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Web Appendix 1. Search Strategy and Selection Criteria

Search strategy

Our search strategy was built for each database as follows:
('negative control *":ti,ab OR 'negative outcome control*":ti,ab OR megative exposure control *':t1,ab
OR 'bias indicator *":ti,ab OR 'probe variable *":ti,ab OR 'negatively control*":ti,ab OR 'proxy
outcome *":ti,ab) AND (‘confounding variable'/exp OR confound *:t1,ab OR 'statistical bias'/exp OR
bias*:ti,ab OR misclassification*:ti,ab OR 'measurement error*":ti,ab OR 'measurement error'/exp
OR 'internal validity'/exp OR 'internal validity:ti,ab OR 'epidemiology/exp OR epidemiolog*:ti,ab
OR pharmacoepidemiolog™:ti,ab OR 'p value calibration’:ti,ab OR 'confidence interval
calibration':ti,ab).

MeSH terms were utilized for the MEDLINE/PubMed search, and Emtree was used for
the EMBASE search.

Details of the electronic databases used

e FEMBASE (Elsevier interface)
e CINAHL (EBSCOhost interface)

e (Cochrane Library (includes the Cochrane Database of Systematic Reviews, Cochrane
Central Register of Controlled Trials, and Cochrane Methodology Register)

e Scopus (Elsevier interface)
e Dissertations and Theses Global (ProQuest interface)

Key studies utilized for the manual search for citing articles

We utilized following articles in the manual search as key papers on negative controls that
are often cited by epidemiologic studies using negative control methods. We 1dentified these
studies based on the review of articles from a pilot search for developing search strategies.

1. Lipsitch M, Tchetgen Tchetgen E, Cohen T. Negative controls: a tool for detecting
confounding and bias in observational studies. Epidemiol Camb Mass. 2010
May;21(3):383-8.

2. Arnold BF, Ercumen A. Negative Control Outcomes: A Tool to Detect Bias in
Randomized Trials. JAMA. 2016 27;316(24):2597-8.

3. Arnold BF, Ercumen A, Benjamin-Chung J, Colford JM. Brief Report: Negative Controls
to Detect Selection Bias and Measurement Bias in Epidemiologic Studies. Epidemiol
Camb Mass. 2016;27(5):637-41.

4. Tchetgen Tchetgen E. The Control Outcome Calibration Approach for Causal Inference
With Unobserved Confounding. Am J Epidemiol. 2014 Mar 1;179(5):633-40.



Selection criteria

1. The study 1s on a topic of pharmacoepidemiology which is the study of safety, effectiveness,
and utilization of drugs in human population.

2. The study 1s of an observational nature, either using an observational study design or
studying methods for observational studies.

3. The study uses a negative control method or discusses a novel utility of negative control
methods for observational studies.

4. The primary effect measure for the exposure-outcome of interest in the study can be
estimated without a negative control, and the negative control 1s not used primarily as a
comparator for the causal question of interest in the study (e.g., an active comparator).

&

The study 1s published in a peer-reviewed journal, not grey literature such as dissertation,
thesis, or conference abstracts.

6. The study 1s published in English.



Web Appendix 2. Graphical and Mathematical Representations of the Key
Assumptions of Negative Controls

In this section, we provide a directed acyclic graph (DAG) diagram for the causal model for
a negative control analysis. We also provide the mathematical representation of the assumptions of
negative controls as well as the assumptions needed for proximal causal inference, detection, and
identification of bias.'

—

Web Figure 1. Directed acyclic graph for causal associations between variables in a negative
control analysis. K represents exposure of interest; O, outcome of interest; C, measured
confounders; U, unmeasured confounders; NCE, negative control exposure; NCO, negative
control outcome.

Assumptions needed for proximal causal inference, which are described in more details by Shi et.
al.":

Consistency assumption: 0(e) = O when E = e, where O represents the observed outcome and

0(e) represents the counterfactual or potential outcome if the exposure level was e, E = e.

Latent ignorability: O(e) LL E | C, U; which indicates that the exposure and outcome of interest
are independent given measured and unmeasured confounders. O (e) represents the potential

outcome 1f the exposure level was e, E = e.
Assumptions for valid negative control exposure and outcome':

Negative control exposure and outcome: O(e,nce) = 0(e) | C,U and NCE 11 0(e) | C, U;
NCO(e,nce) = NCO | C,U and NCO L1 E | C,U. O(e,nce) represents the counterfactual or
potential outcome value for exposure level e, E = e, and negative control exposure level nce,
NCE = nce. Similarly, NCO (e, nce) represents the counterfactual or potential negative control

outcome value for exposure level e, E = e, and negative control exposure level nce, NCE = nce.

Assumption for bias detection':



U-comparability assumption: NCE } U | C,E and NCO # U | C.
Additional assumptions for identification of the causal effect":
Positivity assumption: 0 < P(E = e, NCE = nce) | C) < 1, for all levels of C, E and NCE.

Completeness assumption: For all e, NCE # NCO | E = e, C. Also, for any square integrable
function g, if E[g(NCO) | NCE = nce,E = e, C] = 0 for all e and nce, then g(NCO) = 0.



Web Table 1. Data Extraction Table for Studies Included in the Review

No |First Author, |Stady Design Type of Data Hypothesized Causal Association Primary Study | Type of Number of |Type of Bias as Utility Domain  |Presence of Bias as |Methods Used to Correct for Effect
Year (E: Exposure; O: Outcome; NC: Negative |Effect Measure |negative Negative Reported by Study |of Negative Concluded from |of Bias (in point estimate, confidence
(Reference control; PC: Positive control) control Controls Control Use Study Based on interval, p-value) (NA: not applicable)
No.) Negative Control

Analysis
1 |Abrahami, |Cohort study EHR (UK Clinical Practice  |E: Use of dipeptidyl peptidase-4 (DPP-4) HR Exposure |2 Confounding bias | Detection of bias |No NA
2018a’ Research Datalink) inhibitors and glucagon-like peptide-1 (GLP- by disease severity
1) receptor agonists (vs. other second or
third line antidiabetic drugs)
O: Cholangiocarcinoma
NCE: Use of insulin, long-acting insulin
analogues

2 |Abrahami, |Cohort study EHR (UK Clinical Practice | E: Use of dipeptidyl peptidase-4 inhibitors  |HR Exposure 1 Confounding bias  |Detection of bias [No NA

2018b’ Research Datalink) (vs. other antidiabetic drugs) by disease severity
O: Inflammatory bowel disease
NCE: Use of insulin

3 |Ajrouch, Cohort study Healthcare administrative E: Chronic use of low dose aspirin (LDA)  |Sub-distribution |Exposure |1 NR Detection of bias | Yes NA

2019° data (French Healthcare hazard ratio
administrative data: Systeme | O: Overall cancer incidence
National des Données de
Santé (SNDS)) NCE: Clopidogrel use
4 |Arfe, 20157 [Cohort study Healthcare administrative E: High adherence to statins (vs. low HR Exposure |1 exposure |Information bias  |Detection of bias |[No NA
data (Healthcare adherence to statins) and and 1 (Detection bias)
administrative data of Italian outcome outcome
Lombardy Region) O: Diabetes
NCE: High adherence to bisphosphonate
(vs. low adherence to bisphosphonate)
NCO: Hypertension
5 |Aronson, Other design Passive surveillance data E: Nine commonly used non-enzyme- OR Outcome |2 NR Detection of bias |[No NA
2020° (Database review) |(Drug safety surveillance data: |inducing antibacterial drugs (amoxicillin,
List of reports of suspected  [ampicillin, cephalexin, ciprofloxacin,
adverse drug reactions erythromycin, metronidazole,
published by the Medicines  |nitrofurantoin, oxytetracycline,
and Healthcare products trimethoprim) (vs. nine control medications,
Regulatory Agency (MHRA)) [not expected to alter the efficacy of oral
contraceptives (citalopram, ibuprofen,
lansoprazole, loperamide, loratadine,
paracetamol, propranolol, theophylline,
zolpidem))
O: Unintended pregnancy
NCO: Cardiac arrhythmias, headache
6 |Backenroth, [Case-control study [EHR (EHR at New York- O: Acute kidney injury (AKI), acute liver AUC Exposure- 234 negative |Confounding bias | Evaluation of Yes NA
2016 Presbyterian injury (ALI), acute myocardial infarction Outcome  |control- performance of
(NYP)/Columbia University [(AMI) and gastrointestinal ulcer pair outcome different
Medical Center) hospitalization (GIU) (Combinati |pairs methods
ons of
PCE: Positive controls drugs (refer to study outcomes
text for entire list) and NCEs)




No |First Author, |Study Design Type of Data Hypothesized Causal Association Primary Study | Type of Number of |Type of Bias as Utility Domain | Presence of Bias as [Methods Used to Correct for Effect
Year (E: Exposure; O: Outcome; NC: Negative |Effect Measure |negative Negative Reported by Study |of Negative Concluded from |of Bias (in point estimate, confidence
(Reference control; PC: Positive control) control Controls Control Use Study Based on interval, p-value) (NA: not applicable)
No.) Negative Control

Analysis
NCE: Negative control drugs (refer to study
text for entire list)

7 [Bedson, Cohort study EHR (UK Clinical Practice | E: Prescription of long-term opioids HR Outcome |2 Bias in general Detection of bias |No NA
2019° Research Datalink)

O: Primary outcomes - major trauma and
intentional overdose (any); Secondary
outcomes - addiction (any), falls, accidental
poisoning, attempted suicide/self-harm,
gastrointestinal pathology and bleeding, iron
deficiency anemia

NCO: Incident eczema and psoriasis

8 |Bijlsma, Cohort study Healthcare administrative % Adherence to statin therapy HR Outcome |1 Large model: Detection of bias | Large model: Yes; [NA

2016" data (University of Groningen Confounding bias Small model: No
prescription database, O: Cardiovascular mortality (Healthy adherer
Statistics Netherlands) bias); Small model:
NCO: Mortality due to diseases of the Overadjustment
respiratory system and endocrine, bias, bias due to
nutritional and metabolic diseases competing risk
(composite outcome)

9 |Brassard, Cohort study EHR (UK Clinical Practice  |E: Statin use Cumulative Outcome |2 Bias in general, Detection of bias | Yes, though not NA

2017" Research Datalink) incidence ratio Confounding bias statistically
O: Influenza-like illness morbidity and (Healthy user bias) significant
mortality
NCO: Motor vehicle accidents (MTVAs)
and burns

10 |Brauchli Reference set NA NA NA Exposure- [NA NA Reference set NA NA
Pernus, identification Outcome identification
2016" pair

11 |Brookhart, |Cohort study Healthcare administrative E: Adherence to statin therapy HR Outcome |6 Confounding bias | Detection of bias | Yes NA
2007* database (Administrative (Healthy user bias)

claims data - Medicare and ~ |O: NA

Pennsylvania Pharmaceutical

Assistance Contract for NCO: Utilization of preventive medical

Elderly (PACE)) services and tests (bone mineral density
testing and screening mammography for
women, prostate-specific antigen testing for
men, and fecal occult blood tests, influenza
vaccinations, and pneumococcal
vaccinations for both women and men)

12 |Brookhart, |Cohort study Healthcare administrative E: MMR (Measles, mumps, and rubella) or |Excess Outcome |3 NR Detection of Yes (congenital NA
2012" data (Administrative claims MMRYV (measles, mumps, rubella, and cumulative bias, Evaluation |malformation), No

database - HealthCore varicella) vaccine incidence of performance | (injuries, urinary

Integrated Research
Database)

O: NA

NCO: Injuries, urinary tract infections, and
congenital malformations

of different
methods

tract infections)




No |First Author, |Study Design Type of Data Hypothesized Causal Association Primary Study | Type of Number of |Type of Bias as Utility Domain | Presence of Bias as [Methods Used to Correct for Effect
Year (E: Exposure; O: Outcome; NC: Negative |Effect Measure |negative Negative Reported by Study |of Negative Concluded from |of Bias (in point estimate, confidence
(Reference control; PC: Positive control) control Controls Control Use Study Based on interval, p-value) (NA: not applicable)
No.) Negative Control

Analysis

13 |Brown, Pharmacovigilanc |EHR (Electronic healthcare  [PC: 5 drug-comparator-outcome Number of Exposure- |6 NR Evaluation of NA NA

2007" ¢ method data from 9 participating combinations with known associations (refer |drug-outcome  |Outcome performance of
(Sequential health plans in the HMO to study text for entire list) combinations pair different
statistical testing)  |Research Network’s Center that generated methods

for Education and Research | NC: 2 drug-comparator-outcome alerts based on a
on Therapeutics (CERT)) combinations without suspected associations | maximized
(refer to study text for entire list) sequential
probability ratio
test (max SPRT)

14 [Brown, Pharmacovigilanc |EHR (Electronic healthcare  |PC: 5 drug-comparator-outcome Number of Exposure- |6 NR Evaluation of NA NA

2009" e method data from 9 participating combinations with known associations (refer [drug-outcome  |Outcome performance of
(Sequential health plans in the HMO to study text for entire list) combinations pair different
statistical testing)  [Research Network’s Center that generated methods

for Education and Research  |[NC: 2 drug-comparator-outcome alerts based on a
on Therapeutics (CERT)) combinations without suspected associations | maximized
(refer to study text for entire list) sequential
probability ratio
test (max SPRT)
15 |Burkard, Cohort study EHR (UK Clinical Practice | E: Statin therapy initiation HR Outcome |4 Information bias | Detection of bias |No NA
2018" Research Datalink) (Surveillance bias
O: Incident hand osteoarthritis (OA) due to differential
health seeking
NCO: Cataract, peptic ulcer, psoriasis, behavior)
tinnitus
16 |Busby, Cohort study EHR, Disease registry, Angiotensin receptor blocker use HR Exposure |1 Confounding bias  |Detection of bias [No NA
2018a"” Census, Vital records
(English National Cancer O: Gastro-esophageal cancer survival
Data Repository (NCDR),
UK Clinical Practice NCE: Use of angiotensin converting enzyme
Research Datalink (CPRD), ~ [(ACE) inhibitors
Census information, and
Office for National Statistics
(ONYS))
17 |Busby, Cohort study EHR, Disease registry, E: Selective serotonin reuptake inhibitor HR Exposure |2 Confounding bias | Detection of bias | Yes NA
2018b" Census, Vital records (SSRI) use
(English National Cancer
Data Repository (NCDR), O: Breast cancer survival
UK Clinical Practice
Research Datalink (CPRD), NCE: Use of tricyclic antidepressants (TCA)
Census information, and and venlafaxine
Office for National Statistics
(ONS))
18 |Butler, Cohort study Disease registry linked with ~ |E: Dose of influenza vaccine received Risk ratio Outcome |1 Confounding bias | Detection of bias | Yes NA
2019" healthcare administrative data (Healthy user bias)
(United States end-stage renal |O: All-cause mortality
disease program)
NCO: Pre-influenza season mortality

19 |Casula, Nested case- Healthcare administrative E: Incident proton pump inhibitor (PPI) use [OR Exposure |1 Confounding bias | Detection of bias | No NA

2018”" control study data (Healthcare

administrative data of
Lombardy Region NHS)

O: Hospitalization for
cardio/cerebrovascular event




No |First Author, |Study Design Type of Data Hypothesized Causal Association Primary Study | Type of Number of |Type of Bias as Utility Domain | Presence of Bias as [Methods Used to Correct for Effect
Year (E: Exposure; O: Outcome; NC: Negative |Effect Measure |negative Negative Reported by Study |of Negative Concluded from |of Bias (in point estimate, confidence
(Reference control; PC: Positive control) control Controls Control Use Study Based on interval, p-value) (NA: not applicable)
No.) Negative Control

Analysis
NCE: H2 histamine antagonists

20 |Casula, Cohort study Healthcare administrative E: Incident Bisphosphonate use HR Exposure |1 Confounding bias  |Detection of bias [No NA
2020* data (Healthcare (Healthy user bias)

administrative data of O: Hospitalization for atherosclerotic/
Lombardy Region NHS) cardiovascular events
NCE: Incident raloxifene use

