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Ideally, randomized controlled trials (RCTs) are used to evaluate both causal intended 
and unintended effects of interventions. If the intervention is allocated randomly, the 
trial has a large number of participants and there is no substantial loss to follow-up, 
groups of patients with and without the intervention will on average have similar risks 
of outcomes, except for the potential benefits and risks caused by the intervention itself. 
Unfortunately, it is often unethical or not feasible to perform a RCT [1]. For example, 
it would be unethical to design a RCT deliberately exposing patients to a potentially 
harmful exposure such as diethylstilboestrol (DES). 
Moreover, RCTs are often too expensive or not feasible when studying the effect of 
exposures on rare outcomes or exposure-outcome relationships with long induction 
periods [1]. When it is unethical or not feasible to perform a RCT, non-randomized 
observational studies are essential to guide health care decision making [2]. Often, 
in absence of RCTs, the best available evidence for decision-making will come from 
observational studies. 

However, in daily life, exposures are generally not allocated by a random process. By 
the art of medicine, drugs are prescribed to patients in need of treatment, persons who 
regularly exercise have a healthier life style in general than persons who rarely exercise, 
subjects that do not use alcohol may do this because of an underlying disease, etc.  As 
a consequence, observational studies that study the effects of exposures are prone to 
confounding bias [3]. 

Although several empirical examples have shown that observational studies tend to find 
similar effect estimates as RCTs [4-7], such non-randomized designs have been criticized 
because of notorious examples in which observational studies found contrasting results 
with RCTs. For example, findings from large RCTs refuted observational studies that 
suggested a protective effect of hormone replacement therapy against coronary heart 
disease [8]. While several observational studies suggested a protective effect of beta-
carotene consumption against lung cancer among smokers, large RCTs showed no 
beneficial effect [9]. Another textbook example is the case of vitamin E supplementation 
and the risk of cardiovascular events, where observational studies did find a protective 
effect whereas RCTs did not [10].  Differences in effect estimates between observational 
and randomized studies are often attributed to unmeasured or inadequately measured 
confounders. For example, consumption of vitamin E supplements may correlate with a 
healthy life style. Consequently, patients with a relatively healthy life style are compared 
with patients with a less healthy life style; hence effect estimates will be biased by difficult 
to measure differences in average prognosis between comparison groups. It is therefore 
essential to adequately measure, adjust for, and report about all relevant confounders. 
Unfortunately, information on important potential confounders is often lacking from 
routine health care databases. Even when the effect estimates are adjusted for measured 
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potential confounders as in the examples mentioned above, biased effect estimates may 
be obtained, especially when difficult to measure patient characteristics or confounding 
domains are expected to bias the association of interest. 

Given the vulnerability of observational studies to confounding, complete and 
transparent reporting about confounding is necessary to enable readers to assess the 
validity of study findings. Nevertheless, poor quality of reporting of confounding has 
previously been observed [11]. Acknowledging the widespread problem of inadequate 
reporting, the ‘STrenghtening the Reporting of OBservational studies in Epidemiology’ 
(STROBE) guideline was developed and published in 2007 [12]. This guideline includes 
several items related to the reporting of confounding and is endorsed by a growing 
number of biomedical journals. In this thesis we aim to assess whether the reporting 
of confounding improved in articles published after the publication of the STROBE 
guideline compares with articles published before that guideline.  

One of the more novel developments with regard to the control of confounding in 
observational studies is the application of a self-controlled or case-only design. Examples 
are self-controlled case-series [13, 14], case-crossover design [15] and sequence symmetry 
analysis [16] which have been developed to overcome the problem of confounding by 
difficult to measure patient characteristics. The underlying idea of these designs is that 
patients can serve as their own controls, which reduces confounding by factors that 
are stable over time. This may include characteristics that are often not available to 
researchers such as chronic use of nonprescription drugs, health behaviors, tendency 
to seek professional care, occupation, etcetera. Although self-controlled designs are 
increasingly being used in recent years [17], empirical comparisons of such designs with 
each other, with more traditional observational designs and with randomized controlled 
trials are scarce. In this thesis we aim to apply and empirically compare various available 
self-controlled designs to quantify and control for confounding with other designs and 
to apply novel techniques. 

As study objects both acute and chronic drug therapies with unintended and intended 
outcomes will be researched in this thesis. First, the association between angiotensin-
converting enzyme inhibitors and urinary tract infections will be evaluated, because we 
have access to data from both randomized trial and large routine health care databases. 
Another advantage of assessing this association to research the self-controlled designs is 
that angiotensin-converting enzyme inhibitors are prescribed to patients with risk-factors 
for urinary tract infections such as diabetes and renal impairment [18]. Consequently, 
there is a high potential for confounding by indication for this association in the absence 
of accurately measured information about potential renal problems.  
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Second, we aim to study the effect of concomitant use of selective serotonin reuptake 
inhibitors (SSRIs) and nonsteroidal anti-inflammatory drugs (NSAIDs) on the 
occurrence of peptic ulcer. Previously, a conventional cohort study compared concomitant 
use of SSRIs with NSAIDs with concomitant use of tri-cyclic antidepressants (TCAs) 
and NSAIDs without adjusting for potential differences between these two groups of 
patients [19]. It has been shown that heavy alcohol use is a very strong confounder when 
evaluating the association between SSRI use and gastrointestinal bleeding [20]. Since 
TCAs can potentiate the effects of alcohol due to their antihistaminic effects, while 
SSRIs have minimal effects on alcohol pharmacokinetics and pharmacodynamics [21, 
22], heavy alcohol use is likely less common among TCA users than SSRI users due 
to channeling by the physician. Consequently, this association has strong potential for 
confounding and is an interesting study object. 

A third empirical study will be focused on the association between antibiotic use during 
pregnancy and development of asthma among preschool children. There is an ongoing 
debate about whether the increased risk observed in several conventional observational 
studies is due to unmeasured confounding [23-25]. Two recent studies suggested 
that the increased risk was due to confounding [23, 24]. However, both studies were 
vulnerable to different biases. In the current thesis, different novel methods to quantify 
and minimize confounding will be applied in order to evaluate whether the increased 
risk is indeed largely due to confounding bias. 

Although individual studies comparing different designs and single-study comparisons 
can identify and highlight different strengths and weaknesses of case-only designs, 
systematic comparisons are needed to obtain more insights into the merits of case-only 
designs and possible limitations. Therefore, the concordance between case-only and 
cohort or case-control studies in published empirical studies will also be evaluated in 
a systematic way. A secondary aim is to identify predictors of discrepancies between 
case-only designs and traditional designs, with specific focus on potentially important 
underlying assumptions of the self-controlled case-series and case-crossover design.  

Thesis objectives

The studies presented in this thesis will focus on two main objectives: (1) to evaluate 
the reporting of confounding in observational cohort and case-control studies before 
and after the publication of an important reporting guideline for observational studies 
(STROBE) [26], and (2) to evaluate how self-controlled, or case-only, designs can be 
used to quantify and adjust for confounding. Various self-controlled designs will be 
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object of study: prescription sequence symmetry analysis [16], case-crossover [15], case-
sibling [27], time-trend-control-sibling and self-controlled case-series [14]. 

Thesis outline

In chapter 2 the reporting of confounding in observational cohort and case-control 
studies on interventions for which a beneficial effect was hypothesized before and after 
the publication of an important reporting guideline for observational studies (STROBE) 
is presented. 
In chapter 3 the effect of pravastatin on recurrent urinary tract infections is evaluated in 
a post hoc analysis of a randomized controlled trial. In addition, the effect of fosinopril, 
an angiotensin-converting enzyme inhibitor, on acute urinary tract infections is assessed.
In chapter 4 the association of angiotensin-converting enzyme inhibitors with the risk 
of acute urinary tract infections is assessed using a prescription sequence symmetry 
analysis. In chapter 5, the association between angiotensin-converting enzyme 
inhibitors and urinary tract infections is further evaluated using a case-crossover design. 
An empirical comparison with the prescription sequence symmetry analysis and the 
post-hoc analysis of the randomized controlled trial (chapter 3) is used to discuss some 
important differences between the sequence symmetry design and the case-crossover 
design. In chapter 6, the association of combined use of selective serotonin reuptake 
inhibitors and nonsteroidal anti-inflammatory drugs with the risk of starting peptic ulcer 
treatment is evaluated using a prescription sequence symmetry design. A comparison is 
made with a previously published cohort study that used the same database but did not 
adjust for potential confounders.
In chapter 7 the association between antibiotic use during pregnancy and the 
development of asthma in preschool children is analysed using different confounding-
minimizing designs, including a case-control and case-sibling design. In addition, we 
will develop a method that can address time-trend bias in case-sibling designs in this 
chapter. In chapter 8 the concordance between case-only and case-control or cohort 
studies in empirical studies is evaluated in a systematic way. In addition, predictors of 
discrepancies between both types of designs are identified.
Chapter 9 provides a general discussion of our findings and future perspectives. 
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Abstract

Background 
Poor quality of reporting of confounding has been observed in observational studies 
prior the STrenghtening the Reporting of Observational studies in Epidemiology 
(STROBE) statement, a reporting guideline for observational studies. We assessed 
whether the reporting of confounding improved after the STROBE statement.

Methods
We searched MEDLINE for all articles about observational cohort and case–
control studies on interventions with a hypothesized beneficial effect in five general 
medical and five epidemiologic journals published between January 2010 and 
December 2012. We abstracted data for the baseline period before the publication 
of the STROBE statement (January 2004–April 2007) from a prior study. Six 
relevant items related to confounding were scored for each article. A comparison 
of the median number of items reported in both periods was made.

