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Uses of real-world data in drug safety and effectiveness studies are often challenged by various sources of bias.
We undertook a systematic search of the published literature through September 2020 to evaluate the state of use
and utility of negative controls to address bias in pharmacoepidemiologic studies. Two reviewers independently
evaluated study eligibility and abstracted data. Our search identified 184 eligible studies for inclusion. Cohort
studies (115, 63%) and administrative data (114, 62%) were, respectively, the most common study design and
data type used. Most studies used negative control outcomes (91, 50%), and for most studies the target source of
bias was unmeasured confounding (93, 51%).We identified 4 utility domains of negative controls: 1) bias detection
(149, 81%), 2) bias correction (16, 9%), 3) P-value calibration (8, 4%), and 4) performance assessment of different
methods used in drug safety studies (31, 17%). The most popular methodologies used were the 95% confidence
interval and P-value calibration. In addition, we identified 2 reference sets with structured steps to check the
causality assumption of the negative control. While negative controls are powerful tools in bias detection, we
found many studies lacked checking the underlying assumptions.

This article is part of a Special Collection on Pharmacoepidemiology.

hidden bias; negative control exposure; negative control outcome; unmeasured confounding

Abbreviations: ADR, adverse drug reaction; AUC, area under the receiver-operating-characteristic curve; CI, confidence
interval; DiD, difference-in-differences; EU-ADR, Exploring and Understanding Adverse Drug Reactions; FDA, Food and Drug
Administration; NCE, negative control exposure; NCO, negative control outcome; OMOP, Observational Medical Outcome
Partnership; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

A major concern in conducting observational studies is
the threat to internal validity. While adequate adjustments
for unbalanced covariates such as propensity score matching
allow an observational study to potentially mimic an exper-
imental study, the presence of unmeasured confounding,
selection bias, and measurement error nonetheless remain
an ongoing challenge in observational studies.

The use of negative controls for identifying and address-
ing potential residual bias has gained attraction in drug
effectiveness and safety research in recent years. In such
studies, negative controls can be used either in place of an
exposure (negative control exposure or NCE) or an outcome
(negative control outcome or NCO) in an alternative hypoth-
esis for examining potential bias. The premise underlying
the use of negative controls to detect bias is that while
negative controls should not have a causal association with

the primary exposure or outcome of interest, they should
share a same bias with the primary association of interest (1).

In recent years, there have been advancements in epi-
demiologic methods for applying negative controls in obser-
vational studies (1–9). Nevertheless, it is not well known
to what extent these methodologies have been applied in
pharmacoepidemiologic studies. In this work, we conducted
a scoping review of the state of use, applications, and util-
ity of negative controls in pharmacoepidemiologic studies.
Findings from this work may inform the development of a
guidance framework for future use of negative controls.

METHODS

We conducted a scoping review of published literature
on pharmacoepidemiologic studies that deployed negative
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controls to detect or correct bias. Our review was based on
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses extension for Scoping Reviews (PRISMA-
ScR) (10).

Identifying articles

The search strategy was initially developed by our
librarian (E.F.G.) and modified by all team members (Z.Z.,
C.H.S., J.P., S.D.R., F.T., W.H., Y.M.). The search terms
were chosen based on key concepts of focus in this review,
including terms related to negative control, pharmacoepi-
demiology, and bias. We initiated the search in multiple elec-
tronic databases, including PubMed, EMBASE, CINAHL
(Cumulative Index to Nursing and Allied Health Literature),
Cochrane Library, Scopus, and Dissertations and Theses
Global, from inception to September 4, 2020. In addition,
we manually searched the articles that cited the key method
papers that are often cited for the negative control methods
using Scopus. Any relevant articles that were identified
from the included studies and not retrieved from the
database searches were screened and reviewed for inclusion
additionally. Based on our review of the literature, we used
multiple key terms that were used for negative controls,
including negative control, proxy outcome, bias indicator,
and probe variable. We utilized the review management
software Covidence (Covidence systematic review software;
Veritas Health Innovation, Melbourne, Australia; https://
www.covidence.org/) throughout the review process to
manage the data and facilitate discussion among the
investigators (see Web Appendix 1 for search strategies,
available at https://doi.org/10.1093/aje/kwad201).