21 |Cheung, Cohort study administrative E: Long-term use of proton pump inhibitors [HR Exposure |1 Protopathic bias Detection of bias [No NA

2018* data (Clinical Data Analysis
and Reporting System O: Gastric cancer development
(CDARS) of Hong Kong
Hospital Authority) NCE: H2 histamine receptor blocker use

22 | Chien, Nested case- Healthcare administrative E: Proton pump inhibitor (PPI) use OR Outcome |1 Confounding bias  |Detection of bias | No NA

2016% control study data, Disease registry, Vital
records (Taiwan's National ~ [O: Periampullary cancers
Health Insurance Research
Database, Taiwan Cancer NCO: Lung cancer case
registry, National Death
Registry)

23 | Chou, 2020* | Cohort study Disease Registry linked with | E: Low-Income Subsidy (LIS) program HR Outcome |1 Confounding bias  |Detection of bias | Yes NA
healthcare utilization data (Confounding due
O: Time to initiate orally administered to financial status of

(Surveillance, Epidemiology  [anticancer drugs (Part D medication) individuals)
and End Results (SEER)-
Medicare data) NCO: Time to initiate Part B medication

24 | Christiansen, | Cohort study Healthcare administrative E: Influenza vaccination HR Outcome |1 Confounding bias | Detection of bias |No NA

2019* data, Vital records (Danish (Healthy user bias)
Intensive Care Database data |O: 1-year risk of hospitalization for
and other Danish registries) ~[myocardial infarction, stroke, heart failure,
pneumonia, and mortality
NCO: 1-year risk of hospitalization for
injury

25 |Cohen, Cohort study Healthcare administrative E: Use of amphetamine- Risk ratio Exposure |1 Confounding bias | Detection of bias |No NA

2017* data (Administrative claims  |dextroamphetamine or methylphenidate (Confounding by
database - Medicaid Analytic |monotherapy in the first half of pregnancy indication)
eXtract database)

O: Adverse placental-associated pregnancy
outcomes including preeclampsia, placental
abruption, growth restriction, and preterm
birth

NCE: Use of atomoxetine

26 [Cohen, Cohort study Research data (Norwegian E: Maternal antidepressant use in pregnancy |OR Exposure |1 Confounding bias | Detection of bias | Yes (anxiety), No  [NA
20197 Mother and Child Cohort (gestational age at

Study (MoBa) - data from
questionnaires, data from
biospecimens)

O: Shorter gestational length and child
anxiety

NCE: Paternal antidepressant use

birth)




No |First Author, |Study Design Type of Data Hypothesized Causal Association Primary Study | Type of Number of |Type of Bias as Utility Domain | Presence of Bias as [Methods Used to Correct for Effect
Year (E: Exposure; O: Outcome; NC: Negative |Effect Measure |negative Negative Reported by Study |of Negative Concluded from |of Bias (in point estimate, confidence
(Reference control; PC: Positive control) control Controls Control Use Study Based on interval, p-value) (NA: not applicable)
No.) Negative Control

Analysis

27 |Coloma, Reference set NA NA NA Exposure- [NA NA Reference set NA NA
2013" identification Outcome identification

pair

28 | Danaei, Cohort study EHR (Health Improvement se of statins HR Outcome |1 Information bias, |Detection of bias |No NA
20138” Network (THIN)) Selection bias

O: Incident type 2 diabetes
NCO: Incidence peptic ulcer
29 | Dave, 2019” [Cohort study Healthcare administrative E: Inittation of SGLT-2 inhibitor treatment |HR, Rate Outcome |1 NR Detection of bias |No NA

data (Administrative claims difference

database - Optum, IBM O: Hospitalization for Fournier gangrene

Market Scan, Medicare fee-

for service data) NCO: Hospitalization for necrotizing
fasciitis

30 |Davies, Cohort study EHR (Clinical Practice E: Use of varenicline (vs. nicotine Absolute risk Exposure |1 exposure |Confounding bias |Evaluation of Negative control NA
Research Datalink (CPRD))  [replacement products) difference in and (population) |(Healthy user bias) |methods, population: No
incidence Outcome  |and 1 Detection of bias |association with
O: Suicide and self-harm, and depression outcome outcomes
NCE: Negative control population - Negative control
individuals prescribed an antidepressant outcome (urinary
who consulted with a physician on the same tract infection):
day that the physician issued a smoking Yes, with the
cessation medication to another patient conventional
regression analysis,
NCO: Negative control outcome - urinary No with
tract infection Instrumental
variable

31 |[de Groot, Case-control study|Healthcare administrative E: Use of ACE inhibitor, statins, and proton |OR Exposure |1 Selection bias; Detection of bias | By data used: NA

2014* data, Research data, EHR pump inhibitors (PPIs) Information bias
(Administrative claims data, (Bias due to
pharmacy dispensing data, O: Pneumonia outcome and
prospective cohort data, exposure NPCD: Yes
hospital EHR data - Data NCE: Use of selective serotonin reuptake ascertainment)
from Dutch Mondriaan inhibitors (SSRIs) PHARMO: Yes
project, Netherlands Primary
Care Database coordinated
by NIVEL (NPCD),
PHARMO Record Linkage
System, a prospective cohort
of community acquired
pneumonia patients, Hospital
data from St. Antonius
hospital, Nieuwegein and
Gelderse Vallei Hospital,
Ede (ANT))
32 |Desai, 2019" | Cohort study Healthcare administrative For 8 drug compounds (alendronate, HR Exposure |8 (total of 8 |Confounding bias |Detection of bias | Yes (significant NA

data (Administrative claims
database - Optum, Truven)

amlodipine, amlodipine-benazepril,
calcitonin salmon, escitalopram, glipizide,
quinapril, sertraline)

analyses 1n
the study,
one NC for
each analysis)

(Bias due to one's
perception of
generic drugs)

association between
AG and brand-
name initiators for
2 drug compounds
among 8 (higher

10




No |First Author, |Study Design Type of Data Hypothesized Causal Association Primary Study | Type of Number of |Type of Bias as Utility Domain | Presence of Bias as [Methods Used to Correct for Effect
Year (E: Exposure; O: Outcome; NC: Negative |Effect Measure |negative Negative Reported by Study |of Negative Concluded from |of Bias (in point estimate, confidence
(Reference control; PC: Positive control) control Controls Control Use Study Based on interval, p-value) (NA: not applicable)
No.) Negative Control

Analysis

E: Use of generic drugs (as opposed to hospitalization rates

brand name drugs) for escitalopram,
sertraline))

O: Effectiveness outcome corresponding to

cach drug compound (fracture,

cardiovascular endpoint, cardiovascular

endpoint, fracture, psychiatric

hospitalization, insulin initiation,

cardiovascular endpoint, psychiatric

hospitalization)

NCE: Use of authorized generics (AG)

33 |Dillon, Cohort study Healthcare administrative E: Gaps in antthypertensive medication Relative risk Exposure |1 Confounding bias | Detection of bias |No NA

2019* data, Research data adherence (Healthy adherer
(Pharmacy dispensing data, bias)
survey for self-reported O: Injurious fall
outcomes)
NCE: Gaps in antithrombotic medication
adherence
34 |Dormuth, Cohort study Healthcare administrative E: Adherence to statin therapy HR Outcome |34 Confounding bias | Detection of bias | Yes NA
2009* data (Administrative claims

database - British Columbia |O: Events that were possibly expected to be

PharmaNet database) associated with statin exposure (4 + 1
composite) (refer to study text for entire list)
NCO: Accident events (7 +1 composite),
screening events (7 + 2 composite), other
events for which no possible association with
statin exposure was expected (16 +1
composite) (refer to study text for entire list)

35 |Douros, Cohort study EHR (UK Clinical Practice  |E: Adding or switching to sulfonylureas HR Outcome |1 Confounding bias | Detection of bias |No NA
2018a* Research Datalink linked to

Hospital Episode Statistics O: Increased risk of myocardial infarction,

(HES) repository). ischemic stroke, cardiovascular death, all-
cause mortality, and severe hypoglycemia
NCO: Risk of diabetic retinopathy

36 |Douros, Cohort study EHR (UK Clinical Practice  |E: Use of glucagon-like peptide 1 receptor |HR Exposure |1 NR Detection of bias |[No NA

2018b” Research Datalink linked to  |agonists
Hospital Episode Statistics
(HES) repository). O: Incident diabetic retinopathy
NCE: Current use of dipeptidyl peptidase-4
inhibitor (DPP-4)
37 |Duke, 2017"|Cohort study Healthcare administrative E: Levetiracetam use HR Outcome 100 Any residual bias  |Detection of Yes The study used Schuemie’s empirical

data, EHR (EMRs from
Columbia University Medical
Center/New York-
Presbyterian Hospital, IMS
Ambulatory EMR, IMS
French EMR, Stanford
Clinical Data Warehouse,
and University of Texas

O: Angioedema risk

NCO: 100 negative control outcomes not
related to the primary exposure (refer to
study text for entire list)

bias, Calibration
of p-value

pvalue calibration method.”

11




No |First Author, |Study Design Type of Data Hypothesized Causal Association Primary Study | Type of Number of |Type of Bias as Utility Domain | Presence of Bias as [Methods Used to Correct for Effect
Year (E: Exposure; O: Outcome; NC: Negative |Effect Measure |negative Negative Reported by Study |of Negative Concluded from |of Bias (in point estimate, confidence
(Reference control; PC: Positive control) control Controls Control Use Study Based on interval, p-value) (NA: not applicable)
No.) Negative Control

Analysis
Cerner Health Facts
Database. Claims datasets
from OptumlIn-sight’s
Clinformatics Datamart, IMS
Pharmetrics Plus, Truven
MarketScan Commercial
Claims and Encounters
(CCAE), Truven MarketScan
Multistate Medicaid
(MDCD), and Truven
MarketScan Medicare
Supplemental Beneficiaries
(MDCR))

38 | DuMouchel, | Pharmacovigilanc |Healthcare administrative PCE: Positive controls (refer to study text Measure of Exposure- 234 NR Evaluation of Yes NA

2013" e method data, EHR, Simulated for entire list) performance: Outcome methods
(Disproportionalit |datasets (MarketScan Lab Area under the |pair
y analysis) Supplemental, MarketScan | O: Acute liver failure, acute myocardial receiver
Medicare Supplemental infarction, acute renal failure, upper GI operating curve
Beneficiaries, MarketScan bleeding (AUCQ), Bias
Multi-State Medicaid, (Relative risk),
MarketScan Commercial NCE: Negative controls (refer to study text | Coverage
Claims and Encounters, for entire list) probability
General Flectric Centricit
database, OSIM datasets)
39 | Etminan Nested case- Healthcare administrative E: Use of macrolide antibiotics Rate ratio Exposure |1 Confounding bias  |Detection of bias | No NA
2017" control study data (Administrative claims | (erythromycin, azithromycin,

database - LifeLink (IMS, clarithromycin, and telithromyecin)

Danbury, CT) health claims

databases) O: Sensorineural hearing loss (SNHL)
NCE: Use of albuterol

40 | Farhat 2020"|Nested case- EHR (Cerner Health Facts® [E: Combined clopidogrel-proton pump OR Exposure |3 Confounding bias | Detection of bias |No NA
control study database) inhibitor (PPI) treatment (Confounding by
indication)

O: Primary outcome - recurrent MI;
Secondary outcome - stroke, all-cause
mortality, and the composite outcome
(stroke, M1, and all-cause mortality)
NCE: Combined use of PPI and prasugrel
or ticagrelor, combined use of H2 receptor
antagonists (H2RA) and clopidogrel

41 |Gagne Cohort study Healthcare administrative E: Generic/Brand name statin initiation HR, Absolute  |Outcome |1 Confounding bias, |Detection of bias |No NA
2014a" data (Administrative claims rate differences Information bias

database - Medicare) O: Adherence to statin therapy and a (differential
composite outcome comprising surveillance)
hospitalization for an acute coronary
syndrome or stroke and all-cause mortality
NCO: Cancer

12




No |First Author, |Study Design Type of Data Hypothesized Causal Association Primary Study | Type of Number of |Type of Bias as Utility Domain | Presence of Bias as [Methods Used to Correct for Effect
Year (E: Exposure; O: Outcome; NC: Negative |Effect Measure |negative Negative Reported by Study |of Negative Concluded from |of Bias (in point estimate, confidence
(Reference control; PC: Positive control) control Controls Control Use Study Based on interval, p-value) (NA: not applicable)
No.) Negative Control

Analysis

42 | Gagne, Cohort study Healthcare administrative Uncertain combinations: 2 Drug- HR, number of |Exposure- |2 NR Evaluation of No NA

2014b" data (Administrative claims | comparator-outcome combination with drug-outcome  |Outcome methods
database - Medicare) unknown association (refer to study text for |combinations pair
entire list) that generated
alerts based on a
PC: 5 drug-comparator-outcome maximized
combinations with known associations (refer |sequential
to study text for entire list) probability ratio
test (max SPRT)
NC: 2 drug-comparator-outcome
combinations without suspected associations
(refer to study text for entire list)
43 [Gandhi, Cohort study Healthcare administrative E: Initiation of a second-generation Relative risk Outcome |1 NR Detection of bias |No NA
2017% data, Healthcare utilization antidepressant drug
data, Vital records (9 linked
databases: Ontario Registered | O: Hospitalization with hyponatremia,
Persons Database, Ontario  [hospitalization with both hyponatremia and
Drug Benefit Program, delirlum
Canadian Institute for Health
Information (CIHI) NCO: Hospitalization with bowel
Discharge Abstract Database, [obstruction
CIHI National Ambulatory
Care Reporting
database, Ontario Mental
Health Reporting System
database, Ontario Health
Insurance Plan database,
ICES Physician Database,
Cerner (a medical laboratory
service provider), Gamma-
Dynacare Medical
Laboratories)

44 |Gerhard, Cohort study Healthcare administrative E: Lithium treatment in adults with bipolar |[HR Exposure |1 Confounding bias | Detection of bias |No NA
2015" data (Administrative claims | disorder (Healthy adherer

database - Medicare) bias)
O: Risk for dementia
NCE: Anticonvulsants commonly used as
mood stabilizers

45 | Gidaya, Case-control study | Vital records, Healthcare E: In utero exposure to selective serotonin - |OR Exposure |1 Confounding bias  |Detection of bias | Yes NA

20147 administrative data (Danish  |reuptake inhibitors (SSRI)
Civil Registration System
(DCRS), Danish National O: Risk for autism spectrum disorder
Hospital Register (DNHR),
Danish Psychiatric Central NCE: Pre-conception SSRI use
Register (DPCR), Danish
Drug Prescription Register
(DDPR))

46 | Gokhale, Cohort study Healthcare administrative E: Initiators of angiotensin converting HR Outcome |1 Confounding bias | Detection of bias |No NA

2016* data (Administrative claims  |enzyme inhibitors and angiotensin receptor

database - Medicare)

blockers

O: Diagnostic evaluations for cough
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No |First Author, |Study Design Type of Data Hypothesized Causal Association Primary Study | Type of Number of |Type of Bias as Utility Domain | Presence of Bias as [Methods Used to Correct for Effect
Year (E: Exposure; O: Outcome; NC: Negative |Effect Measure |negative Negative Reported by Study |of Negative Concluded from |of Bias (in point estimate, confidence
(Reference control; PC: Positive control) control Controls Control Use Study Based on interval, p-value) (NA: not applicable)
No.) Negative Control

Analysis
NCO: Lung cancer

47 | Gottlieb, Cohort study EHR (Explorys database E: Utlization of a second-line drug Absolute Outcome |2 Confounding bias  |Detection of bias | Yes (pretreatment |[NA

2017" (IBM)) belonging to any of four cl difference HbAlc), No
sulfonylureas, thiazolidinediones, dipeptidyl (patient height)
peptidase 4 (DPP-4) inhibitors and
glucagon-like peptide-1 agonists
O: HbAlc¢ and BMI
NCO: Patient height and pretreatment
HbALC

48 |Greene, Cohort study EHR (Vaccine Safety E: Use of oseltamivir OR, Risk Outcome |3 NR Detection of Yes To reduce bias, history of NCOs was
2013" Datalink (VSD)) difference bias, Correction included in the propensity score

O: Adverse events for bias matching model.
NCO: Cellulitis, anemia, injury/trauma in
prior year

49 |Gruber, Cohort study Research data (Clinical trials - | E: Vaccine dose timing Risk difference |Exposure |1 Confounding bias; |Detection of Yes To correct for bias in the estimated

2018 RV1 (Clinical Trial Number: Administrative bias, Correction risk difference, the effect estimate for

NCT00241644) O: Severe rotavirus gastroenteritis incidence censoring for bias the placebo arm was subtracted from
the effect estimate for the vaccination

and RV5 (Clinical Trial NCE: Placebo arm arm (for the ratio outcomes, these

Number: NCT00362648)) estimates were divided). A
nonparametric bootstrap with 2000
sample draws with replacement was
used to obtain the point estimates and
empirical 95% Cls.