Results
In total, 174 articles published before and 220 articles published after the STROBE 
statement were included. The median number reported items was similar before 
and after the publication of the STROBE statement [median, 4; interquartile 
range [IQR], 3–5 vs. median, 4; IQR, 3.75–5]. However, the distribution of the 
number of reported items shifted somewhat to the right (P = 0.01).

Conclusions
Although the quality of reporting about confounding improved in certain aspects, 
the overall quality remains suboptimal. Research is needed into the development 
and evaluation of strategies to improve the quality of reporting and adherence to 
reporting guidelines. 
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Introduction

There is a growing interest into widespread problems affecting the validity and reliability 
of published health care research [1-4]. Inadequate reporting is a widespread problem 
and has been frequently observed in publications of animal  and other preclinical 
studies, observational studies, diagnostic studies, clinical prediction research, surveys 
and qualitative studies, and randomized trials  [3]. Several studies indicate that it is 
often impossible to replicate studies, partly due to poor reporting  [5-7]. Complete 
and transparent reporting is necessary to enable readers to assess the reliability and 
validity of study findings. Although poor reporting may have some correlation with 
the risk of bias  [8], the reporting quality of a study does not necessarily reflect the 
methodological quality of the study  [9-10]. Hence, without adequate reporting, it is 
difficult or impossible to assess the strengths and weaknesses of the study and to replicate 
the study. Furthermore, inadequate reporting wastes the time and resources invested in 
the conduct of research [3].

Guidelines on the reporting of research can improve the quality of reporting, especially if 
those guidelines are supported and adopted by journals [11-13]. Several guidelines have 
been developed to improve the quality of reporting of studies, including CONsolidated 
Standards of Reporting Trials (CONSORT), STrenghtening the Reporting of 
Observational studies in Epidemiology (STROBE), Preferred Reporting  Items for 
Systematic Reviews and Meta-Analyses (PRISMA), Standards for Reporting of Diagnostic 
Accuracy (STARD), Animal Research: Reporting of In Vivo Experiments, Standards 
for Quality Improvement Reporting Excellence, and Consolidated Health Economic 
Evaluation Reporting Standards [14]. A comprehensive list of reporting guidelines can 
be found elsewhere (http://www.equator-network.org/http://www.equator-network.
org/)  [14]. The STROBE statement was developed to improve the reporting of 
observational studies and published in 2007 [15]. The adoption of this guideline differs 
per journal, although it seems intuitive to assume that more active endorsement would 
result in better reporting quality. Some journals actively endorse the use of the STROBE 
guideline and require the submission of the  STROBE checklist (http://www.strobe-
statement.org/fileadmin/Strobe/uploads/checklists/STROBE_checklist_v4_combined.
pdf ), such as The BMJ and recently PLOS Medicine  [17], whereas other journals 
only endorse the use of the STROBE statement in their Instructions for Authors (e.g., 
Lancet) or do not mention the STROBE statement at all (e.g., New England Journal 
of Medicine).

It is well known that observational studies are prone to confounding because interventions 
are often prescribed to patients based on the perceived risk of the outcome instead of 
randomly assigned as in randomized controlled trials [18-19]. Moreover, especially for 
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preventive interventions, patients who initiate and adhere to the intervention of interest 
may be more health conscious, have a more healthy lifestyle, and may also adhere better 
to other preventive interventions [20-21].

Despite the vulnerability of observational studies to confounding, poor quality of 
reporting of confounding has previously  been observed  [22]. Included articles were 
published before the STROBE statement, and it was suggested that this statement, 
which was intended to improve the reporting of observational studies, could have a 
considerable impact on the reporting of confounding [22].

To enable an adequate assessment of the likelihood that a study is affected by 
unmeasured or residual confounding, several items should be reported and discussed. 
This is acknowledged by the designers of the STROBE statement, who included several 
items related to the reporting of confounding in the STROBE checklist: item 7 requires 
that all potential confounders are clearly defined; item 12 requires  that all statistical 
methods, including those used to control for confounding are described; item 14a 
requires that characteristics of study participants and information on exposures and 
potential confounders are given; item 16 requires the reporting of unadjusted estimates 
and, if applicable, confounder-adjusted estimates and their precision together with a 
clear description of the confounders that were adjusted for and why they were included. 
In addition, the following items which are more general statements related to bias 
may improve the reporting of confounding: item 9 requires that any efforts to address 
potential sources of bias are described in the method section, and item 19 requires that 
the limitation of the study is discusses, taking into account sources of potential bias or 
imprecision, thereby discussing both the directions as magnitude of any potential bias.

Because multiple items related to confounding are included in the STROBE statement, 
we were interested whether the reporting of confounding improved over time.

Our primary objective was to assess whether the reporting of confounding improved in 
articles after the publication of the STROBE statement compared with articles published 
before that statement. In secondary analyses, we evaluated whether reporting was better 
for journals that published the STROBE statement, endorsed the STROBE statement 
in their Instructions for Authors, and/or required the completion of the STROBE 
checklist when submitting an observational study. We hypothesized that the reporting 
of confounding would have been improved after publication of the STROBE guideline, 
especially in journals that endorsed the STROBE statement.
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Methods

As we intended to make a comparison with articles published before and after the 
STROBE statement, similar methods were used as previously described  [22]. We 
searched the MEDLINE database to find observational studies that were published from 
January 2010 through December 2012 in the same five epidemiologic journals and five 
general medical journals. The five epidemiologic journal included International Journal 
of Epidemiology, Epidemiology, Journal of Clinical Epidemiology, American Journal of 
Epidemiology, and Journal of Epidemiology and Community Health. The five general 
medical journals included New England Journal of Medicine, The Lancet, Journal of 
the American Medical Association, The BMJ, and Annals of Internal Medicine. Those 
journals were selected in the previous study based on their high-impact factor [22]. Of 
these, five journals published the STROBE statement (The Lancet, The BMJ, Annals 
of Internal Medicine, Epidemiology, and Journal of Clinical Epidemiology). Of the 
journals that published the STROBE statement, The Lancet, The BMJ, and Annals 
of Internal Medicine also refer to the STROBE statement in their Instructions for 
Authors, whereas none of the other journals did endorse the STROBE statement in 
their instructions to authors. The BMJ was the only included journal that required the 
completion of the STROBE checklist when submitting an observational study.

Data selection
The search strategy aimed at identifying observational cohort and case–control studies 
that evaluated a hypothesized beneficial (preventive) effect of an intervention on a 
clinical outcome. Hence, studies on adverse effects were excluded. We did not include 
randomized controlled trials, meta-analyses, letters, comments, editorials, studies in 
which the primary outcome (as indicated by the authors or the outcome mentioned in 
the abstract) was intermediate (e.g., cholesterol levels instead of cardiovascular disease), 
nonintervention studies (e.g., effect of weather on myocardial infarction incidence), 
before–after studies, or non-English studies.

The search strategy is listed in  Appendix 1. In studies with multiple outcomes, we 
assessed the reporting related to the primary outcome. We excluded studies for which 
the allocation of the exposure of interest was likely determined by a random process 
as mentioned in Section 2 or anywhere else in the article as confounding will likely not 
play a role in such studies. For example, we excluded a study in which dispensation of 
proprietary vs. generic formulations of antiretroviral therapy was not driven by patient 
characteristics, but by the availability of drugs, with an effort to maintain a given patient 
on the same formulation from month to month. This resulted in a natural experiment 
that was close to a randomized trial, with a small likelihood of confounding.
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We exported retrieved citations to Refworks (ProQuest, Ann Arbor, Michigan). Title 
and abstract screening were performed including all possibly relevant evaluations for 
further review. The full text of all remaining studies was retrieved and reviewed for 
eligibility.

Data extraction
Details on a number of basic study characteristics and items related to reporting of 
confounding were independently extracted by two researchers (K.B.P. and N.N.W.). 
Disagreements were resolved by consensus. Basic study characteristics were journal type 
(general medical or epidemiologic), study design (cohort or case–control), publication 
year, whether the journal published the STROBE statement, type of intervention, and 
type of outcome. To facilitate a comparison with the previous assessment of reporting of 
confounding prior the publication of the STROBE statement  [22], the same 
information on the design and analytical details concerning confounding were extracted 
(Table 2.1) [22]. It was assessed whether the following items were reported: characteristics 
of key confounders as well as reasons why potential confounders were selected for analysis 
and included in the final model; methods to control for confounding (e.g., stratification, 
multivariate regression, propensity score matching etc.); and both the crude as well as 
the adjusted effect estimate, in case only an adjusted effect estimate was reported, it was 
considered sufficient if the crude effect estimate could be calculated using data from the 
article. Furthermore, it was evaluated whether qualitative statements on the likelihood 
and direction of the potential impact of unmeasured confounders were reported. Finally, 
we assessed whether a quantitative sensitivity analysis to estimate the potential impact of 
unmeasured confounders on the effect estimate was included in the published article.

The original data from the previous study [22] were obtained to enable a comparison 
of a period before the STROBE statement was published (January 2004–April 2007; 
previous study) with the period after the STROBE statement (January 2010–December 
2012; present study).

Comparisons and data analysis
In primary analysis, a comparison was made between the quality of reporting of 
confounding before vs. after the publication of the STROBE statement.

