multivariate Conditional Logistic Analysis for Risk of Acute Respiratory 
Failure Associated With Antipsychotics in the Case-Crossover Study 

Characteristics Crude OR (95% 
CI) 

P value 

Nonuse of Antipsychotics Reference  
Any use of Antipsychotics 1.66 (1.34-2.05) < .001 
Admission to ICU 0.71 (0.51-0.97)  .03 
Comorbidities, n (%)   
Heart faiure 1.22 (0.99-1.51)  .06 
Pulmonary disease   
Pneumonia 1.14 (0.96-1.35)  .13 
Asthma 1.16 (0.97-1.39)  .11 
Cancer (except for lung cancer) 1.33 (0.99-1.77)  .06 
Medication use, n (%)   
Non-cardiovascular selective β-blockers 1.25 (0.99-1.58)  .06 
CNS depressive drugs   
First generation antihistamines 1.20 (1.06-1.35)   .003 
BZDs/ Non-BZDs 1.17 (1.02-1.34)  .02 
Antidopaminergics 1.28 (1.12-1.46) < .001 
Opioids  1.62 (1.30-2.03) < .001 
  Anesthetics 1.07 (0.69-1.66)  .75 
Gastrointestinal antispasmodics 1.20 (0.92-1.56)  .18 
NSAIDs 1.41 (1.25-1.58) < .001 
Respiratory-failure-causing drugs 1.20 (0.97-1.50)  .10 
Amiodarone 1.73 (1.11-2.70)  .02 
COPD medications   
SABA    
  Nebulized  1.60 (1.15-2.23)   .005 
  Inhaled 1.75 (1.41-2.16) < .001 
SAMA    
  Nebulized  1.90 (1.54-2.36) < .001 
  Inhaled 1.31 (1.04-1.65)  .02 
Methylxanthine 1.12 (0.89-1.39)  .34 
Proxy indicators for COPD severity, n (%)   
  Number of type of COPD medications   
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1~2 0.80 (0.64-0.99)  .04 
≥ 3 0.59 (0.41-0.85)   .005 
  Number of COPD ER visit or hospitalization   
1 0.83 (0.71-0.96)  .02 
≥ 2 0.49 (0.35-0.69) < .001 
  Number of use oral steroids or antibiotics from outpatient visits  
1 1.59 (1.23-2.04) < .001 
≥ 2 1.35 (0.92-1.98)  .12 
Abbreviations: ICU, intensive care unit; CNS, central nervous system; BZD, 
benzodiazepines; NSAIDs, nonsteroidal anti-inflammatory drugs; COPD, chronic 
obstructive pulmonary disease; SABA, short-acting β2 agonists; SAMA, short-acting 
muscarinic antagonist; ICS, inhaled corticosteroids; LABA, long-acting β2 agonists; 
LAMA, long-acting muscarinic antagonist; ER, emergency room. 
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eTable 6. Risk of Acute Respiratory Failure Associated With Any Use of 
Antipsychotics, Stratified by Receptor Binding Affinity 

Receptors Cases  
 

Controls  
 

Crude OR 
(95% CI) 

Model 1a 
Adjusted OR  
(95% CI) 

Model 2b 
Adjusted OR 
(95% CI) 

Any use of 
Antipsychotics, n 
(%) 

     

 By Serotonin 
5HT2A receptorc 

     

    Low affinity 335 
(6.7) 

281 (5.6) Reference Reference Reference 

    High affinity 255 
(5.1) 

147 (2.9)  1.68 
(1.16-2.42)e 

 1.59 
(1.08-2.33)d 

 1.62 
(1.10-2.38)d 

 By Dopamine D2 
receptorc 

     

    Low affinity 359 
(7.1) 

303 (6.0) Reference Reference Reference 

    High affinity 231 
(4.6) 

125 (2.5)  1.79 
(1.23-2.60)e 

 1.75 
(1.19-2.60)e 

 1.80 
(1.21-2.67)e 

 By Histamine H1 
receptorc 

     

    Low affinity 237 
(4.7) 

174 (3.5) Reference Reference Reference 

    High affinity 353 
(7.0) 

254 (5.1) 0.99 
(0.67-1.45) 

0.88 
(0.59-1.31) 

0.91 
(0.61-1.37) 

 By Dopamine D1 
receptorc 

     

    Low affinity 395 
(7.9) 

307 (6.1) Reference Reference Reference 

    High affinity  83 
(1.7) 

 68 (1.4) 0.87 
(0.50-1.51) 

0.82 
(0.46-1.47) 

0.82 
(0.46-1.47) 

 By Muscarinic 
M1 receptorc 

     