Selection of studies

We included studies that were published in English, had
a focus on pharmacoepidemiology, and clearly expressed
the use of negative controls to address bias in their anal-
ysis or added novel utilities of negative control methods.
We excluded experimental studies either of a preclinical or
clinical nature, or the ones that used negative controls as
active comparators. Duplicate records were removed after
comparing titles, published dates, authors, and journal fields.
The selection criteria are provided in Web Appendix 1.
Two reviewers (J.P. and C.H.S.) independently screened the
titles and abstracts of all records retrieved from the database
searches to determine studies to be further assessed for full-
text screening. The full texts of the included articles from the
abstract screening were reviewed by the same reviewers (J.P.
and C.H.S.) independently for eligibility according to the
inclusion criteria. Any discrepancies between the reviewers
were resolved through further discussion, and if agreement
was not reached, a third reviewer (Z.Z.) made the final
determination throughout the selection process.

Data extraction and analysis

Three reviewers (J.P., C.H.S., and Z.Z.) independently
extracted data from the texts of the included articles. The
team members crosschecked each other’s data extraction.

Disagreements among the reviewers on extracted informa-
tion were resolved through discussion at team meetings.

We obtained descriptive statistics on the negative con-
trol use in the included studies and abstracted data on key
methodological items including study characteristics such as
publication year, study region, study design/pharmacovig-
ilance method, type of data source, type and number of
negative controls used, causal question under investigation
(e.g., a drug-outcome association of interest), measure of
association used, negative control assumptions, results of
the negative control analysis, and negative control method
used for bias correction or P-value calibration. Based on our
quantitative and qualitative review of the extracted data, we
identified distinct domains of negative control use in phar-
macoepidemiologic research and summarized the studies
based on our domain classification. We also summarized the
approaches undertaken in the included studies for validating
the assumptions of negative controls.

RESULTS

We initially identified 6,043 records from the database
and the manual searches and selected 588 studies for further
full-text assessment after the title and abstract screening.
After the full-text review, we selected 184 papers for data
extraction (Figure 1, showing a PRISMA flow diagram).

Reviewing key definitions and assumptions

Under the counterfactual or potential outcome framework,
which models and contrasts potential outcomes under
alternative exposure levels, possibly contrary to fact (6),
there are 2 major assumptions necessary for negative
controls and their use for bias detection (1, 6, 9). The
first assumption (lack of causality or exclusion restriction
assumption) is necessary to define negative controls and
ensures lack of causal associations between the NCE and the
primary outcome and between the primary exposure and the
NCO. The second assumption necessitates that the negative
control association has a similar underlying bias structure
to that of the primary exposure-outcome association (U-
comparability assumption) required for bias detection. In
addition to these main assumptions specific to negative
controls, there are other assumptions required for causal
inference while acknowledging the presence of unmeasured
confounding, mainly the consistency assumption and the
latent ignorability assumption, as described elsewhere (9).
While the exclusion restriction and the U-comparability
assumptions are sufficient for bias detection, there may be
additional assumptions required for bias correction. For
example, for identification of the causal effect using the
double negative control methods, there are identification
conditions described as positivity and completeness assump-
tions (9). Directed acyclic graphs of negative controls and
formal representations of these assumptions are provided in
Web Appendix 2, including Web Figure 1.

