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Abstract 

Background Patients who suffer from chronic conditions or diseases are susceptible to experiencing repeated 
events of the same type (e.g. seizures), termed ‘recurrent events’. Prediction models can be used to predict the risk 
of recurrence so that intervention or management can be tailored accordingly, but statistical methodology can vary. 
The objective of this systematic review was to identify and describe statistical approaches that have been applied 
for the development and validation of multivariable prediction models with recurrent event data. A secondary objec-
tive was to informally assess the characteristics and quality of analysis approaches used in the development and vali-
dation of prediction models of recurrent event data.

Methods Searches were run in MEDLINE using a search strategy in 2019 which included index terms and phrases 
related to recurrent events and prediction models. For studies to be included in the review they must have devel-
oped or validated a multivariable clinical prediction model for recurrent event outcome data, specifically modelling 
the recurrent events and the timing between them.

The statistical analysis methods used to analyse the recurrent event data in the clinical prediction model were 
extracted to answer the primary aim of the systematic review. In addition, items such as the event rate as well as any 
discrimination and calibration statistics that were used to assess the model performance were extracted for the sec-
ondary aim of the review.

Results A total of 855 publications were identified using the developed search strategy and 301 of these are 
included in our systematic review. The Andersen-Gill method was identified as the most commonly applied method 
in the analysis of recurrent events, which was used in 152 (50.5%) studies. This was closely followed by frailty models 
which were used in 116 (38.5%) included studies. Of the 301 included studies, only 75 (24.9%) internally validated 
their model(s) and three (1.0%) validated their model(s) in an external dataset.

Conclusions This review identified a variety of methods which are used in practice when developing or validating 
prediction models for recurrent events. The variability of the approaches identified is cause for concern as it indicates 
possible immaturity in the field and highlights the need for more methodological research to bring greater consist-
ency in approach of recurrent event analysis. Further work is required to ensure publications report all required infor-
mation and use robust statistical methods for model development and validation.

PROSPERO registration CRD42019116031.

Introduction
A chronic condition is as a long-term medical condition, 
such as epilepsy and asthma. Patients with such condi-
tions are at risk of multiple recurrences over their life-
time and often these chronic conditions or diseases have 
no cure [1, 2]. Despite this, there may be medications 
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and/or therapies available which can help control the 
chronic condition. These can improve patients’ qual-
ity of life and independence by improving their ability 
to perform day-to-day activities such as social activities, 
exercising and work. Chronic diseases contribute to the 
largest proportion of diseases and this is expected to rise 
with the aging population [3]. The World Health Organi-
zation (WHO) reported diabetes mellitus, cardiovascular 
and chronic respiratory diseases, cancer and stroke as the 
‘big 5’ chronic diseases worldwide [4].

It can be challenging for clinicians and patients to make 
decisions regarding starting and stopping treatments for 
chronic conditions as outcomes are often heterogeneous 
and it is necessary to balance the benefits and harms of 
treatments. Clinical prediction models can help inform 
treatment choice and guide patient counselling [5]. They 
combine multiple pieces of patient information to predict 
a clinical outcome for people with a particular medical 
condition [6].

Many prediction models for recurrent conditions 
estimate which patient subgroups have higher recur-
rence risks, based only on limited information about 
prior events, such as time from diagnosis to first event. 
Although such models can be useful, they do not fully 
utilize the information that can be collected from patients 
on the history of all previous events, and they cannot be 
updated whenever a patient has a recurrence [7]. There-
fore, it is necessary to consider methods for modelling all 
events along a patient’s journey to better predict outcome 
and therefore better inform discussions between patients 
and clinicians regarding treatment strategies.

Aims
The aims of this systematic review were to (i) identify 
and describe existing methodology being applied for the 
development and validation of prediction models for 
recurrent event outcome data, (ii) to informally assess the 
quality of analysis reported, including the use of model 
performance measures, in the development and valida-
tion of prediction models for recurrent event data.

Methods
Full methodological details are available in the associated 
protocol [1].