    Low affinity 172 122 (2.4) Reference Reference Reference 
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(3.4) 
    High affinity 206 

(4.1) 
172 (3.4) 0.80 

(0.49-1.32) 
0.71 
(0.42-1.21) 

0.80 
(0.47-1.37) 

Abbreviations: OR, odds ration; CI, confidence interval. 

a Adjusted for admission to ICU, heart failure, pneumonia, asthma, cancer, antiplatelets, ACEIs, non-cardiocvascular 

selective β-blockers, first generation antihistamine, BZDs/ non-BZDs, antidopaminergics, opioids, anesthetics, 

gastrointestinal antispasmodics anticholinergics, NSAIDs, respiratory-failure-causing drugs, amiodarone, 

nebulized/inhaled SABAs, nebulized/inhaled SAMAs, methylxanthines, number of type of COPD medications, number 

of COPD ER visit or hospitalization, and number of steroid or antibiotic use from outpatient visits. 

b Adjusted as in model 1 but also adjusted for dose. 

c Used low affinity as the reference group and only the antipsychotics with Ki values were analyzed. 

d P < 0.05.  

e P < 0.01.   
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eTable 7. Risk of Acute Respiratory Failure Associated With Any Use of 
Antipsychotics, Stratified by Individual Antipsychotic Agentsa 

 Case period 
(n = 5,032) 

Control 
period 
(n = 5,032) 

Crude OR  
(95% CI) 

Adjusted OR 
 (95% CI)b 

Nonuse of 
Antipsychotics, n (%) 

    4,442 
(88.3) 

   4,589 
(91.2) 

Reference Reference 

Any use of 
Antipsychotics, n (%) 

    

Typical     
Prochlorperazine       106 

(2.1) 
      49 
(1.0) 

 2.61 
(1.78-3.84)e 

 1.92 
(1.29-2.88)d 

Haloperidol         72 
(1.4) 

      39 
(0.8) 

 3.18 
(1.80-5.61)e 

 2.34 
(1.28-4.28)d 

Sulpiride         69 
(1.4) 

      47 
(0.9) 

 1.97 
(1.19-3.29)d 

 1.85 
(1.09-3.14)c 

Flupentixol         26 
(0.5) 

      25 
(0.5) 

1.20 
(0.54-2.66) 

1.05 
(0.46-2.38) 

Chlorpromazine        10 
(0.2) 

       8 
(0.2) 

1.50 
(0.42-5.33) 

0.85 
(0.22-3.31) 

Thioridazine         6 
(0.1) 

       4 
(0.1) 

 3.00 
(0.31-28.84) 

 2.73 
(0.28-26.78) 

Atypical     
Quetiapine        128 

(2.5) 
      98 
(2.0) 

 2.19 
(1.36-3.54)d 

1.80 
(1.09-3.00)c 

Risperidone         73 
(1.5) 

      58 
(1.2) 

 2.06 
(1.10-3.85)c 

2.14 
(1.11-4.10)c 

Olanzapine        15 
(0.3) 

      12 
(0.2) 

 3.02 
(0.53-17.15) 

 2.89 
(0.50-16.67) 

Zotepine         4 
(0.1) 

       3 
(0.1) 

 3.03 
(0.23-39.90) 

 2.73 
(0.20-36.73) 

Abbreviations: OR, odds ratio; CI, confidence interval. 
a Only monotherapy of antipsychotics with sufficient sample sizes were presented. 
b Adjusted for admission to ICU, heart failure, pneumonia, asthma, cancer, antiplatelets, 
ACEIs, non-cardiocvascular selective β-blockers, first generation antihistamine, BZDs/ 
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non-BZDs, antidopaminergics, opioids, anesthetics, gastrointestinal antispasmodics 
anticholinergics, NSAIDs, respiratory-failure-causing drugs, amiodarone, 
nebulized/inhaled SABAs, nebulized/inhaled SAMAs, methylxanthines, number of type 
of COPD medications, number of COPD ER visit or hospitalization, and number of 
steroid or antibiotic use from outpatient visits. 
c P < 0.05. 
d P < 0.01.  
e P < 0.001.  
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eTable 8. Risk of Acute Respiratory Failure Associated With Any Use of 
Antipsychotics, Stratified by Recency and Dose in the Nested 
Case-Control Design 

 Case 
(n = 
4,443) 

Control 
(n = 
15,122) 

Crude OR  
(95% CI) 

Adjusted ORa   
(95% CI) 

Non-current use of 
Antipsychotics, n (%) 

 3,912 
(88.1) 

14,283 
(94.5) 

Reference Reference 

Current use (1-14 days), n 
(%) 

   531 
(12.0) 

   839 
(5.6) 