Basic characteristics of the included studies

Table 1 shows the study characteristics. Out of 184
included studies, the majority were published in recent years

Am J Epidemiol. 2024;193(3):426–453

https://www.covidence.org/
https://www.covidence.org/
https://doi.org/10.1093/aje/kwad201


428 Zafari et al.

Duplicate Records Removed 
(n = 1,781)

Studies Excluded as Irrelevant
(n = 3,674)

Studies Excluded (n = 404)

Not a pharmacoepidemiologic study 
(n = 195)

Conference abstracts/gray literature 
(n = 100)

Not reporting the use or novel utility 
of NC methods (n = 93)

Not of an observational nature (n = 8)
NC used as a comparator (n = 6)
Duplicate records (n = 2)

Studies Included in Review
(n = 184)

Id
en

tif
ic

at
io

n
Sc

re
en

in
g

In
cl

ud
ed

Records Identified (n = 6,043)

Databases Searches (n = 5,539)
Embase (n = 3,502)
Scopus (n = 885)
PubMed (n = 735)
CINAHL (n = 270)
CENTRAL (n = 85)
Dissertations and Theses Global 

(n = 61)
Cochrane Database of Systematic 

Reviews (n = 1)

Manual searches (n = 504)

Studies Screened by 
Title and Abstract (n = 4,262)

Studies Assessed for Eligibility by 
Full-Text Review (n = 588)

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) f low diagram for selection for inclusion in a
review pharmacoepidemiologic studies involving negative controls (NCs). CENTRAL, Cochrane Central Register of Controlled Trials; CINAHL,
Cumulative Index to Nursing and Allied Health Literature.

(126, 68.5%; between 2017 and 2020). The most common
study design was cohort study (n = 115, 62.5%), followed by
case-control study (n = 12, 6.5%) and self-controlled case
series (n = 9, 4.9%). Most of the studies used health-care
administrative data (e.g., insurance claims) (n = 114, 62.0%)
or electronic health record data (n = 62, 33.2%). Of the
184 studies, 54 (29.3%) used NCE, 91 (49.5%) used NCO,
and 34 (18.5%) used both NCE and NCO in their analyses.
Unmeasured confounding was the most frequently stated
reason (n = 93, 50.5%) for use of negative controls in the
included studies, followed by information bias (including
misclassification, measurement error) (n = 10, 5.4%) or
selection bias (n = 7, 3.8%).

We identified different nomenclature used for negative
controls. While most of the included studies used the term
negative control or similar terms (e.g., negative outcome/
exposure, control outcome/exposure), some studies used
other terms, such as falsification endpoint/analysis, bor-
rowed from the econometrics literature (10 studies). We
identified 1 study that used the term indicator conditions to
refer to negative control outcomes.

The utility and application of negative controls in
pharmacoepidemiologic studies

Based on our review of the 184 studies, we identified
4 main domains for the application of negative controls in
pharmacoepidemiologic studies. The first 3 domains directly
address bias in the effect estimate of the exposure-outcome
association and include: 1) detection of bias, 2) correction
of bias (by correcting the point estimate or calibrating its
confidence interval (CI)), and 3) calibration of P value. The
fourth domain is not directly related to a particular exposure-
outcome association; instead, it deploys negative controls to
assess the performance of different pharmacoepidemiologic
methods.

Detection of bias in the effect estimate of the exposure-
outcome association. Most of the studies (149 (81%))
used negative controls to detect potential bias in the effect
estimate of the exposure-outcome association (4, 5, 7, 11–
156). This can be done by testing the negative control
association against the null hypothesis. Most studies indi-
cated the presence of a bias by rejecting a null hypothesis
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Table 1. Characteristics of the Included Studies in the Scoping Review for the State of Use and Utility of Negative
Controls in Pharmacoepidemiologic Studies

Characteristic
Study (n = 184)

