
The impact of epidemiologic methods on findings in studies
of causal effects and prediction modelling
Luijken, K.

Citation
Luijken, K. (2022, May 19). The impact of epidemiologic methods on findings
in studies of causal effects and prediction modelling. Retrieved from
https://hdl.handle.net/1887/3304345
 
Version: Publisher's Version

License:
Licence agreement concerning inclusion of doctoral
thesis in the Institutional Repository of the University
of Leiden

Downloaded from: https://hdl.handle.net/1887/3304345
 
Note: To cite this publication please use the final published version (if
applicable).

https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/3304345


154034_Luiken,Kim_BNW-def.indd   23154034_Luiken,Kim_BNW-def.indd   23 30-03-2022   10:2930-03-2022   10:29



154034_Luiken,Kim_BNW-def.indd   24154034_Luiken,Kim_BNW-def.indd   24 30-03-2022   10:2930-03-2022   10:29



25

New-user and prevalent-user designs and the definition 
of study time origin in pharmacoepidemiology:  
a review of reporting practices

Guidance reports for observational comparative effectiveness and drug safety research 

recommend implementing a new-user design whenever possible, since it reduces 

the risk of selection bias in exposure effect estimation compared to a prevalent-

user design. The uptake of this guidance has not been studied extensively. We 

reviewed 89 observational effectiveness and safety cohort studies published in six 

pharmacoepidemiologic journals in 2018 and 2019. We developed an extraction tool 

to assess how frequently new-user and prevalent-user designs were reported to be 

implemented. For studies that implemented a new-user design in both exposure arms, 

we extracted information about the extent to which the moment of meeting eligibility 

criteria, treatment initiation, and start of follow-up were reported to be aligned. Of the 

89 studies included, 40% reported implementing a new-user design for both the study 

exposure arm and the comparator arm, while 13% reported implementing a prevalent-

user design in both arms. The moment of meeting eligibility criteria, treatment 

initiation, and start of follow-up were reported to be aligned in both exposure arms in 

53% of studies that reported implementing a new-user design. We provided examples 

of studies that minimized the risk of introducing bias due to unclear definition of 

time origin in unexposed participants, immortal time, or a time lag. To sum up, almost 

half of the included studies reported to implement a new-user design. Implications of 

misalignment of study design origin were difficult to assess because it would require 

explicit reporting of the target causal effect in original studies. We recommend that the 

choice for a particular study time origin is explicitly motivated to enable assessment 

of validity of the study.

This chapter was based on: Luijken K, Spekreijse JJ, van Smeden M, Gardarsdottir H, Groenwold RHH. New-
user and prevalent-user designs and the definition of study time origin in pharmacoepidemiology: A review 
of reporting practices. Pharmacoepidemiology and Drug Safety. 2020;30(7):960-74.
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1 |	 Background

Guidance reports for comparative effectiveness and safety research of pharmacological 

treatments recommend the new-user design1-4, in which follow-up time generally starts 

with the first prescription or dispensing of the drug(s) of interest5. In contrast, in the 

prevalent-user design both current (prevalent) and new users of a drug are included. 

The new-user design enforces appropriate temporal ordering of measurements of 

confounders, treatment, and outcome, protecting the researcher against accidental 

adjustment for variables affected by treatment and against finding associations that 

are based on reversed causation1-8. However, the start of a treatment can be difficult to 

capture (especially in case of intermittently used treatments) and exclusion of prevalent 

users may reduce follow-up time or sample size5,7-10. It is unclear how often and for 

which reasons researchers deviated from the guidance to implement a new-user design.

To assess the uptake of new-user design guidance, it is important to go beyond 

the distinction of including new or prevalent users. Many time-related biases can be 

prevented by choosing a study time origin (or study baseline) such that it establishes 

alignment of the moment of meeting eligibility criteria, treatment initiation, and start of 

follow-up6,11-13. Previous studies investigated how often pharmacoepidemiologic studies 

deviated from the recommendation to implement a new-user design14-16, however, the 

implementation of new-user designs in terms of alignment of eligibility, treatment 

initiation, and start of follow-up has not been studied yet.

In the current study, we reviewed the literature about contemporary observational 

effectiveness and safety cohort studies. We assessed how frequently new-user and 

prevalent-user designs were reported to be implemented in studies published in high-

ranked pharmacoepidemiologic journals. For studies implementing a new-user design, 

we evaluated to what extent eligibility, treatment initiation, and start of follow-up were 

reported to be aligned.