50 |Hamad, Cohort study Vital records, Healthcare E: Prenatal use of antibiotics HR Exposure |2 Confounding bias | Detection of bias | Yes NA
2020* administrative data, Research

data (Manitoba Population O: Attention deficit/hyperactivity disorder in

Research Data Repository offspring

(survey data, utilization, other

data linked)) NCE: Maternal use of antibiotics in the year
before conception and the year after birth

51 |Han, 2017% |Self-controlled Healthcare administrative E: Concomitant use of a precipitant of Rate ratio Exposure |1 Confounding bias  |Detection of Yes The ratio of the semi-Bayes-adjusted

case series data (Administrative claims interest (vs. not receiving a precipitant) with (Confounding by  |bias, Correction rate ratio associated with the exposure
database - Clinformatics Data |secretagogues inherent for bias to the semi-Bayes-adjusted rate ratio
Mart Database) hypoglycemic associated with the corresponding
O: Hypoglycemia effects of the NCE was estimated. The delta
precipitants) method was used for 95% CI
NCE: Concomitant use of a precipitant of calibration.”
interest with metformin

52 |Harpaz, Self-controlled Healthcare administrative E: Personal zoster awareness Relative Outcome 1 NR Detection of bias |[No NA

20177 case series data (Administrative claims incidence

database - Truven
MarketScan)

O: Zoster vaccine uptake

NCO: Pneumococcal vaccination
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No |First Author, |Study Design Type of Data Hypothesized Causal Association Primary Study | Type of Number of |Type of Bias as Utility Domain | Presence of Bias as [Methods Used to Correct for Effect
Year (E: Exposure; O: Outcome; NC: Negative |Effect Measure |negative Negative Reported by Study |of Negative Concluded from |of Bias (in point estimate, confidence
(Reference control; PC: Positive control) control Controls Control Use Study Based on interval, p-value) (NA: not applicable)
No.) Negative Control

Analysis

53 |Harrison, Cohort study EHR (TriNetX) E: Use of calcium channel blockers (vs. OR Outcome |12 Confounding bias  |Detection of bias [ Yes NA
2020™ diuretics, renin-angiotensin system agents

and beta-blockers)

O: Delirium

NCO: Benign colonic polyp, Ganglion,
Hallux valgus, Hernia, Ingrowing nail,
Sebaceous cyst, Senile keratosis, Trigger
finger, Otalgia, Onycholysis, Viral warts,
Cutaneous abscess

54 |Hauben, Pharmacovigilanc |Passive surveillance data PCE: Positive control drugs (refer to study Exposure- |67 NR Evaluation of Yes NA

20177 e method (Data from US FDA Adverse [text for entire list) Outcome methods
(Disproportionalit | Event Reporting System positive pair
y analysis) (FAERS)) O: Adverse events in the reporting system | predictive value,
(refer to study text for entire list) negative
predictive value,
NCE: Negative control drugs (refer to study |Matthews
text for entire list) correlation
coeflicient,
signal-to-noise
ratio

55 |Hripesak, Cohort study Healthcare administrative E: Use of chlorthalidone (vs. HR Outcome |76 Any residual bias  |Detection of Yes The study used Schuemie’s empirical

2020 data, EHR (MarketScan Hydrochlorothiazide) bias, Calibration CI calibration method.”
Commercial Claims and of point estimate
Encounters database O: Acute myocardial infarction, and CI
(CCAE), Clinformatics Data |hospitalization for heart failure, ischemic or
Mart Database (ie, Optum), [hemorrhagic stroke, and a composite
Optum deidentified cardiovascular disease outcome including
Electronic Health Record the first 3 outcomes and sudden cardiac
Dataset (ie, PanTEHR)) death, Fifty-one safety outcomes (refer to

study text for entire list)
NCO: 76 negative control outcomes (refer
to study text for entire list)

56 |Huang, Cohort study Healthcare administrative E: Use of phosphodiesterase-5 Inhibitors HR Outcome |1 Confounding bias  |Detection of bias | No NA

2019" data (Swedish Hospital
Discharge Register) O: Colorectal Cancer
NCO: Accidents
57 |Imfeld, Case-control study [EHR (UK Clinical Practice  |E: Proton Pump Inhibitor Use OR Exposure |1 NR Detection of bias [No NA
2018" Research Datalink)
O: Risk of Developing Alzheimer’s Disease
or Vascular Dementia
NCE: Histamine-2 receptor antagonists
(H2Ras)
58 |Ing, 2020”  |Cohort study Healthcare administrative E: Exposure to surgery and anesthesia in HR Outcome |3 Any residual bias; |Detection of bias | Yes NA

data (Administrative claims

database - Texas and New

York Medicaid)

early childhood

O: Subsequent use of attention deficit
hyperactivity disorder medication

Confounding bias
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No |First Author, |Study Design Type of Data Hypothesized Causal Association Primary Study | Type of Number of |Type of Bias as Utility Domain | Presence of Bias as [Methods Used to Correct for Effect
Year (E: Exposure; O: Outcome; NC: Negative |Effect Measure |negative Negative Reported by Study |of Negative Concluded from |of Bias (in point estimate, confidence
(Reference control; PC: Positive control) control Controls Control Use Study Based on interval, p-value) (NA: not applicable)
No.) Negative Control

Analysis
NCO: Use of non-psychotropic medications
(amoxicillin, azithromycin,
diphenhydramine)
59 |Ivers, 2015" | Case-control study |Research data (Prospective | E: Receipt of oral inactivated bivalent whole- | Relative risk Outcome 1 Bias in general Detection of bias [No NA
cohort study data) cell vaccine
O: Acute watery diarrhea with a stool
sample positive for cholera
NCO: Acute watery diarrhea with a stool
sample that tested negative for cholera

60 |Izurieta, Cohort study Healthcare administrative E: Herpes zoster vaccine Vaccine Outcome | 1¢ Confounding bias | Detection of bias |No NA

2017 data, public health survey effectiveness (health-seeking
data (Administrative claims | O: Incident herpes zoster cases (VE) behavior),
database - Medicare, Selection bias,
Medicare Current NCO: Hip fracture, Thrombosis, VE (%)= (1 — Information bias
Beneficiary Survey) Cholelithiasis and cholecystitis, Renal stone, |HR) x (Ascertainment

Wrist fracture, Gout, Epistaxis, Wound of bias)
hand or finger, Ingrown nail, Hemorrhoids, [100
Cataract, Lipomas, Eyelid disorder

61 |Izurieta, Cohort study Healthcare administrative E: Statin Use Relative risk Exposure |2 Any residual bias; |Detection of bias |No (HCTZ), Yes |NA
2018% data (Administrative claims Confounding bias (PPI)

database - Medicare) O: Risk of influenza-related outcomes
(influenza-related office visits & influenza-
related hospital visits)
NCE: Use of hydrochlorothiazide
medications (HCTZs) not combined with
another drug in a single pill and use of
proton pump inhibitors (PPIs)

62 |Izurieta, Cohort study Healthcare administrative E: Herpes zoster vaccine Vaccine Outcome | 1¢ Confounding bias | Detection of No NA

2019” data, public health survey effectiveness (health-seeking bias, Evaluation
data (Administrative claims O: Incident herpes zoster cases (VE) behavior), of methods
database - Medicare, Selection bias,

Medicare Current NCO: Hip fracture, Thrombosis, VE (%)= (1 — Information bias
Beneficiary Survey) Cholelithiasis and cholecystitis, Renal stone, |HR) x (Ascertainment
Wrist fracture, Gout, Epistaxis, Wound of bias)
hand or finger, Ingrown nail, Hemorrhoids, [100
Cataract, Lipomas, Eyelid disorder

63 |Jackson, Cohort study Healthcare administrative E: Influenza vaccination Relative risk Outcome |6 (1 for each [Confounding bias |Detection of bias | Yes NA

2006”7 data (Integrated Health primary (Confounding by
System data - Group Health | O: All-cause mortality, Pneumonia or outcome) health status)

Cooperative data)

influenza hospitalization, ischemic heart
disease hospitalization, Congestive heart
failure hospitalization, Cerebrovascular
disease hospitalization, Injury or trauma
hospitalization during and post influenza
season

NCO: Outcomes in pre-influenzz
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No |First Author, |Study Design Type of Data Hypothesized Causal Association Primary Study | Type of Number of |Type of Bias as Utility Domain | Presence of Bias as [Methods Used to Correct for Effect
Year (E: Exposure; O: Outcome; NC: Negative |Effect Measure |negative Negative Reported by Study |of Negative Concluded from |of Bias (in point estimate, confidence
(Reference control; PC: Positive control) control Controls Control Use Study Based on interval, p-value) (NA: not applicable)
No.) Negative Control

Analysis

64 |Jensen, Cohort study Vital records, Healthcare E: Childhood vaccination HR Outcome |1 Confounding bias  |Detection of bias [ Yes NA

2019* administrative data (National
Patient Register, Register of ~|O: Mortality, hospitalization for infection
Medicinal Product Statistics, |and asthma
Medical Birth Registry,
Danish National Health NCO: Hospitalizations due to accidents
Service Register (NHSR))

65 |Johanson, Ecological study |Healthcare utilization data, E: Buprenorphine/naloxone Proportion Exposure |1 Measurement error | Detection of Yes To correct for the point estimate, the

2012" public health surveillance bias, Correction following formula was used:
data, research data (primary | O: Diversion (The percentage of applicants for bias
data) (Applicant surveys, who reported knowing that Relative abuse of
Physician survey, National buprenorphine/naloxone was sold on the buprenorphine/naloxone = (abuse of
Poison Control Data System, |street) and abuse (the percentage who buprenorphine or naloxone - abuse
Publicly available surveillance |reported knowing that it was used to get of NCE) / (abuse of PCE - abuse of
data information related to | high) NCE)).
diversion and abuse (National
Forensic Laboratory NCE: Amitriptyline
Information System, Drug
Abuse Warning
Network(DAWN)),
Insurance claims data (IMS
Health))
66 |Kaiser, Cohort study Research data (Cohort study - | E: Statin use (either prevalent use or new HR Outcome |1 Confounding bias  |Detection of Yes A (Method evaluation)
2018" Cardiovascular Health Study |use depending on the design) (Healthy user bias; |bias, Evaluation
(CHS)) Early adopter bias) |of methods
O: Incident Myocardial Infarction (MI)
NCO: Non-Cardiovascular disease (CVD)
mortality
67 |Kim, 2020 " |Cohort study EHR, Healthcare E: Use of alendronate (vs. Raloxifene) HR Outcome 147 Confounding bias, |Detection of Yes The study used Schuemie’s empirical
administrative data (EHR: any residual bias bias, p-value p-value calibration method to
University of Texas Cerner | O: Hip fracture, vertebral fracture, calibration construct the empirical null
Health Facts Database, esophageal cancer, osteonecrosis of the jaw distribution and compare it to the
Columbia University Medical theoretical null distribution to check
Center/NewYork- NCO: NCOs identified by data-rich the presence of bias.”
Presbyterian Hospital, algorithms (refer to study text for entire list)
Stanford University Hospital;
Administrative claims:
OptumlInsight’s Clinformatics
Datamart, Truven
MarketScan Commercial
Claims and Encounters,
Truven MarketScan Multi-
State Medicaid, Truven
MarketScan Medicare
Supplemental Beneficiaries,
IQVIA PharMetrics Plus,
Korean National Health
Insurance Service - National
Sample Cohort)
68 Cohort study Research data (Longitudinal |E: Exposure to diethylstilbestrol in utero for |OR Exposure |2 Confounding bias | Detection of bias |No NA

oglou, 2018™

cohort data (Nurses’ Health
Study IT (NHSII) - data from

mothers (when mother's mother (1st

(Confounding by
indication)
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No |First Author, |Study Design Type of Data Hypothesized Causal Association Primary Study | Type of Number of |Type of Bias as Utility Domain | Presence of Bias as [Methods Used to Correct for Effect
Year (E: Exposure; O: Outcome; NC: Negative |Effect Measure |negative Negative Reported by Study |of Negative Concluded from |of Bias (in point estimate, confidence
(Reference control; PC: Positive control) control Controls Control Use Study Based on interval, p-value) (NA: not applicable)
No.) Negative Control

Analysis

survey using questionnaires, |generation) was pregnant) in the first
biospecimens)) trimester

O: Attention-deficit/hyperactivity disorder

(ADHD) in the child (the 3rd generation)

NCE: Exposure to diethylstilbestrol in utero

for mothers in the 2nd and 3rd trimester

69 |Kipp, 2019 |Cohort study Research data (TREAT-AF  |E: Use of class IC Antiarrhythmic Drugs HR Outcome |3 Confounding bias  |Detection of bias | No NA

(The Retrospective (AAD) (vs. Use of class III AAD)
Evaluation and Assessment of
Therapies in AF) cohort) O: Hospitalization for atrial fibrillation

(AF)/atrial flutter (AFL), heart failure,

ischemic stroke

NCO: Urinary tract infection, pneumonia,

and hip fracture

70 |Kjerpeseth, |Cohort study Vital records, Healthcare E: Direct oral anti-coagulants (DOACs, HR Outcome |1 Confounding bias  |Detection of bias |No NA

2019™ administrative data Dabigatran, Rivaroxaban, Apixaban) (vs.