Three secondary analyses were performed. First, articles from journals that published the 
STROBE statement—used as an indicator that the journal acknowledges the importance 
of adequate reporting—(The Lancet, BMJ, Annals of Internal Medicine, Epidemiology, 
and Journal of Clinical Epidemiology) were compared with articles from journals that did 
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not publish the STROBE statement (American Journal of Epidemiology, International 
Journal of Epidemiology, New England Journal of Medicine, Journal of the American 
Medical Association, and Journal of Epidemiology and Community Health).

Second, we compared journals that published the STROBE statement and included 
an endorsement of the STROBE guidelines in their author instructions (The Lancet, 
The BMJ, and Annals of Internal Medicine) with journals that did neither (American 
Journal of Epidemiology, International journal of Epidemiology, New England Journal 
of Medicine, Journal of the American Medical Association, and Journal of Epidemiology 
and Community Health).

Third, The BMJ, the only included journal that required the completion of the STROBE 
checklist when submitting an observational study, was compared with the two journals 
that only endorsed the STROBE statement in their author instructions (The Lancet 
and Annals of Internal Medicine). This was done to evaluate whether such more active 
endorsement of the STROBE statement would result in better reporting of confounding.

Our primary outcome consisted of the same eight-item score that was created and 
used previously, excluding items 1 and 8 from Table 2.1 that are not addressed by the 
STROBE statement [22]. Hence, a six-item score was created with equal weights given 
to each item. For the comparison of the overall quality of reporting, a comparison was 
made between the median number of reported items (maximum of 6) before and after 
the STROBE statement using the Mann–Whitney U-test. In addition, relative risks 95% 
confidence interval (CI) were calculated to represent changes in the individual items. 
Statistical analyses were performed using the R statistical software package version 3.0.2.

Sensitivity analysis
Of the eight items related to confounding that we considered important, two items are 
not included in the STROBE statement. The reason why potential confounders were 
selected for analyses and the application of a quantitative bias analysis are both not 
mentioned in that guideline. Therefore, in the primary analysis, we used a six-item score, 
excluding the two items that are not addressed by the STROBE statement. However, 
because both items are important for evaluating the likelihood and potential impact of 
unmeasured confounding [23-28], we performed a sensitivity analysis in which we used 
the same eight-item score that was created and used previously [8], including these two 
items.
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Results

The MEDLINE search identified 2,651 publications (Fig.  2.1). After screening the 
titles and abstracts of all retrieved publications, we reviewed 408 full-text articles and 
subsequently included 220 articles in the final analysis (appendix 2).

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1 Flow diagram for study selection.  
 

Records identified through database searching and screened (n=2651) 

Full text articles evaluated for eligibility (n=408) 

Records excluded (n=2243) 

Full text articles excluded (n=188) 
  Non-intervention study (n=83) 
  Adverse effects (n=36) 
  Before-after design (n=11) 
  Intermediate outcome (n=20) 
  No cohort or case-control study (n=22) 
  Methodological study (n=6) 
  Other reasons (10) 
  

Included articles (n=220) 

Figure 2.1 Flow diagram for study selection. 

Of those studies, 125 (56.8%) were published in general medical journals and 95 
(43.2%) in epidemiologic journals. Of the included articles, 66 were published in 2010, 
75 in 2011, and 79 in 2012. There were more cohort studies (181, 82.3%) than case–
control studies (39, 17.7%) included. Among general medical journals, only 11.2% 
of studies were case–control studies. Most studies were published in journals that did 
not publish the STROBE statement (151, 68.6%). In 72 articles (32.7%), the effects 
of diets were studied; in 52 (23.6%), the effects of drugs; in 24 (10.9%), the effects of 
surgical procedures; in 27 (12.3%), the effects of medical strategies (e.g., the association 
between mechanical ventilation and survival among patients with acute lung injury); 
20 (9.1%) articles described the effects of behavioral interventions (e.g., the effect of 
physical activity on mortality); 12 (5.5%) reported the effects of vaccination; 7 (3.2%) 
the effects of screening or preventive measures, and 6 (2.7%) about other interventions 
such as hospital recognition of nursing excellence.
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Table 2.1 shows the frequencies of items in the reporting of confounding in observational 
intervention studies. Low frequencies were observed for the reporting of reasons why 
potential confounders were selected for analysis, the reporting of reasons to include 
confounders in the final model, reporting of comments on the direction of the potential 
effect of unmeasured confounding, and the use of sensitivity analysis to quantify this 
potential effect (Table 2.1). When interpreting these results, it should be noted that the 
reasons why potential confounders were selected for analysis and the use of sensitivity 
analysis to quantify the potential effect of unmeasured confounding are not included in 
the STROBE statement. Nevertheless, compared with the period before the STROBE 
statement, the reporting of reasons why potential confounders were selected for analysis 
improved. Other items that were more frequently reported were comments on the 
likelihood of unmeasured confounding, and qualitative statements about the direction 
unmeasured confounder(s) would likely bias the results (Table 2.1). However, reports 
included less frequently the reasons to include confounders in the final model. The other 
items did not change significantly.

The median number of items reported was similar before and after the publication of the 
STROBE statement [before: median, 4; interquartile range [IQR], 3–5; after: median, 
4; IQR, 3.75–5]. However, the distribution of the number of items reported shifted 
somewhat to the right with less articles with a low number of items and more articles 
with a high number of items (Fig. 2, P = 0.01). When in sensitivity analysis, items 1 and 
8 from Table 2.1 were included in the summary score, this shift became slightly stronger 
(median, 4; IQR, 3–5 vs. median, 4; IQR, 4–5; P = 0.0007).

When journals that published the STROBE statement in 2007—used as an indicator 
that the journal acknowledges the importance of adequate reporting—were compared 
with journals that did not, median number of items reported were not statistically 
significant higher for journals that published the STROBE statement (median, 4; IQR, 
4–5 vs. median, 4; IQR, 3–5; P = 0.26). Similar results were obtained when comparing 
journals that published the STROBE statement and included an endorsement of the 
STROBE guidelines in their author instructions with journals that did neither (median, 
4; IQR, 4–5 vs. median, 4; IQR, 3–5;P = 0.33). Articles from the BMJ, the only included 
journal that required the submission of a completed STROBE checklist, did not have a 
better reporting of confounding than journals that endorsed the STROBE statement in 
their author instructions but did not require the completion of the checklist (median, 4; 
IQR, 4–5 vs. median, 4; IQR, 3.5–5; P = 0.72).
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Figure 2.2. Histograms of the overall scores for the quality of reporting of confounding. Blue bars 
represent the proportion of studies with a score of 0-6 on the quality of reporting of confounding for 
studies published between January 2004 and April 2007. Red bars represent the proportion of studies 
with a score of 0-6 on the quality of reporting of confounding for studies published between January 
2010 and December 2012.  
 

Figure 2.2. Histograms of the overall scores for the quality of reporting of confounding. Blue bars 
represent the proportion of studies with a score of 0-6 on the quality of reporting of confounding for 
studies published between January 2004 and April 2007. Red bars represent the proportion of studies 
with a score of 0-6 on the quality of reporting of confounding for studies published between January 
2010 and December 2012. 
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Discussion

Although the quality of reporting of confounding in articles on observational 
interventions improved in certain aspects  because the introduction of the STROBE 
statement, this study shows that the overall quality of reporting remains suboptimal.

Quantitative bias analyses were still very rare (reported in 3.6% of the articles), whereas 
such analyses can be very informative and potentially avoid unnecessary harm to patients 
and waste of time and resources invested in new research [22]. Despite the increasing 
number of articles in the literature emphasizing the importance of quantitative bias 
analysis[25,28-34], such analyses are still rarely applied as observed previously  [22]. 
Although we acknowledge that there are situations where quantitative bias analysis may 
not be very useful, such as analyses with very wide conventional confidence intervals, we 
do think that the STROBE statement should ask authors to report on quantitative bias 
analysis or—if not conducted—report why not.

It is difficult to imagine that the current practice of systematically ignoring sources 
of uncertainty other than random error is the way forward. Especially with the 
increasing interest in and use of big data  [35,36], very narrow confidence intervals 
can be expected. Without a quantitative bias analysis, researchers and decision makers 
risk largely underestimating the true uncertainty in these circumstances. In the future, 
reporting of quantitative bias analysis and the other items from our Table 2.1 enables 
a better assessment of the risk and impact of confounding using, for example, the 
currently developed “Cochrane risk of bias assessment tool for nonrandomized studies 
of interventions” [37].

The reasons why potential confounders were selected for analysis and included in the 
final analysis were also frequently missing from the included articles. Reporting of both 
items is important, as causal inference from observational data depends not only on 
the data, but also on the design of the study and subject-specific knowledge [26-28]. 
Without a structured way to obtain subject matter knowledge, it will be difficult to 
define a causal structure, a prerequisite to adequately select a variable as a potential 
confounder [26-28]. Hernan et al. previously showed the importance of communicating 
which strategy is used to select the confounders included in the final model [27]. Ideally, 
causal diagrams are used to summarize and communicate the causal structure assumed 
by the researchers. Of the articles in the 2010–2012 cohort, 0.9% included a causal 
diagram. Such diagrams may also enable the researcher to determine the direction of 
the bias caused by unmeasured confounding [38], another item that was frequently not 
reported.



Quality of reporting of confounding

27

Reporting of both crude and adjusted effect estimates remained similar. If both effect 
estimates are reported, readers can judge by how much, and in what direction, potential 
confounders changed the effect estimate  [39]. Together with a distribution of the 
confounders among exposed and unexposed or cases and controls, this information can 
be used to understand the data behind the reported associations. Unfortunately, almost 
20% of the included studies did not report the characteristics of all key confounders. 
Only the reasons why potential confounders are selected for analysis (item 1), comments 
on likelihood of unmeasured confounding (item 6), and qualitative statements about 
the direction of unmeasured confounding (item 7) were more frequently reported over 
time.

