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Abstract 

The self-controlled case series (SCCS) method is an epidemiological study design that was developed 
during the mid 1990s for use in vaccine safety studies. It is a case-only design suitable for testing 
temporal hypotheses, with the advantage of eliminating time-invariant confounding. Use of SCCS for 
vaccine safety studies is now well established. The aim of this paper is to review and discuss use of 
SCCS beyond vaccine safety, in other areas of pharmacoepidemiology and wider use in epidemiology. 

We selected publications from Scopus and ISI web of knowledge in a systematic way. Data were 
extracted using a standardized form. The review includes 79 articles. Results are presented and 
discussed on the exposures and outcomes identified, data description and accuracy, software, 
observation periods, risk periods, confounders, methodological assumptions and sensitivity analyses.  

Where more than one study design was used within an article, one or two results were extracted for 
direct comparison with SCCS results, selected for best comparability in design choices. Pairs of results 
are compared and discussed. 

Our review largely found appropriate and growing use of SCCS methods beyond vaccine safety.  



2 
 

Introduction 
The self-controlled case series (SCCS) method is an observational study design that may be used to 
study the association between time varying exposures and an outcome with a defined onset using 
information only on cases, individuals who have experienced the outcome of interest at least once [1, 
2]. It may be used to study a hypothesis about when events arise in relation to exposures, rather than 
about who those events arise in, as in a cohort or case-control design. A major advantage is that SCCS 
automatically controls for all measured and unmeasured time-invariant confounding variables that 
act multiplicatively to modify the association between exposure and outcome event. However, use of 
the SCCS method is limited by some strong assumptions. Namely, that occurrence of the outcome 
event does not affect subsequent exposures; that occurrence of the outcome event does not affect 
an individual’s time observed; and that events must be independent and either recurrent or rare and 
unique. 

The self-controlled case series method has now been in use for over 20 years [2]. Since its publication 
in 1995, several papers that popularise and extend the method have been published including [1, 3-
14]. It was originally developed to investigate potential associations between vaccines and adverse 
outcomes. Its use for this original purpose is now commonplace; in 2011, we published a review of 40 
vaccine safety studies that used SCCS and provided recommendations for best practice [3]. In general, 
we found that the method was being used appropriately. Moreover, because vaccines are not 
generally expected to perturb usual routines, have clear dates of vaccination followed by a limited 
period in which the immune response occurs, vaccines often make particularly suitable exposures for 
use in SCCS studies. Therefore, in this paper we examine SCCS studies beyond vaccine safety, in 
applications that may be more challenging in practice. This includes applications to the safety of 
prescription medications, outcome events post infection and surgery, during pregnancy or coinciding 
with environmental exposures. 

Aside from our review of vaccine safety SCCS studies two other reviews on the use of case-only 
methods in pharmacoepidemiology have been published [15, 16]. These systematic reviews include 
in addition applications of the case-crossover method, an alternative case-only design that shares with 
SCCS the advantage of automatic control of time-invariant confounders. Both reviews considered 
whether use of a case-only method was appropriate for the particular application; reporting on 
whether events had an abrupt onset, whether events were rare or recurrent and whether exposure 
was intermittent, and for SCCS whether events were independent, whether events affected 
subsequent exposures and whether the event affects short-term mortality probability. It should be 
noted that exposures need not be intermittent for the SCCS design; indefinite or long-term exposures 
can be handled using SCCS under certain circumstances. Also, while outcomes with an abrupt onset 
are more ideal, events with an insidious onset have been studied using SCCS, using a defined marker 
day for onset (e.g. age at diagnosis) with longer or indefinite windows of exposure to allow for the 
uncertainty in timing. Both reviews considered the quality of reporting. Nordmann et al [16] 
additionally reported in more detail on the characteristics of data sources, risk and reference periods. 
These reviews are, however, limited to applications in pharmacoepidemiology (including vaccine 
exposures), thus this is the first review to include SCCS applications beyond pharmacoepidemiology. 
The earlier reviews [3, 16] showed growing use of the SCCS design. However, Gault et al [15] searched 
for articles that met validity assumptions for case only designs and showed that opportunities for using 
a case-only design in pharmacoepidemiology are often missed.  

A further growing use of SCCS in pharmacoepidemiology is in risk identification studies [17]. 
Researchers apply a number of common, standardized models (often including an SCCS model) to a 
large number of prescription medications and potential risks within large databases. Interest does not 
lie primarily in quantifying risks, rather in identifying them. While we acknowledge this as a growing 
area of application for SCCS models, we have not included such papers in our review; here we review 
papers that use SCCS to quantify risks for more focused hypotheses. 
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For this paper, we firstly systematically identified published SCCS hypothesis-testing studies and 
reviewed them against a standard form. Secondly, we use this review to show how the SCCS method 
has been used and to identify good, poor or unusual practice for further discussion. Our ultimate aim 
was to broaden insight into the use of the SCCS design and encourage good practice in design, 
application and reporting. Prior basic knowledge of the self-controlled case series method is assumed, 
for a simple introduction see [11]. 

We also aim to compare selected headline results between SCCS and other designs, where more than 
one study designs have been used. Powels et al [18] found moderate concordance between case-only 
(including both SCCS and case-crossover) and parallel group designs in a systematic comparison. 
Instead, we display and focus on similarities and differences in pairs of one or two extracted study 
results per article. 

Materials and Methods 
A review of self-controlled case series studies was conducted in a systematic manor. SCCS studies with 
non-vaccine exposures were identified. These studies were published (in print or electronically) 
between 1995, when the SCCS method was first introduced, and May 2016, when the papers were 
extracted. We searched for those papers citing references [1-10] in the Scopus and the ISI Web of 
Knowledge databases. No review protocol exists. 