(Pharmacy dispensing data,  |[warfarin)

Public healthcare database

(country level), Norwegian O: Primary effectiveness outcome -

Prescription Database, composite of hospitalizations with Ischemic

Norwegian Patient Registry, stroke, transient ischemic attack (TTA),

Norwegian Cause of Death systemic embolism or death from ischemic

Registry and National stroke or systemic embolism; Secondary

Registry) effectiveness outcomes - hospitalization or
death from ischemic stroke or systemic
embolism; Primary safety outcome - major
or clinically relevant non-major bleeding
(composite of intracranial bleeding,
gastrointestinal bleeding and other
bleeding); Secondary safety outcomes -
intracranial bleeding, gastrointestinal
bleeding and other bleeding
NCO: Hospitalization or death from
pneumonia

71 |Kiirtim, Ecological study  [Healthcare administrative E: Pneumococcal conjugate vaccines (PCVs) [Percentage Outcome |2 NR Detection of bias | Yes (UTI- US) NA
20177 (Time-series data change

analysis)

(US: Healthcare Cost and
Utilization Project (HCUP)
State Inpatient Databases
(SID) / Brazil: Brazil Unified
Health System (Sistema
Unico de Saude; SUS) /
Chile: Chilean Ministry of
Health, Department of
Statistics and Health
(Departamento de

Estadisticas e informacion de

Salud; DEIS))

O: Invasive pneumococcal disease and
I)llﬁlllll()lli;l

NCO: UTI and rotaviral enteritis
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No |First Author, |Study Design Type of Data Hypothesized Causal Association Primary Study | Type of Number of |Type of Bias as Utility Domain | Presence of Bias as [Methods Used to Correct for Effect
Year (E: Exposure; O: Outcome; NC: Negative |Effect Measure |negative Negative Reported by Study |of Negative Concluded from |of Bias (in point estimate, confidence
(Reference control; PC: Positive control) control Controls Control Use Study Based on interval, p-value) (NA: not applicable)
No.) Negative Control

Analysis
72 |Lane, 2020” [Cohort study EHR, Healthcare E: Initiation of hydroxychloroquine (vs. HR Outcome |67 Systematic error;  |Detection of Yes The study used Schuemie’s empirical
administrative data initiation of sulfasalazine) Confounding bias |bias, Calibration CI calibration method.””
of point estimate
O: 16 severe adverse events (gastrointestinal and CI
bleeding, acute renal failure, acute
pancreatitis, myocardial infarction, stroke,
transient ischaemic attack, cardiovascular
events (composite), angina or chest pain,
heart failure, cardiac arrhythmia,
bradycardia, venous thromboembolism,
end-stage renal disease, and hepatic failure,
all-cause mortality, cardiovascular mortality)
NCO: 67 conditions identified by a semi-
autonomous method (refer to study text for
entire list)
73 |Lavikainen, |Cohort study Vital records, Healthcare E: High adherence to statin therapy (vs. low |HR Outcome |1 Confounding bias | Detection of bias | Yes NA
2016”7 administrative data (The adherence)
Finnish Prescription Register,
The Special Reimbursement |O: Composite of an acute cardiovascular
Register, The Finnish Care  |event defined as a hospitalization for an
Register, Statistics Finland) acute coronary syndrome (ACS) or an acute
ischemic stroke
NCO: Low-energy fracture
74 |Lazarus, Cohort study ARIC cohort: Research data  |E: Use of proton pump inhibitors (PPI) HR Exposure |1 Residual bias Detection of bias [No NA
2016™ (Longitudinal cohort data and
registry- Atherosclerosis Risk |O: Chronic kidney disease (CKD)
in Communities - which
collects data from clinical NCE: Use of H2 receptor antagonist
examinations, telephone
surveys, local hospital
discharge data, Vital records
and other publicly available
data)
Replication cohort:
Healthcare administrative
data and EHR linked with
disease registry (Geisinger
Health System data; United
States Renal Data System
registry)

75 |Leonard, Self-controlled Healthcare administrative E: Discontinuation of the IRR Exposure |1 Confounding bias | Detection of Yes To correct for the point estimate and

2017" case series data (Administrative claims  |antihyperlipidemic drug (one of atorvastatin, (Confounding by  |bias, Correction 95% CI, ratio of IRR for the exposure

database - United States

Medicaid programs of
California, Florida, New
York, Ohio, and

Pennsylvania)

cerivastatin, fenofibrate, fluvastatin,
gemlfibrozil, lovastatin, pitavastatin,
rosuvastatin, and simvastatin) initially
defining concomitancy in the presence of
warfarin

O: Composite of hospitalization for venous
thromboembolism or ischemic stroke

inherent effects on
the outcome of the
precipitants)

for bias

vs. IRR for the NCE was calculated.
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No |First Author, |Study Design Type of Data Hypothesized Causal Association Primary Study | Type of Number of |Type of Bias as Utility Domain | Presence of Bias as [Methods Used to Correct for Effect
Year (E: Exposure; O: Outcome; NC: Negative |Effect Measure |negative Negative Reported by Study |of Negative Concluded from |of Bias (in point estimate, confidence
(Reference control; PC: Positive control) control Controls Control Use Study Based on interval, p-value) (NA: not applicable)
No.) Negative Control

Analysis
NCE: Discontinuation of pravastatin in the
presence of warfarin
76 |Leonard, Self-controlled Healthcare administrative E: Concomitantly use of clopidogrel and a  |Rate ratio Exposure |1 Confounding bias  |Detection of Yes The ratio of the semi-Bayes-adjusted
2019* case series data (Optum Clinformatics | precipitant drug of interest (Confounding by  [bias, Correction rate ratio associated with the exposure
Data Mart) mherent effects on |for bias to the semi-Bayes-adjusted rate ratio
O: Gastrointestinal bleeding or intracranial the outcome of the associated with the corresponding
hemorrhage precipitants) NCE was estimated. The delta
method was used for 95% CI
NCE: Concomitantly use of pravastatin and calibration.”
a precipitant drug of interest

77 |Leung, Cohort study Healthcare administrative E: Introduction of the varicella vaccination  |Incidence Outcome |10 Confounding bias | Detection of bias |No NA

2011" data (Administrative claims  |program in 1995 (Secular changes in
database -MarketScan health care access,
databases) O: Herpes Zoster incidence health seeking

behavior, the
NCO: Cerumen, acute pharyngitis, composition of the
kidney/ureter calculus, urinary tract enrolled
infection not otherwise specified, cellulitis of population, or the
the leg, iIngrowing nail, lipoma, wrist/hand databases
sprain, blepharitis, and unilateral inguinal themselves)
hernia

78 |Levine, Case-control study [ Healthcare administrative E: Prenatal use of folic acid (vitamin B9), Relative risk Exposure |1 Confounding bias | Detection of bias | Yes NA

2018 data (Family Relations multivitamin supplements, or any

Register, Diagnostic combinations of folic acid and multivitamin

Classification Register, supplement

Prescription Register from

Meuhedet health care O: Autism spectrum disorder (ASD) in

organization) offspring
NCE: Pre-pregnancy (2 years before
pregnancy) use of folic acid (vitamin B9),
multivitamin supplements (Anatomical
Therapeutic Chemical A11 codes vitamins
A, B, C, and D), or any combinations of
folic acid and multivitamin supplement

79 |Liew, 2019* [Cohort study Research data (Longitudinal |E: Acetaminophen Exposure during OR Exposure |2 Confounding bias | Detection of bias |No NA

cohort data - Nurses’ Health |pregnancy (Confounding by
Study IT (NHSII) - data from time-invariant
questionnaires, O: Attention-Deficit/Hyperactivity Disorder factors)
biospecimens) in children
NCE: Maternal acetaminophen use before
and after pregnancy
80 |Lin, 2018 " |Cohort study Healthcare administrative E: Post-stroke statin use (vs. pre-stroke use) |HR Exposure |1 exposure |NR Detection of bias |No NA
data (Longitudinal Health and and 1
Insurance Database, subsets | O: Poststroke epilepsy (PSE) Outcome  [outcome

of NHIRD (National Health
Insurance Research
Database))

NCE: Use of oral proton pump inhibitors
(PPIs)

NCO: Acute gastroenteritis
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No |First Author, |Study Design Type of Data Hypothesized Causal Association Primary Study | Type of Number of |Type of Bias as Utility Domain | Presence of Bias as [Methods Used to Correct for Effect
Year (E: Exposure; O: Outcome; NC: Negative |Effect Measure |negative Negative Reported by Study |of Negative Concluded from |of Bias (in point estimate, confidence
(Reference control; PC: Positive control) control Controls Control Use Study Based on interval, p-value) (NA: not applicable)
No.) Negative Control

Analysis
81 |Lip, 2017 * |Cohort study Healthcare administrative E: Nonvitamin K Antagonist Oral HR Outcome (4 Confounding bias  |Detection of bias | Yes NA

data, Vital records data Anticoagulants (NCOACs, apixaban,
(Danish National Patient dabigatran, rivaroxaban) (vs. warfarin)
Registry, Danish National
Prescription Registry, Danish |O: Ischemic stroke/systemic embolism,
Civil Registration System) death, and bleeding

NCO: Pneumonia, hip fractures, cancer,

urinary tract infection

82 |Liu, 2020 |Self-controlled Healthcare administrative E: Varicella vaccine IRR Outcome |1 NR Detection of bias [No NA

risk interval study |data (Taiwan National
Immunization Information ~ [O: Pneumonia, I'TP, meningitis,
System (NTIS) linked with encephalitis, and ischemia stroke
Taiwan National Health
Insurance (NHI) system data) NCO: Fracture

83 |Madigan, Multiple designs  |EHR, Healthcare PCE: Positive control drugs (in relation to | Relative risk Exposure- |44 Any residual bias  |Detection of bias | Yes NA

2013a” (New user cohort, [administrative data (General |outcomes) (refer to study text for entire list) Outcome

Self-controlled Flectric Healthcare, Truven pair
case series) Health Analytics, Inc., O: Angioedema, Aplastic anemia, Bleeding,

Humana, Inc., Partners Hip fracture, Hospitalization, Liver failure

HealthCare, Regenstrief (acute), Mortality after myocardial

Institute, Indiana Network infarction, Myocardial infarction (acute),

for Patient Care, Regenstrief |Renal failure (acute), Upper gastrointestinal

Institute, Indiana Network ulcer (requiring hospitalization)

for Patient Care, SDI Health,

LLC, Department of NCE: Negative control drugs in relation to

Veterans Affairs) outcomes) (refer to study text for entire list)

84 |Madigan, Case-control study [Healthcare administrative PCE: Positive controls (refer to study text Measure of Exposure- 234 NA Evaluation of Yes NA
2013b ™ data, EHR, Simulated for entire list) performance: Outcome methods

datasets (MarketScan Lab Area under the | pair
Supplemental, MarketScan | O: Acute liver injury, acute myocardial receiver
Medicare Supplemental infarction, acute renal failure, upper operating curve
Beneficiaries, MarketScan gastrointestinal bleeding (AUCQ), Bias
Mult-State Medicaid, (Odds ratio),
MarketScan Commercial NCE: Negative controls (refer to study text | Coverage
Claims and Encounters, for entire list) probability
General Electric Centricit
database, OSIM datasets)
85 [Man, 2020™ |Self-controlled EHR (Clinical Data Analysis [E: Use of methylphenidate IRR Outcome |1 Confounding bias | Detection of bias | No NA
case series and Reporting System
(CDARS)) O: Incident seizure
NCO: Skin infection

86 |Marbac, Multiple designs | Passive surveillance data PCE: Positive control drugs (in relation to  |Measure of Exposure- (234 Residual bias Evaluation of NR NA
2016” (Disproportionalit | (French pharmacovigilance  |outcomes) (refer to study text for entire list) |performance: Outcome methods

y-based methods, |data) Number of pair

Lasso-based

regressions,
Model-based

O: Acute myocardial infarction (AMI),
Acute kidney imjury (AKI), Acute liver
mjury (ALI), Upper gastro-intestinal
bleeding (GIB)

signals (NS),

Rate of positive
controls (RPC),
Rate of negative
controls (RNC),
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No |First Author, |Study Design Type of Data Hypothesized Causal Association Primary Study | Type of Number of |Type of Bias as Utility Domain | Presence of Bias as [Methods Used to Correct for Effect
Year (E: Exposure; O: Outcome; NC: Negative |Effect Measure |negative Negative Reported by Study |of Negative Concluded from |of Bias (in point estimate, confidence
(Reference control; PC: Positive control) control Controls Control Use Study Based on interval, p-value) (NA: not applicable)
No.) Negative Control

Analysis
logistic NCE: Negative control drugs in relation to | Rate of
regressions) outcomes) (refer to study text for entire list) [unknown signals
(RUS)

87 |Markovic, |Cohort study Research data (Longitudinal  [E: Maternal exposure to NSAIDS during Mean difference |Exposure |1 Exposure |Confounding bias |Detection of bias |No NA

2019 cohort data - Generation R | pregnancy and and 1
study (data from physical Outcome  [Outcome
examinations, questionnaires, |O: Neurodevelopmental outcomes
biospecimens)) (attention problem score) in children

NCE: Maternal NSAIDs use before
pregnancy
NCO: Somatic complaints in children

88 |Matthews, |Cohort study EHR (UK Clinical Practice  [E: Phosphodiesterase Type 5 Inhibitors HR Outcome |3 Confounding bias | Detection of bias | Yes (Basal cell NA

2016™ Research Datalink) carcinoma and
O: Malignant Melanoma solar keratosis)
NCO: Basal cell carcinoma, colorectal
cancer, and solar keratosis

89 |McGrath, Cohort study Disease registry linked with | E: Influenza vaccine HR Outcome |1 Confounding bias  |Detection of Yes (under certain  [NA
2015" Healthcare administrative (Healthy user bias) |bias, Evaluation |restrictions)

data (United States end-stage |O: All-cause mortality of methods
renal disease program)

NCO: Outcome measured in pre-influenza

vaccine period

90 |McGrath Cohort study Healthcare administrative E: Initiation of an oral bisphosphonate (BP) [Risk difference |Outcome |11 Confounding bias | Detection of bias | Yes (certain NA
2020™ data (Administrative claims (risedronate, alendronate, or ibandronate), comparisons)

data - MarketScan denosumab (an injected biologic), or
Commercial and intravenous zoledronic acid (ZA)
Supplemental claims)
O/NCO: decubitus ulcer, dementia
diagnosis, transfusion, accident, wellness
visit, Mohs surgery, visual test, influenza
vaccine, herpes zoster vaccine, pelvic
screening, and colon cancer screening

91 |Moon, Cohort study Healthcare administrative E: Opioid prescription HR Exposure |2 Confounding bias | Detection of bias |No NA
2020” data (Administrative claims (Healthy user bias

database - IQVIA O: Hepatic encephalopathy or confounding by
Pharmetrics (Durham, NC) selective
database) NCE: Use of statins and levothyroxine prescribing)

92 |Morales, Nested-case EHR (Health Improvement  [E: Use of fluoroquinolone Incidence rate  |Exposure |1 Confounding bias | Detection of bias |No NA

2019a" control study Network database, a large ratio (Confounding by

primary care population
database)

O: Peripheral neuropathy

NCE: Use of oral amoxicillin-clavulanate
exposure

indication or by
severity)
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No |First Author, |Study Design Type of Data Hypothesized Causal Association Primary Study | Type of Number of |Type of Bias as Utility Domain | Presence of Bias as [Methods Used to Correct for Effect
Year (E: Exposure; O: Outcome; NC: Negative |Effect Measure |negative Negative Reported by Study |of Negative Concluded from |of Bias (in point estimate, confidence
(Reference control; PC: Positive control) control Controls Control Use Study Based on interval, p-value) (NA: not applicable)
No.) Negative Control

Analysis

93 |Morales, Nested-case EHR (Health Improvement |E: Use of fluoroquinolone Incidence rate  |Exposure |1 Confounding bias | Detection of bias |No NA
2019b” control study Network database, a large ratio (Confounding by

primary care population O: Tendon rupture indication or by
database) severity)

NCE: Use of oral amoxicillin-clavulanate

exposure

94 [Morales, Nested-case EHR (Health Improvement |E: Ever use of HCTZ Incidence rate  |Outcome |1 Confounding bias  |Detection of bias | No NA

2020™ control study Network database) (Hydrochlorothiazide) ratio
O: Squamous cell carcinoma (SCC), basal
cell carcinoma (BCC), melanoma, lip cancer
NCO: Oral cavity cancer

95 |Morales, Cohort study EHR, Healthcare E: Angiotensin-converting enzyme inhibitors |HR Outcome  |123 Confounding bias | Detection of Yes The study used Schuemie’s empirical

2021” administrative data (ACEIs) and angiotensin receptor blockers bias, Calibration CI and p-value calibration method.” ”
(Columbia University Irving [ (ARBs) (vs. calcium channel blockers of p-value and
Medical Center (New York, [(CCBs) and thiazide or thiazide-like CI
NY, USA) data warechouse diuretics (THZs))