This is the first study that evaluated whether the reporting of confounding improved 
after the publication of the STROBE statement. Moreover, this is the first study that 
evaluated whether the reporting of confounding is better in journals with a more active 
endorsement of the STROBE guideline.

This study has some potential limitations. Although most evaluated items are included in 
the STROBE checklist, the application of a quantitative bias analysis and an item about 
the reason why potential confounders are selected for analysis are not mentioned in that 
guideline. Therefore, one may expect that these items would not increase substantially 
over time as a result of the STROBE statement. However, after including both items, 
the difference before and after the STROBE statement became larger instead of smaller, 
indicating that including these items would not result in an underestimation of the 
impact of the STROBE statement.

We focused on studies published in a selection of high-impact general medical and 
epidemiologic journals. Such high-impact general journals may have a better reporting 
quality than lower impact and specialist journals [40], resulting in an overestimate of the 
quality of reporting of confounding in all published studies on observational medical 
interventions.

The observational nature of the before–after comparison may have masked effects of the 
STROBE guideline, due to underlying trends. Because we were mainly interested in the 
question whether the reporting improved since the previous study that was performed 
prior the STROBE statement  [22], we did not directly evaluate the impact of the 
STROBE statement [15], the launch of the EQUATOR Network and its activities [14], 
the previous study showing poor reporting of confounding in observational 
research [22], or other articles that showed the importance of adequate reporting or the 
lack of adequate reporting in different journals [41-45] using for example a time-series 
analysis. For such an analysis, as done by Bastuji-Gain et al. [46], the potential lag time 
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between implementation and effect would be ideally known, including other events and 
interventions happening in between plus the exact dates. Moreover, there was no trend 
seen in the previous study in the median number of items reported over time using data 
from 2004 to 2007 [22] nor in the years 2010 to 2012 (2010: 4; IQR, 4–5; 2011: 4; 
IQR, 3–5; 2012: 4; IQR, 4–5).

Our data are in agreement with previous studies that showed that especially the reporting 
of selection of confounders for analysis needs improvement  [22, 47-49]. Moreover, 
in agreement with other studies  [22], key issues related to unobserved confounding 
are not addressed and/or underreported. Although there is evidence that reporting 
guidelines such as the CONSORT and STARD statement improve the completeness 
of reporting [50-52], the effect of the STROBE statement on the quality of reporting 
is less clear  [44,46,52]. Despite we did find that the reporting of confounding 
improved slightly over time and was better after than before the STROBE statement 
was published, journals that published the STROBE statement or were more actively 
endorsing the STROBE statement did not have a statistically significant better reporting 
of confounding. This finding is in agreement with a recent systematic review that did 
not find a clear relationship between journals’ endorsement of reporting guidelines 
(BMJ economic checklist, CONSORT for harms, PRISMA, QUOROM, STARD, 
STRICTA, and STROBE) and the completeness of reporting [52].

In conclusion, reporting of confounding in articles on observational interventions 
remained suboptimal. Although we acknowledge that improving the quality of 
reporting of confounding does not solve the whole problem of published research that 
cannot be replicated and for which it is unclear how reliable and valid the study finding 
are, there is still room and need for improvement. How such improvements should be 
accomplished remains a difficult issue. Publishing the STROBE statement or endorsing 
it in the instructions for authors does not seem to be enough. The recently implemented 
strategy of PLOS Medicine is an interesting solution [17]. Requiring authors to submit 
a checklist with sufficient text excerpted from the manuscript to explain how they 
accomplished all applicable items [17] may results in better adherence to the guideline. 
In addition, adequate reporting and knowledge about the existence of the different 
reporting guidelines listed on the EQUATOR network Web site should preferably 
become part of the core training of current and future scientists, to make them more 
aware of the importance of adequate reporting already at the beginning of their study. 
Furthermore, we would like to encourage research into the development and evaluation 
of strategies to improve the quality of reporting, thereby reducing the waste.
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The search strategy consisted of the following search terms: 

#1 “N Engl J Med”[jour] and (cohort[All Fields] or longitudinal[All Fields] 
or (“longitudinal studies”[MeSH Terms] or (“longitudinal”[All Fields] and 
“studies”[All Fields]) or “longitudinal studies”[All Fields] or “prospective”[All 
Fields]) or follow-up[All Fields] or cross-sectional[All Fields] or (“retrospective 
studies”[MeSH Terms] or (“retrospective”[All Fields] and “studies”[All Fields]) 
or “retrospective studies”[All Fields] or “retrospective”[All Fields]) or case-
control[All Fields])

#2 “Lancet”[jour] and (cohort[All Fields] or longitudinal[All Fields] or (“longitudinal 
studies”[MeSH Terms] or (“longitudinal”[All Fields] and “studies”[All Fields]) or 
“longitudinal studies”[All Fields] or “prospective”[All Fields]) or follow-up[All 
Fields] or cross-sectional[All Fields] or (“retrospective studies”[MeSH Terms] or 
(“retrospective”[All Fields] and “studies”[All Fields]) or “retrospective studies”[All 
Fields] or “retrospective”[All Fields]) or case-control[All Fields])

#3 “JAMA”[jour] and (cohort[All Fields] or longitudinal[All Fields] or (“longitudinal 
studies”[MeSH Terms] or (“longitudinal”[All Fields] and “studies”[All Fields]) or 
“longitudinal studies”[All Fields] or “prospective”[All Fields]) or follow-up[All 
Fields] or cross-sectional[All Fields] or (“retrospective studies”[MeSH Terms] or 
(“retrospective”[All Fields] and “studies”[All Fields]) or “retrospective studies”[All 
Fields] or “retrospective”[All Fields]) or case-control[All Fields])

#4 “Ann Intern Med”[jour] and (cohort[All Fields] or longitudinal[All Fields] 
or (“longitudinal studies”[MeSH Terms] or (“longitudinal”[All Fields] and 
“studies”[All Fields]) or “longitudinal studies”[All Fields] or “prospective”[All 
Fields]) or follow-up[All Fields] or cross-sectional[All Fields] or (“retrospective 
studies”[MeSH Terms] or (“retrospective”[All Fields] and “studies”[All Fields]) 
or “retrospective studies”[All Fields] or “retrospective”[All Fields]) or case-
control[All Fields])

#5 “BMJ”[jour] and (cohort[All Fields] or longitudinal[All Fields] or (“longitudinal 
studies”[MeSH Terms] or (“longitudinal”[All Fields] and “studies”[All Fields]) or 
“longitudinal studies”[All Fields] or “prospective”[All Fields]) or follow-up[All 
Fields] or cross-sectional[All Fields] or (“retrospective studies”[MeSH Terms] or 
(“retrospective”[All Fields] and “studies”[All Fields]) or “retrospective studies”[All 
Fields] or “retrospective”[All Fields]) or case-control[All Fields])
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#6 “Am J Epidemiol”[jour] and (cohort[All Fields] or longitudinal[All Fields] 
or (“longitudinal studies”[MeSH Terms] or (“longitudinal”[All Fields] and 
“studies”[All Fields]) or “longitudinal studies”[All Fields] or “prospective”[All 
Fields]) or follow-up[All Fields] or cross-sectional[All Fields] or (“retrospective 
studies”[MeSH Terms] or (“retrospective”[All Fields] and “studies”[All Fields]) 
or “retrospective studies”[All Fields] or “retrospective”[All Fields]) or case-
control[All Fields])

#7 “Int J Epidemiol”[jour] and (cohort[All Fields] or longitudinal[All Fields] 
or (“longitudinal studies”[MeSH Terms] or (“longitudinal”[All Fields] and 
“studies”[All Fields]) or “longitudinal studies”[All Fields] or “prospective”[All 
Fields]) or follow-up[All Fields] or cross-sectional[All Fields] or (“retrospective 
studies”[MeSH Terms] or (“retrospective”[All Fields] and “studies”[All Fields]) 
or “retrospective studies”[All Fields] or “retrospective”[All Fields]) or case-
control[All Fields])

#8 “Epidemiology”[jour] and (cohort[All Fields] or longitudinal[All Fields] 
or (“longitudinal studies”[MeSH Terms] or (“longitudinal”[All Fields] and 
“studies”[All Fields]) or “longitudinal studies”[All Fields] or “prospective”[All 
Fields]) or follow-up[All Fields] or cross-sectional[All Fields] or (“retrospective 
studies”[MeSH Terms] or (“retrospective”[All Fields] and “studies”[All Fields]) 
or “retrospective studies”[All Fields] or “retrospective”[All Fields]) or case-
control[All Fields])

#9 “J Clin Epidemiol”[jour] and (cohort[All Fields] or longitudinal[All Fields] 
or (“longitudinal studies”[MeSH Terms] or (“longitudinal”[All Fields] and 
“studies”[All Fields]) or “longitudinal studies”[All Fields] or “prospective”[All 
Fields]) or follow-up[All Fields] or cross-sectional[All Fields] or (“retrospective 
studies”[MeSH Terms] or (“retrospective”[All Fields] and “studies”[All Fields]) 
or “retrospective studies”[All Fields] or “retrospective”[All Fields]) or case-
control[All Fields])