Search strategy
A search strategy was developed to ensure identifica-
tion of as many studies as possible relevant to the sys-
tematic review; the Ingui search filter [8] for prediction 
models was combined with terms associated with statis-
tical models for recurrent events, as recommended by a 
specialist librarian. The database used to identify stud-
ies was the Medical Literature Analysis and Retrieval 

System Online (MEDLINE). The search strategy is 
described in Table  11 in Appendix  1, and was run on 
24th October 2019.

Selection criteria
Studies chosen for inclusion in the review were carefully 
assessed against pre-defined inclusion criteria. The sys-
tematic review focussed on methodology used to develop 
and validate multivariable prediction models for recur-
rent events as a result of a chronic condition or disease. 
A recurrent event was defined as an event of the same 
type occurring multiple times for the same individual. 
For example, repeated seizures in people with epilepsy, 
repeated hospitalisations for people with heart condi-
tions or recurrent urinary tract infections. Papers which 
applied recurrent event analysis methods to areas which 
were not applicable to a chronic condition or disease 
were not included. Examples of these include papers 
which analysed juvenile data for repeat offenders or 
motorcycle/car crashes.

For studies to be included in the review, they must have 
developed or validated a multivariable prediction model 
for recurrent event data predicting the risk of future 
recurrences. Included studies had to include both the 
number of recurrent events and also the timing between 
them as part of the model. Studies which only analysed 
the time to the first event only using a standard Cox 
model for example, or studies which analysed only the 
number of events using a Poisson or Negative Binomial 
model for example were not included. Similarly, studies 
considering only one prognostic factor were excluded.

Study design
No restrictions were placed on the data collection 
approach used in studies, for example both retrospective 
and prospective studies were included.

Setting and study population
No restriction was placed on the setting the study was 
conducted in nor did the search strategy focus on a cer-
tain study population regarding age group or ethnicity.

Study selection
The study selection process consisted of two independent 
reviewers, who first screened titles and abstracts using 
pre-defined screening criteria.

Full texts were then obtained and were screened by the 
two independent reviewers separately against full eligibil-
ity criteria. Relevant texts were translated where deemed 
necessary when considering non-English texts.
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Assessments between reviewers were discussed, and 
any discrepancies resolved. Reviewers’ decisions and rea-
sons for exclusion were recorded.

Data extraction
A detailed data extraction form was developed and 
piloted on 10 studies before it was finalised for use 
throughout the systematic review. The data extraction 
form collected information about the statistical method 
used to analyse recurrent events. Characteristics such 
as the country the study was conducted in and the dates 
the study took place over were also collected, as was the 
medical condition under consideration, the design of the 
study (Randomised Controlled Trial (RCT), cohort or 
case–control for example), and length of follow-up. The 
number of patients, the number of recurrent events and 
the number of patients who experienced recurrent events 
were extracted if provided.

Information regarding discriminatory statistics which 
examine the models’ ability to distinguish between those 
who had the event and those who did not were assessed, 
for example C-statistics, was extracted for each study. 
Similarly, information about the models’ calibration per-
formance, which assesses the agreement between the 
observed probability to the predicted probability of risk, 
was extracted where available [2, 3].

Studies were categorised according whether the model 
was internally validated and/or externally validated.

Quality of analysis assessment
As the priority of the review was to describe statistical 
methodology, we did not complete a full quality assessment 
for each study. However, we did assess the ‘analysis’ domain 
from the ‘Prediction study Risk Of Bias Assessment Tool’ 
(PROBAST) [9] as an informal assessment of the quality of 
analysis. This included an assessment of how the prognos-
tic factors to be included in the final model were chosen, 
and how prognostic factors were entered into the model. 
Missing data was also assessed, for example the overall 
completeness of the data and the numbers lost to follow up 
(LTF). Approaches for handling missing data (imputation 
or complete case analysis) were extracted. The source of the 
data was also recorded to assess potential bias, whether it 
be a cohort study, case–control or a RCT for example.