No. %

Publication year

Before 2012 12 6.5

2013–2016 46 25.0

2017–2020 126 68.5

Study region

North America 94 51.1

Europe 61 33.2

Asia 13 7.1

Others 4 2.2

Multiple regions (including more than 1 continent) 12 6.4

Study design

Cohort study 115 62.5

Case-control study 12 6.5

Self-controlled case series 9 4.9

Nested case-control study 7 3.8

Ecological study 5 2.7

Self-controlled cohort study 2 1.1

Case-crossover study 1 0.5

Cross-sectional study 1 0.5

Self-controlled risk interval study 1 0.5

Pharmacovigilance study

Disproportionality analysis 4 2.2

Sequence symmetry analysis 3 1.6

Sequential statistical testing 3 1.6

Multiple studies with different designs/methods 14 7.6

Reference set identification 5 2.7

Others 2 1.1

Type of NC

NCE 54 29.3

NCO 91 49.5

Both NCE and NCO 34 18.5

Not applicablea 5 2.7

No. of NCs used

Single (either NCE or NCO) 84 45.7

Multiple 94 51.0

Not applicablea/not reported 6 3.3

Type of biasb

Unmeasured confounding 93 50.5

Information bias (e.g., misclassification, measurement error) 10 5.4

Selection bias 7 3.8

Protopathic bias 2 1.1

Bias in general/not specified 80 43.5

Table continues
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Table 1. Continued

Characteristic
Study (n = 184)

No. %

Type of data source usedb

Health-care administrative data (e.g., insurance claims,
national health system data)

114 62.0

Electronic health records 61 33.2

Research data (e.g., primary data) 26 14.1

Disease registry 11 6.0

Passive surveillance data for drug safety 7 3.8

Simulated data set 6 3.3

Public health survey data 4 2.2

Not applicablea 5 2.7

Abbreviations: NC, negative control; NCE, negative control exposure; NCO, negative control outcome.
a Reference set identification studies with no empirical application of NC.
b Categories are not mutually exclusive.

if the effect estimate of the negative control association
was statistically significant given the type I error of 5%
(P < 0.05). However, we found some studies that concluded
presence of bias if the direction of the point estimate of
their negative control association was considered indicative
of bias even when its P value was not statistically significant
(14, 71, 116). Of the 149 studies included in this category,
63 (42%) reported detecting a presence of bias. For types of
bias detected see Table 1 and Web Table 1.

Negative controls to correct the effect estimate and CI for
bias. We found 16 studies that used negative controls to
obtain bias-adjusted estimates (point estimates or CIs) for
the exposure-outcome association of interest (Table 2) (5,
7, 47, 48, 50, 53, 63, 70, 73, 74, 89, 107, 111, 126, 139,
154). Fourteen out of 16 studies were published between
2017 and 2020, which may suggest expansion of the use of
negative controls for bias correction in pharmacoepidemi-
ology in recent years. The most common practice for bias
correction was a difference-in-differences (DiD) approach
by subtracting (or dividing) the effect estimate of the nega-
tive control association from that of the primary association
of interest. This approach requires a restrictive assumption
of additive equi-confounding, which necessitates that the
magnitude and direction of the bias for the negative control
association be equal to that of the primary exposure-outcome
association on the additive scale (157). For example, a group
of studies examining drug-drug interactions (DDIs) obtained
the bias-corrected effect estimates by taking a ratio of rate
ratio (RR) (or ratio of reporting odds ratio (ROR)) from an
association with suspected DDI and the RR from negative
control associations with no suspected DDI (50, 73, 74, 154).
The delta method was commonly used to construct the 95%
CIs for the corrected estimate in these studies (50, 73, 154).

Gruber et al. (48) used the DiD approach in examining
the effect of different vaccine dose timing on rotavirus

vaccine effectiveness. The authors used the placebo group
in a randomized controlled trial as a negative control for
measuring and correcting for bias (48). Rodgers et al. (107)
demonstrated the utility of prior event rate ratio (PERR),
a bias correction method based on the DiD approach, to
correct for bias using the same outcome measured in a nega-
tive control period. The study used PERR-adjusted hazard
ratio (HRPERR), defined as the ratio between the hazard
ratio for the study period and the hazard ratio for period
before exposure, in adjusting for time-invariant unmeasured
confounding for estimating the association between second-
line antidiabetics and known side effects (edema and weight
gain) (107). Using the outcome measured in the prior period
as an NCO, the authors ensured the similarity in the bias
measured in the negative control association with regard
to time-invariant factors (107). Other studies described the
use of the DiD approach in the context of survival analysis
and its conditions (158–160). Bootstrapping was used to
estimate 95% CIs for the corrected effect estimates for these
studies (48, 107).