2 |	 Defining a study time origin

Here, we briefly review common biases that can be introduced by inappropriate 

designation of follow-up time in observational studies (for a more elaborate discussion, 

see e.g.,3,5-7,11,12,17-19). Ideally, a study is designed such that operational decisions match the 

specified causal contrast of interest, i.e., the target causal effect or so-called estimand. 

Whether the target causal effect can be estimated from the available data, depends on 
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whether it is convincing that untestable identifying assumptions hold, i.e., conditional 

exchangeability, positivity and consistency. The choice of the time origin of a study 

design is directly linked to the target causal effect, because the estimated outcome risk 

refers to the (cumulative) probability of an event of interest occurring over time since 

a given origin in a specific population18.

Figure 1 shows a simplified version of a study of a binary treatment in which 

eligibility, treatment initiation, and start of follow-up correspond4. An archetypical 

study design is the active-comparator incident-user design, that potentially allows 

identification of the target causal effect from empirical data. When an appropriate 

active comparator is chosen, in the sense that the comparison group reflects a clinically 

meaningful alternative treatment option in real-world practice, the active-comparator 

incident-user design increases the likelihood of achieving conditional exchangeability 

by minimizing the risk of confounding by indication and selection bias20.

When prevalent users of treatment are included in a study, the follow-up of those 

individuals is left truncated and omitted from the analysis. For permanent outcomes, 

of which ‘death’ is arguably the clearest example, individuals included in the analysis 

did not develop the outcome during the exposed period before start of follow-up. 

Consequently, including prevalent users can lead to under-ascertainment of events 

early in the course of treatment and increases the risk of controlling for confounding 

factors that were affected by the treatment5,21. Since much information is unobserved, it 

will be difficult to specify the set of covariates that are sufficient to achieve conditional 

exchangeability of treatment groups. In many cases, it is unlikely that a prevalent-user 

study design is suitable to identify the specified target causal effect (Figure 1b).

Another issue is that individuals could be assigned to a treatment group based 

on the treatment strategy observed after start of follow-up, rather than the treatment 

strategy at the time of start of follow-up11 (Figure 1c), for example when individuals 

are classified as ‘users’ only after they filled a number (e.g., three) of prescriptions of 

that treatment. In that case, individuals cannot experience the outcome during the 

first three prescriptions. This period is often referred to as immortal time. When some 

individuals are immortal for part of the time they were followed-up, it seems unlikely 

that the target causal effect can be identified.

A final example of a study design that can impede identification of the target causal 

effect is when a time-lag bias is introduced. This happens when follow-up is started 

at the moment of treatment initiation, but the compared treatments are prescribed 

at different stages of the disease13. For instance, if the effect of a second-line drug 
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Figure 1. Schematic depiction of possible operationalizations of a study time origin. Sub-
figure (a) depicts a simplified ideal causal contrast for a binary treatment. Subfigures (b) - (d) 
depict possible biases that can be introduced by inappropriate designation of follow-up time. 
In empirical studies, the specified design flaws can occur in either or both exposure arms and 
a combination of flaws can occur. For simplification, we presented a single design flaw in the 
comparator exposure arm in each subfigure (b) - (d). Study design flaws may lead to violation 
of identifying assumptions, as is explained in Section 2 of the main text. The dotted lines in the 
figure thus indicate the consideration whether exchangeability of treatment groups is jeopardized 
by the misalignment and whether this can be corrected by measured covariates, or non-positivity 
is introduced.
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is compared to a first-line drug and the start of follow-up for both the active and 

comparator arm is defined by treatment initiation, the disease stage differs between 

the treatment groups. As capturing this difference in disease progress in measured 

covariates is hardly feasible22, time-lag bias likely jeopardises the (conditional) 

exchangeability of treatment groups (Figure 1d). When protocol adherence to switch 

to second line is high and precise, the incomparability of treatment groups may be so 

extreme that non-positivity is introduced.

3 |	 Methods

We systematically assessed the reporting practices in observational studies of treatment 

effects regarding the definition of the study time origin and inclusion of new versus 

prevalent users of treatment. A protocol of this study is available on Open Science 

Framework23. Based on recommendations by the editor and reviewers, we deviated 

from this protocol. Specifically, while we scored the items of the extraction tool for 

all included articles, we discuss the results on alignment in study design origin for 

new-user designs only, as will be explained below. This review followed the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines24, 

where applicable.