2.31 
(2.05-2.59)b 

2.16 
(1.91-2.45)b 

By dose, n (%)      
Low dose (≤0.25 DDD)    337 

(7.6) 
   589 
(3.9) 

2.06 
(1.79-2.38)b 

1.93 
(1.66-2.25)b 

Medium dose (0.26-0.50 
DDD) 

    85 
(1.9) 

   138 
(0.9) 

2.25 
(1.70-2.97)b 

2.16 
(1.62-2.88)b 

Medium high dose 
(0.51-1.00 DDD) 

    65 
(1.5) 

    72 
(0.5) 

3.56 
(2.51-5.07)b 

3.45 
(2.38-4.98)b 

High dose (>1.00 DDD)     44 
(1.0) 

    40 
(0.3) 

3.86 
(2.49-5.99)b 

3.23 
(2.04-5.08)b 

Abbreviations: OR, odds ratio; CI, confidence interval; DDD, defined daily dose. 
a Adjusted for admission to stroke, ischemic heart disease, cancer, antiplatelets, 
non-cardiacvascular selective β-blockers, statins, second/third generation antihistamine, 
BZDs/ non-BZDs, antidopaminergics, opioids, anesthetics, gastrointestinal 
antispasmodics anticholinergics, NSAIDs, respiratory-failure-causing drugs, amiodarone, 
nebulized/inhaled SABAs, nebulized/inhaled SAMAs, ICSs, LABAs, LAMAs, 
methylxanthines, number of type of COPD medications, and number of steroid or 
antibiotic use from outpatient visits. 
b P < 0.001. 
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eTable 9. Numbers Needed to Harma for Each Category of 
Antipsychotic-Associated Acute Respiratory Failure Risk in Chronic Obstructive 
Pulmonary Disease Patients 

Antipsychotic Use Number need to harm 
(95% CI) 

Any use of antipsychotics  347 (218-673) 
By class  
Typical  332 (192-738) 
Atypical    432 (188-4,577) 
Typical & Atypical    238 (82-11,442) 
By route  
Oral only  318 (192-654) 
Any injection     477 (196-22,883) 
By dose  
Low dose(≥0.25 DDD)    440 (249-1,144) 
Medium dose(0.26-0.50 DDD) 208 (99-715) 
Medium high dose(0.51-1.00DDD)    301 (121-2,860) 
High dose(>1.00 DDD)  84 (31-337) 
By affinity  
Serotonin 5HT2A receptor  
Low affinity    558 (266-3,269) 
High affinity  179 (109-342) 
Dopamine D2 receptor  
Low affinity    602 (283-4,577) 
High affinity 158 (96-297) 
Histamine H1 receptor  
Low affinity  263 (143-654) 
High affinity  332 (191-789) 
Dopamine D1 receptor  
Low affinity  276 (161-587) 
Muscarinic M1 receptor  
Low affinity 189 (99-487) 
High affinity    432 (180-7,628) 
Abbreviation: COPD, chronic obstructive pulmonary disease; CI, confidence interval; 
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DDD, defined daily dose 
a We calculated NNTH for findings that had a significant OR based on the following 
formula：NNTH = 1/[(OR-1) × UER], where UER represents the unexposed event rate of 
ARF within a 14-day period (0.00437 events per 14 days based on our analysis). 
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eBox. Methods of Sensitivity Analyses Performed in Study 
 
 Perform a case-time-control study and a nested case-control study to avoid a bias due to time 

trends of antipsychotic use and to increase the robustness of our findings, respectively 

(eAppendix and eFigure 1) 

 Adopt a lag-time approach in the case-crossover study for addressing protopathic bias, in 

which the 7-day and 14-day periods preceding the index date (lag time) were disregarded in 

assessment of antipsychotic exposure in order to avoid capturing prescriptions for prodrome of 

ARF (eAppendix and eFigure 2). 

 Repeat the analyses with different control time periods of 45-58, 105-118, and 366-379 days 

before the index date in order to confirm absence of a drug latency effect and seasonal 

fluctuations (eFigure 3A) 

 Vary the length of case and control periods to 7 days and 30 days and employ four consecutive 

control periods (eFigures 3B to 3D) 

 To evaluate presence of an effect modifier, we conducted stratified analyses by 

 Severity of ARF (fatal and non-fatal) 

 COPD severity (severe, moderate and no exacerbation; see note for their definitions) 

 Initial site of COPD diagnosis (inpatient or outpatient visit at cohort entry) 