In another group of studies, an approach of utilizing
more than one negative control was taken in correcting the
effect estimates to account for variations in bias estimates
from different negative control associations (5, 53, 70, 89,
111, 126, 139). Schuemie et al. (5) formalized the idea of
using multiple negative controls in bias estimation into the
empirical calibration method for 95% CI, which constructs a
parametric empirical null distribution of bias using multiple
negative controls and synthetic positive controls to calibrate
the effect estimate and 95% CI. Table 2 shows the method-
ological details of the studies that corrected effect estimates
and CIs for bias.

In addition, Shi et al. (7) leveraged the use of double
negative controls, one NCE and one NCO, for constructing
a semiparametric model for a multiply robust estimator of
the average treatment effect in the presence of a categorical
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unmeasured confounding. Their study showed the multiply
robust estimator reduced bias in a vaccine safety study (7).

Negative controls to calibrate the P value. We found 8
pharmacoepidemiologic studies that used the empirical cal-
ibration method to calibrate P value to correct for the type I
error (erroneously rejecting the null hypothesis) (4, 38, 65,
89, 112, 139, 148, 151). Based on the same theoretical back-
ground as the CI calibration method, this method proposed
by Schuemie et al. (4) uses a large number of negative con-
trols to estimate the empirical null (bias) distribution using
the maximum likelihood approach to calibrate P values and
accounts for both random and systematic error in drawing a
statistical inference (Table 2).

Negative controls to assess the performance of different
methods used in drug safety and effectiveness studies.
We found 31 studies that deployed negative controls as a
reference standard to compare the performance of different
methods for drug safety and effectiveness studies (31, 60,
64, 86, 141, 161–186). The details of these studies are
presented in Table 3. The first group of studies in this domain
used negative controls specifically to evaluate and validate
methods used to identify potential adverse drug reactions
(ADRs) for pharmacovigilance purposes (161–186). The
studies commonly used a large set of negative controls and
known drug reactions (positive controls) to quantify the
variations in discriminatory power of different pharmacovig-
ilance methods in detecting safety signals. For example,
one of the earliest studies of this kind by Schuemie et al.
compared the performance of different pharmacovigilance
methods and study designs to identify ADRs, including
cohort methods, case-based methods, and other data-mining
methods commonly used in spontaneous reporting systems
for ADRs (182). The authors used a set of known drug-ADR
pairs and negative control pairs to compare the discrimina-
tory power of the aforementioned methods by measuring
the area under the receiver-operating-characteristic curve
(AUC) across 7 European electronic health record databases
(182). Some studies in this group used this approach to
examine the transferability of the methods and assess the
performance of established ADR identification methods in
new settings. For example, Pratt et al. (174) evaluated the
consistency of the prescription sequence symmetry analysis
method to detect ADRs across settings in 5 countries using
positive and negative controls.

The other group of 5 studies in this domain (lower section
of Table 3) used negative controls to compare the perfor-
mance of different analytical methods to mitigate bias in
pharmacoepidemiologic studies (31, 60, 64, 86, 141). For
example, Davies et al. (31) used an NCO and an NCE to
measure and compare the relative bias in the effect estimates
from 2 different analytical methods (instrumental variable
vs. conventional regression) in assessing the comparative
safety of smoking cessation therapies. Weinstein et al. (141)
used 31 NCOs to compare residual bias resulting from the
6 different confounding adjustment methods in evaluating
comparative safety of frequently used over-the-counter anal-
gesics. The authors reported the proportion of statistically
significant NCOs as an indicator of bias (141).