(CUIMC), Information
Systems for Research in O: COVID-19 diagnosis; hospital admission
Primary Care (SIDIAP) with COVID-19; hospital admission with
database, and US pneumonia; and hospital admission with
Department of Veterans pneumonia, acute respiratory distress
Affairs OMOP (VA-OMOP) |syndrome, acute kidney injury, or sepsis
database)
NCO: Up to 123 possible controls (refer to
study text for entire list)
96 |Moran, Cohort study Healthcare administrative E: Use of methylphenidate and HR Outcome |5 Confounding bias | Detection of bias |No NA
2019 data (Administrative claims amphetamine

databases - Optum

Clinformatics and IBM O: Psychosis

MarketScan)
NCO: Emergency department visits or
inpatient hospitalizations for alcohol use
disorder, all other substance use disorders
combined, cannabis use disorders, opioid
use disorders, and major depressive
disorder without psychotic features at 100
days of follow-up

97 [Moulis, Disproportionality | Passive surveillance data PCE: Isoniazid Reporting odds | Exposure |1 Information bias  |Detection of bias [NR-but results NA
2014 design (Spontaneous reporting ratio (Event-related, drug seem to indicate,

database: French
pharmacovigilance database

(FPVD))

E: Monoclonal antibodies and soluble
receptor

O: Tumor necrosis factor inhibitor-induced
lupus or lupus-like syndrome

NCE: Acetaminophen

related competition
biases)

Yes
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No |First Author, |Study Design Type of Data Hypothesized Causal Association Primary Study | Type of Number of |Type of Bias as Utility Domain | Presence of Bias as [Methods Used to Correct for Effect
Year (E: Exposure; O: Outcome; NC: Negative |Effect Measure |negative Negative Reported by Study |of Negative Concluded from |of Bias (in point estimate, confidence
(Reference control; PC: Positive control) control Controls Control Use Study Based on interval, p-value) (NA: not applicable)
No.) Negative Control

Analysis

98 |Muanda, Cohort study Healthcare administrative E: Prescription for oral baclofen greater Risk ratio, risk ~ |Exposure |1 Exposure |NR Detection of bias |No NA
2019" data (province-wide) than or equal to 20mg per day (vs. less than |difference and and 1

20mg per day) Outcome  |Outcome
O: Hospitalization with encephalopathy

NCE: The index date defined to be 90 days

before the baclofen start date

NCO: Hospitalization with heart failure

99 | Nishtala, Prescription Healthcare administrative PCE-O pair: Use of positive control Sequence ratio  |Exposure- |6 NA Evaluation of Yes NA
2017 sequence data (Pharmacy dispensing outcome drugs in response to adverse (SR) Outcome methods

symmetry analysis [data - NZ pharmaceutical events from an exposure drugs (6 E-PCO pair
collections) pairs) (refer to study text for entire list)
NCE-O: Use of negative control outcome
drugs in response to adverse events from an
exposure drugs (6 E-NCO pairs) (refer to
study text for entire list)
100 |Norén, Self-controlled Healthcare administrative PCE: Positive controls (refer to study text Measure of Exposure- 234 Residual bias Evaluation of Yes NA
2013 cohort study data, EHR (MarketScan Lab |for entire list) performance: Outcome methods
Supplemental, MarketScan Area under the |pair
Medicare Supplemental O: Acute liver injury, acute myocardial receiver
Beneficiaries, MarketScan infarction, acute renal failure, upper operating curve
Multi-State Medicaid, gastrointestinal bleeding (AUCQ), bias
MarketScan Commercial (relative rate)
Claims and Encounters, NCE: Negative controls (refer to study text |and coverage
General Electric Centricit for entire list) probability
database)

101 |O'Grady, Case-control study [Healthcare administrative E: Use of statins Relative risk Exposure- |1 NR Detection of bias | Yes NA
2020"° data and EHR (a outcome

prospectively maintained O: Diverticulitis pair
database containing all adult

patients aged 20 vears or over |NCE: Use of selective serotonin reuptake

assessed at the Christchurch ~ [inhibitors (SSRIs)

Hospital, and drug utilization

data from the Pharmaceutical |PCE: Use of non-aspirin nonsteroidal anti-

Management Agency of New inflammatory drugs (NSAIDs)

Zcaland)

102 [Osokogu, Reference set NA NA NA Exposure-  [Reference set |NA NA NA NA
2015 identification outcome identification

pair

103 [Osokogu, Disproportionality | Passive surveillance data PC: Positive drug-event combinations Measure of Exposure- (90 NR Evaluation of Yes
2016 design (Data from US FDA Adverse [(DECs) (refer to study text for entire list) performance: outcome methods

Event Reporting System Area under the |pair
(FAERS)) NC: Negative drug-event combinations receiver
(DECs) (refer to study text for entire list) operating curve
(AUCO)
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No |First Author, |Study Design Type of Data Hypothesized Causal Association Primary Study | Type of Number of |Type of Bias as Utility Domain | Presence of Bias as [Methods Used to Correct for Effect
Year (E: Exposure; O: Outcome; NC: Negative |Effect Measure |negative Negative Reported by Study |of Negative Concluded from |of Bias (in point estimate, confidence
(Reference control; PC: Positive control) control Controls Control Use Study Based on interval, p-value) (NA: not applicable)
No.) Negative Control

Analysis

104 | Ospina- Cohort study Research data (Longitudinal | E: Cancer diagnosis Rate Outcome |1 Confounding bias | Detection of bias |No
Romero, panel data (US Health and
2020"" Retirement Study (HRS) - O: Long term memory

data from questionnaire)
NCO: Spouse's memory

105 [Ou, 2015 | Cohort study Healthcare administrative E: Dipeptidyl peptidase-4 (DPP-4) inhibitor |HR Outcome 1 Confounding bias  |Detection of bias [No NA

data (National Health use (vs. sulfonylurea use as a control group)
Insurance Research
Database) O: All-cause mortality, risk of cardiovascular
events (ischemic stroke, myocardial
infarction, etc.)
NCO: Cancer
106 |Ou, 2017 " | Cohort study Healthcare administrative E: Dipeptidyl peptidase-4 (DPP-4) inhibitor [HR Outcome 1 Confounding bias  |Detection of bias [No NA
data (National Health use (vs. DPP-4 non-user as a control group)
Insurance Research
Database) O: All-cause mortality, risk of cardiovascular
events (ischemic stroke, myocardial
infarction, etc.)
NCO: Cancer
107 |Pan, 2020 " |Cohort study Healthcare administrative E: Statin use (vs. non-user as a control HR Outcome |1 NR Detection of bias [No NA
data (National Health group)
Insurance Research
Database) O: Tuberculosis and herpes zoster
infections
NCO: Pyogenic liver abscess
108 | Paul, 2020 |Cohort study EHR E: Immune checkpoint inhibitors (ICIs) OR Exposure |1 NR Detection of bias |[No NA
O: Engraftment, GVHD incidence, non-
relapse mortality, progression-free survival
(PFS), and overall survival (OS)
NCE: Brentuximab vedotin (BV)

109 |Pierce, Other design Social media data PC: 6 drug outcome pairs recently identified | Number of Exposure- |6 NR Evaluation of NA NA
2017 as safety signals (refer to study text for entire |drug-outcome |Outcome methods

list) associations pair
appeared in the

NC: 6 drug-outcome pairs with no social media

suspected causal association (refer to study |data

text for entire list)

110 | Pottegard,  |Case-crossover Healthcare administrative E: Use of dicloxacillin at the time of OR Exposure |3 NR Detection of bias |No NA
2018™ study data (Register of Legally conception

Induced Abortions, Medical
Birth Registry, Danish
National Pre

ription
Registry, and Danish Patient
Registry)

O: Unintended pregnancy

NCE: Use of phenoxymethyl penicillin,
amoxicillin and macrolides (antibiotic drugs
with no suspected CYP-inducing potential)
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No |First Author, |Study Design Type of Data Hypothesized Causal Association Primary Study | Type of Number of |Type of Bias as Utility Domain | Presence of Bias as [Methods Used to Correct for Effect
Year (E: Exposure; O: Outcome; NC: Negative |Effect Measure |negative Negative Reported by Study |of Negative Concluded from |of Bias (in point estimate, confidence
(Reference control; PC: Positive control) control Controls Control Use Study Based on interval, p-value) (NA: not applicable)
No.) Negative Control

Analysis
111 |Pratt, 2015"" | Prescription Healthcare administrative E: Amiodarone Sequence ratio  |Outcome |1 NR Evaluation of No NA

sequence data, EHR (Australian (SR) methods
symmetry analysis | Government Department of |PCO: Use of thyroxine (Positive control

Veterans’ Affairs healthcare |outcome)

claims database, Korea

Health Insurance Review and [NCO: Use of allopurinol (Negative control

Assessment Service database, |outcome)

National Health Insurance

Research Database, Clinical

Data Analysis and Reporting

System)

112 |Quinn, Self-controlled Healthcare administrative E: Use of stimulant medications OR Exposure |1 NR Detection of bias [No NA

2017 case series data (Administrative claims
database) O: Substance-related events
NCE: Use of selective serotonin reuptake
inhibitor (SSRIs)

113 |Rai, 2017" | Cohort study Healthcare administrative E: Antidepressant use during pregnancy in - [OR Exposure |1 NR Detection of bias |No NA

data, research data mothers

(Stockholm youth cohort)
O: Autism spectrum disorders in offspring
NCE: Antidepressant use in fathers during
the mothers' pregnancy

114 |Ray, 2019 " |Case-control study [EHR E: Inactive influenza vaccine OR Outcome |1 Confounding bias | Detection of bias |No NA

O: Positive test result for any influenza
NCO: Positive test result for respiratory
syncytial virus (RSV)

115 |Raymakers, |Cohort study Healthcare administrative E: Statin use HR Exposure |1 Residual bias; Detection of bias |[No NA

2020 data (province-wide) Confounding bias
(Administrative data from O: Lung cancer diagnosis
Medical Services Paln (MSP)
data file, Discharge Abstract |NCE: Calcium channel blockers (CB) use
Database (DAD), PharmaNet
datafile, BC Cancer Registry
file)

116 |Reich, Multiple designs |Healthcare administrative PCE: Positive controls (refer to study text Measure of Exposure- | Varies Residual bias, Evaluation of Yes NA
2013a"" (new user cohort |data, EHR (MarketScan for entire list) performance: Outcome  |depending Information bias methods

design (CM), case |Medicare Supplemental Area under the |pair on outcome | (misclassification)
control design Beneficiaries, MarketScan O: Acute liver failure, acute myocardial receiver and its
(CO), the self- Multi-State Medicaid, infarction, acute renal failure, upper GI operating curve definition

controlled case
series (SCCS), a
self-controlled
cohort design
(SCCQ), temporal
pattern discovery
(ICTPD), a
disproportionality
analysis (DP) and
a longitudinal

MarketScan Commercial
Claims and Encounters,
General Electric Centricit
database)

bleeding

NCE: Negative controls (refer to study text
for entire list)

(AUC), Bias
(Relative risk),
Minimal
Detectable
Relative Risk
(MDRR)
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No |First Author, |Study Design Type of Data Hypothesized Causal Association Primary Study | Type of Number of |Type of Bias as Utility Domain | Presence of Bias as [Methods Used to Correct for Effect
Year (E: Exposure; O: Outcome; NC: Negative |Effect Measure |negative Negative Reported by Study |of Negative Concluded from |of Bias (in point estimate, confidence
(Reference control; PC: Positive control) control Controls Control Use Study Based on interval, p-value) (NA: not applicable)
No.) Negative Control

Analysis
gamma Poisson
shrinker (LGPS))

117 |Reich, Multiple designs |Healthcare administrative PCE: Positive controls (refer to study text Measure of Exposure- | Varies NA Evaluation of Yes NA
2013b™ (new user cohort |data (MarketScan Lab for entire list) performance: Outcome  |depending methods

design (CM), case [Supplement, MarketScan Area under the |pair on outcome
control design Medicare Supplemental O: Acute liver failure, acute myocardial receiver and its
(CC), the self- Beneficiaries, MarketScan infarction, acute renal failure, upper GI operating curve definition
controlled case Multi-State Medicaid, bleeding (AUC), Minimal

series (SCCS), a  [MarketScan Commercial Detectable

self-controlled Claims and Encounters) NCE: Negative controls (refer to study text |Relative Risk

cohort design for entire list) (MDRR)

(SCCQ), temporal

pattern discovery

(ICTPD), a

disproportionality

analysis (DP) and

a longitudinal

gamma Poisson

shrinker (LGPS))

118 |Ridenhour, |Cohort study Healthcare administrative E: Influenza vaccination Vaccine Outcome |1 NR Detection of bias |[No NA

2013* data (province-wide) effectiveness
(Administrative data from O: Influenza-associated mortality, deaths (VE)
public health insurance plan |[occurring 30 days after an influenza-
of Ontario) assoclated pneumonia/influenza
hospitalization, influenza-associated
pneumonia/influenza hospitalizations
NCO: Hospitalizations for urinary tract
infection
119 [Rodgers, Cohort study EHR (Clinical Practice E: Use of thiazolidinediones (TZDs) (vs. HR Outcome |1 outcome, 1 |Confounding bias  |Detection of Yes To correct for bias, the ratio of the
2020 Research Datalink (CPRD))  [sulfonylureas (SUs)) Negative bias, Point HR for the post period vs. the HR of
control estimate and CI the prior period was calculated. They
O: Edema, weight gain period calibration verified the removal of bias by
replicating the same bias correction
NCO: Outcomes measured in the prior method for the NCO (ratio of the
period (period before exposure), HRs for the post vs. prior periods for
Gastrointestinal side effects the NCO). The standard error for the
estimates was obtained by
bootstrapping.

120 |Rodriguez, |Cohort study Research data (Prospective E: Use of oral bisphosphonates HR Outcome |2 Confounding bias  |Detection of bias | No NA
2020 cohort data - Odense

Bisphosphonate Safety Study |O: Hospitalization for cardiovascular (CV)
(OBSS)) events (composite and specific CV events)
NCO: Inguinal hernia and ingrown toenail

121 [Roshanov, |Cohort study Research data (Prospective E: Use of Angiotensin-converting-enzyme RR Outcome |1 Confounding bias | Detection of bias |No NA
2017 cohort study data) inhibitors (ACEI)/ Angiotensin II receptor

blocker (ARB) 24 hours before surgery
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No |First Author, |Study Design Type of Data Hypothesized Causal Association Primary Study | Type of Number of |Type of Bias as Utility Domain | Presence of Bias as [Methods Used to Correct for Effect
Year (E: Exposure; O: Outcome; NC: Negative |Effect Measure |negative Negative Reported by Study |of Negative Concluded from |of Bias (in point estimate, confidence
(Reference control; PC: Positive control) control Controls Control Use Study Based on interval, p-value) (NA: not applicable)
No.) Negative Control

Analysis
O: 30-day composite outcome of all-cause
death, myocardial injury after noncardiac
surgery (MINS), and stroke
NCO: Intraoperative blood transfusion and
significant bleeding within 30 days that
require transfusion of blood products or
reoperation
122 [Ryan, 2012" | Multiple designs |Healthcare administrative PCE: Positive controls (refer to study text Measure of Exposure- |44 Residual bias Evaluation of Yes NA
(Incident user data and EHR (GE Centricity |for entire list) performance: Outcome methods
design, Case- Electronic Health Record, Area under the |pair
control MarketScan Research O: Angioedema, Aplastic anemia, Acute receiver
surveillance, Case-|Databases liver injury, Bleeding, Myocardial infarction |operating curve
Crossover, (MI), Mortality after MI, Renal failure, Hip |(AUC), Partial
Observational from Thomson Reuters, fracture, Upper gastrointestinal ulcer area under ROC
screening, High- |Humana Inc., Partners curve at 30%
dimensional HealthCare System, NCE: Negative controls (refer to study text  |[false positive
propensity score, Regenstrief Institute/Indiana  |for entire list) rate (PAUC30),
Self=controlled Network for Patient Care, Average
case series, SDI Health (IMS Health precision (AP),
Temporal pattern |Inc.), National Patient Care Recall at 5%
discovery, Database/Veterans Health false positive
Disproportionality | Administration) (RECALLS5),
analysis) Sensitivity,
Specificity
Positive
predictive value,
Bias (relative
risk)