#10 “J Epidemiol Community Health”[jour] and (cohort[All Fields] or longitudinal[All 
Fields] or (“longitudinal studies”[MeSH Terms] or (“longitudinal”[All Fields] 
and “studies”[All Fields]) or “longitudinal studies”[All Fields] or “prospective”[All 
Fields]) or follow-up[All Fields] or cross-sectional[All Fields] or (“retrospective 
studies”[MeSH Terms] or (“retrospective”[All Fields] and “studies”[All Fields]) 
or “retrospective studies”[All Fields] or “retrospective”[All Fields]) or case-
control[All Fields])
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All searches (#1 - #10) were limited to the period 1-1-2010 to 31-12-2012 and were 
performed using the following restrictions:

not (letter[pt] or review[pt] or editorial[pt] or meta-analysis[pt] or comment[pt] 
or randomized controlled trial[pt] or practice guideline[pt] or Patient Education 
Handout[pt] or Published Erratum[pt] or Case Reports[pt] or Interview[pt] or 
Historical Article[pt] or Clinical Conference[pt] or Retracted Publication[pt] or 
Retraction of Publication[pt] or News[pt])
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Table 2.A1. Characteristics of included studies

Author, year Journal Study type Intervention Outcome

Jia, 2012 [1] Lancet Cohort Antiretroviral therapy HIV infection of HIV-
negative partner

Kokkinos, 2012 [2] Lancet Cohort Statins Mortality

Misegades, 2012 [3] JAMA Case-control DTaP vaccination Childhood pertussis

Lund, 2012 [4] JAMA Cohort Renin-angiotensin system 
antagonists

Mortality

Wu, 2012 [5] JAMA Cohort Nucleoside analogues Hepatitis B virus-
related hepatocellular 
carcinoma recurrence

Nielsen, 2012 [6] N Engl J Med Cohort Statins Cancer-related 
mortality

Roumie, 2012 [7] Ann Intern Med Cohort Sulfonylurea vs metformin 
monotherapy

Cardiovascular events

Jakola, 2012 [8] JAMA Cohort Strategy favoring early 
surgical resection vs 
strategy favoring watchful 
waiting

Survival

Liao, 2012 [9] N Engl J Med Cohort Aspirin Mortality

Paik, 2012 [10] BMJ Cohort Calcium intake Primary 
hyperparathyroidism

Tornqvist, 2012 [11] BMJ Cohort Intended intraoperative 
cholangiography

Mortality

Bangalore, 2012 [12] JAMA Cohort Beta-blockers Composite of 
cardiovascular death, 
nonfatal MI, or 
nonfatal stroke

Neovius, 2012 [13] JAMA Cohort Bariatric surgery Annual hospital days 
and nonprimary care 
outpatient visits
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Adams, 2012 [14] JAMA Cohort Gastric bypass Weight loss, 
Diabetes mellitus, 
hypertension, 
dyslipidemia, and 
health-related quality 
of life

Stoffels, 2012 [15] JAMA Cohort Single-photon emission 
computed tomography/
computed tomography 
(SPECT/CT)-aided Sentinel 
lymph node excision 
(SLNE)

Metastatic node 
detection, and 
disease-free survival

Andersson, 2012 [16]JAMA Cohort Clopidogrel All-cause mortality, 
cardiovascular 
mortality, and 
a composite of 
recurrent myocardial 
infarction and all-
cause mortality

Rizzuto, 2012 [17] BMJ Cohort Healthy lifestyle 
behaviours 

Median age at death

Carlsson, 2012 [18] N Engl J Med Cohort Bariatric surgery Type 2 diabetes

Braeckman, 2012 
[19]

BMJ Case-control Rotavirus vaccination Rotavirus 
gastroenteritis 
hospital admissions

Fraser, 2012 [20] N Engl J Med Cohort Ventricular assist device Survival

Tseng, 2012 [21] JAMA Cohort Cataract surgery Hip fractures

Williams, 2012 [22] JAMA Cohort Endoscopic vs open vein-
graft harvesting

Mortality

Limketkai, 2012 [23] JAMA Cohort Antiviral therapy Composite of end-
stage liver disease, 
hepatocellular 
carcinoma, or death

Menne, 2012 [24] BMJ Case-control Treatment strategies 
for enterohaemorrhagic 
Escherichia coli O104:H4 
induced haemolytic 
uraemic syndrome 

Dialysis, seizures, 
mechanical 
ventilation, and death
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Shirani, 2012 [25] JAMA Cohort Interferon beta Progression of 
disability (Time to 
sustained score of 
6 on the Expanded 
Disability Status Scale)

Di Giuseppe, 2012 
[26]

BMJ Cohort Moderate alcohol 
consumption

Rheumatoid arthritis

O’Reilly, 2012 [27] Lancet Case-control Oral poliovirus vaccination Poliomyelitis

Zhang, 2012 [28] JAMA Cohort Herpes zoster vaccination Herpes zoster 
infection

McMinn, 2012 [29] BMJ Cohort Cemented vs uncemented 
total hip replacement

Mortality, and revision

Bonser, 2012 [30] Lancet Cohort Lungs from donors with a 
positive smoking history vs 
waiting list

Survival

Shiomi, 2012 [31] BMJ Cohort Door to balloon time Composite of death 
and congestive heart 
failure

Winner, 2012 [32] N Engl J Med Cohort Long-acting reversible 
contraception 

Unintended 
pregnancies

Wallace, 2012 [33] N Engl J Med Cohort Nighttime intensivist 
staffing

Mortality

Freedman, 2012 [34] N Engl J Med Cohort Coffee drinking Mortality

Stock, 2012 [35] BMJ Cohort Elective induction of 
labour

Perinatal mortality, 
mode of delivery, 
postpartum 
haemorrhage, 
obstetric anal 
sphincter injury, 
and admission to a 
neonatal or special 
care baby unit

Smith, 2012 [36] JAMA Cohort Brachytherapy vs whole-
breast irradiation

Mastectomy and 
death

Athan, 2012 [37] JAMA Cohort Cardiac device removal In-hospital and 1-year 
mortality
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Lake, 2012 [38] JAMA Cohort Hospital recognition of 
nursing excellence

7-day, 28-day, and 
hospital stay mortality, 
nosocomial infection, 
and severe (grade 3 
or 4) intraventricular 
haemorrhage

Tan, 2012 [39] JAMA Cohort Partial vs radical 
nephrectomy 

Overall and kidney 
cancer-specific 
survival

Jackson, 2012 [40] JAMA Cohort Open vs endovascular 
repair of intact abdominal 
aortic aneurysm

Mortality

Galvagno, 2012 [41] JAMA Cohort Helicopter vs ground 
emergency medical 
services

Survival to hospital 
discharge and 
discharge disposition

Zhu, 2012 [42] JAMA Cohort Bevacizumab Survival

Svanstrom, 2012 [43]JAMA Cohort Losartan vs candesartan Mortality

Needham, 2012 [44] BMJ Cohort Lung protective 
mechanical ventilation

Mortality

Wahbi, 2012 [45] JAMA Cohort Electrophysiological 
study with prophylactic 
permanent pacing

Survival

Bretler, 2012 [46] BMJ Cohort Discontinuation of 
hormone replacement 
therapy after myocardial 
infarction

Reinfarction, 
cardiovascular 
mortality, and all 
cause mortality 30 
to 360 days after 
discharge

Weintraub, 2012 [47]N Engl J Med Cohort Percutaneous coronary 
intervention vs coronary-
artery bypass grafting

Mortality
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Hagihara, 2012 [48] JAMA Cohort Prehospital epinephrine Return of spontaneous 
circulation before 
hospital arrival, 
survival at 1 month 
after cardiac arrest, 
survival with good or 
moderate cerebral 
performance, and 
survival with no, 
mild, or moderate 
neurological disability

Yang, 2012 [49] JAMA Cohort Cardiovascular health 
metrics (not smoking; 
being physically active; 
having normal blood 
pressure, blood glucose 
and total cholesterol 
levels, and weight; and 
eating a healthy diet)

All-cause, 
cardiovascular 
disease, and ischemic 
heart disease 
mortality 

Andrae, 2012 [50] BMJ Cohort Cervical cancer screening Cure proportions 
and five year relative 
survival ratios

Emborgh, 2011 [51] BMJ Cohort Adjuvanted monovalent 
vaccine against pandemic 
influenza A/H1N1

Laboratory confirmed 
H1N1 infection and 
influenza related 
hospital admission 
with laboratory 
confirmed H1N1 
infection

Campos-Rodriquez, 
2012 [52]

Ann Intern Med Cohort Continuous positive airway 
pressure

Cardiovascular death

Choi, 2012 [53] BMJ Case-control Calcium channel blockers 
and losartan

Gout

Sjostrom, 2012 [54] JAMA Cohort Bariatric surgery Cardiovascular 
mortality and 
a composite of 
myocardial infarction 
and stroke
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Prieto-Alhambra, 
2011 [55]

BMJ Cohort Bisphosphonates Revision arthroplasties 
occurring after surgery

Carlo, 2011 [56] JAMA Cohort Antenatal corticosteroids Mortality and 
neurodevelopmental 
impairment at 18 to 
22 months’ corrected 
age

Agarwal, 2012 [57] Lancet Cohort Surveillance policy vs 
chemotherapy 

Rates of human 
chorionic 
gonadotropin 
normalisation, 
relapse, and death

Birthplace in England 
Collaborative Group, 
2011 [58]

BMJ Cohort Planned place of birth Composite of 
perinatal mortality 
and intrapartum 
related neonatal 
morbidities

Kiefer, 2011 [59] JAMA Cohort Valvular surgery In-hospital and 1-year 
mortality

Mathurin, 2011 [60] N Engl J Med Cohort Early liver transplantation Survival

De Tisi, 2011 [61] Lancet Cohort Epilepsy surgery Seizure and patterns 
of seizure outcome