Validating the assumptions of negative controls in
pharmacoepidemiologic studies

We identified 3 common strategies for selecting neg-
ative control associations satisfying the first assumption
(lack of causality assumption) in the included studies:
1) logically impossible association (e.g., causally implau-
sible timing of the event), 2) clinically implausible asso-
ciation, and 3) association with no previous evidence of
potential causal association. The use of a prespecified set of
drug-outcome pairs classified as either positive or negative
controls based on prior scientific evidence has become com-
mon practice in validation of pharmacovigilance methods.
The Exploring and Understanding Adverse Drug Reactions
(EU-ADR) reference set was developed as part of the EU-
ADR project and composed of 44 positive and 50 negative
control drug-outcome associations across 10 outcomes
that were considered important from a pharmacovigilance
perspective (187). The EU-ADR researchers started the
selection by identifying drugs with enough exposure in
the EU-ADR database network and checked the lack of
causality for each drug-outcome pair against 3 resources:
1) information from published literature and drug product
labels, 2) review of a spontaneous reporting system, and 3)
manual verification by expert physicians. The Observational
Medical Outcome Partnership (OMOP) reference set was
another commonly used set as a reference standard in the
OMOP studies (188, 189). This set included 165 positive
control and 234 negative control associations across 4
common adverse outcomes (acute kidney injury, acute liver
injury, acute myocardial infarction, and upper gastrointesti-
nal bleeding) and similarly checked the lack of causality
using evidence from: 1) Food and Drug Administration
(FDA) structured product labeling; 2) systematic literature
reviews by Tisdale et al. (190) and 3) manual search of
the literature. More recently, a semiautomated process
for identifying negative controls, in which the algorithm
automatically combines up-to-date evidence from various
sources (spontaneous reports, scientific literature, and
both American and European product labeling), has been
introduced (191). We also identified reference sets that
were built for specific population groups (e.g., pediatric
population) (172, 192, 193) or therapeutic areas (e.g.,
oncology, vaccine) (164, 193). More information on these
reference sets is presented in Web Table 2.

For the second assumption of negative controls (shared
bias structure assumption), while there is no empirical test
to check this assumption, we found 8 studies that explicitly
provided, and compared, the distributions of major mea-
sured covariates/confounders between the primary exposure
or outcome of interest and their corresponding NCE or
NCO (Table 4) (34, 50, 57, 72, 83, 104, 128, 154). While
the true similarity in the bias structure of the exposure-
outcome association and the negative control association
remains unobserved, the premise behind this approach is
that showing similar distributions and effects of observed
confounders can provide some evidence for potential simi-
larities in unmeasured confounders. Out of the 8 studies, one
study provided additional steps to improve the comparability
of the bias structure. Dillon et al. (34), in examining the
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effects of gaps in antihypertensive medication adherence on
injurious falls using the gaps for antithrombotic medication
adherence as an NCE, checked the distributions of mea-
sured covariates between the exposure and NCE samples
and found significant differences for gender, comorbidities,
and rate of regular medication use between the samples.
Accordingly, the authors reweighted the NCE sample using
inverse probability weighting to adjust for differences in the
covariate distributions (34). The details of all 8 studies are
provided in Table 4.

DISCUSSION

In this scoping review, we identified 184 pharmacoepi-
demiologic studies that reported the use of negative controls
in their design and analysis or added novel utilities of neg-
ative control methods. We identified 4 domains for the use
of negative controls: 1) detection of bias, 2) correction for
bias in the effect estimates, 3) calibration of P value, and
4) assessing the performance of different methods in drug
safety and effectiveness studies.

Among the methodological developments of negative
controls, our study revealed that the methods for empirical
calibration of P value or 95% CIs were used more than
other methods in the field (4, 5). An advantage of the
empirical calibration methods is that they do not require the
assumption of equi-confounding, which is often unverifiable
in practice. Applying this methodology requires defining
multiple negative controls for the primary exposure-outcome
association, which can be a challenging task for researchers.
Thus the OMOP researchers provided a semi-automated
process for selecting negative controls (191). One important
condition for using the method is that the confounders of
negative control associations should be drawn from the same
distribution as confounders of the primary drug-outcome
association. In addition, identifying negative control drugs
is more challenging for case-control designs, as some of
these drugs might cause confounding by indication (4).
Also, a large amount of heterogeneity of bias estimates
of negative controls may lead to increased type II error
reducing the power to detect the true safety and efficacy
signal (194).