123 |Ryan, Cohort study Healthcare administrative PCE: Positive controls (refer to study text Measure of Exposure- 234 Residual bias Evaluation of Yes NA
2013a"™ data, EHR, Simulated for entire list) performance: Outcome methods

datasets (MarketScan Lab Area under the | pair
Supplemental, MarketScan ~ |O: Acute liver injury, acute myocardial receiver

Medicare Supplemental infarction, acute renal failure, upper operating curve
Beneficiaries, MarketScan gastrointestinal bleeding (AUCQ), Bias
Mult-State Medicaid, (Relative risk),
MarketScan Commercial NCE: Negative controls (refer to study text | Coverage

Claims and Encounters, for entire list) probability

General Electric Centricit

database, OSIM datasets)

124 | Ryan, Self-Controlled Healthcare administrative PCE: Positive controls (refer to study text Measure of Exposure- (234 Residual bias Evaluation of Yes NA
2013b" Cohort study data, EHR, Simulated for entire list) performance: Outcome methods

datasets (MarketScan Lab Area under the |pair
Supplemental, MarketScan | O: Acute liver injury, acute myocardial receiver

Medicare Supplemental infarction, acute renal failure, upper operating curve
Beneficiaries, MarketScan gastrointestinal bleeding (AUQ), Bias
Mulu-State Medicaid, (Relative risk),
MarketScan Commercial NCE: Negative controls (refer to study text | Coverage

Claims and Encounters, for entire list) probability

General Electric Centricit

database, OSIM datasets)
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No |First Author, |Study Design Type of Data Hypothesized Causal Association Primary Study | Type of Number of |Type of Bias as Utility Domain | Presence of Bias as [Methods Used to Correct for Effect
Year (E: Exposure; O: Outcome; NC: Negative |Effect Measure |negative Negative Reported by Study |of Negative Concluded from |of Bias (in point estimate, confidence
(Reference control; PC: Positive control) control Controls Control Use Study Based on interval, p-value) (NA: not applicable)
No.) Negative Control

Analysis

125 |Ryan, Reference set NA NA NA NA NA NA NA NA NA
2013¢™ identification

126 |Ryan, Multiple designs |Healthcare administrative PCE: Positive controls (refer to study text Measure of Exposure- 234 Residual bias Evaluation of Yes NA
2013d"™ (new user cohort |data, EHR (MarketScan Lab |for entire list) performance: Outcome methods

design (CM), case [Supplemental, MarketScan Area under the |pair
control design Medicare Supplemental O: Acute liver injury, acute myocardial receiver

(CC), the self- Beneficiaries, MarketScan infarction, acute renal failure, upper operating curve
controlled case Multi-State Medicaid, gastrointestinal bleeding (AUC), bias
series (SCCS), a  [MarketScan Commercial (relative risk)
self-controlled Claims and Encounters, NCE: Negative controls (refer to study text |and coverage
cohort design General Electric Centricit for entire list) probability
(SCO), temporal |database)

pattern discovery

(ICTPD), a

disproportionality

analysis (DP) and

a longitudinal

gamma Poisson

shrinker (LGPS))

127 |Ryan, Multiple designs |Simulated datasets PCE: Positive controls (refer to study text Measure of Exposure- 234 Residual bias Evaluation of Yes NA
2013e"™ (new user cohort for entire list) performance: Outcome methods

design (CM), case Area under the |pair
control design O: Acute liver injury, acute myocardial receiver

(CQ), the self- infarction, acute renal failure, upper operating curve
controlled case gastrointestinal bleeding (AUCQ), Bias
series (SCCS), a (Relative risk)
sell-controlled NCE: Negative controls (refer to study text |and coverage
cohort design for entire list) probability
(SCO), temporal

pattern discovery

(ICTPD), a

disproportionality

analysis (DP) and

a longitudinal

gamma Poisson

shrinker (LGPS))

128 |Sarvet, Cross-sectional Public health survey data E: Presence of a state-level medical Prevalence Outcome |1 NR Detection of bias |[No NA

2018 study (National Epidemiologic marijuana law (MMI) difference
Survey on Alcohol and
Related Conditions O: Prevalence of self-medication with drugs
(NESARC), Wave 2)
NCO: Prevalence of self-medication with
alcohol

129 [Schuemie, |Multiple designs |Healthcare administrative PCE: Drug-event associations that are well | Measure of Exposure- |50 Residual bias Evaluation of Yes NA

2012 (SRS Methods: data, EHR, Healthcare recognized (known associations) (refer to performance: Outcome methods
Proportional administrative data (Aarhus - |study text for entire list) Area under the |pair

reporting ratio
(PRR), Reporting
odds ratio (ROR),
Gamma poisson

shrinker (GPS),

Denmark, Health Search -
Italy, IPCI - Netherlands,
Pedianet - Italy, ARS - Italy,
PHARMO - Netherlands)

O: 10 select outcomes (bullous eruptions
(BE), acute renal failure (ARF), anaphylactic
shock (AS), acute myocardial infarction
(AMI), rhabdomyolysis (RHABD),

receiver
operating curve

(AUC)
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No |First Author, |Study Design Type of Data Hypothesized Causal Association Primary Study | Type of Number of |Type of Bias as Utility Domain | Presence of Bias as [Methods Used to Correct for Effect
Year (E: Exposure; O: Outcome; NC: Negative |Effect Measure |negative Negative Reported by Study |of Negative Concluded from |of Bias (in point estimate, confidence
(Reference control; PC: Positive control) control Controls Control Use Study Based on interval, p-value) (NA: not applicable)
No.) Negative Control

Analysis
also, Bayesian pancytopenia (PANCYTOP), neutropenia
confidence (NCEUTROP), cardiac valve fibrosis
propagation (CARDFIB), acute liver injury (ALI), and
neural network upper gastrointestinal bleeding (UGIB))
(BCPNN));

Cohort methods NCE: Negative control drug-event pairs
(Incidence rate (refer to study text for entire list)
ratio (IRR),
Longitudinal
gamma poisson
shrinker (LGPS),
Bayesian
hierarchical
model (BHM));
Case-based
Methods
(Matched case
control (CC), Self-
controlled case
series (SCCS));
Longitudinal
evaluation of
observational
profiles of adverse
events related to
drugs
(LEOPARD)

130 |Schuemie,  [Multiple designs  |Healthcare administrative PCE: Positive controls (refer to study text Measure of Exposure- 234 Residual bias Evaluation of Yes NA
2013a"™ (self-controlled data, EHR, Healthcare for entire list) performance: Outcome methods

case series administrative data (Aarhus - Area under the |pair
(SCCS), case- Denmark, Health Search - O: Acute liver failure, acute myocardial receiver
control (CC) and |Italy, IPCI - Netherlands, infarction, acute renal failure, upper GI operating curve
case-population  |Pedianet - Italy, ARS - Italy, |bleeding (AUCQ), Bias
(CP) design PHARMO - Netherlands) (relative risk)
variants) NCE: Negative controls (refer to study text

for entire list)

131 | Schuemie Longitudinal Healthcare administrative PCE: Positive controls (refer to study text Measure of Exposure- 234 Residual bias Evaluation of Yes NA

2013b"™ Gamma Poisson  |data, EHR, Simulated for entire list) performance: Outcome methods
Shrinker (LGPS) |datasets (MarketScan Lab Area under the |pair
and Longitudinal |Supplemental, MarketScan ~ |O: Acute liver injury, acute myocardial receiver
Evaluation of Medicare Supplemental infarction, acute renal failure, upper operating curve
Observational Beneficiaries, MarketScan gastrointestinal bleeding (AUCQ), Bias
Profiles of Multi-State Medicaid, (Incidence rate
Adverse events MarketScan Commercial NCE: Negative controls (refer to study text ratio), Coverage
Related to Drugs [Claims and Encounters, for entire list) probability
(LEOPARD) General Electric Centricit
methods database, OSIM datasets)

132 |Schuemie, |Multiple designs |Example 1: Healthcare Example 1: OR Exposure |Example 1:  [Any residual bias  |Detection of Example 1: No This study developed a methodology

2014” (Example 1: administrative data 37 (most forms of bias, p-value for calibrating the p-value of the effect

Cohort design;
Example 2: Case-
control study;
Example 3: Self-

(Administrative claims -
Thomson MarketScan
Medicare Supplemental
Beneficiaries database)

E: Use of isoniazid

O: Acute liver injury

Example 2
and 3: 67

bias, including
residual
confounding,
misclassification,
selection bias)

calibration

Example 2: Yes

Example 3: Yes

estimate when a set of negative
controls were used to account for
bias. The method first derived an
empirical null distribution from the
observed effect estimates for the
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No |First Author, |Study Design Type of Data Hypothesized Causal Association Primary Study | Type of Number of |Type of Bias as Utility Domain | Presence of Bias as [Methods Used to Correct for Effect
Year (E: Exposure; O: Outcome; NC: Negative |Effect Measure |negative Negative Reported by Study |of Negative Concluded from |of Bias (in point estimate, confidence
(Reference control; PC: Positive control) control Controls Control Use Study Based on interval, p-value) (NA: not applicable)
No.) Negative Control

Analysis
controlled case Example 2 and 3: EHR NCE: Drugs not related to the outcome negative controls, then generated
series) (General Electric (GE) (refer to study text for entire list) calibrated p-values assuming Gaussian
Centricity database) distribution to the estimates and
taking into account the sampling error
of each estimate.
Example 2 and 3:
‘We refer to this method ‘Schuemie’s
E: Use of selective serotonin reuptake empirical p-value calibration method’
inhibitors (SSRIs) throughout.
O: Upper GI bleeding
NCE: Drugs not related to the outcome
(refer to study text for entire list)
133 |Schuemie, |Multiple designs  |Southworth replication: Southworth replication: Southworth Exposure |50 for each  [Any residual bias  [Detection of Yes This study developed a methodology

2018a”

(Southworth
replication:
Cohort study;
Graham
replication:
Cohort study;
Tata case-control
replication: Case-
control study;
Tata SCCS
replication: Self-
controlled case
series)

Healthcare administrative
data (Administrative claims
database - OptumlInsight’s
deidentified Clinformatics
Datamart (Optum))

Graham replication:
Healthcare administrative
data (Administrative claims
database - Truven
MarketScan Medicare
Supplementary Beneficiaries
database)

Tata case-control replication,
Tata SCCS replication: EHR
(Clinical Practice Research
Datalink (CPRD) database)

E: Use of dabigatran (vs. warfarin)
O: GI hemorrhage

NCE: Drugs not related to the outcome
(refer to study text for entire list)

Graham replication: Patients aged 65 or
older initiating oral anticoagulant therapy

E: Use of dabigatran (vs. warfarin)
O: GI hemorrhage

NCE: Drugs not related to the outcome
(refer to study text for entire list)

Tata case-control replication:

E: Use of selective serotonin reuptake

inhibitors (SSRIs)
O: Upper GI bleeding

NCE: Drugs not related to the outcome
(refer to study text for entire list)

Tata SCCS replication

E: Use of selective serotonin reuptake
inhibitors (SSRIs)

O: Upper GI bleeding

replication: IRR

replication: HR

Tata case-
control
replication: OR

Tata SCCS
replication: IRR

replication

bias, point
estimate and CI
calibration

for empirical calibration of 95% CI of
the effect estimate when a set of
negative controls were used in
observational studies. The calibration
procedure first estimated the
distribution of systematic error using
the observed estimates for negative
and positive controls, then generated
calibrated 95% Cls considering both
random and systematic error and
assuming Gaussian distribution with a
mean and log standard deviation
linearly related to the true effect size.

We refer to this method ‘Schuemie’s
empirical CI calibration method’
throughout.
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No |First Author, |Study Design Type of Data Hypothesized Causal Association Primary Study | Type of Number of |Type of Bias as Utility Domain | Presence of Bias as [Methods Used to Correct for Effect
Year (E: Exposure; O: Outcome; NC: Negative |Effect Measure |negative Negative Reported by Study |of Negative Concluded from |of Bias (in point estimate, confidence
(Reference control; PC: Positive control) control Controls Control Use Study Based on interval, p-value) (NA: not applicable)
No.) Negative Control

Analysis
NCE: Drugs not related to the outcome
(refer to study text for entire list)
134 |Schuemie, |Cohort study Healthcare administrative E: Use of duloxetine (vs. sertraline) HR Outcome |52 Any residual bias  |Detection of Yes The study used Schuemie’s empirical
2018b" data (Truven MarketScan bias, point CI calibration method.”
Commercial Claims and O: Stroke estimate and CI
Encounters (CCALE), Truven calibration
MarketScan Medicare NCO: 52 outcomes not related to
Supplemental Beneficiaries — |antidepressants (refer to study text for entire
(MDCR), Truven list)
MarketScan Multi-state
Medicaid (MDCD),
OptumlInsight’s de-identified
Clinformatics™ Datamart
(Optum))
135 |Schuemie,  |Case-control study | Healthcare administrative Crockett study replication: OR Exposure  |Crockett Any residual bias  |Detection of Crockett study The study used Schuemie’s empirical
2019 data IBM® MarketScan® study bias, p-value replication: Yes p-value calibration method.”
Commercial Claims and E: Use of isotretinoin replication: calibration
Encounters Database 33 Chou study
(CCAL)) O: Ulcerative colitis (UC) replication: Yes
Chou study
NCE: Drugs not related to the outcome replication:
(refer to study text for entire list) 78
Chou study replication:
E: Use of dipeptidyl peptidase-4 (DPP-4)
inhibitors
O: Acute pancreatitis
NCE: Drugs not related to the outcome
(refer to study text for entire list)
136 [Shao, 2019" | Cohort study EHR (Chang Gung Research |E: Use of Dapagliflozin (vs. empagliflozin)  |HR Outcome 1 NR Detection of bias |No NA
Database (CGRD))
O: Cardiovascular events (primary outcome:
the composite event of cardiovascular
mortality, myocardial infarction, ischemic
stroke and heart failure in the diagnosis of
hospitalization and outpatient data
/secondary outcome: individual events of
the CV outcomes in the composite
measure)
NCO: Incident atrial fibrillation
137 |Shi, 2020™ | Cohort study Healthcare administrative E: DTaP-IPV-Hib vaccine (vs. DTaP Relative risk Exposure |1 exposure, 1 |Confounding bias |Detection of No The study develops a methodology
data (Integrated Health containing comparator vaccine) and outcome bias, Point for correcting for categorical
System data - Kaiser Outcome estimate and CI unmeasured confounding. The

Permanente Washington)

O: Fever

NCO: Injury or trauma

calibration

methodology uses a NCE and a NCO
to build a semiparametric model and

propose multiply robust estimator for
the average treatment effect. The

study demonstrated the application of
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No |First Author, |Study Design Type of Data Hypothesized Causal Association Primary Study | Type of Number of |Type of Bias as Utility Domain | Presence of Bias as [Methods Used to Correct for Effect
Year (E: Exposure; O: Outcome; NC: Negative |Effect Measure |negative Negative Reported by Study |of Negative Concluded from |of Bias (in point estimate, confidence
(Reference control; PC: Positive control) control Controls Control Use Study Based on interval, p-value) (NA: not applicable)
No.) Negative Control

Analysis
NCE: Ringworm their method in a
pharmacoepidemiologic vaccine
safety study and showed that the
multiply robust estimator provided a
smaller bias and protected against the
model misspecification.