Roth, 2011 [62] JAMA Cohort Prenatal folic acid 
supplements

Severe language delay 
in offspring 

Noah, 2011 [63] JAMA Cohort Referral to extracorporeal 
membrane oxygenation 
center

In-hospital mortality

Morse, 2011 [64] JAMA Cohort Hospital compliance 
with asthma care quality 
measures

Postdischarge 
emergency 
department utilization 
and asthma-related 
readmission rates at 7, 
30, and 90 days

Parsons, 2011 [65] JAMA Cohort Lymph node evaluation Node positivity and 
mortality
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Reis, 2011 [66] Ann Intern Med Cohort Lifestyle factors (dietary 
intake, body weight and 
height, physical activity, 
smoking, and alcohol 
consumption)

Diabetes

Wen, 2011 [67] Lancet Cohort Physical activity Mortality

Mozaffarian, 2011 
[68]

Ann Intern Med Cohort Long-chain omega-3 fatty 
acids

Congestive heart 
failure

Montgomery, 2011 
[69]

N Engl J Med Cohort Desensitization with 
plasmapheresis and 
administration of low-
dose intravenous immune 
globulin prior renal 
transplantation 

Mortality

Crowe, 2011 [70] BMJ Cohort Vegetarian diet and 
dietary fibre intake

Diverticular disease 

Wisnivesky, 2011 
[71]

BMJ Cohort Postoperative platinum 
based chemotherapy

Mortality

Chiuve, 2011 [72] JAMA Cohort Adherence to a low-risk, 
healthy lifestyle (not 
smoking, body mass index 
of less than 25, exercise 
duration of 30 minutes/
day or longer and top 
40% of the alternate 
Mediterranean diet score)

Sudden cardiac death

Wijeysundera, 2011 
[73]

BMJ Cohort Resting echocardiography 
within 6 months before 
surgery

Postoperative survival 
(30 days and 1 year) 
and length of hospital 
stay

Wang, 2011 [74] JAMA Cohort Door-in to door-out time Door-to-balloon 
time and in-hospital 
mortality

Solomon, 2011 [75] JAMA Cohort Disease-modifying 
antirheumatic drugs 

Diabetes mellitus 

Maciejewski, 2011 
[76]

JAMA Cohort Bariatric surgery Mortality
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Warensjo, 2011 [77] BMJ Cohort Dietary intake of calcium Fractures of any type 
and hip fractures

Short, 2011 [78] BMJ Cohort Beta blockers Mortality, emergency 
oral corticosteroid 
use, and respiratory 
related hospital 
admission

Stolarz-Skrzypek, 
2011 [79]

JAMA Cohort Sodium Mortality and changes 
in blood pressure

Gershon, 2011 [80] Ann Intern Med Cohort Inhaled long-acting beta-
agonist vs anticholinergics

Mortality

HIV-CAUSAL 
Collaberation, 2011 
[81]

Ann Intern Med Cohort Optimal CD4 cell count 
to initiate combined 
antiretroviral therapy 
(cART)

Mortality and 
composite of AIDS-
defining illness or 
death

Douglas, 2011 [82] BMJ Cohort Statins Mortality within six 
months of diagnosis of 
pneumonia

Skowronski, 2011 
[83]

BMJ Case-control AS03 adjuvanted 
pandemic H1N1 
vaccination

Medically attended, 
laboratory confirmed 
pandemic H1N1 illness 

Driver, 2011 [84] BMJ Case-control Non-steroidal anti-
inflammatory drugs

Parkinson’s disease

Tseng, 2011 [85] JAMA Cohort Herpes zoster vaccination Herpes zoster disease 

Brenner, 2011 [86] Ann Intern Med Case-control Colonoscopy Colorectal cancer

Graff-Iversen, 2012 
[87]

J Epidemiol 
Community 
Health

Cohort Low-frequent use of 
alcohol

Mortality

Hildebrand, 2012 
[88]

Am J Epidemiol Cohort Caffeinated coffee, 
decaffeinated coffee, and 
tea intake

Oral/pharyngeal 
cancer mortality

He, 2012 [89] Am J Epidemiol Cohort Type of fish consumed and 
fish preparation methods

Pancreatic cancer
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Misirli, 2012 [90] Am J Epidemiol Cohort Traditional Mediterranean 
diet and major food 
groups

Cerebrovascular 
disease and mortality 
from cerebrovascular 
disease

Cozier, 2012 [91] Am J Epidemiol Cohort Oral contraceptive use and 
female hormone use

Sarcoidosis

Mannino, 2012 [92] Am J Epidemiol Cohort MF59 adjuvanted trivalent 
inactivated vaccine vs 
nonadjuvanted trivalent 
inactivated vaccine

Hospitalization 
for influenza or 
pneumonia

Xue, 2012 [93] Am J Epidemiol Cohort Change in physical activity 
levels

Mortality

Zhang, 2012 [94] Int J Epidemiol Case-control Isoflavonoids Coronary heart 
disease

Paranjothy, 2012 [95]Int J Epidemiol Case-control Diet in first trimester of 
pregnancy

Fetal gastroschisis

Vanhala, 2012 [96] Am J Epidemiol Cohort Omega-3 and omega-6 
polyunsaturated fatty 
acids

Metabolic syndrome

Epstein, 2012 [97] Am J Epidemiol Cohort Dietary fatty acid intake Prostate cancer 
mortality

Yang, 2012 [98] Int J Epidemiol Cohort Regular alcohol drinking Overall and cause-
specific mortality

Bradshaw, 2012 [99] Am J Epidemiol Case-control Dietary pattern Head and neck 
squamous cell 
carcinoma

Henny, 2012 [100] J Epidemiol 
Community 
Health

Cohort Regular participation 
in Periodic Health 
Examination

All-cause, cancer, and 
cardiovascular disease 
mortality

Lee, 2012 [101] Am J Epidemiol Cohort Physical activity Type 2 diabetes

Li, 2012 [102] Epidemiology Cohort Maternal use of folic acid 
without other vitamins

Nonsyndromic cleft lip 
with or without cleft 
palate and cleft palate 
alone
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Mansournia, 2012 
[103]

Epidemiology Cohort Physical activity Functional 
performance and self-
reported knee pain

Pasternak, 2012 
[104]

Am J Epidemiol Cohort Dihydropyridine calcium 
channel blockers

Parkinson’s disease

Zhou, 2012 [105] Am J Epidemiol Cohort Total fluid intake Bladder cancer

Gerber, 2012 [106] Am J Epidemiol Cohort Smoking reduction Mortality

Kesse-Guyot, 2012 
[107]

Am J Epidemiol Cohort n-3 polyunsaturated fatty 
acid intake

Depressive symptoms

Au Yeung, 2012 [108]Am J Epidemiol Cohort Moderate alcohol use Cognitive function

Cole, 2012 [109] Am J Epidemiol Cohort Antiretroviral therapy Composite of AIDS or 
death

Gulsvik, 2012 [110] Int J Epidemiol Cohort Physical activity Mortality from all 
causes, ischaemic 
heart disease and 
stroke

Lo-Ciganic, 2012 
[111]

Epidemiology Case-control Aspirin, nonaspirin 
nonsteroidal anti-
inflammatory drugs, and 
acetaminophin

Ovarian cancer

Yamaji, 2012 [112] Am J Epidemiol Case-control 25-hydroxyvitamin D Colorectal adenoma

Varraso, 2012 [113] Am J Epidemiol Cohort Dietary patterns, food 
intakes, and nutrient 
intakes

Venous 
thromboembolism

Morales, 2011 [114] Epidemology Cohort Maternal 
25-hydroxyvitamin D 
status

Lower respiratory 
infections, wheezing, 
and asthma

Gong, 2011 [115] Am J Epidemiol Cohort Surgical resection Survival

Ahern, 2011 [116] Am J Epidemiol Cohort Vitamin K antagonists Site-specific cancers

Lucas, 2011 [117] Am J Epidemiol Cohort Physical activity Clinical depression

Sjolander, 2011 [118]Am J Epidemiol Cohort Timing of dialysis initiation Survival

Yonkers, 2011 [119] Epidemiology Cohort Antidepressants use Major depressive 
episode during 
pregnancy

Kerr, 2011 [120] Am J Epidemiol Cohort Alcohol consumption Mortality
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Fung, 2011 [121] Am J Epidemiol Cohort Dietary Approaches to 
Strop Hypertension diets, 
overall, animal-based, 
and vegetable-based low-
carbohydrate-diets, and 
major plant food groups

Postmenopausal 
breast cancer

Brantsaeter, 2011 
[122]

Am J Epidemiol Cohort Milk-based probiotic 
product consumption 
during pregnancy

Preeclampsia 

Kasperzyk, 2011 
[123]

Am J Epidemiol Case-control Nutrient intake and 
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Abstract

Background
Recurrent urinary tract infections (UTIs) are a problem affecting both women 
and men. Animal experiments and in vitro studies indicate that statins might 
prevent recurrent UTIs. We assessed the effects of pravastatin on UTI antibiotic 
prescribing among adults.

Methods
A post hoc analysis was conducted with data from PREVEND IT, a trial among 
participants randomized to receive pravastatin, fosinopril or placebo in a 2×2 
factorial design over 4 years. Trial data were linked to the pharmacy prescription 
database IADB.nl. The primary outcome was the number of prescriptions with 
a nitrofurantoin derivate, a sulphonamide or trimethoprim as a proxy for UTI 
antibiotic prescribing. In primary analysis, generalized estimating equations were 
used to estimate the effect on the occurrence of UTI antibiotic prescriptions 
(including both first and subsequent prescriptions). Cox regression was used to 
determine the effect on first and second (recurrent) UTI antibiotic prescriptions.