3.1 | Journal selection and included type of studies

We aimed to review the reporting of approximately 100 articles published before 

the 1st of July 2019 in journals publishing pharmacoepidemiologic studies of drug-

outcome associations. Six pharmacoepidemiologic journals were included: Annals of 

Pharmacotherapy, British Journal of Clinical Pharmacology, Drug Safety, European 

Journal of Clinical Pharmacology, Pharmacotherapy, and Pharmacoepidemiology and 

Drug Safety. These state-of-the art pharmacoepidemiologic journals were selected 

because reporting on study design implementation was expected to be relatively 

complete. We performed a PubMed search on February 3rd 2020 (see protocol23 for 

search string) which returned 2,457 records. Study inclusion criteria were: study 

described original pharmacoepidemiologic research into the relation between drug 

exposure and a clinical outcome; data were collected for research purposes or obtained 

from routinely collected health data; data were gathered according to a cohort study 

design, since the definition of new versus prevalent users is not as straightforward in 

other designs, such as a cross-sectional, case-crossover or case-control design. Exclusion 
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criteria were: pharmacokinetic-pharmacodynamic studies; cost-effectiveness studies; 

data on treatment exposure were collected through self-report. We also excluded 

studies of vaccination, antibiotic treatment of a single treatment episode (up to 10 days), 

chemotherapy, or intravenous drugs, because for these kinds of interventions new-user 

designs are more natural. KL screened the title and abstract of all studies that result 

from the searches and included relevant articles based on the eligibility criteria. We 

applied a quota sampling strategy25 and continued screening articles until we reached 

the most recent 100 articles published before July 1st, 2019.

3.2 | Extraction of study characteristics and evaluation of reporting quality

Articles were scored on a set of items derived from guideline recommendations about 

elements that should be reported in protocols20,26 or articles4,27 of effectiveness and safety 

research using large observational databases, as well as methodological articles that discuss 

the study time origin in observational studies of causal effects6,11. The main focus was on 

the distinction between new-user and prevalent-user designs and the alignment of moment 

of meeting eligibility criteria, moment of treatment initiation, and start of follow-up in 

new-user designs. The established scoring tool was pilot tested on six randomly chosen 

included studies by KL and JS and further adjusted (all items can be found in Table 2 and 3).

An incident user can more generally be defined as a new user of any treatment 

decision, i.e., initiating a treatment, but also switching to a different treatment or a change 

of dose. This understanding of the incident-user design was introduced by Brookhart28 

and expanded in work by Suissa29 and will be used throughout the current study. For the 

item that scored reporting of whether the comparator exposure arm implemented a new-

user or prevalent-user design, we decided to score nonusers of treatment as prevalent 

users. Whereas non-use is not associated with the biases typically associated with 

prevalent users (e.g., adjusting for intermediates, depletion of susceptibles), definition of 

study time origin in studies with a non-user comparator arm is complicated because the 

choice of the time origin since which the (cumulative) probability of an event of interest 

can occur in the specified population may not be as straightforward for non-users of 

treatment. Consequently, it is more challenging to assess whether the study exposure 

arm and comparator arm can be assumed to be comparable conditional on measured 

confounders (i.e., whether there is conditional exchangeability).

Information was gathered on general characteristics of the included studies; funding 

source, type of data source, patient domain, sample size, and length of enrollment 

window. Funding source was defined as ‘private’ when the article stated the study 
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was funded by a pharmaceutical company or when any of the authors was affiliated 

with a pharmaceutical company and defined as ‘public’ otherwise. Data sources were 

classified into hospital data, dispensings, prescriptions, or claims. Patient domain was 

grouped into medical specialties based on the target population that was mentioned 

in the article objective. When the target population did not match a single medical 

specialty, information on the type of treatment and study outcome was used to identify 

the medical specialty.

Articles were reviewed independently by KL and JS, results were discussed between 

the two reviewers and in case of disagreement a third reviewer (RG) was consulted. 

When multiple effectiveness or safety analyses were described in a single article, only 

the first-reported analysis was scored. When subgroup analyses were performed in the 

included studies, only the main analysis was scored. When methods were discussed in 

an online protocol or described in a different article, we reviewed the referred material.

3.3 | Data synthesis

Rater agreement was computed using the unweighted Cohen’s kappa for nominal variables 

and two coders30. Cohen’s kappa ranges from -1 (perfect disagreement) to 1 (perfect 

agreement). Reporting of items was presented as percentages of total number of included 

studies and 95% confidence intervals (CIs) were computed using the normal approximation.