138 | Shoag, Cohort study Public health survey data E: Kidney stone history OR Outcome |2 NR Detection of bias |No NA
2019 (National Health and

Nutrition Examination O: Current use of opioid

Survey (NHANES))
NCO: Current use of benzodiazepines and
antihyperlipidemic agents

139 | Simonov, Cohort study Research data (Prospective E: Use of proton pump inhibitors (PPIs) HR Exposure |1 NR Detection of bias |[No NA
2020 cohort study data (Women'’s

Veterans Cohort Study O: Nephrolithiasis
cohort)
NCE: Use of levothyroxine

140 |Simonsen,  |Ecological study  [Healthcare administrative E: Introduction of the 13-valent Rate reduction  |Outcome |1 NR Detection of bias |[No NA
2014 data (IMS Charge Data pneumococcal conjugate vaccine (PCV18)

Master hospital database)
O: Number of pneumococcus-related
admissions to hospital
NCO: Number of urinary tract infection-
related admissions to hospital

141 [Sinnott, Cohort study EHR (Clinical Practice E: Fourth-line anti-hypertensive drugs HR Outcome |1 NR Detection of bias | Yes NA

2019 Research Datalink) (aldosterone, antagonist, beta-blocker, or
alpha-blocker; compared to one another for
comparative effectiveness)

O: Cardiovascular events (composite of all-
cause mortality, stroke, and myocardial
infarction as a primary outcome, and each
outcome separately for secondary
outcomes)

NCO: Herpes zoster

142 |Skoldberg,  |Case-control study [Healthcare administrative E: Statin use (former and current use) OR Exposure |2 NR Detection of bias [No NA

2016 data, Vital records (National
Patient Register, Prescribed | O: First-time diagnosis of diverticular
Drug Register, Swedish disease of the colon
Register of Total Population,
Swedish Cancer Register, NCE: Anti-glaucoma preparations and
Causes of Death Register, miotics, vitamin B12
National Education Register)

143 [Sgrup, Cohort study Healthcare administrative E: Simultaneous administration of MMR IRR Outcome |1 NR Detection of bias |No NA
2016 data, Vital records (Danish and DTaP-IPV-Hib vaccines (vs. MMR

Civil Registration System,
Danish National Health

vaccine alone)
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No |First Author, |Study Design Type of Data Hypothesized Causal Association Primary Study | Type of Number of |Type of Bias as Utility Domain | Presence of Bias as [Methods Used to Correct for Effect
Year (E: Exposure; O: Outcome; NC: Negative |Effect Measure |negative Negative Reported by Study |of Negative Concluded from |of Bias (in point estimate, confidence
(Reference control; PC: Positive control) control Controls Control Use Study Based on interval, p-value) (NA: not applicable)
No.) Negative Control

Analysis
Service Register, Danish O: Infectious disease admissions
National Patient Register)
NCO: Emergency room visits due to
unintentional accidents

144 |Spoendlin, |Cohort study Healthcare administrative E: Prasugrel vs clopidogrel, ticagrelor vs HR Outcome |1 NR Detection of bias [No NA
2018 data (Administrative claims | clopidogrel, and prasugrel vs ticagrelor

database)
O: (1) Composite effectiveness endpoint
including myocardial infarction, ischemic
stroke, or inpatient mortality; (2) Composite
safety endpoint including major bleeding
events requiring hospitalization
NCE: Pneumonia hospitalization

145 |Stolfo, Cohort study Healthcare administrative E: Beta-blocker use HR Outcome |1 NR Detection of bias |No NA

2020 data, Disease registry
(Swedish Heart Failure O: S-year all-cause mortality, 5-year
Registry, National Patient composite of cardiovascular (CV) mortality,
Registry) first HF hospitalization
NCO: Hospitalization for cancer
146 |Suchard, Self-controlled Healthcare administrative PCE: Positive controls (refer to study text Measure of Exposure- 234 Residual bias Evaluation of Yes NA
2013 case series data, EHR (MarketScan Lab |for entire list) performance: Outcome methods
Supplemental, MarketScan Area under the |pair
Medicare Supplemental O: Acute liver injury, acute myocardial receiver
Beneficiaries, MarketScan  |infarction, acute renal failure, upper operating curve
Mult-State Medicaid, gastrointestinal bleeding (AUQ), bias
MarketScan Commercial (relative risk)
Claims and Encounters, NCE: Negative controls (refer to study text |and coverage
General Flectric Centricit for entire list) probability
database)
147 |Sundbakk, |Cohort study Research data (Prospective E: Use of benzodiazepine and z-hypnotics ~ [Risk ratio Exposure |1 Confounding bias | Detection of bias |No NA
2019 cohort study data - MoBa during pregnancy
study)
O: Externalizing and internalizing behaviors
of the child at age of 5
NCE: Use of benzodiazepine and z-
hypnotics before pregnancy

148 | Symes, Cohort study Healthcare administrative E: Use of bupropion, topiramate Rate ratio Exposure |1 NR Detection of bias [No NA

2015 data (Administrative claims
database - LifeLink) O: Incident angle-closure glaucoma (ACG)
NCO: Use of esomeprazole
149 | Tate, 2009 | Cohort study Healthcare administrative E: Receipt of Rotashield vaccine Vaccine Exposure |1 exposure |Confounding bias |Detection of bias [No NA
data (Vaccine Safety Datalink effectiveness and and 1 (Confounding by
(VSD)) O: Hospitalizations and emergency (VE) outcome outcome health-seeking

department (ED) Visits for All-Cause Acute
Gastroenteritis

behavior,
socioeconomic
status)
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No |First Author, |Study Design Type of Data Hypothesized Causal Association Primary Study | Type of Number of |Type of Bias as Utility Domain | Presence of Bias as [Methods Used to Correct for Effect
Year (E: Exposure; O: Outcome; NC: Negative |Effect Measure |negative Negative Reported by Study |of Negative Concluded from |of Bias (in point estimate, confidence
(Reference control; PC: Positive control) control Controls Control Use Study Based on interval, p-value) (NA: not applicable)
No.) Negative Control

Analysis
NCE: Acute gastroenteritis hospitalizations | VE(96)=(1-risk
and ED visits that occurred during the non- |ratio) *100
rotavirus season
NCO: Hospitalizations and ED visits for
acute respiratory illness
150 | Thomsen, |Multiple designs [Healthcare administrative E: Human papilloma virus (HPV) IRR Outcome |7 NR Detection of bias |[No NA
2020"" (Cohort study, data (Danish Civil vaccination
Self-controlled Registration System, Danish
case-series National Health Service O: Pain, fatigue, circulatory symptoms
(SCCS)) Register, which includes data
on primary-care services, NCO: Trauma, diabetes mellitus, cancer,
Danish National Patient pneumonia, asthma, appendicitis, all-cause
Registry, Psychiatric Central ~ [death
Research Register, Danish
National Prescription
Registry, socioeconomic
registries maintained by
Statistics Denmark)
151 | Thorrington, | Ecological study  [Healthcare administrative 4-month pre-pneumococcal conjugate  [IRR Outcome |5 Confounding bias | Detection of Yes For each outcome of interest: The
2018 data (Hospital admission data |vaccine (PCV) period (Biases arising from |bias, Point age-specific ratio of the IRR for the
- Hospital Episodes Statistics a potential secular |estimate and CI outcome of interest vs. the geometric
(HES)) O: Hospital-diagnosed pneumonia, sepsis, trend) calibration mean of the IRR for the NCOs was
and ofitis media calculated. The minimum and
maximum incidence rate ratio across
NCO: Urinary tract infections, infections of all NCOs were used to represent
the skin and subcutaneous tissue, disorders uncertainty.
of the thyroid gland, diseases of the blood,
and fractures

152 | Thurin, Multiple designs |Healthcare administrative PCE: Positive controls (refer to study text Measure of Exposure 42 Residual bias Evaluation of Yes NA
2020 (Self-controlled data (French National for entire list) performance: methods

case series Healthcare System database Area under the
(SCCS), Case- (SNDS)) O: Upper gastrointestinal bleeding (UGIB) |receiver
control (CC), operating curve
Case-population NCE: Negative controls (refer to study text  [(AUC)

(CP) design for entire list)

variants)

153 | Tielemans, |Cohort study Healthcare administrative E: Measles, mumps, and rubella (MMR) + [HR Outcome |1 Confounding bias  |Detection of bias | Yes NA
2017 data (Preventis, a national meningococcal C (MenC) as the most recent

immunization register;
National medical register)

vaccination (vs. diphtheria, tetanus,
pertussis, polio, and Haemophilus
influenzae type b (DTaP-IPV-Hib) +
pneumococcal vaccination (PCV) as the
most recent vaccination)

O: Hospital Admissions for infection

NCO: Hospital admission for injuries or
poisoning (composite)
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No

First Author,
Year
(Reference
No.)

Study Design

Type of Data

Hypothesized Causal Association
(E: Exposure; O: Outcome; NC: Negative
control; PC: Positive control)

Primary Study
Effect Measure

Type of
negative

control

Number of
Negative
Controls

Type of Bias as
Reported by Study

Utility Domain
of Negative
Control Use

Presence of Bias as
Concluded from
Study Based on
Negative Control
Analysis

Methods Used to Correct for Effect
of Bias (in point estimate, confidence
interval, p-value) (NA: not applicable)

15

S

Tien, 2020

Cohort study

Research data (Prospective
cohort study)

E: Chlorhexidine (CHG) bathing (vs. usual
care (bathing over-the-counter non-CHG-
based antibacterial soap or cleansing lotion))

O: Gram-positive cocci-related, skin flora-
related, or central line-associated

bloodstream infection

NCO: Gut-origin bacteremia

HR

Outcome

Confounding bias;
Selection bias
(Participation bias)

Detection of bias

No

NA

Totterdell,
2020

Self-controlled
case series

EHR (Medicinelnsight data)

E: Receiving ZVL, 23vPPV or influenza
vaccine (all three vaccines analyzed jointly
and also separately analyzed compared to
those who did not receive the vaccine)

O: Injection site reaction, myocardial
infarction (MI), stroke, clinical attendance

NCO: Burn

Relative
incidence (RI)

Outcome

NR

Detection of bias

No

156

Toulis,
2017"

Cohort study

EHR (Health Improvement
Network(THIN) database)

E: New use of dapagliflozin (vs. non-use)

O: Primary outcome - all-cause mortality;
secondary outcomes - CVD outcomes
(myocardial infarction and ischemic heart
disease, stroke or TIA, and heart failure or
left ventricular dystunction)

NCE: Use of dipeptidyl peptidase-4
inhibitor

Incidence rate
ratio

Exposure

Residual bias

Detection of bias

No

Trinh,
2019

Sequential
statistical testing

Passive surveillance data
(Base Nationale de
Pharmacovigilance (BNPV),
FudraVigilance (EV))

PC: 62 drug-comparator-outcome
combinations with known associations from
the OMOP reference set (refer to study text
for entire list)

NC: 128 drug-comparator-outcome
combinations without suspected associations
from the OMOP reference set (refer to
study text for entire list)

Number of
drug-outcome
pairs satisfying
the change point
analysis (CPA)

hypothesis

Exposure-
Outcome
pair

128

NR

Evaluation of
methods

Yes

158

Tronnes,
2019

Cohort study

Research data (Prospective
cohort data - Norwegian
Mother and Child Cohort
Study (MoBa))

E: Prenatal paracetamol use
O: Neurodevelopment outcomes of the
child at age 5 (communication skills, child's

behavior, temperament)

NCE: Paracetamol use prior to pregnancy

Relative risk,
regression
coefficient

Exposure

Confounding bias

Detection of bias

159

Tseng,
2011

Cohort study

Healthcare administrative
data (Integrated Health
System data - Kaiser
Permanente Southern
California)

E: Herpes zoster vaccine
O: Risk of herpes zoster
NCO: Hip fracture, Thrombosis, Gout,

Cholelithiasis and cholecystitis, Wrist
fracture, Renal stone, Epistaxis, Lipomas,

HR

Outcome

I¢

Confounding bias
(Confounding by
underlying risk for
herpes zoster,
ability and desire to
access care for
herpes zoster)

Detection of bias

Yes
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No |First Author, |Study Design Type of Data Hypothesized Causal Association Primary Study | Type of Number of |Type of Bias as Utility Domain | Presence of Bias as [Methods Used to Correct for Effect
Year (E: Exposure; O: Outcome; NC: Negative |Effect Measure |negative Negative Reported by Study |of Negative Concluded from |of Bias (in point estimate, confidence
(Reference control; PC: Positive control) control Controls Control Use Study Based on interval, p-value) (NA: not applicable)
No.) Negative Control

Analysis
Eyelid disorders, Cataracts, Ingrown nail,
Wound of hand or finger, Hemorrhoids
160 | Tsujimoto, |Cohort study Research data (Clinical trial - |E: Nitrate use HR Outcome |1 NR Detection of bias |No NA
2019 Treatment of Preserved
Cardiac Function Heart O: A major adverse cardiovascular event
Failure With an Aldosterone | (cardiovascular death, nonfatal myocardial
Antagonist trial) infarction, and nonfatal stroke) or heart
failure hospitalization
NCO: Hyperkalemia

161 |van Rein, Case-control study|Research data (Data used in  [E: Use of statins OR Exposure |1 Selection bias Detection of bias |[No NA
2014 "factors in oral (Survivor bias)

anticoagulation safety O: Major bleedings during treatment with
(FACTORS)" case-control vitamin K antagonists
study)

NCE: Blood group non-O

162 |Vonesh, Cohort study Healthcare administrative E: Initiation of mirabegron (vs. OR Outcome |3 Residual bias Detection of bias |No NA

2018"™ data linked with EHR antimuscarinics)
(Optum claims database were
integrated with Humedica O: Cardiovascular risk profiles at baseline
primary care EHR data)
NCO: Shingles, Hepatitis C, Community-
acquired pneumonia (CAP)
163 |Voss, 2017 | Reference set NA NA NA Exposure- | NA NA NA NA NA
identification Outcome
pair

164 |Vouri, Prescription Healthcare administrative E: Initiation of dihydropyridine calcium Sequence ratio  |Exposure |4 Confounding bias | Detection of bias | Yes NA
2019 sequence data (MarketScan channel blockers (DH CCBs) (Influence of

symmetry analysis [Commercial and Medicare natural disease
Supplemental Claims O: Initiation of a loop diuretic before or progression that
databases (IBM Corp)) after the mitial DH CCB claim may warrant the
use of a loop

NCE: Initiation of angiotensin-converting diuretic for
enzyme (ACE) inhibitors or angiotensin hypertension
receptor blockers (ARBs), levothyroxine, control)
tiotropium, nonbenzodiazepine hypnotics

165 |Walsh, Cohort study Healthcare administrative E: Receipt of the monovalent 2009 pHIN1 |HR Outcome |1 NR Detection of bias | Yes NA
2019 data (province-wide), Vital influenza vaccine during pregnancy

records (Better Outcomes
Registry & Network (BORN), [O: Immune related (infectious diseases,
Ontario birth registry, health |asthma), non-immune related (neoplasms,
administrative databases) sensory disorders), and non-specific
morbidity outcomes (urgent or inpatient
health services use, pediatric complex
chronic conditions), under-5 childhood
mortality
NCO: All-cause injuries
166 |Wei, 2019"" | Cohort study Healthcare administrative E: Concomitant use of clopidogrel with OR Exposure |2 NR Detection of bias |No NA

data (Longitudinal Cohort of
Diabetes Patients data, a

repaglinide
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No |First Author, |Study Design Type of Data Hypothesized Causal Association Primary Study | Type of Number of |Type of Bias as Utility Domain | Presence of Bias as [Methods Used to Correct for Effect
Year (E: Exposure; O: Outcome; NC: Negative |Effect Measure |negative Negative Reported by Study |of Negative Concluded from |of Bias (in point estimate, confidence
(Reference control; PC: Positive control) control Controls Control Use Study Based on interval, p-value) (NA: not applicable)
No.) Negative Control

Analysis
subset of NHIRD (National |O: Hypoglycemia
Health Insurance program in
Taiwan)) NCE: Concomitant use of aspirin with
repaglinide / Concomitant use of
clopidogrel and nateglinide

167 |Weinstein, |Ecological study |Healthcare administrative E: Cold/influenza season Ratio of peak-to- [Outcome |2 NR Detection of bias |No NA

2016 data (Truven MarketScan® low occurrence
Commercial Claims and O: Acute liver injury (ALI) rates
Encounters (CCAE) and
Medicare Supplemental and |NCO: Breast cancer, diabetes mellitus
Coordination of Benefits
(MDCR) databases)