All articles were initially screened on title and abstract by one author. Excluded articles were later re-
screened by another author to ensure none had been missed. Among the identified SCCS studies, 
papers that included vaccines as exposures were excluded from the review. SCCS studies on vaccine 
safety were reviewed by [3]. We also excluded all methodological papers and commentaries. We only 
included studies in which study authors specifically identified the design as self-controlled case series. 
Note that other study designs are special cases of SCCS, such as the self-controlled risk interval design 
[19] and the time stratified case-crossover design [20], but these were not included as authors would 
not necessarily be aware of the similarities. 

We reviewed each paper against a standard form that included details on: exposures and adverse 
events studied, whether multiple or single exposure was studied, case ascertainment, whether 
repeated events were used in the analysis, data collection and description, sample size, observation 
period, age groups, the allowance for any other temporal confounders, risk periods and their 
rationale, sensitivity analyses undertaken, statistical features, whether key SCCS assumptions were 
met, any good, poor or unusual practice, and comparison with other study methods used in addition 
to SCCS. See S1 Table for a full list of elements included in the review form. 

Where another study was used in addition to SCCS, we extracted one or two ‘headline’ results for a 
specific exposure-outcome pair for each study design. We identified the headline exposure-outcome 
pair by (1) identifying the main analysis within the article, (2) where there was exactly two main 
analyses we extracted results for both, (3) where there were multiple exposure-outcome pairs studied 
we simply took that of the first reported result within the article abstract. For comparisons with cohort 
and case-control designs, we identified and extracted only pairs of results with the most similar design 
choices, the minimum requirement for which was that the definition of exposure in the cohort or case-
control study matched the exposure risk window in the SCCS study. We noted the sample sizes, 
whether the same population of cases was used, and for cohort studies we additionally noted whether 
the study/observation periods differed. Where the other study design was case-crossover, we noted 
risk and reference periods for SCCS, and case and referent windows for case-crossover. When results 
using several choices of referent windows were reported for the case-crossover analysis, we identified 
a primary case-crossover analysis result or if no primary analysis was identified in the article, we took 
the first listed. Results are reported as a relative risk for cohort, odds ratio for case-crossover and case-
control and relative incidence for SCCS. 
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Results and Discussion 
A flowchart of the selection of articles is included in Figure 1. 461 records were identified in SCOPUS 
and 401 in Web of Science. After excluding 374 duplicates, 488 records were screened on title and 
abstract for inclusion eligibility. 97 full text papers were screened, from which we identified 79 studies 
that met our selection criteria and were included in the final study. Note that two of the 97 full text 
papers were excluded because we were unable to fill in our standard form; one was excluded because 
the SCCS analyses were secondary to other analyses and there was no detail on the SCCS analyses in 
the paper, and the other was excluded because a large number of analyses were carried out on 
multiple outcomes that could not be generalised sufficiently on one form. 

Figure 1. Flowchart of articles searched and reviewed. 

 

Figure 2 shows that the number of studies included in this review has increased by year. Researchers 
should have found SCCS more accessible to apply after publication of a tutorial [1] and example scripts 
were made available online in 2006 (http://statistics.open.ac.uk/sccs). Note that the databases were 
searched in May 2016, hence the low number included in the review that were published in 2016. 

Software for SCCS analyses 

13 studies did not state which statistical software package was used for analysis, 66 did and of these, 
9 used more than one software package. 4 studies reported use of GLIM, 5 use of R, 26 use of SAS, 37 
use of STATA, and 1 use of SPSS. 
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Figure 2. Number of studies reviewed against year. Separated by articles in pharmacoepidemiology 
(typically with prescription medication exposures) and those with other exposures. 

 

Exposures and outcomes identified 

The exposures and outcomes of studies included are summarised in two separate tables. Table 1 
includes only (non-vaccine) pharmacoepidemiology studies, concerned with the safety of prescription 
medications, of which there were 52. The most common outcomes studied were broadly accidents 
and injuries, and cardiovascular outcomes. Table 2 includes all other studies, of which there were 27. 
10 studies were on the association between infections and cardiovascular outcomes, 4 studies had 
surgical exposures, 2 environmental and 2 pregnancy.  

Table 1. Exposures and outcomes in 52 pharmacoepidemiology studies (non-vaccine), grouped by 
broad drug class. 

Broad drug class Exposure(s) Outcome(s) Reference 

antibiotics / anti-
infectives 

fluoroquinolones retinal detachment [21] 

palivizumab diarrhoea, bronchitis, eczema [22] 

antibiotics liver injury [23] 

clarithromycin MI, stroke, arrhythmia [24] 

cardiovascular statins RF, VTE, PD, dementia, RA, 
cataract, fractures 

[25] 

antihypertensive falls [26] 

beta blockers heart failure [27] 

antihypertensive hip fracture [28] 

antihypertensive falls [29] 

Tamsulosin hypotension [30] 

Antihypertensives (generic 
vs brand name) 

treatment discontinuation [31] 

α-adrenoceptor blocker 
therapy 

hip, femur fractures [32] 

beta blockers MI [33] 

α-blocker therapy stroke [34] 
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gastrointestinal / 
metabolism 

thiazolidinediones fracture [35] 

orlistat liver injury [36] 

PPIs MI, HF [37] 

PPIs pneumonia [38] 

sitagliptin and exenatide pancreatitis [39] 

PPIs, HS2RAs clostridium difficile infections [40] 

psychotropic TCAs, SSRIs hip fracture [41] 

TCAs, SSRIs MI [42] 

bupropion sudden death, seizures [43] 

antipsychotics stroke [44] 

antipsychotics stroke [45] 