 Asthma comorbidity 

 Concomitant use of antidopaminergics 

 Concomitant use of benzodiazepines (BZDs)/non-BZDs 

 Concomitant use of antidepressants 

 Exclude ARF cases with concurrent pneumonia to rule out pneumonia acting as an 

intermediator  

 Exclude patients with severe mental illness of schizophrenia and bipolar 

 Exclude patients diagnosed with delirium, admitted to ICU, or initiating BZDs as an alternative 

treatment for delirium in the risk period to rule out the possibility that antipsychotics were 

prescribed for delirium immediately before ARF  

 Exclude users of nebulized short-acting β2-agonists (SABAs) or short-acting muscarinic 

antagonists (SAMAs) in the risk period, who represented those with respiratory discomfort right 

before ARF events  

 Exclude all patients with heart failure to avoid misdiagnosis of heart failure as COPD  

 Exclude patients who had used antipsychotics at cohort entry to minimize a tolerance effect or 

to decrease depletion of susceptibilities 

 Exclude patients who had received long-acting depot antipsychotics during the examined time 

periods to reduce a carry-over effect of antipsychotics 
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 Adopt another multivariate model that adjusted for all of the confounders 

 Perform a rule out approach to quantify the effect of potential unmeasured confounding on the 

observed association (eFigure 4) 

Note. We employed the lag time approach to address protopathic bias in a case-crossover study in 

the reference of Arfè A and Corrao G. J Clin Epidemiol. 2016;doi: 10.1016/j.clinepi.2016.03.003. We 

defined severe and moderate COPD exacerbations as inpatient/emergency room visits for COPD 

and COPD-related outpatient visits accompanied with receipt of oral corticosteroids or antibiotics, 

respectively, based on de Melo MN, Ernst P, Suissa S. Inhaled corticosteroids and the risk of a first 

exacerbation in COPD patients. Eur Respir J. 2004;23:692–697. The rule out approach was 

conducted according to Schneeweiss S. Sensitivity analysis and external adjustment for 

unmeasured confounders in epidemiologic database studies of therapeutics. Pharmacoepidemiol 

Drug Saf. 2006;15:291-303. 
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eFigure 1. Figural Presentation of the Adopted Case-Time-Control Analysis
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eFigure 2. Graphical Presentation of the Adopted Lag-Time Approach
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eFigure 3. Graphical Presentation of the Case-Crossover Design With Varying Definition of Case and Control Periods Used in the Sensitivity 
Analysis. (A) 1:1 ratio with a 14-day exposure period and different selections of control period. (B) 1:1 ratio with a 7-day exposure period. (C) 1:1 ratio with a 30-day 

exposure period. (D) 1:4 ratio with 14-day exposure period and four consecutive control periods.      

A. B. 

C.  D. 
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eFigure 4. Adoption of the Rule-Out Approach for Assessment of the Effect 
of Unmeasured Confounding  
Assessment of the effect of an unmeasured confounder assuming that the prevalence of an 

unmeasured confounder and antipsychotic use in the COPD population was 50% and 10%, 

respectively. The upper right area of each line represents all RRCD and OREC combinations 

that could lead to an unmeasured confounder strong enough to move the estimated OR to 

the null. RRCD = association between an unmeasured confounder and risk of ARF. OREC = 

association between antipsychotic use and an unmeasured confounder. 
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Patients aged ≥ 40 years old at the cohort entry date
(n=68,280)

The included COPD patients 
(n=61,620)

  
Excluded in the year preceding cohort entry (n=6,660)
      Patients had < one-year continuous enrollment (n=3,280)
      Patients diagnosed with ARF (n=3,380)  

COPD patients with incident ARF 
 (n =11,785)

Subjects with incident ARF
(n=5,032)

Excluded during the follow-up (n=1,664)
    Patients  diagnosed with lung cancer (n=1,125)
    Patients  hospitalized across the risk and control time period 

   (n=6)
    Patients with < 88 days of follow-up (n=533)
Excluded in 88 days preceding and on the index date (n=5,089)
    Patients diagnosed with cardiogenic pulmonary edema (n=116)
    Patients diagnosed with pulmonary insufficiency following 

   trauma and surgery (n=27)
    Patients diagnosed with sepsis  (n=4,435)
    Patients diagnosed with  head or thoracic injury (n=511)

Patients had two COPD-related outpatient visits or 
an inpatient visit, and received COPD medication 

 during 01/01/2001 and 12/31/2010
(n=73,855)

eFigure 5. Flow Diagram Depicting the Selection Process of Study Participants in 
the Case-Crossover Analysis 
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eFigure 6. Results of Sensitivity Analysis for Risk of Acute Respiratory Failure Associated With Any Use of 
Antipsychotics 
Abbreviations: COPD indicates chronic obstructive pulmonary disease; BZD, benzodiazepine; ICU, intensive care unit; HF, heart failure. 
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