168 |Weinstein, |Cohort study EHR (Clinical Practice E: Use of any paracetamol (alone or OR Outcome |31 Confounding bias  |Detection of Model 1, 2, 3, 4: NA

2017 Research Datalink (CPRD)  |combination with ibuprofen) (vs. use of (Channeling bias)  |bias, Evaluation |Yes
database) ibuprofen alone) of methods
Model 5,6: No
O: Gastrointestinal (GI) bleeding,
Myocardial Infarction (MI), ischemic or
hemorrhagic stroke, or acute or chronic
renal disease
NCO: 31 conditions not related to the
primary exposure (refer to study text for
entire list)
169 | Weinstein, |Cohort study EHR (Clinical Practice E: Use of any paracetamol (vs. use of HR Outcome 39 Confounding bias | Detection of Yes The study used Schuemie’s empirical
2020 Research Datalink (CPRD)  |ibuprofen) (Channeling bias)  [bias, p-value CI and p-value calibration method.””
database) calibration, Point
O: Gastrointestinal (GI) bleeding, estimate and CI
Myocardial Infarction (MI), ischemic or calibration
hemorrhagic stroke, or acute or chronic
renal disease
NCO: 39 conditions not related to the
primary exposure (refer to study text for
entire list)

170 [Welk, Cohort study Healthcare administrative E: Filling an opioid prescription within 5 OR Outcome (2 Confounding bias  |Detection of bias [No NA

2020 data, Vital records (Canadian |days of the index urologic surgery
Institute for Health
Information Discharge O: New persistent opioid use (two
Abstract Database and Same |prescriptions filled between 9 and 15
Day Surgery, Ontario Mental [{months after the index surgery)
Health Reporting System,
and National Ambulatory NCO: Shingles and cancer
Care Reporting System,
Ontario Health Insurance
Plan, Registered Persons
Database, Ontario Cancer
Registry)

171 [Whitlock,  |Cohort study Healthcare administrative E: Initiation of monotherapy with HR Outcome (3 Confounding bias  |Detection of bias [No NA
2020 data (Canadian Institute for ~ [metformin (vs. sulfonylurea)

Health Information Hospital
Discharge Abstracts,
Diagnostic Services of
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No |First Author, |Study Design Type of Data Hypothesized Causal Association Primary Study | Type of Number of |Type of Bias as Utility Domain | Presence of Bias as [Methods Used to Correct for Effect
Year (E: Exposure; O: Outcome; NC: Negative |Effect Measure |negative Negative Reported by Study |of Negative Concluded from |of Bias (in point estimate, confidence
(Reference control; PC: Positive control) control Controls Control Use Study Based on interval, p-value) (NA: not applicable)
No.) Negative Control

Analysis

Manitoba, Drug Program O: All-cause mortality, cardiovascular

Information Network, events, and major hypoglycemic episodes

Emergency Admission,

Discharge, and Transfer NCO: Cataract surgery, gastrointestinal

Emergency Department bleeding, major osteoporotic fractures

Information System,

Manitoba Health Insurance

Registry, Medical

Claims/Services databases)

172 | Xian, 2019™ |Cohort study Disease registry, Healthcare  [E: Direct oral anticoagulants (DOACs) (vs. |HR Outcome |2 Selection bias Detection of bias [No NA

administrative data (Get With |warfarin)

The Guidelines-Stroke

(GWTG-Stroke) clinical O: Primary outcomes - Home time, major

registry, Medicare claims) adverse cardiovascular events (MACE, a
composite measure of all-cause mortality,
cardiovascular, or cerebrovascular
readmission); Secondary outcomes - all-
cause mortality, fatal bleeding (readmission
for bleeding with in-hospital mortality), all-
cause readmission, cardiovascular
readmission, ischemic stroke readmission,
systemic embolism readmission,
hemorrhagic stroke readmission,
gastrointestinal bleeding, and any bleeding
requiring hospitalization
NCO: Hospital readmission with
pneumonia or readmission with sepsis

1738 | Xie, 2019"" | Cohort study Healthcare administrative E: Intention to treat with Proton pump Estimated Outcome |2 Residual bias, Detection of bias |[No NA

data (Department of Veterans |inhibitors (PPIs) (prescription of more than [excess burden Confounding bias
Affairs databases) 90-day supply of PPI in the 180-day period |associated with (Confounding by

since the first prescription) (vs. Intention to  |new use PPI per indication)

treat with H2 blockers) 1000 people

based on

O: All-cause mortality, cause-specific estimated

mortality (circulatory system diseases; cumulative

neoplasms; respiratory system diseases;

external causes; endocrine, nutritional, and |incidence rate

metabolism diseases; nervous system probability at 10

diseases; digestive system diseases; mental ~ |years

and behavioral disorders; genitourinary

system diseases; infectious and parasitic

diseases; and other causes)

NCO: Transportation related death, death

due to peptic ulcer disease

174 | Yates, Cohort study EHR (United Kingdom E: New use of lansoprazole (vs. new use of |HR Outcome |2 Confounding bias | Detection of bias |No NA
2017 Clinical Practice Research omeprazole or pantoprazole)

Datalink)

O: Incident tuberculosis

NCO: Myocardial infarction (MI) and
herpes zoster
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No |First Author, |Study Design Type of Data Hypothesized Causal Association Primary Study | Type of Number of |Type of Bias as Utility Domain | Presence of Bias as [Methods Used to Correct for Effect
Year (E: Exposure; O: Outcome; NC: Negative |Effect Measure |negative Negative Reported by Study |of Negative Concluded from |of Bias (in point estimate, confidence
(Reference control; PC: Positive control) control Controls Control Use Study Based on interval, p-value) (NA: not applicable)
No.) Negative Control

Analysis
175 [ Yip, 2020™ | Cohort study EHR (Clinical Data Analysis |E: Use of tenofovir disoproxil fumarate Sub-distribution |Outcome |2 Confounding bias | Detection of bias |No NA
and Reporting System (TDF) (vs. entecavir) hazard ratio
(CDARS))
O: Hepatocellular carcinoma (HCC)
NCO: Acute myocardial infarction (AMI),
lung cancer
176 | You, 2020 | Cohort study Healthcare administrative E: Angiotensin-converting enzyme HR Outcome 39 Any residual bias [ Detection of Yes The study used Schuemie’s empirical
data (OptumInsight's (ACE)/angiotensin-receptor blocker (ARB) bias, p-value p-value calibration method.”
Clinformatics™ Data Mart, |+ calcium channel blocker (CCB) vs. calibration
Truven MarketScan ACEI/ARB + thiazide-type diuretics (TZD)
Commercial Claims and vs. CCB+TZD
Encounters, Truven
MarketScan Medicare O: Primary outcomes - all-cause mortality.
Supplemental Beneficiaries, |Myocardial infarction, heart failure, stroke;
Truven MarketScan Mult- Secondary outcomes - major adverse cardiac
State Medicaid, National and cerebrovascular events as a composite
Health Insurance Service- outcome
National Sample Cohort
from Korea) N: Thirty-nine outcomes identified through
a data-rich algorithm (refer to study text for
entire list)
177 | Ystrom, Cohort study Research data, Vital records |E: Maternal use of acetaminophen during  |HR Exposure |1 Confounding bias | Detection of bias |No NA
2017 (Prospective cohort data - pregnancy
Norwegian Mother and Child
Cohort Study (MoBa), O: Attention-deficit/hyperactivity disorder
Medical Birth Registry of
Norway) NCE: Use of acetaminophen pre-pregnancy
178 [ Yuan, 2018"™|Cohort study Healthcare administrative E: Sodium glucose co-transporter 2 Incidence rate, |Outcome |NR Confounding bias | Detection of Yes The study used Schuemie’s empirical
data (Administrative claims ~ |inhibitors (overall), and canagliflozin HR bias, p-value p-value calibration method.”
database - Truven (specifically) (vs. non-sodium glucose co- calibration
MarketScan) transporter 2 inhibitor antihyperglycemic
agents)
O: Below-knee lower extremity amputation
NCO: NR
179 | Yuan, 2020™|Cohort study Research data (Prospective | E: Regular use of proton pump inhibitor HR Exposure |1 exposure [NCE (H2 receptor |Detection of bias [NCE (H2 receptor |NA
cohort study data - Nurses' and and 3 blocker): blocker): No
Health Study, Nurses' Health |O: Incidence rheumatoid arthritis Outcome  [outcomes | Protopathic bias

Study II)

NCE: Regular use of H2 receptor antagonist

NCO: Basal cell skin cancer, squamous cell
skin cancer, cervical cancer

and imbalance in
the underlying
diseases for acid
suppressant use

NCOs:

Confounding bias

NCOs:

Squamous cell skin
cancer: No

Basal cell skin
cancer: No

Cervical cancer: No
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No |First Author, |Study Design Type of Data Hypothesized Causal Association Primary Study | Type of Number of |Type of Bias as Utility Domain | Presence of Bias as [Methods Used to Correct for Effect
Year (E: Exposure; O: Outcome; NC: Negative |Effect Measure |negative Negative Reported by Study |of Negative Concluded from |of Bias (in point estimate, confidence
(Reference control; PC: Positive control) control Controls Control Use Study Based on interval, p-value) (NA: not applicable)
No.) Negative Control

Analysis

180 |Zhang, Cohort study Healthcare administrative E: Receipt of scasonal influenza vaccination |HR Outcome 1 Residual bias; Detection of bias | Yes NA
2017™ data (Administrative claims Confounding bias

database - Medicare data) O: All-cause mortality during the influenza
season
NCO: All-cause mortality prior to the
influenza season

181 |Zhang, Cohort study Healthcare administrative E: Receipt of seasonal influenza vaccination [HR Outcome |1 Residual bias; Detection of bias | Yes NA
2019™ data (Administrative claims Confounding bias

database - Medicare data) O: All-cause mortality during the influenza
season
NCO: All-cause mortality prior to the
influenza season

183 |Zhou, M., |Self-controlled Healthcare administrative E: Concomitant use of a precipitant of Rate ratio Exposure |1 Confounding bias | Detection of Yes The ratio of the semi-Bayes-adjusted

2020™ case series data (Administrative claims  |interest (vs. not receiving a precipitant) with (Confounding by  |bias, Point rate ratio associated with the exposure
database - Optum anticoagulants inherent effect of  |estimate and CI to the semi-Bayes-adjusted rate ratio
Clinformatics Data Mart) the precipitant on  |calibration associated with the corresponding
O: Thromboembolism (a composite the primary NCE was estimated. The delta
outcome of stroke and venous outcome) method was used for 95% CI
thromboembolism) calibration.
NCE: Concomitant use of a precipitant of
interest with pravastatin
182 |Zhou, Z., Cohort study Research data (Clinical trial ~ [E: Use of statin at baseline HR Outcome |1 Confounding bias  |Detection of bias | No NA
2020™ data - ASPREL (Aspirin in

Reducing Events in Elderly) |O: Primary outcome - disability-free

trial) survival; secondary outcomes - death,
dementia, persistent physical disability,
major adverse cardiovascular events
(MACE), fatal cardiovascular disease
(CVD), myocardial infarction (MI), and
stroke
NCO: Cancer

184 |Zullo, Cohort study Healthcare administrative E: Initiation of Bisphosphonate (vs. no use) [HR Outcome |1 Confounding bias | Detection of bias |No NA
2019" data (Administrative claims

database - Medicare data
linked to Minimum Data Set
(MDS) version 2.0 and
Online Survey Certification
and Reporting System

(OSCAR) data)

O: Hospitalized hip fracture, non-vertebral
fracture, and esophagitis

NCO: Hospitalized heart failure
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Web Table 2. Details of the Reference Sets Proposed to Systematically Rule Out a Causal Effect
for Negative Controls or Confirm the Presence of an Effect for Positive Controls

Reference set

Details

The EU-ADR reference set™

The EU-ADR reference set was developed as part of the EU-
ADR project, which aimed to develop integrated system for
early signal detection using large electronic health record data
from European countries. Ten health outcomes that were
considered as of importance for pharmacovigilance was
selected (i.e., liver disorder, acute myocardial infarction, renal
failure acute, anaphylactic shock, erythema multiform, mitral
valve disease, neutropenia, aplastic anemia, rhabdomyolysis,
and gastrointestinal hemorrhage). The set was constructed
based on negative controls and positive controls selected and
classified based on the following algorithm: 1) information
from published literature and drug product labels were used to
identify a drug-outcome association (a tool developed within
the EU-ADR project that automatically searches MEDLINE-
mdexed publications concerning adverse drug reactions). If
more than 3 sources of data previously reported on the
assoclation, 1t was categorized as a positive association, 2) pool
of potential ‘negative controls’ was further evaluated by review
of a spontaneous reporting system to exclude associations
flagged as a potential signal (using the WHO spontaneous
reporting database (VigiBase™)), and 3) manual verification of
the positive associations and negative controls was conducted
by expert physicians with proficiency in clinical medicine,
epidemiology and pharmacovigilance. The proposed set
mcluded 94 drug-event associations including 44 positive
control and 50 negative control associations for the 10 health
outcomes.

The OMOP reference set™"™

The OMOP reference set was developed to be used for
evaluating performance of methods for identifying drug safety
signals as part of the mitiative to evaluate the methods across
different healthcare databases of the network. The set was
constructed based on a classification algorithm determining
causality of an drug-outcome pair, which uses following 3
criteria: 1) a negative control pair should not be listed in the
FDA structured product labeling to have any relationship, 2)
the candidate drug should not be mentioned as a causative
agent for the outcome of interest in the systematic literature
review by Tisdale et al. in the book ‘Drug-Induced Diseases:
Prevention, Detection, and Management’, and 3) manual
search of the prior literature should not show any effects for the
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pair. The proposed set included 165 positive control and 234
negative control drug-outcome associations.

The OHDSI automatic
approach with application of
the LAERTES data™

The OHDSI automatic approach automatically combines
existing sources of evidence (spontaneous reports, scientific
literature, both American and European product labeling) and
mmplements into a system named the LAERTES. The authors
used evidence aggregated in LAERTES and developed
prediction models for adverse event signals using information
collected from the data sources as variables. Validation of the
models was conducted using the existing reference sets

(OMOP and EU-ADR).

The GRIP pediatric-specific
reference set"

The GRIP pediatric-specific reference set consists of 37 positive
control and 90 negative control drug-outcome pairs identified
for detecting signals for potential ADRs and validating
pharmacovigilance methods in the pediatric population. The
candidate drugs and ADRs for the reference set were 1dentified
in the literature reporting drugs commonly used in the pediatric
population around the world. The causal association of each
drug-outcome combination was assessed against 1) information
from drug labels (SPC) and Micromedex, and 2) published
literature searched on Embase and Medline for classification
mto one of three categories: positive control, negative control,
or unclassified.

The GRIiP pediatric-specific
vaccine reference set

Extending the work of the GRiP pediatric-specific reference
set, the GRIP pediatric-specific vaccine reference set was
created for vaccine safety surveillance in the pediatric
population. The candidate vaccines that are routinely used and
commonly reported ADRs in the population were 1dentified
from the literature, and each unique vaccine-outcome
combination was assessed against 1) information from drug
labels and Micromedex, 2) evidence from Medline literature
search, and 3) expert committee reports. The candidate pairs
were classified into one of three categories: positive control,
negative control, or unclassified. The final proposed reference
set consisted of 18 positive control and 113 negative control
vaccine-outcome paitrs.

EU-ADR indicates the Exploring and Understanding Adverse Drug Reactions by integrative mining of clinical records and
biomedical Knowledge project; WHO, World Health Organization; OMOP, Observational Medical Outcomes Partnership;
FDA, Food and Drug Administration; LAERTES, Largescale Adverse Effect Related to Treatment Evidence Standardization;
GRIP, Global Research in Pediatrics-Network of Excellence; ADR, adverse drug reaction; SPC, summary of product

characteristics.
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