SNRIs falls [46] 

antipsychotics hip fracture, pneumonia [47] 

overdose on psychotropic 
drugs 

RTAs [48] 

antipsychotics MI [49] 

TCAs, SSRIs suicide related events and 
self harm 

[50] 

stimulant treatment injury [51] 

benzodiazepine  fracture [52] 

antipsychotics MI [53] 

methylphenidate trauma [54] 

methylphenidate injuries [55] 

antidepressants hip, femur fracture [56] 

antidepressants work-related injuries [57] 

addictive disorders nicotine replacement 
therapy 

MI, stroke, death [58] 

anti gout colchicine clostridium difficile Infection [59] 

glucocorticoids discontinuation of 
glucocorticoid therapy 

psychiatric outcomes [60] 

ophthalmological ranibizumab stroke, TIA, MI [61] 

ophthalmic timolol bradycardia [62] 

osteoporosis strontium ranelate VTE, GI disturbance, skin 
complaints, memory loss 

[63] 

bisphosphonates AF and flutter [64] 

opioid opioid analgesics serious infections [65] 

reproduction ART MS exacerbations [66] 

respiratory tiotropium bromide stroke [67] 

multiple drug classes SSRI, NSAID GI bleed [68] 

prescription medications RTAs [69] 

combinations clopidogrel and PPIs MI [70] 

concomitant tramadol and 
VKA 

high INR [71] 

drug combinations GI bleed [72] 

PPIs: proton pump inhibitors, H2RAs: histamine-2 receptor antagonists , SSRIs: selective serotonin 
reuptake inhibitors, TCAs: tricyclic antidepressants, SNRIs: serotonin-norepinephrine reuptake 
inhibitor antidepressants, ART: assisted reproduction technology (gonadotropin-releasing hormone 
agonists and recombinant follicle-stimulating hormone), VKA: vitamin K antagonist, MI: myocardial 
infarction, RF: renal failure, VTE: venous thromboembolism, PD: Parkinson’s disease, RA: rheumatoid 
arthritis, HF: heart failure, AS: attempted suicide, TIA: transient ischaemic attack, GI: gastrointestinal, 
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RTA: road traffic accident, AF: atrial fibrillation, MS: multiple sclerosis, INR: international normalized 
ratio measurement. 
 
Table 2. Exposures and outcomes in 27 studies (with non-drug and non-vaccine exposures), grouped 
by type of exposure. 

Exposure type Exposure(s) Outcome(s) Reference 

acute 
infections 

acute infection or vaccination MI, stroke [73] 

acute respiratory or urinary 
tract infections 

DVT, PE [74] 

staphylococcus aureus 
bacteremia 

MI [75] 

acute bacterial pneumonia ACS [76] 

infection-related 
hospitalization 

MI, unstable angina, stroke, TIA [77] 

influenza MI [78] 

herpes zoster stroke [79] 

hemorrhagic fever with renal 
syndrome 

MI, stroke [80] 

chickenpox stroke [81] 

herpes zoster MI, stroke [82] 

environmental heat waves renal disease/failure [83] 

extreme heatwaves ambulance call out, ED visits, 
hospitalization, death 

[84] 

pregnancy pregnancy  antibiotic prescribing [85] 

pregnancy tuberculosis [86] 

surgical invasive dental treatment MI, stroke [87] 

bariatric surgery asthma exacerbation [88] 

carotid angioplasty and stent 
placement 

stroke, death [52] 

bariatric surgery heart failure [89] 

other exacerbation of COPD MI, stroke [90] 

inflammatory bowel disease VTE [91] 

screening for depression in 
patients 

depression [92] 

psychological stress herpes zoster [93] 

possible trigger events (diary-
recorded) 

seizures [94] 

web search of specific 
categories 

pregnancy, allergy, HIV, HSV, MI, 
PTSD, eating disorder 

[95] 

hospital discharge after 
microbiome perturbation 

severe sepsis [96] 

retinal vein occlusion MI, stroke [97] 

central retinal artery occlusion MI, stroke [98] 

MI: myocardial infarction, DVT: deep vein thrombosis, PE: pulmonary embolism, ACS: acute coronary 
syndromes (includes MI), VTE: venous thromboembolism, HIV: human immunodeficiency virus, HSV: 
herpes simplex virus, PTSD: post-traumatic stress disorder, ED: emergency department visits, TIA: 
transient ischaemic attack, GBS: Guillain-Barre syndrome 
 

Ideal outcomes for a SCCS study are acute with a clear, abrupt date of onset. This will, in general, be 
true for cardiovascular outcomes, accidents, injuries and acute infections which covers the majority 
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of outcomes studied in Tables 1 and 2. Although a precise outcome date was available for all 79 
studies, there was occasionally potential for delay in diagnosis or treatment date used. For example, 
in a study of retinal detachment, only treatment or surgery date was available [21], or for diagnosis of 
depression or psychiatric outcomes, there may be some delay in diagnosis [60, 92]. Such limitations 
were made clear in the articles. 

Data description and data accuracy 

As for any epidemiological study design, ascertainment of outcomes and exposures should be 
independent. For a SCCS design, this also applies to the timing of outcomes and exposures. A clear 
description of how the data were obtained is needed in order to ascertain whether this is met. All 79 
studies reviewed gave a clear explanation of how the data were obtained.  

Almost all studies obtained data retrospectively from healthcare databases. There were a couple of 
exceptions. The data used in [95] were web searches. In a paper that was exploratory in nature, 
possible triggers for multiple epileptic seizures within single individuals were studied; carers recorded 
in diaries both timings of the exposures, possible trigger events, and outcomes, epileptic seizures [94].  