Figure 2. The screening and inclusion of eligible articles.
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4 |	 Results

After screening the full texts of the 100 articles included during abstract and title 

screening, 89 studies remained based on the eligibility criteria (see Figure 2). The 

characteristics of the 89 included studies are summarized in Table 1. The most common 

patient domains considered were cardiology (17 %), neurology (11%) and primary care 

(10%). The median sample size was 7,011 (range 14 - 3,351,674). In 10% of studies (n = 9), 

a sample size calculation was reported. The length of follow-up ranged from 1 hour 

follow-up in one study to a median follow-up of 13.6 years in another study. Rater 

agreement is presented in Figure 3. Item kappas indicated that agreement between 

raters was low (range 0.05−0.75), which was mostly due to ambiguous reporting of 

the extracted information. Despite the low rater agreement of the initial scores, the 

presented results have a meaningful interpretation since consensus was reached for 

all scores with initial disagreement.

Figure 3. Agreement between raters, measured by Cohen’s kappa (unweighted).
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Table 1 Characteristics of the 89 included studies.

Item Item options Number of studies 
(proportion)

Journal Annals of Pharmacotherapy 16 (0 .18)
British Journal of Clinical Pharmacology 12 (0 .13)
Drug Safety 11 (0 .12)
European Journal of Clinical Pharmacology 8 (0 .09)
Pharmacoepidemiology and Drug Safety 27 (0 .30)
Pharmacotherapy 15 (0 .17)

Continent Africa 1 (0.01)
Asia 16 (0.18)
Europe 30 (0.34)
North America 37 (0.42)
Oceania 2 (0.02)
Multiple 1 (0.01)
Not reported 2 (0.02)

Year of publication 2018 56 (0.63)
2019 33 (0.27)

Funding Non-pharmaceutical 83 (0.93)
Pharmaceutical 6 (0.07)

Data source type Claims 32 (0.36)
Dispensing 19 (0.21)
Hospital data 26 (0.29)
Prescription 11 (0.12)
Dispensing and prescription 1 (0.01)

Domain Cardiology 15 (0.17)
Neurology 10 (0.11)
Primary care 9 (0.10)
Infectious disease 6 (0.07)
Nephrology 6 (0.07)
Other 43 (0.48)

Sample size < 500 23 (0.26)
500 – 50,000 44 (0.49)
> 50,000 22 (0.25)

Sample size calculation No 80 (0.90)
Yes 9 (0.10)

If sample size calculation No 1 (0.11)
reported, size reached? Yes 7 (0.78)

Unclear 1 (0.11)
Cohort entry10 Event-based 22 (0.25)

Exposure-based 28 (0.31)
Multiple event-based 33 (0.37)
Time-based 6 (0.07)

Study entry level 3, item C2 Episode 6 (0.07)
Person 83 (0.93)
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4.1 | New-user and prevalent-user designs

An overview of item scores is given in Table 2. Forty percent of studies (95% CI 30% - 

51%, n = 36) reported implementing a new-user design for both the study exposure arm 

and the comparator exposure arm, while 13% (7% - 22%, n = 12) reported implementing 

a prevalent-user design for both exposure arms (Figure 4). In 58% (42% - 74%, n =21) of 

studies with a new-user design for both exposure arms a washout for exposure was 

reported. For 6% of studies (1% - 10%, n = 5) it was unclear whether a new-user or a 

prevalent-user design was implemented. When a prevalent-user design was reported to 

be implemented, three studies provided a rationale for including prevalent users. The 

motivation to include prevalent users concerned biological plausibility of a cumulative 

effect on outcome risk31-33 .

4.2 | Alignment in new-user designs

In the 36 studies that reported implementing a new-user design in both exposure arms, 

moment of meeting eligibility criteria, treatment initiation, and start of follow-up were 

reported to be aligned in both exposure arms in 53% of studies (36% - 69%, n = 19). 

Moment of meeting eligibility criteria, start of treatment, and start of follow-up were 

reported to be misaligned in both exposure arms in 6% of studies (0% - 13%, n = 2) and 

alignment was unclear in 6% of studies (0% - 13%, n = 2) (Figure 3). In the remaining 

studies (n = 13), at least one of the six alignment items was misaligned or unclear (see 

Table 3 for the alignment items).