As the use of observational data, for example during
the coronavirus disease 2019 (COVID-19) pandemic, gains
momentum, the importance of negative controls as a tool
to address unmeasured confounding becomes more salient.
Two recent studies during the COVID-19 pandemic inves-
tigated the effectiveness of mRNA vaccines using obser-
vational data, and both studies used negative controls to
address unmeasured confounding in the data set (195, 196).
These studies were published after our review’s article inclu-
sion period and hence were not included.

While use of negative controls has been primarily for
addressing unmeasured confounding in pharmacoepidemi-
ologic studies, they have been used for other types of biases,
such as selection bias or measurement error. In addition,
under recent developments in the proximal causal inference
framework, negative controls are viewed as a version of
proxy variables for sources of bias (197). The proximal

causal inference framework expands the potential utility of
proxy variables in bias correction by acknowledging the
presence of different sources of bias with imperfect infor-
mation (e.g., unmeasured common cause or descendent,
unmeasured mediator, censored data) using proxies to make
inferences on these latent variables of interest (197–199).

Methods for bias correction have evolved from the bias
attenuation work by Flanders et al. (3), which demonstrated
the effect of including future exposure in time-series analysis
in reducing the amount of bias. This work was further
extended by Miao and Tchetgen Tchetgen (200) for further
reduction and even elimination of bias by including more
exposures in the future in time-series analysis under some
untestable parametric assumptions. A recent study provided
a selective review of major methodological developments of
negative controls in broader epidemiology (9). Our review
discovered that many of these new developments for bias
correction, such as the control outcome calibration approach
(COCA) (6), a method based on scale-invariant generaliza-
tion of DiD (157), and methods of double negative controls
(7, 8, 201), have not yet been widely adopted in pharma-
coepidemiologic studies.

Despite the growing attention to negative controls, there
is no standardized guidance or statistical method to test
the underlying assumptions of negative controls. While
identifying unmeasured confounders without any restriction
or assumption may be unlikely, recent work by Kummerfeld
et al. (202) provided an empirical test for validating a
triplet of disconnected negative controls. In the absence of
empirical tests, directed acyclic graphs and other structural
models that require subject matter knowledge to justify
the causal associations can provide a proxy, yet a formal
justification for bias. Future research to provide a formal
approach to test for the assumptions of negative controls is
warranted.

Our study had some limitations. Although we conducted
the literature search and selection of articles in a compre-
hensive and systematic manner, it is possible that some
articles might have been missed given the nature of the topic.
For example, it is possible that other nomenclature used
interchangeably with negative controls might not have been
included in our search strategy. A recent study published
after our search was conducted, for instance, mentioned
the use of falsification endpoint in some negative control
studies (9). While we identified some studies using the term
falsification endpoint, including every possible nomencla-
ture in our search was not logistically feasible given the
substantially large number of article outputs, and we do not
believe addition of other terms would change the identified
domains for utility of negative controls in pharmacoepi-
demiologic studies beyond our results. Negative controls
are often used as a sensitivity or secondary analysis, which
might not be reported in detail in the fields searchable in
the databases. A previous study showed that many studies
do not report use of a specific methodology in the title
and abstract (203). We attempted to minimize the risk of
missing a relevant article by manually reviewing the refer-
ence lists of the selected articles. Finally, to our knowledge,
there is no standardized checklist for the use and report of
negative control analyses in observational studies, thus we
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were not able to grade the study quality of the included
articles.

CONCLUSION

Our study laid out a holistic overview of the utility of
negative controls to provide guidance for different appli-
cations of negative controls in future pharmacoepidemio-
logic studies. While the primary use of negative controls
has been to detect bias, we identified other utility domains
for their application, such as assessing the performance
of epidemiologic methods of identifying ADRs. Despite
considerable methodological advancements in the use of
negative controls for bias correction or P-value calibration in
recent years, only a few studies have applied these methods
for their research questions. Finally, while the validity of
negative control use is based on the underlying assumptions,
we found that many studies selected their negative con-
trols without efforts made toward validating the underlying
assumption. Violation of the underlying assumptions can
lead to biased estimates.
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