For one study we had concerns that the exposure and outcome timings were not independent [31]. 
The association between prescription medication discontinuation (outcome) and prescription 
medication type (generic or brand name) was studied. Risk periods included time whilst taking generic 
drugs and reference periods included time whilst taking brand name drugs. The outcome was defined 
as the date of the final prescription before discontinuation of the drug. In this study, the event date 
will always be timed to fall one prescription before the end of a course of medication, thus end of 
exposure and outcome timing are not independent. SCCS methodology was not appropriate here. 

Care must be taken to ensure that artefactual effects related to the idiosyncrasies of the 
ascertainment process are avoided. For example, Burton et al [92] studied the association between 
screening for depression in coronary heart disease patients and new treatment or diagnosis of 
depression. They were careful to exclude outcomes which occurred on the same day as exposure as a 
screening may only be recorded following diagnosis. 

Observation periods 

For an SCCS study, the observation periods and exposure risk periods should be defined rigorously and 
independently of outcome timings. Observation periods must be defined such that, if an event had 
occurred at any time in the period, that event would have been ascertained. In all 79 studies, 
observation periods were thoroughly defined. In the majority of studies observation periods were  
defined solely based on age and/or calendar time constraints, or time registered in a database (ending 
with death is also typical). Observation periods may also validly be determined based on the timing of 
exposures. For example, Hasegawa et al [88] defined observation periods to be two years before and 
two years after exposure. 9 studies in total determined observation periods in such a way. Such a 
study set up reduces efficiency over use of longer observation periods, however it may offer 
advantages in terms of data collection and in some specific situations, reference windows that are far 
(in time) from the exposure risk windows may be seen as unsuitable. Note that the self-controlled risk 
interval design [19] is a simplified SCCS design with reference periods defined in relation to exposure 
in a similar way (not included in this review), while the most common approach with SCCS is to account 
for changes over age and season by modelling them.  

Some studies began observation periods with the start of exposures [30] [43]. In certain situations 
issues with event-dependent exposures can be avoided by beginning observation with exposure (see 
section on potential biases). Bird et al [30] used this approach because the disease for which the 
medication exposure is prescribed may also affect incidence of the adverse event, i.e. the disease is a 
time-varying confounder. 
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Some studies [35, 52, 60, 89, 93] chose a ‘before and after’ approach, with no reference window 
following exposure risk periods. This approach removes long-term post-exposure effects from the 
study. For example, Douglas et al [35] explicitly stated that this approach was chosen because the 
presence of a long-term washout effect could not be ruled out in a study on the association between 
thiazolidinedione antidiabetic agents and fractures. 

Some situations require an alternative observation period definition. In a study of the effect of 
adherence to beta-blockers on subsequent myocardial infarction, observation periods were defined 
using time since hospital discharge after acute myocardial infarction [33]. In two drug interaction or 
combination safety studies [70] and [71], observation periods were defined for the duration that one 
drug was assumed to be in use, with risk periods defined in relation to prescription of the other drug. 
Note that another study that looked at drug combinations defined observation periods in a more usual 
way, but split exposure risk windows by time prescribed single drugs and combinations of drugs [72]. 

Risk periods 

Risk periods must be rigorously and a priori specified based on information from other studies, a new 
hypothesis about the association between exposure and event of interest or an understanding of the 
biological mechanism. Risk periods were explicitly defined in all studies. 57 of the studies rigorously 
stated the rationale behind the choice of the risk periods, 15 of these defined risk periods based on 
prior studies, 8 studies based on general knowledge but not based on prior studies, 7 studies based 
on new hypothesis and 22 of the studies did not justify the rationale for the risk periods. 

For point exposures, such as surgery, for example Bariatric surgery [89], a record of infection, for 
example acute bacterial pneumonia [76], heatwaves [83, 84] or initiation of a drug, for example 
initiation of antipsychotic agents [49], the exposure risk windows are defined from time since the point 
of exposure. In pharmacoepidemiology, exposure risk windows can also be the duration of time 
individuals are assumed to be taking a medication, based on prescription history. In 27 of the 52 
pharmacoepidemiology studies, exposure risk windows were defined over all time prescribed a drug.  
To allow for the effect of therapy cessation, uncertainty in the time at which treatment ended, or 
uncertainty in the residual effect of the treatment, washout periods after the end of exposure risk 
periods can be added. Wash out periods were included in 23 of the pharmacoepidemiology studies. 
For the two studies with pregnancy exposures, the main exposure risk periods spanned pregnancy 
[85, 86] and either included an additional post-partum risk window [86] or removed this time [85].  

Exposure risk periods are frequently subdivided into windows based on time since start of an 
exposure. Weise et al [65] used a different approach in a study with opioid analgesics exposures, here 
risk windows were divided into subgroups based on prescribed dose. 

Three studies [35, 52, 88] used risk periods of indefinite length (i.e. to the end of observation). SCCS 
can handle indefinite exposures, but in order to model age, season or other time-varying confounder 
effects, it is necessary to have unexposed and exposed time in all confounder groups, and unexposed 
cases may be required to achieve this. However, use of such long or indefinite risk periods reduces 
efficiency [8], [99] (p.21). Examples of studies that include unexposed cases to help separate the effect 
of exposure from age effects are provided by Pratt et al [45] and Smeeth et al [74]. 