Results
Included studies
By applying the search strategy, 855 papers were identi-
fied and screened (Fig. 1). Of these, 63 were excluded by 
title and 254 by abstract, leaving 538 to be assessed using 
the full-text. Of these, 237 papers were excluded after a 
full-text review leaving 301 papers to be included in the 

final review. A full list of included papers can be found in 
Table 12 in Appendix 2.

The 301 studies were published across a 34-year span, 
from 1985 to 2019. Cardiology was found to be the most 
frequently reported clinical area in 62 (20.6%) studies, 
for example studies which use these methods to ana-
lyse recurrent heart failure related admissions. Oncol-
ogy studies were the second most applied area with 45 
(15.0%) studies modelling tumour recurrences, such as 
recurrences of breast cancer [10–15], bladder cancer 
[16–19], rectal cancer [20–22] and oesophageal cancer 
[23] amongst other cancer types [24, 25]. The full list of 
clinical areas can be seen in Table 13 in Appendix 3.

The majority of studies, 173 (57.5%), used data from 
a cohort design. The remaining studies used data from 
RCTs (55 (18.3%)), case–control studies (12 (4.0%)) or 
cross-sectional studies (7 (2.3%)). Model development 
was the primary focus in 45 (15.0%) studies, rather than 
a primary objective of the paper to report analysis results 
of a clinical dataset.

A detailed summary of the included studies according 
to the aims of the review is detailed below.

Statistical approaches to modelling recurrent events
The most frequently reported method for analysing 
recurrent events was the Andersen-Gill (AG) model 
[26], which was used in 152 (50.5%) of the 301 included 
papers (Table 1). This is an extension of the Cox model 
using robust standard errors to account for within sub-
ject heterogeneity between recurrence times within indi-
viduals. Frailty models [27] were used by 116 (38.5%) 
studies. Frailty models for recurrent event data also com-
promise of a Cox model analysing time to event data, but 
instead of using robust standard errors to account for 
within subject heterogeneity, random effects are added 
to the model. These random effects are referred to as the 
frailty variable in the model [27, 28]. A variety of frailty 
models were applied depending on distribution and 
these are summarised in Table 1. The most frequent was 
the gamma frailty model in 63 (20.9%) studies.

There were 48 (15.9%) papers identified which used 
more than one method to analyse recurrent events.

Quality of analysis assessment
Selected aspects of the PROBAST ‘analysis’ domain 
(domain 4), as described in the methods section, are 
now considered. The results for these can be found in 
Tables 2, 3, 4, 5, 6, 7, 8 and 9.

Were there a reasonable number of participants 
with the outcome? (PROBAST 4.1)
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PROBAST states that the Events per Variable (EPV) 
included in a model should be greater than or equal 
to 20 for studies to have less chance of overfitting and 
thus be graded as low risk of bias [9]. The number of 

papers which report the EPV can be found in Table 2. 
If the EPV was not reported, it was calculated manu-
ally where possible by using the reported person years 
of follow-up. If the person years of follow-up was not 

Fig. 1 Completed PRISMA flow chart
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reported, the EPV was approximated using either the 
mean or median length of follow-up. The number of 
events per 100-person years was calculated by dividing 
the number of recurrent events overall in the study by 
the total number of person years of follow-up and mul-
tiplied by 100. Where the EPV could not be calculated, 
it was not clear how many predictor levels had been 
included in the model, or the number of events within 
the dataset was not specified. The median (Interquar-
tile-range (IQR)) event rate was summarised. Results 
relating to this PROBAST item can be found in Table 2.

Were continuous and categorical predictions han-
dled appropriately? (PROBAST 4.2)

Studies which use categorisation when analysing con-
tinuous predictors are usually rated as high risk of bias 
in the PROBAST assessment, unless a clear clinical 

rationale is provided for doing so [9]. Results relating to 
this PROBAST item can be found in Table 3.

Were all enrolled participants included in the anal-
ysis? (PROBAST 4.3)

The PROBAST assessment includes determining if 
all enrolled participants were included in the analysis, 
and if a study excluded participants, the reason for this 
must be justified for doing so [9]. Results relating to this 
PROBAST item can be found in Table 4.