Results
Of the 864 trial participants, 655 were eligible for analysis. During an average 
follow-up of 3.8 years, 112 (17%) participants received at least one UTI antibiotic 
prescription. Intention-to-treat analyses showed that pravastatin was associated 
with a reduced occurence of UTI antibiotic prescriptions (relative risk, 0.43; 95% 
CI, 0.21–0.88) and occurrence of second UTI antibiotic prescriptions [hazard ratio 
(HR), 0.25; 95% CI, 0.08–0.77]. No significant effect on occurrence of first UTI 
antibiotic prescriptions was found (HR, 0.83; 95% CI, 0.57–1.20). Fosinopril was 
associated with an increased occurrence of first UTI antibiotic prescriptions (HR, 
1.82; 95% CI, 1.16–2.88). Combination therapy with fosinopril and pravastatin 
did not significantly influence the occurrence of UTI antibiotic prescriptions.

Conclusions
This study suggests that pravastatin can reduce the occurrence of recurrent UTIs. 
Larger studies among patients with recurrent UTIs are warranted.
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Introduction

Urinary tract infections (UTIs) are one of the most common bacterial infections in 
humans [1]. Cystitis in particular is very common, with an annual incidence of 70 per 
1000 women and 10 per 1000 men [1]. Recurrent UTIs are a considerable problem, 
affecting ∼25% of women within 6 months of an acute UTI episode [2]. Recurrent 
UTIs are also a problem in men [3].

Recently, it has been shown that uropathogenic Escherichia coli are invasive to bladder 
and kidney epithelial cells [2]. Bacterial invasion facilitates the establishment of a 
quiescent intracellular reservoir (QIR) [2]. The bacteria that form the QIR can persist 
for months following initial infection, resist antibiotic treatment [4] and can serve as the 
source for recurrent UTIs [5].

Bacterial invasion into the bladder epithelium involves Rac1, a Rho GTPase [6-9]. 
Because statins can reduce the amount of Rac1 associated with the membrane [10-14], 
they might inhibit bacterial invasion. Pre-clinical studies indicate that statins indeed can 
reduce bacterial invasion [9, 15-17].

This might prevent the formation of a QIR. Therefore, we hypothesized that statins 
may reduce the occurrence of recurrent UTIs, as their source could be removed. 
Statin treatment may result in a decreased duration or severity of first UTIs, but their 
occurrence is most likely less affected, since removing the source of recurrent UTIs does 
not substantially influence the occurrence of first (non-recurrent) UTIs.

Two observational studies assessed the effect of statins on the risk of contracting UTIs. 
One found that statin therapy was associated with a 9% decreased UTI risk [18], whereas 
the other observed a 5% increased risk [19]. These studies were vulnerable to unmeasured 
confounding bias, because both studies were non-randomized and important risk 
factors for UTIs, such as kidney disorders and/or urinary tract abnormalities, were not 
measured and patients having these conditions were not excluded.

Hence, we investigated the effect of statins on the occurrence of (recurrent) UTIs using a 
randomized design. Data from the Prevention of REnal and Vascular ENdstage Disease 
Intervention Trial (PREVEND IT) [20] were linked to a large prescription database 
to estimate post hoc the effect of pravastatin on the occurrence of UTIs compared with 
placebo. We further assessed whether the effect was larger for subsequent UTIs than for 
first UTIs.
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Methods

PREVEND IT is a randomized, double-blind, placebo-controlled trial with a 2×2 
factorial design, which aimed to determine whether treatment with pravastatin and/
or fosinopril can prevent cardiovascular and renal disease in non-hypertensive, non-
hypercholesterolaemic adults with persistent microalbuminuria. Participants were 
randomized to 40 mg of pravastatin or matching placebo and to 20 mg of fosinopril or 
matching placebo. Details of the PREVEND IT objectives, design and methods have 
been described previously [20, 21] and are summarized below.

The PREVEND IT study protocol was approved by the institutional review board of 
the University Medical Center Groningen and was conducted in accordance with the 
guidelines of the Declaration of Helsinki. Informed consent was obtained from all 
participants before randomization. The key entry criteria for participation in PREVEND 
IT were persistent microalbuminuria (one urinary albumin concentration >10 mg/L in 
an early morning spot urine test and at least one of 15–300 mg/24 h in two 24 h urine 
samples), absence of antihypertensive and lipid-lowering medication, blood pressure 
<160/100 mmHg and total cholesterol <8.0 or <5.0 mmol/L in the case of previous 
myocardial infarction. From April 1998 to June 1999, 864 subjects were included in 
PREVEND IT and were randomized to the study medication for 4 years.

Most participants in PREVEND IT were inhabitants of the city of Groningen. The 
IADB.nl database (IADB), a community-based pharmacy database, contains detailed 
patient-specific drug prescription information on almost all inhabitants of the city of 
Groningen [22] and was linked to PREVEND IT data. The IADB contains, among other 
data, information on the date of prescription, number of days the drug was prescribed for 
and the number of defined daily doses based on the WHO definition [22]. Prescription 
drugs are classified according to the Anatomical Therapeutic Chemical (ATC) system 
and the IADB population is considered representative of the Dutch population in terms 
of drug use [23]. All PREVEND IT participants included in this study gave informed 
consent to link their data with pharmacy-dispensing data. For the present post hoc 
analyses, individuals were excluded if no pharmacy data during the 6 months prior to 
the start of the trial could be linked. Further, individuals who received a prescription 
of nitrofurantoin, a sulphonamide or trimethoprim (used as a proxy for UTI antibiotic 
prescribing, see outcome definitions) during this pre-trial period were excluded.

Outcome definitions 
The primary outcome was defined as the occurence of prescriptions with nitrofurantoin 
(ATC code J01XE) or sulphonamides or trimethoprim (ATC code J01E) during follow-
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up. To exclude relapses due to insufficient or incorrect treatment, a new UTI antibiotic 
prescription was defined as a UTI antibiotic prescription occurring ≥30 days after a 
previous UTI antibiotic prescription. During the research period (1998–2003), in 96% 
of the cases that nitrofurantoin was prescribed in the Netherlands, it was prescribed for 
a UTI [24]. For sulphonamides or trimethoprim the corresponding specificity was 82% 
[24]. The sensitivity of our proxy was estimated at 75% [24,25].

Statistical analyses
Statistical analyses were performed according to the intention-to-treat (ITT) and per-
protocol principles, with the use of two-sided tests and STATA 12 and SPSS 18 software.

For ITT analyses, follow-up time was defined as the period from the date of the start 
of randomization to the end of the trial (4 years) or right censoring (loss to follow-up) 
in the prescription database. The association between the treatment arm and occurence 
of UTI antibiotic prescriptions was determined using a multivariate negative binomial 
generalized estimating equation (GEE) with an autoregressive correlation structure and 
robust standard errors, and the results are presented as the relative risk (RR) with the 
corresponding 95% confidence interval (95% CI). We clustered on the patient level, 
because the risk of contracting a UTI increases after a first UTI [2, 26, 27] and UTI 
antibiotic prescriptions within one person are consequently correlated, especially when 
following shortly one after another. 

If the mechanism behind a potential reduced risk of infections would indeed be related 
to reducing the formation of QIRs, one would expect that a protective effect would be 
larger for recurrent than for first UTIs. Therefore, secondary ITT time-to-event analyses 
were performed with Cox regression to estimate the effect on the first (time to first UTI 
antibiotic prescription) or subsequent UTI antibiotic prescriptions (time between first 
and second UTI antibiotic prescription), with the results presented as hazard ratios 
(HR) and 95% CIs. Since one cannot acquire a second UTI without experiencing a first 
UTI, this latter analysis was restricted to patients that experienced a first UTI. 

Per-protocol analyses were performed using the same regression techniques as for the ITT 
analyses. Follow-up time was defined as the period from the start of study medication 
use to the moment the participant did not adhere to the study protocol. Possible reasons 
were non-adherence to the study medication, crossover between treatment groups, use 
of study medication outside the study protocol or right censoring in the prescription 
database.
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We further explored in separate analyses the effect of fosinopril. Treatment with 
angiotensin-converting enzyme inhibitors (ACEIs) can result in a decrease of the urine 
output in healthy elderly persons [28]. We therefore secondarily hypothesized that 
fosinopril may increase the risk of UTIs and that effect modification may be present for 
recurrent infections, but not for first infections. Effect modification on an additive scale 
was assessed by incorporating an interaction term between fosinopril and pravastatin 
into the models. Because power calculations showed that our study likely lacked 
statistical power for identifying effect modification, especially for the analysis of time 
between first and second events, a P value of <0.2 was considered significant for analyses 
of interactions [29]. For Cox regression analyses, we used the delta method to calculate 
the CIs for the relative excess risk due to interaction (RERI) on an additive scale [30]. 
Given the biological mechanism that could explain an interaction between fosinopril 
and pravastatin for recurrent infections, pravastatin and combination therapy were 
analysed separately. We also calculated the effect of pravastatin, regardless of possible 
effect modification by fosinopril.