In some studies exposure risk periods were imputed when information on the precise timing of 
exposure was unknown. For example, Douglas et al. [36] calculated the expected duration 
prescriptions using dosage and pack size information, but where this information was missing, it was 
imputed by the median pack duration. Markers for exposure dates are often used, for example date 
of hospitalization for an infection [80], or date of antidepressant prescription when date of a diagnosis 
of depression or delirium is not available [60]. Results might be sensitive to unavailability of accurate 
exposure dates and sensitivity analyses relating to imputation errors may be advisable. 
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Several studies conducted sensitivity analyses to check sensitivity to risk period choices [21, 23, 28, 
31, 39, 54, 71]. Events that occur on the first day of exposure, or on the day of point exposure can be 
problematic in that it is unknown which came first, some studies ran sensitivity analyses that excluded 
this index exposure date from the risk period [32, 34, 79]. 

Confounders 

The SCCS method automatically controls for both measured and unmeasured fixed multiplicative 
confounders. Unlike fixed covariates, time-varying confounders, such as age and season, are not 
automatically controlled for and must be included in the model. When using the standard SCCS 
method, where age and/or season effects are modelled using piecewise constant functions, the 
groups used should be rigorously specified.  

37 studies specified age groups rigorously. 3 specified age groups only vaguely. 16 studies clearly 
stated that age was not adjusted for. This is reasonable when observation periods are short. 21 studies 
did not specify whether or not age was adjusted for. Since age adjustment is common practice, we 
encourage explicit reporting of the absence of age adjustment. 21 studies adjusted for either season 
or calendar years as appropriate. 

In addition to applying the standard SCCS method, one study [30] used the semi-parametric SCCS 
where there is no need to specify age categories, and one study [24] used the spline-based SCCS 
method where age and exposure effects are smoothed [13].  

In using the standard SCCS model, poorly specified age or season groups can sometimes lead to biased 
estimates of the exposure effect, hence sensitivity analysis in the presence of strong temporal effects 
is advised. 8 studies conducted sensitivity analysis of age classifications, see for example [74, 77, 79]. 

A small number of studies adjusted for time since a specific diagnosis, event or measurement, see for 
example [33, 34, 71]; and some studies further included adjustment for a comprehensive list of 
potential time-varying confounders, such as other prescription medications, move to a residential care 
home, see for example [27, 61, 65]. 

Rather than making an adjustment, some studies removed certain periods with especially low or high 
risk of event. For example, in a study on opioid analgesics and serious infections, hospitalization 
periods were removed [65].  

Assumptions 

We mainly concern ourselves with two assumptions of the SCCS method. The first is that occurrence 
of the outcome event does not affect subsequent exposures; we refer to this issue as ‘event 
dependent exposures’, others have used the term ‘reverse causality’ [100]. The second is that 
occurrence of the outcome event does not affect an individual’s time observed; we refer to this issue 
as ‘event-dependent observation periods’.  

Event dependent exposures 

The issue of event dependent exposures was mentioned in 34 of the 79 papers reviewed, although 
steps were sometimes taken to circumvent the issue by design without mention of why! This is the 
main limiting assumption of the SCCS method and warrants careful consideration. Substantial bias can 
result when exposure is more likely after the adverse event under study (bias toward 0), or if exposure 
cannot or rarely occurs following the event (bias upward).  

When event dependence is temporary and short term, bias can sometimes be corrected by inclusion 
of a ‘pre-exposure risk period’ If there is an excess or dearth of exposures following an event, then 
equivalently there will be an excess or dearth of events prior to exposure. So a separate additional 
‘risk’ period of length equal to the length of dependence just before the start of exposure is included 
[11]. It makes intuitive sense to remove this time from the baseline or reference period. 35 studies 
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included a pre-exposure risk period. A handful of studies equivalently completely removed a window 
of pre-exposure time from the study (see for example [60, 85]). 

Long term event dependent exposures are more problematic, though there are solutions for some 
specific situations. These were formulated with death as the event in mind, as most exposures cannot 
take place after death (with the exception of exogenous exposures such as weather phenomena). 
When no exposure can occur after an event and exposures are (or are typically) unique and their 
associated risk periods are of a fixed duration, a simple solution is to begin the observation period 
with first exposure and end the observation at the planned end of study. Thus where death is the 
event, time after death is included, up until the planned study end. The full exposure history is always 
known after a unique exposure has been observed. Two studies took this approach [43, 58], both of 
which were analyses on the association between smoking cessation therapies and death. When there 
are multiple exposures with risk periods of a fixed duration, a more complicated extension to the SCCS 
method is available [7]. This was used in a study of antidepressants and suicide-related death in a 
wider paper on suicide-related outcomes [50].  

Event dependent observation periods 

The issue of event-dependent observation periods often arises since observation periods will typically 
end when a patient dies, so when an outcome carries high short-term mortality risk such as myocardial 
infarction or stroke, the end of observation may end early as a direct result of the outcome event. 
Event dependent observation periods can produce bias in either direction. This is often difficult to 
predict a priori, but the direction of bias depends upon whether risk periods tend to lie toward the 
beginning or the end of the observation period so can depend upon design choices. If most exposures 
occur toward the end of the observation period, and observation periods end early as a direct result 
of the event, estimates will be biased upward [101]. 

Appropriate SCCS studies for which death itself was the outcome have been discussed in the 
subsection above. Solutions are available that require researchers to include time after death within 
observation periods. One paper studied the association between stent placement and stroke or death 
(together as one outcome, and stroke alone in a separate analysis), but ended the observation period 
upon death [52]. This was a ‘before and after’ study, with the reference period 360 days before stent 
placement and risk periods over the 360 days after stent placement. Because there was no reference 
time after exposure, curtailing observation at death will have biased estimates upward. Moreover, 
time prior to stent replacement is immortal time [102], death cannot have occurred during this period 
otherwise the exposure, stent placement, could not have taken place. 