Implications of misalignment of eligibility, treatment initiation, and start of follow-

up can only be assessed relative to the specified target causal effect. Initially, the 

protocol of this study contained an item to extract whether the target causal effect 

was reported, but we adjusted this during the pilot phase of our extraction tool when 

we discovered that no study explicitly reported an estimand (see protocol revision23 

from version 2 to version 3). Based on recommendations by the editor and reviewers, 

we scored whether an explicit description of the target causal effect was provided in 

the 36 new-user active-comparator studies. Twenty-two percent of studies (9% - 36%, 

n = 8) provided an explicit definition of the target causal effect. In studies that did not 

explicitly report the target causal effect, it was often unclear which treatment strategies 

were compared and which treatment decision could be informed based on evidence 

from the conducted study.
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Table 2 Summary of reporting of information extracted from 89 reviewed articles.

Item Item options Number of 
studies

Proportion (95% 
confidence interval)

Study exposure arm
New/prevalent users New users 66 0.74 (0.65; 0.83)

Prevalent users 14 0.16 (0.08; 0.23)
Unclear 9 0.10 (0.04; 0.16)

Comparator exposure arm
Comparator type Active comparator 46 0.52 (0.41; 0.62)

Unexposed – no use 30 0.34 (0.24; 0.44)
Unexposed – past use 3 0.03 (0.00; 0.07)
Combination 1 0.01 (0.00; 0.03)
Other 6 0.07 (0.02; 0.12)
No comparator specified 3 0.03 (0.00; 0.07)

New/prevalent users New users 38 0.43 (0.32; 0.53)
Prevalent users 38 0.43 (0.32; 0.53)
Unclear 5 0.06 (0.01; 0.10)
No comparator or 
symmetry design

8 0.09 (0.03; 0.15)

General design features
Treatment groups explicitly defined Yes 84 0.94 (0.90; 0.99)

No 5 0.06 (0.01; 0.10)
Cohort entry date reported Yes 71 0.80 (0.71; 0.88)

No 18 0.20 (0.12; 0.29)
Washout reported Yes 37 0.42 (0.31; 0.52)

No 52 0.58 (0.48; 0.69)
Exposure risk window reported Yes 74 0.83 (0.75; 0.91)

No 15 0.17 (0.09; 0.25)
Covariate assessment
Covariate assessment window reported Yes 45 0.51 (0.40; 0.61)

No 38 0.43 (0.32; 0.53)
Symmetry design 
or self-controlled

6 0.07 (0.02; 0.12)

If covariate assessment window was reported 
(n = 45), was the covariate assessment 
window equal for all covariates

Yes 20 0.44 (0.30; 0.59)
No 24 0.53 (0.39; 0.68)
Not reported 1 0.02 (0.00; 0.07)

If covariate assessment window was reported 
(n = 45), was the covariate assessment 
window before initiation of treatment

Yes 27 0.60 (0.46; 0.74)
No 13 0.27 (0.14; 0.40)
Not reported 5 0.11 (0.02; 0.20)

If exposure was time-varying (n = 18), were
covariates measured time-varying

Yes 9 0.50 (0.27; 0.73)
No 6 0.33 (0.12; 0.55)
Not reported 3 0.16 (0.00; 0.34)

If covariates were measured time-varying 
(n = 12), was this incorporated in analysis

Yes 7 0.58 (0.30; 0.86) 
No 1 0.08 (0.00; 0.24)
Not reported 4 0.33 (0.07; 0.60)
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Table 3 Summary of reporting of alignment of start of follow-up, meeting eligibility criteria 
and treatment initiation extracted from 36 articles that implemented a new-user design in both 
exposure arms.

Item Item options Number of 
studies

Proportion (95% 
confidence interval)

Study exposure arm

Alignment follow-up – eligibility Yes 24 0.67 (0.51; 0.82)
No 9 0.25 (0.11; 0.39)
Unclear 3 0.08 (0.00; 0.17)

Alignment follow-up – treatment Yes 26 0.72 (0.58; 0.87)
No 3 0.08 (0.00; 0.17)
Unclear 7 0.19 (0.07; 0.32)

Alignment eligibility – treatment Yes 22 0.61 (0.45; 0.77)
No 9 0.25 (0.11; 0.39)
Unclear 5 0.14 (0.03; 0.25)

Comparator exposure arm

Alignment follow-up – eligibility Yes 21 0.58 (0.42; 0.74)
No 11 0.31 (0.16; 0.46)
Unclear 4 0.11 (0.01; 0.21)