Were participants with missing data handled appro-
priately? (PROBAST 4.4)

The majority of studies, 227 (75.4%), did not adequately 
report a specific approach for handling missing data 
for either the outcome or covariates. Where this was 
reported, the type of methods used to handle missing 
data can be found in Table 5. Some studies reported more 
than one method for handling missing data.

Additionally, two (0.7%) studies created an extra cat-
egory for each variable used in the analysis which had 
missing data to minimise the loss of observations through 
missing data. One (0.3%) study excluded variables if more 

Table 1 Summary of methods identified from the data 
extraction

a Some papers applied more than one type of frailty model
b Some papers applied both the PWP-TT and PWP-GT variation

Method Number (%) 
of included 
studies

Recurrent event methods

 Andersen-Gill (AG) [26] 152 (50.5%)

 Frailty Model [27]:a 116 (38.5%)

  Gamma 63 (20.9%)

  Unspecified 35 (11.6%)

  Gaussian 18 (6.0%)

  Log-Normal 15 (5.0%)

  Weibull 10 (3.3%)

  Exponential 8 (2.7%)

  Log-Logistic 3 (1.0%)

  Poisson 3 (1.0%)

  Compound Poisson 1 (0.3%)

  Gompertz 1 (0.3%)

  Logistic 1 (0.3%)

 Prentice, Williams and Peterson Models [29]:b 41 (13.6%)

 Prentice, Williams and Peterson-Total Time (PWP-TT) 27 (9.0%)

 Prentice, Williams and Peterson-Gap Time (PWP-GT) 22 (7.3%)

 Wei, Lei and Weissfeld (WLW) [30] 33 (11.0%)

 Bayesian Methods 11 (3.7%)

 Multi-State Model (MSM) 9 (3.0%)

 Lin, Wei, Ying and Yang (LWYY) [31] 2 (0.7%)

 Lee, Wei and Amato (LWA) [32] 1 (0.3%)

 Lawless and Nadeau marginal model (LN) [33] 1 (0.3%)

 Liang, Self and Chang (LSC) [34] 1 (0.3%)

 Multilevel Survival Model [35] 1 (0.3%)

Papers which used multiple recurrent event methods 48 (15.9%)

Table 2 PROBAST 4.1 results

a Results are number (%) of included studies unless stated otherwise
b Result is calculated from the 248 studies where the event rate was reported or 
could be calculated
c Result is calculated from the 216 studies where the EPV could be calculated

Category Resultsa

Total number of recurrent events reported 227 (75.4%)

Number of patients who experienced recurrent 
events reported

191 (63.5%)

Person years of follow-up reported directly 31 (10.3%)

Person years of follow-up approximated using 
the median length of follow-up

99 (32.9%)

Person years of follow-up approximated using 
the mean length of follow-up

42 (14.0%)

Event rate reported 114 (37.9%)

Event rate could be calculated manually using 
either person years or the mean/median length 
of follow-up

134 (44.5%)

Median (IQR) event rate 26.1 (5.9–59.3) 
per 100-person  yearsb

EPV could be calculated 216 (71.8%)

Inadequate EPV of less than 20 27 (12.5%)c

Median (IQR) EPV 128.6 (33.5–419.5)c

Table 3 PROBAST 4.2 results

Category Number (%) of included studies

Categorisation of continuous predic-
tors

62 (20.6%)
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than 10% of the data for that variable was missing and 
one (0.3%) study only used variables in the analysis which 
had fewer than 20% missing data.

Was selection of predictors based on univariable 
analysis avoided? (PROBAST 4.5)

Univariable screening, use of stepwise regression (for 
example, backwards or forwards elimination) when 
choosing predictors for inclusion in the final model are 
characteristics associated with high risk of bias according 
to PROBAST [9]. The number of included studies which 
reported using these can be found in Table 6.

Were complexities in the data accounted for appro-
priately? (PROBAST 4.6)

This section of the PROBAST domain was not sum-
marised, as recurrent event data is already considered a 
complexity. Therefore, all included papers could be clas-
sified as accounting for complexities in the data.