27 papers studied myocardial infarction (MI) or stroke events, and of these 27, 17 papers mentioned 
that occurrence of an event could affect observation periods or post-event exposures. Following [35], 
we now recommend that a sensitivity analysis is undertaken excluding (or including an interaction 
term in the model for) patients that died due to the event [11, 101]. Where cause of death is unknown 
this could be all patients that died during observation or all patients that died within a certain time 
frame after the event. 9 of the 27 studies carried out such a sensitivity analysis. The first of these 27 
papers to carry out such a sensitivity analysis appeared in 2009 [76], it was on acute bacterial 
pneumonia and acute coronary syndromes, where both exposure and outcome can be fatal. A fuller 
understanding of the issue did not come until a little later, in 2011, when an extension to the SCCS 
method that allows for event-dependent observation periods was published [9]. 11 of the 27 papers 
were published in the period 2004 to 2011, two of which carried out a sensitivity analysis excluding 
those who died [76, 87]. 15 of the papers were published in the period 2012 to 2016, 2 used the 
extension [9] either as the main analysis [53] or as a sensitivity analysis [82], 7 carried out a sensitivity 
analysis excluding those who died [33, 61, 70, 78-81], 1 discussed the issue only [24], leaving 5 papers 
with no mention of event-dependent observation periods [34, 37, 52, 97, 98]. However, sensitivity 
analysis results suggest that event-dependent observation periods rarely create such substantial bias 
as to change overall study conclusions. 
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Of course, event-dependent observation periods are not exclusive to MI and stroke outcomes, and 9 
other papers discussed event-dependent observation periods. Six studies carried out a sensitivity 
analysis excluding those who died, the outcomes were: acute liver injury [36], fractures [35], falls [26], 
atrial fibrillation and flutter [64], pneumonia [38] and serious infections [65]. One study used the 
extension for a sensitivity analysis, the outcome was upper gastrointestinal bleeds [72]. They also 
carried out a sensitivity analysis by truncating the observation period at the event time, to help explore 
the effect of confounding by contraindication post event. One team carried out a simulation study to 
explore the impact of right censoring at first event [56]. 

Other sensitivity analyses 

Many papers presented results from multiple primary analyses. Some sensitivity analyses have already 
been highlighted in the above subsections, such as excluding those who died due to the event, defining 
age groups differently and varying risk period lengths. 

Various sensitivity analyses were undertaken that excluded a subset of cases: patients with some 
other exposure [28, 29, 50, 87, 89], patients with some other adverse event [63, 87, 89], those with 
uncertainty in dates [78], differing outcome definitions [39], those with overlapping risk periods [87], 
patients with exposures of a certain length [54, 103], patients with long hospitalization [33], patients 
that initiated exposure during hospitalization [34]. 

An additional assumption of the SCCS method is that events either arise according to a Poisson 
process, thus events within an individual must be independent of one another, or that events are 
unique and rare. In some studies repeated events within a pre-specified period were considered to 
belong to the same episode. For example, repeated stroke events within 28 days were grouped to be 
of the same episode [79]. On the basis of this Poisson assumption, sensitivity analyses were reported 
that took first events only  [30, 54, 65, 70], restricted to patients with only one event [55] or took only 
incident events [39]. In a study with recurrences of myocardial infarction as the event, a sensitivity 
analysis of first recurrences i.e. second MI only was undertaken [33].  

An interesting approach is to run an analysis on a separate control exposure to help validate results 
[35, 67]. For example, in a study on the association between glitazones (anti-diabetic treatment) and 
fractures, [35] also ran an analysis of a different antidiabetic treatment (sulphonylureas). This was to 
help check that initiating thiazolidinedione was not temporally correlated with other exposures that 
influence the risk of fractures.  

Some comparisons with other statistical methods 
Case-crossover 

Similar to SCCS, the case-crossover design [104] is a within-person self-controlled study design. 
However, time centres on the time of the event (or a time window immediately preceding the event) 
and compares exposure status within this event window to referent windows prior to the event. Case 
and referent windows act as matched pairs. The case-crossover design does not include time after an 
event, so has the advantage that it does not matter whether exposures are influenced by past events 
as in a SCCS design, but can suffer different sources of bias [100]. 

Both a SCCS and a case-crossover analysis were presented in four pharmacoepidemiology studies. All 
four studies reported multiple results, but a single ‘headline’ result was extracted for each study and 
is presented in Table 3, along with exposure risk and baseline reference windows used in the SCCS 
design (defined in relation to exposure), and case and referent windows used in the case crossover 
design (defined in relation to event). 

Table 3. A headline result from articles reporting dual self-controlled case series and case crossover 
analyses; including exposure risk and reference periods used in the SCCS analysis, and case and 
referent windows used in the case crossover analysis.  
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Exposure 
(Outcome) 
[Reference] 

SCCS Case crossover 

RI (95% 
CI) 

Exposure 
risk period 

Reference 
periods 

OR (95% 
CI) 

Case 
window 

Referent 
window(s) 

Antibiotics (liver 
injury) [23] 

10.01 
(6.59–
15.18) 

0-7 days before 
prescription 
and 30+ 
days after 
last use 

3.05 
(2.06–
4.53) 

14 days 4 x 14 days 
immediately 
before case 
period 

Antidepressants 
(hip, femur 
fracture) [56] 

1.41 
(1.32, 
1.49) 

current use 
(prescription 
+ 30 days) 

before 
prescription 
and 60+ 
days after 
last use 

2.24 
(2.04–
2.47) 

1 day  4 x 1 day, 
91, 182, 
273, 365 
days before 
event 

Compound 
analgesics (RTAs) 
[69] 

2.06 
(1.84, 
2.32) 

1-28 days 
following 
prescription 

4+ weeks 
before 
prescription 
and 24+ 
weeks after 
last use 

1.16 
(1.04, 
1.29) 

28 days 29-56 days 
before 
event 

Benzodiazepine 
(Fracture) [103] 

1.46 
(1.28-
1.66) 

0-4 weeks 
following 
prescription 

0-4 weeks 
before 
prescription 

1.39 
(1.25-
1.54) 

1 day of 
event  

150 days 
before 
event 

RI: relative incidence, OR: odds ratio, CI: confidence interval. 