Alignment follow-up – treatment Yes 25 0.69 (0.54; 0.84)
No 5 0.14 (0.03; 0.25)
Unclear 6 0.17 (0.04; 0.29)

Alignment eligibility – treatment Yes 20 0.56 (0.39; 0.72)
No 12 0.33 (0.18; 0.49)
Unclear 4 0.11 (0.01; 0.21)
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Figure 4. Frequency of reporting of implementation of new-user and prevalent-user design 
and type of comparator across the 89 included studies. For studies that reported implement-
ing a new-user design, alignment of eligibility, treatment initiation and follow-up was scored 
‘completely aligned’ when all three elements were reported to be aligned in both the active and 
comparator exposure arm; ‘completely misaligned’ when none of the elements were reported to 
be aligned in both the active and comparator exposure arm; ‘unclear’ when all three elements 
were unclear in both the active and comparator exposure arm; ‘partial alignment’ otherwise.
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4.3 | Examples of good practice

Using examples from the 89 included studies, the next section illustrates how study 

designs that deviate from an archetypical pharmacoepidemiologic active-comparator 

new-user design could still provide estimates of the target treatment effect with a 

meaningful interpretation. We did not find any examples with a meaningfully defined 

study time origin among studies that contained a prevalent-user active-comparator arm.

Study design with non-user comparator arm

Korol and colleagues investigated whether initiation of spironolactone affected 

the risk of new onset diabetes in older patients with heart failure compared to not 

initiating spironolactone34. The patient cohort was defined by day of discharge of 

the first hospitalization for heart failure. The follow-up was started at the date of 

first dispensed prescription of spironolactone for the study exposure arm. The 

start of follow-up for unexposed comparator patients was inherited from the cohort 

entry date of the comparator and set to the time since hospital discharge from their 

matched comparator to establish a meaningful study time origin for non-users, 

given additional implementations to meet assumptions such as measuring sufficient 

confounders to invoke the exchangeability assumption (Table 4). Note that when an 

event-based cohort is established, resetting the start of follow-up at the moment of 

treatment initiation or comparable duration since diagnosis is essential to prevent 

introduction of immortal time bias11.

Study design that anticipated immortal time

Chaignot and colleagues studied whether initiation of baclofen affected the risk 

of hospitalization and death compared to initiation of acamprosate in adults with 

an alcohol use disorder without comorbidities35. The patient cohort was defined by 

initiation of baclofen/acamprosate. To be eligible, patients had to receive at least two 

reimbursements for the same drug within 60 days after the first reimbursement, 

meaning that for included individuals, hospitalization/death could not have occurred 

before the second reimbursement was received. The start of follow-up was reset after 

the second prescription to prevent immortal time bias (Table 4). Note that the target 

causal effect changes by resetting start of follow-up. The study aims to identify the 

causal effect of baclofen compared to acamprostate given that everyone filled at least 2 

prescriptions within 60 days and death was prevented during the time until they filled 
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a 2nd prescription. This interpretation is arguably more difficult to translate to clinical 

practice than a causal effect of initiating baclofen versus initiating acamprostate.

Study design that addressed time lags in start of follow-up

Belleudi and colleagues investigated whether switching from epoetin alpha (ESA α) to 

any other epoetin, compared to not switching, affected the risk of a blood transfusion 

or developing anaemia in chronic kidney disease patients36. The patient cohort was 

defined by initiation of ESA α. The follow-up was started at date of switching for 

the study exposure arm. A matched cohort was created to compare the risk of study 

outcomes in switchers versus non-switchers. The start of follow-up for non-switchers 

was matched to duration of ESA α treatment (± 30 days), thereby preventing time-lag 

bias (Table 4).

5 |	 Discussion

In our review of 89 pharmacoepidemiologic cohort studies of drug-outcome 

associations, 40% reported implementing a new-user design for both the study 

exposure arm and the comparator exposure arm, while 13% reported implementing a 

prevalent-user design in both arms, and 3 studies provided a rationale for including 

prevalent users. In studies that reported implementing a new-user design, we found 

there is room for improving alignment of meeting eligibility, treatment initiation, and 

start of follow-up, and reporting thereof.