Were relevant model performance measures evalu-
ated appropriately? (PROBAST 4.7)

The PROBAST checklist requires internal validation 
and reporting of calibration and discrimination statistics 

for a study to be rated as a low risk of bias [9]. Some 
papers used multiple measures of internal validation, 
where several measures for calibration and discrimina-
tion were reported. External validation was found to 
be used far less, in only three (1.0%) of included stud-
ies [16, 36, 37], although notably models may have been 
externally validated in separate publications that were 
not picked up by our review. Results relating to this 
PROBAST item can be found in Table 7.

Were model overfitting, underfitting, and optimism in 
model performance accounted for? (PROBAST 4.8)

Following internal validation, studies which account for 
model overfitting and optimism model are graded as low 
risk of bias according to PROBAST [9]. Results relating 
to this PROBAST item can be found in in Table 8.

Do predictors and their assigned weights in the final 
model correspond to the results from the reported 
multivariable model? (PROBAST 4.9)

To be graded as low risk of bias according to PROBAST 
[9], studies should report all the predictors included in 
the final model and levels for each. Studies should also 
report the full results for all included predictors. Results 
relating to this PROBAST item can be found in Table 9.

Additional information
Few studies calculated additional statistics to assess 
model performance and model fit which are currently 
outside the scope of PROBAST. These results can be 
found in Table 10.

Table 4 PROBAST 4.3 results

Category Number (%) 
of included 
studies

All Enrolled participants included in the analysis 229 (76.1%)

Where participants were excluded, the authors have 
justified the reasons for doing so

72 (23.9%)

Table 5 PROBAST 4.4 results

a Percentage calculated from the 19 studies where multiple imputation was used

Method for handling missing data Number (%) 
of included 
studies

Complete case analysis 46 (15.3%)

Multiple imputation 19 (6.3%)

Number of imputations reported 11 (57.9%)a

Last observation carried forward (LOCF) 5 (1.7%)

Table 6 PROBAST 4.5 results

Category Number (%) 
of included 
studies

Univariable screening 44 (14.6%)

Use of stepwise regression 23 (7.6%)

Table 7 PROBAST 4.7 results

Category Number (%) 
of included 
studies

Internal validation:

 Calibration statistics 37 (12.3%)

 Discrimination measures 30 (10.0%)

 Several measures for calibration and discrimination 
reported

75 (24.9%)

 External validation 3 (1.0%)

Table 8 PROBAST 4.8 results

Category Number (%) 
of included 
studies

Model overfitting and optimism accounted for 74 (24.6%)

Bootstrap resampling used 20 (6.6%)

Cross validation methods used 8 (2.7%)
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Discussion
This systematic review demonstrated that a wide range of 
statistical methods are used in practice when developing 
prediction models for recurrent event data. There were 11 
methods identified in total to analyse recurrent events. The 
most commonly applied method was the Andersen-Gill 
model and cardiology was the most frequently reported 
clinical area. Many studies were rated as high risk of bias 
according to the analysis domain of the PROBAST assess-
ment tool, primarily due to a lack of (internal) validation 
and a lack of reporting of performance measures by only 
reporting the effect size, 95% CI and p value in the results. 
Model overfitting/underfitting was also poorly examined. 
High risk of bias was also identified where studies did not 
fully report the results in the paper by not including the 
estimates for all predictors included in the model. How 
predictors were chosen for model inclusion also indicated 
a risk of bias through the use of univariable screening, and 
the dichotomised of continuous variables was also seen. 
Key items were also missing in some of the papers, such as 
the number of patients who experienced events, the total 
number of recurrent events, the length of follow-up or the 
number of predictors in the model. This resulted in the 
event rate or EPV being unable to be calculated for all stud-
ies, and for the ones where it could a high risk of bias was 
identified for some papers here also.

To the best of our knowledge, this is the first system-
atic review of prediction models which focuses solely on 
the methodology used to analyse recurrent event data 
rather than a specific clinical area or study setting. The 
largest systematic review of prediction models to date 

is a review of prediction models for diagnosis and prog-
nosis of COVID-19 [38]. This highlighted that almost all 
published prediction models were poorly reported and at 
high risk of bias such that their reported predictive per-
formance is likely to be optimistic. These findings are in 
line with our systematic review. An additional systematic 
review on recurrent events was conducted, but it is spe-
cific to interventions to prevent recurrent falls published 
in 2009 which includes papers published until 2006 [39].