 

Similar results for the two methods were found by Hwang et al [103]. In additional case-crossover 
analyses other referent days were used (90, 120 days before event), but results varied little.  

Results contrasted in Brauer et al [23], but the case-crossover result presented will be biased 
downward by a ‘carry-over effect’. Here, the SCCS analysis suggested an excess risk persisted in 
washout periods 20-30 days following exposure, this time would be ‘unexposed’ in the case-crossover 
analysis presented in Table 3, so this estimate is biased downward. Case-crossover estimates 
increased when a gap between referent and case windows was included in a sensitivity analysis. Also 
note that the SCCS exposure risk window is shorter than the case-crossover case window and this 
makes direct comparison more difficult. The case-crossover results presented in Gibson et al [69] will 
be similarly affected by a carry-over effect: case-crossover analyses included other referent windows 
and results varied (no primary analysis was identified so we reported the first), using a referent 
window of 113-140 days yielded a slightly higher OR of 1.26 (1.12, 1.41). Note that compound 
analgesics were only one class of medication studied in [69] and the gap between SCCS and case-
crossover results varied, but case-crossover and SCCS were generally in agreement where no 
association was found. 

De Groot et al [56] found the association to be higher in case-crossover analyses. They explained this 
by a selection bias in the case-crossover analysis in which discordant cases tended to have short-term 
exposure, while concordant cases tended to have long-term exposures. Long term users appeared to 
have a more stable risk. Only cases with discordant exposure statuses at the case and referent 
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windows contribute to a case-crossover analysis, while all cases contribute to a SCCS analysis. 
However, some bias in SCCS estimates may have arisen due to deaths post-event, which could be in 
either direction. Universally long-term use medications can make for problematic exposures in case-
crossover studies [105]; while SCCS can provide unbiased estimates with longer exposures, power 
reduces with longer exposure risk windows [99]. 

Case-control 

Four pharmacoepidemiology papers, and one paper with infection exposures used both a SCCS and 
case-control analysis. One or two headline results for each study are presented in Table 4, along with 
sample sizes. 

Table 4. One or two headline results from papers that analysed the same data using both SCCS and 
case-control methods, including numbers of cases and controls used in each analysis.  

Exposure 
(Outcome) 
[Reference] 

Population 
& 
exposures 
comparable 

SCCS Case control 

RI (95% CI) cases OR (95% CI) cases controls 

Antipsychotics 
(MI) [23] 

Yes 2.82(2.0–3.99) 1,546 3.19 (1.9–5.37) 27,861 108,234 

TCA,  

SSRI  (hip 
fracture) [41] 

Yes 2.30 (1.82, 2.90) 

1.96 (1.35, 2.83) 

3,958 

1,673 

4.76 (3.06, 7.41) 

6.30 (2.65, 14.97) 

16,341 29,889 

Concurrent NSAID 
and SSRI (GI 
bleed) [68] 

Yes 3.25 (1.95, 5.42) 8,130 2.93 (2.25, 3.82) 11,261 53,156 

TCA,  

SSRI (MI) [42] 

Yes 1.44 (1.09, 1.90) 

1.94 (1.40, 2.68) 

6,735 

4,132 

2.07 (1.50, 2.86) 

2.66 (1.81, 3.92) 

63,512 378,886 

Acute bacterial 
pneumonia  (ACS) 
[76] 

Yes 47.6 (24.5,92.5) 

 

37 7.8 (3.1, 19.4) 206 395 

RI: relative incidence, OR: odds ratio, CI: confidence interval, cases: number of cases, controls: number 
of controls. 

In all papers the exposure definition used in the case-control study matched with the exposure risk 
period used in the SCCS study. The cases included in the analyses were from the same population, but 
in all papers only the exposed cases were included in the SCCS analysis, hence the smaller sample sizes 
reported for SCCS in Table 4. Similar results would not necessarily be expected from SCCS and case 
control analyses as the underlying models differ and the separate control population used in a case-
control study is very different to the baseline/reference time windows used in SCCS. However, the 
results from the SCCS and case-control analyses were similar in [23] and [68]. 

In the papers by [41] and [42] a higher risk was found in case-control analysis than in the SCCS analysis; 
both papers considered antidepressant exposures. Hubbard et al [41] considered selection and 
indication biases to be an issue in the case-control analysis. Tata et al [42] expressed concern about 
the inability of either design to control for the changing severity of depression over time, but 
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considered control of fixed confounders an advantage of SCCS. SCCS results could potentially be 
affected by event dependent exposures (reverse causality), the event leading to depression and 
prescription of an antidepressant, which would attenuate results.  

Though estimates differ considerably in the study by Corrales-Medina et al [76], authors were 
reassured by the fact that both analyses indicated a strong positive association. The study size was 
much smaller than that of the pharmacoepidemiology studies. (Note that this study was labelled 
‘cohort’ in the paper but appears to be analysed as a case-control study). 