It is not straightforward to understand the implications of misalignment of 

eligibility, treatment initiation, and start of follow-up in studies implementing a new-

user design. Misalignment in the operationalization of the time origin in a study design 

can introduce immortal time bias or time-lag bias3,5-7,11,12,17-19, but analytic methods can 

also help prevent these biases (e.g., analyzing treatment as a time-dependent variable 

as proposed by Suissa and Azoulay13). The validity of the chosen design and analysis 

is ideally assessed relative to the target causal effect. Since target causal effects 

were not often explicitly reported, we were not able to further assess implications of 

misalignment in the study time origin. It might have been possible to derive the target 

causal effect from information in the methods section in some studies. However, this 

would not contribute to assessment of the validity of the chosen design and analysis 

since target and operationalization would then overlap completely because of the 

reflexive definition of the target. When a target causal effect is not reported explicitly, 
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it is unclear which treatment effect the study aims to estimate, making it impossible to 

assess the impact of misalignment of eligibility, treatment initiation, and start of follow-

up on validity of the study based on what is reported in the article. On the other hand, 

providing a concise and explicit definition of a target causal effect is a challenging task.

Our findings are in line with previous studies that investigated the implementation 

of the new-user design in specific patient domains. Yoshida and colleagues reviewed 

cohort studies investigating the association between use of disease-modifying 

antirheumatic drugs and either risk of infections (52 studies) or risk of cancers (15 

studies) published between 2005 - 201515. Forty percent of the studies on infection risk 

and 27% of the studies on cancer risk implemented a new-user active- comparator 

design, which is similar and lower, respectively, compared to the proportions found 

in our study, which covered a wider range of research areas. Suissa and Azoulay 

presented examples of observational studies investigating the association between 

metformin and cancer that suffered from immortal time bias, time-lag bias, or time-

window bias13. Time-window bias can be an issue in case-control analysis and was not 

addressed here, because we only included cohort studies.

Based on our observations, it is our view that choosing a meaningful time origin is 

a more fundamental component of the study design than the distinction between new 

or prevalent users alone. Even when a new-user design was implemented, some of the 

articles we reviewed defined the study origin ambiguously. Reporting guidelines, such 

as RECORD-PE38, state that study entry criteria and the order in which these criteria 

were applied to identify the study population should be clearly described. Indicating 

that a new-user design was implemented is insufficient to justify validity of a study 

design and time origin.

Our study had limitations. We focused on study-design approaches to define a 

meaningful study time origin. Although data analysis approaches can establish 

correct allocation of follow-up time as well29,39, we did not assess them in our review. 

Misalignment of eligibility, treatment initiation, and start of follow-up may be 

appropriate when exposures are evaluated in a time-dependent manner. Four of the 

studies that reported implementing a new-user design studied a time-dependent 

exposure, thereby possibly adjusting for any misalignment in the study design. In 

our review, we assessed how frequently new-user and prevalent-user designs were 

implemented based on the reporting in original articles. It was not always possible to 

distinguish between lack of reporting and lack of implementation. Our results should 

therefore be interpreted as a summary of reporting practices on study time origin in 
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six journals. A final limitation is that our search was restricted to a convenience sample 

of six journals. Arguably, the six selected journals are representing the higher impact, 

specialist pharmacoepidemiology journals and results may therefore overestimate the 

quality of reporting of pharmacoepidemiologic studies in general.

The following recommendations for the design of pharmacoepidemiologic studies 

follow from our work. Reporting the motivation for a chosen study design and providing 

information on the extent to which moment of meeting eligibility criteria, treatment 

initiation, and start of follow-up are aligned improves the transparency and validity 

of research. We re-emphasize the importance of the recommendation by Schneeweiss 

and colleagues40 to provide a design diagram, depicting a study’s key temporal anchors 

and their relation to each other. When the target causal effect is unknown, it is difficult 

to assess whether study design and analysis are suitable for providing a meaningful 

estimate of the treatment effect of interest, in particular for time-dependent exposures. 

We recommend to explicitly report the causal contrast that is targeted in a separate 

statement at the beginning of the methods section. The definition of the target causal 

effect ideally concisely states the target population, the treatment strategies that are 

compared and how they are contrasted, and the outcome assessment (what and when). 

The causal contrast then explicates which effect is of interest (for example, an intention-

to-treat effect, a per-protocol effect, an effect of treatment duration, or a comparison 

of treatment regimens)26. It should be unambiguous from this statement which future 

treatment decision can be informed by the study findings. Only when this information 

is clearly reported, the agreement can be assessed between target causal effect and 

applied study design and data analysis.
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