There are limitations to this review, namely that a single 
database was searched, and in 2019. However, an extensive 
and diverse range of models was identified from MED-
LINE alone which we feel reflects findings that would be 
obtained from additional databases and more research 
running of the search strategy. Statistical practice has 
changed very little in the last five years with regards to 
modelling of recurrent events. Therefore, it is unlikely that 
the main results would change if a more recent search had 
been run. In addition, only 301 papers met the pre-spec-
ified inclusion/exclusion criteria, despite no limit being 
placed on factors such as clinical area, study period and 
population. Therefore, it is also unlikely that searching of 
an additional database such as EMBASE would result in a 
substantial number of additional papers. Also, some stud-
ies did not report certain information. It may have been 
possible to obtain this additional information by contact-
ing the corresponding author. However, the purpose of 
this review is to identify methods for modelling recurrent 
events and not to undertake a full quality assessment and 
therefore this was felt to be unnecessary for this review. 
A final limitation is that names of methods known prior 
to conducting the review to analyse recurrent events 
were included in the search strategy, which may have 
caused bias in the search results. However, to the best of 
our knowledge, all methods available to analyse recurrent 
events are included in our strategy.

The variability of the approaches identified suggests a 
lack of knowledge and expertise in the field, highlighting 
the need for more methodological research to bring greater 
consistency in the approach to recurrent event analysis. 
Furthermore, when assessing papers for inclusion in review, 
there were examples identified which handled the recur-
rent event data inappropriately and were thus excluded. 
For example, deriving a binary variable which captured 
whether patients experienced recurrences, which was then 
analysed using logistic regression rather than utilising a 
recurrent event analysis method [40–53]. This indicates 
a further lack of knowledge in the field of recurrent event 
analysis amongst researchers, and therefore a need to pro-
vide evidence and inform researchers of methods available.

This review identified a number of statistical methods 
for modelling recurrent event data. There is therefore a 
need to identify whether models are suited to a particular 

Table 9 PROBAST 4.9 results

Category Number (%) 
of included 
studies

Number of predictors and levels for each reported 297 (98.7%)

Full results for all included predictors reported 202 (67.1%)

Table 10 Additional information

Model performance statistics Number (%) 
of included 
studies

Root mean square error (RMSE) 7 (2.3%)

Mean absolute percentage error (MAPE) 1 (0.3%)

Mean square error (MSE) 2 (0.7%)

Root mean square percentage error (RMSPE) 0 (0.0%)

Akaike information criterion (AIC) statistic 23 (7.6%)

Bayesian information criterion (BIC) statistic 9 (3.0%)

Deviance information criterion (DIC) statistic 7 (2.3%)
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clinical scenario, or whether they can be used interchange-
ably. In addition, research is required regarding which 
summary measures can be used to differentiate between 
prediction models for recurrent events, for example to 
summarise their predictive performance. Further work is 
required in this area to encourage the development and 
validation of statistically robust prediction models, and 
the appropriate reporting of prediction models via the pre-
existing transparent reporting of a multivariable prediction 
model for individual prognosis or diagnosis (TRIPOD) 
reporting guidelines [54]. This will ensure that prediction 
models that are adopted within clinical practice are robust 
and appropriate to the clinical setting, including modelling 
all events along a patient’s journey, not just the first.

Conclusions
This systematic review identified a wide range of sta-
tistical methods that have been applied in practice to 
develop and validate prediction models with recur-
rent event data. The Andersen-Gill model was found to 
be the most frequently applied. The review also identi-
fied several types of frailty models which can be used to 
analyse recurrent events. The results of the systematic 
review and the variety of methods identified highlight 
the need for further methodological research to bring 
greater consistency in the analysis methods used for 
recurrent event analysis.