Cohort 

A number of papers presented both a cohort and a SCCS analysis. One headline (or most comparable) 
result for each analysis for the majority of these papers is shown in Table 5, along with sample sizes. 
Table 5 does not include results for three papers that included both cohort and SCCS analyses, namely 
[25] in which a large volume of results for multiple exposures and outcomes were presented with no 
clear headline result, [96] in which the cohort and SCCS analyses were on different outcomes to 
explore different aspects of the study, and [60] who reported only raw incidence rates for the cohort.  

Table 5. A headline result from papers that analysed the same data using both SCCS and cohort 
methods, including numbers of cases and controls used in each analysis.  

Exposure 
(Outcome) 
[Reference] 

Population 
& exposure 
periods 
comparable 

SCCS Other Study Type 

RI (95% CI) cases RR (95% CI) SS 

Tamsulosin 
(hypotension) [30] 

Reference 
windows 
differ 

2.56 (2.15, 3.05) 2,248 2.12 (1.29, 3.04) 324,255 

Antihypertensives 
(generic vs brand 
name) (treatment 
discontinuation) 
[31] 

Yes 1.01 (0.96, 1.11) 804 1.00 (0.98, 1.02) 101,618 

Clopidogrel and 
PPI interaction 
(MI) [70] 

Yes, except 
for pre-
exposure 

0.75 (0.55, 1.01) - 1.41 (1.31, 1.52) 24,471 

Inflammatory 
bowel disease  
(VTE) [91] 

Yes 4·5 (2·6, 7·8) 304 3·4 (2·7, 4·3) 85,428 

Bupropion 
(sudden death) 
[43] 

Reference 
windows 
differ 

0.50 (0.12, 2.05) 121 0.40 (0.10, 1.60) 9,329 

Antidepressants  
(work-related 
injuries) [57]  

Yes, except 
for pre-
exposure 

1.15 (1.02, 1.29) 2,238 1.14 (1.07, 1.22) 66,238 
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Antipsychotics  
(MI) [49] 

Reference 
windows 
differ 

1.78 (1.26, 2.52) 804 2.19 (1.11, 4.32) 21,938 

PPIs  (Pneumonia) 
[38] 

Yes, except 
for pre-
exposure 

3.07 (2.69, 3.50) 6,775 3.24 (2.50, 4.19) 105,467 

Clarithromycin  
(MI) [24] 

 

SCCS on a 
sub-cohort 
of cases. 
Reference 
windows 
differ. 

3.38 (1.89, 6.04) 

 

740 3.66 (2.82, 4.76) 

 

326,781 

Colchicine  (CD 
infection) [59] 

Reference 
windows 
differ 

1.24(1.03, 1.49) - 1.44(1.15, 1.97) 386,110 

RI: relative incidence, RR: relative risk, CI: confidence interval, cases: number of cases, SS: sample size. 

We checked the studies for comparability. All explored the same hypothesized exposure risk window. 
Wong et al [24] used only a subset of cases from the cohort population in the SCCS analysis, for whom 
the underlying disease for which the medication exposure is prescribed would not be expected to 
temporally trigger the outcome. For all other studies in Table 5, either all cases (both exposed and 
unexposed), or all exposed cases were extracted from the cohort for the SCCS analysis; though some 
papers did not explicitly state which. Corrao et al [31] compared two exposure types (rather than one 
exposure type to unexposed reference periods) and included only those that were exposed to both 
types in the SCCS analysis. Reference periods used in the cohort and SCCS analyses differed in 5 studies 
[24, 30, 43, 49, 59]. Reference periods were similar in 5 studies [31, 38, 57, 70, 91], though some 
included a pre-exposure ‘risk’ period in the SCCS study.  

Many of the results in Table 5 demonstrate comparable findings from the cohort and SCCS analyses, 
with non-conflicting overall conclusions and most often overlapping confidence intervals. The main 
exception with conflicting results is on the association between Clopidogrel and proton pump inhibitor 
interaction and myocardial infarction [70]. It was concluded that it is likely that unadjusted 
confounding remained in the cohort study, either from illnesses that they were unable to measure, or 
through systematic differences in the severity of underlying disease. Studies often report unadjusted 
cohort analysis results, as well as adjusted results (that we have reported in table 5); [57] and [38] 
present neat examples of how unadjusted cohort results became more aligned with SCCS results after 
adjustment. 

The cohort and SCCS results were well aligned in [24], though additional cases were present in the 
cohort. Additionally a case-crossover analysis was carried out, for which OR = 2.20 (1.23, 3.95), a 
weaker association than that suggested by the SCCS or cohort analyses. 

 

Conclusion 
Application of SCCS methods is growing and becoming more varied since their first introduction for 
vaccine safety studies in 1995 [2]. The studies reviewed were largely methodologically sound, with a 
couple of exceptions [31, 52]. Two previous reviews of case-only studies [15, 16] implied that the 
exposure should be transient and the event acute. Indeed, the SCCS method works best when these 
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are the case, but it can still give good results for any study with clear temporal hypotheses. These 
conditions may, however, be more important for case-crossover studies that were also included in 
these reviews. More important to SCCS are the assumptions of event-dependent exposures and 
observation periods. These are often well considered and analyses adapted accordingly or sensitivity 
analyses performed, though this is not always the case. 

We found that a rigorous definition of age groups was frequently not given. It is good practice to 
ensure that sufficient detail is given so that studies are reproducible. Age was also frequently not 
adjusted for. That events do not vary with age over the observation period is a strong assumption to 
make unless observation periods are short, and can impact on exposure estimates considerably [14].  

It is possible that a handful of papers will have been missed by our search criteria, but by searching 
for references to all the main SCCS papers, we believe that we will have captured the vast majority, 
even where SCCS was used only for a secondary analysis. A limitation is that we did not extend the 
review to other methods that are special cases of the self-controlled case series design, such as the 
self-controlled risk interval design.  
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