Very few studies performed any type of model valida-
tion and reporting of model performance statistics was 
rare. Further work is now required to determine which, 
if any, models may be better suited to analyse recurrent 
events under different scenarios. Additional work is 
also required to support authors to develop and validate 
robust statistical models, and report them appropriately 
according to the TRIPOD statement. 

Appendix 1
Search strategy

Table 11 Search strategy used for review

No Search Term Field

1 Predict* All Fields

2 Model* All Fields

3 Prognos* All Fields

4 Risk All Fields

5 Analy$ing All Fields

6 Analy$e All Fields

7 Survival All Fields

8 OR 1–7

No Search Term Field

9 Repeat* All Fields

10 Recur* All Fields

11 Multiple Failure All Fields

12 Multiple Relapse All Fields

13 ‘Multiple time-to-event’ All Fields

14 OR 9–13

15 8 AND 14

16 Exten* adj3 Cox All Fields

17 Frailty All Fields

18 Multi State Model All Fields

19 OR 16–18

20 15 AND 19

21 Andersen Gill All Fields

22 Anderson Gill All Fields

23 Prentice Williams Peterson All Fields

24 PWP-TT All Fields

25 PWP-GT All Fields

26 PWP-CP All Fields

27 Wei Lin Weissfeld All Fields

28 WLW All Fields

29 ‘Proportional Intensity model’ All Fields

30 OR 21–29

31 20 OR 30

* represents wildcard terms to retrieve variants of the phrase listed, 
and $ is used to detect both British and American spellings

Appendix 2

Table 12 List of included studies

Paper Reference

1 Aalen OO, Fosen J, Weedon-Fekjaer 
H, Borgan ÿ, Husebye E. Dynamic 
Analysis of Multivariate Failure Time 
Data. Biometrics. 2004;60(3):764–73

2 Abbai NS, Nyirenda M, Naidoo S, 
Ramjee G. Prevalent Herpes Simplex 
Virus-2 Increases the Risk of Inci-
dent Bacterial Vaginosis in Women 
from South Africa. AIDS and Behav-
ior. 2017;22(7):2172–80

3 Abu-Zeitone A, Peterson DR, 
Polonsky B, McNitt S, Moss AJ. Oral 
contraceptive use and the risk 
of cardiac events in patients 
with long QT syndrome. Heart 
Rhythm. 2014;11(7):1170–5
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Paper Reference

4 Adachi JD, Berger C, Barron R. 
Predictors of imminent non-
vertebral fracture in elderly women 
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Appendix 3
Clinical area recurrent event methods applied in

Table 13 Frequency of clinical area recurrent event methods 
applied in

Clinical area Number (%) 
of included 
studies1,2

Cardiology 62 (20.6%)

Oncology 45 (15.0%)

Human immunodeficiency virus (HIV)/Acquired 
immunodeficiency syndrome (AIDS)

30 (10.0%)

Mental health 24 (8.0%)

Neurology 21 (7.0%)

Kidney disease 13 (4.3%)

Respiratory 11 (3.7%)

Drugs & alcohol abuse 9 (3.0%)

Elderly people & accidents 9 (3.0%)

Infectious diseases 9 (3.0%)

Other illness 9 (3.0%)

Sexually transmitted infection (STI)/Sexually transmit-
ted disease (STD)

9 (3.0%)

Paediatrics 8 (2.7%)

Haematology 5 (1.7%)

Hospital admissions 5 (1.7%)

Arthritis 4 (1.3%)

Diabetes 4 (1.3%)

Maternal health 4 (1.3%)

Chronic injuries 3 (1.0%)

Surgeries 3 (1.0%)

Bacterial infections 2 (0.7%)

Gastroenterology 2 (0.7%)

Optometry 2 (0.7%)

Osteoarthropathy 2 (0.7%)

Autoimmune Disease 1 (0.3%)

Gynecology 1 (0.3%)

Inflammatory bowel disease 1 (0.3%)

Ophthalmology 1 (0.3%)

Podiatry 1 (0.3%)

1 Some studies applied recurrent event analysis models to more than one clinical 
area
2 Results are sorted in descending frequency
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