Results

ITT analyses
Of the 864 trial participants, 655 could be included in the analyses (Table 3.1). Reasons 
for exclusion were receiving a UTI antibiotic prescription in the 6 months prior to 
the study (placebo, n=6; pravastatin, n=3; fosinopril, n=4; and combination therapy, 
n=3) or having no pharmacy data available during the full 6 months prior to the study 
(placebo, n=41; pravastatin, n=56; fosinopril, n=51; and combination therapy, n=45). 
Excluded patients were more frequently male, were slightly younger and had a higher 
glomerular filtration rate than patients that met the inclusion criteria. 

During an average follow-up of 3.8 years, 17 subjects (11%) allocated to pravastatin 
received at least one UTI antibiotic prescription. For placebo, fosinopril and combination 
therapy, these numbers were 34 (20%), 30 (19%) and 31 (18%), respectively. Of those 
subjects allocated to pravastatin that received a first UTI antibiotic prescription, four 
(24%) subjects experienced also a second UTI during follow-up. For subjects allocated 
to placebo, fosinopril and combination therapy, these figures were 16 (47%), 15 (50%) 
and 11 (35%), respectively. Of all men, 38 (19%) received a UTI antibiotic prescription, 
while 74 (60%) women received a UTI antibiotic prescription during follow-up. The 
use of other antibiotics used to treat UTIs and commonly prescribed drugs during 
follow-up was similar in all groups (Table 3.2). 

Table 3.1. Baseline characteristics (n=655)Table 3.1. Baseline characteristics (n=655) 
Characteristics Placebo 

n=169 
Pravastatin 
n=158 

Fosinopril 
n=160 

Pravastatin 
& Fosinopril 
n=168 

Excluded 
patients 
n=209 

Age (y) 50.6 ± 11.6 51.5 ± 11.7 50.3 ± 11.5 51.5 ± 12.1 47.6 ± 11.7 
Male gender (%) 59.2 65.8 59.4 64.9 73.2 
Sys blood pressure (mm 
Hg) 

131.8 ± 16.0 132.5 ± 17.4 132.0 ± 16.0 130.9 ± 
16.6 

130.7 ± 
15.0 

Dia blood pressure (mm 
Hg) 

76.6 ± 9.7 76.9 ± 8.3 76.5 ± 9.0 76.3 ± 9.0 75.7 ± 9.1 

Total cholesterol 
(mmol/L) 

5.6 ± 1.0 5.6 ± 0.9 5.8 ± 1.0 5.8 ± 1.0 5.6 ± 1.0 

Serum creatinine 
(mmol/L) 

82.6 ± 13.5 83.4 ± 12.9 84.4 ± 14.1 86.6 ± 14.7 85.0 ± 13.3 

Urinary albumin 
excretion (mg/24 h)a 

24.6 (26.3) 22.1 (22.4) 25.5 (21.8) 23.9 (26.8) 22.6 (23.5) 

eGFR, (mL/min/1.73 m2)  73.6 ± 28.9 70.3 ± 32.6 73.4 ± 28.1 70.8 ± 30.2 84.2 ± 13.2 
Body mass index (kg/m2) 27.5 ± 4.9 26.9 ± 4.7 27.0 ± 4.3 27.0 ± 4.1 26.1 ± 4.3 
Smoking (%) 52.1 49.4 40.6 49.4 52.2 
Blood pressure lowering 
medication (%) 

2.4 1.3 0 3.0 1.9 

Glucose lowering 
medication (%) 

1.8 1.3 0 3.0 0 

Lipid lowering medication 
(%) 

1.2 0.6 1.3 1.2 1.0 

Abbreviation: eGFR, estimated  glomerular filtration rate 
a median (IQR) 
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GEE analysis showed that pravastatin reduced the occurrence of UTI antibiotic 
prescriptions (RR, 0.43; 95% CI, 0.21–0.88) compared with placebo. Pravastatin 
further reduced the hazard of a first UTI antibiotic prescription (HR, 0.58; 95% CI, 
0.32–1.03 and second UTI antibiotic prescription (HR, 0.25; 95% CI, 0.08–0.77; 
Table 3.3). Allocation to combination therapy was not associated with the occurence of 
UTI antibiotic prescriptions (RR, 1.04; 95% CI, 0.57–1.89) or the hazard of a first UTI 
antibiotic prescription (HR, 1.07; 95% CI, 0.66–1.75). A non-significant reduction in 
the occurrence of second UTI antibiotic prescriptions was observed in those patients 
(HR, 0.48; 95% CI, 0.22–1.05). 

Table 3.1. Baseline characteristics (n=655)Table 3.1. Baseline characteristics (n=655) 
Characteristics Placebo 

n=169 
Pravastatin 
n=158 

Fosinopril 
n=160 

Pravastatin 
& Fosinopril 
n=168 

Excluded 
patients 
n=209 

Age (y) 50.6 ± 11.6 51.5 ± 11.7 50.3 ± 11.5 51.5 ± 12.1 47.6 ± 11.7 
Male gender (%) 59.2 65.8 59.4 64.9 73.2 
Sys blood pressure (mm 
Hg) 

131.8 ± 16.0 132.5 ± 17.4 132.0 ± 16.0 130.9 ± 
16.6 

130.7 ± 
15.0 

Dia blood pressure (mm 
Hg) 

76.6 ± 9.7 76.9 ± 8.3 76.5 ± 9.0 76.3 ± 9.0 75.7 ± 9.1 

Total cholesterol 
(mmol/L) 

5.6 ± 1.0 5.6 ± 0.9 5.8 ± 1.0 5.8 ± 1.0 5.6 ± 1.0 

Serum creatinine 
(mmol/L) 

82.6 ± 13.5 83.4 ± 12.9 84.4 ± 14.1 86.6 ± 14.7 85.0 ± 13.3 

Urinary albumin 
excretion (mg/24 h)a 

24.6 (26.3) 22.1 (22.4) 25.5 (21.8) 23.9 (26.8) 22.6 (23.5) 

eGFR, (mL/min/1.73 m2)  73.6 ± 28.9 70.3 ± 32.6 73.4 ± 28.1 70.8 ± 30.2 84.2 ± 13.2 
Body mass index (kg/m2) 27.5 ± 4.9 26.9 ± 4.7 27.0 ± 4.3 27.0 ± 4.1 26.1 ± 4.3 
Smoking (%) 52.1 49.4 40.6 49.4 52.2 
Blood pressure lowering 
medication (%) 

2.4 1.3 0 3.0 1.9 

Glucose lowering 
medication (%) 

1.8 1.3 0 3.0 0 

Lipid lowering medication 
(%) 

1.2 0.6 1.3 1.2 1.0 

Abbreviation: eGFR, estimated  glomerular filtration rate 
a median (IQR) 
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Table 3.2. Drug use during follow-upTable 3.2. Drug use during follow-up 
Drug Placebo* 

 
Pravastatin* 
 

Fosinopril* 
 

Pravastatin & 
Fosinopril* 

Total other antibiotics 84 (50%) 88 (56%) 79 (49%) 94 (56%) 
Other antibiotics used for UTI 
treatment (Amoxicillin, 
Amoxicillin-clavulanate, 
Quinolones) 

47 (28%) 44 (28%) 44 (28%) 54 (32%) 

NSAIDs 86 (51%) 88 (56%) 85 (53%) 98 (58%) 
Drugs for acid related 
disorders 

33 (20%) 33 (21%) 39 (24%) 38 (23%) 

Antifungals for dermatological 
use 

32 (19%) 33 (21%) 36 (23%) 40 (24%) 

Abbreviations: NSAIDs, non-steroidal anti-inflammatory drugs; UTI, urinary tract infection  
* Data presented as number of persons receiving at least one prescription during follow-up 
 

Table 3.3. Intention to treat analysesTable 3.3. Intention to treat analyses 
Characteristics Total 

number 
of UTIs  

Risk of an UTI 
(RR, 95% CI)a 

Hazard of a first 
UTI (HR, 95% 
CI)a 

Hazard of a second 
UTI (HR, 95% CI)b 

Placebo 66 Ref. Ref. Ref. 
Pravastatin 25 0.43 (0.21-0.88) 0.58 (0.32-1.03) 0.25 (0.08-0.77) 
Pravastatin + fosinopril 
Pravastatin vs. no pravastatin 

62 1.04 (0.57-1.89) 1.07 (0.66-1.75) 0.48 (0.22-1.05) 
 

No pravastatin 130 Ref. Ref. Ref. 
Pravastatin 87 0.71 (0.44-1.15) 0.83 (0.57-1.20) 0.48 (0.25-0.89) 
Abbreviations: UTI, urinary tract infection; RR, relative risk; CI, confidence interval; HR, hazard ratio; 
Ref., reference category 
a adjusted for sex 
b adjusted for urinary albumin excretion 
 

At an α level of 0.20, there was a significant interaction on an additive scale between 
fosinopril and pravastatin, when evaluating the time between first and second UTI 
antibiotic prescription (RERI, −4.13; 80% CI, −8.07 to −0.19) and the total occurence 
of UTI antibiotic prescriptions (P=0.10). In contrast, there was no significant interaction 
between fosinopril and pravastatin for the time to first UTI antibiotic prescription 
(RERI, −0.59; 80% CI, −1.78–0.60).

Pravastatin versus no pravastatin and fosinopril versus no fosinopril
When pravastatin was compared with no pravastatin, a non-significant reduction in 
the risk of receiving UTI antibiotic prescriptions (RR, 0.71; 95% CI, 0.44–1.15) was 
found. Pravastatin treatment further resulted in a non-significant reduction in the 
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hazard of receiving a first UTI antibiotic prescription (HR, 0.83; 95% CI, 0.57–1.20), 
but a significant reduction in the hazard of a second UTI antibiotic prescription (HR, 
0.48; 95% CI, 0.25–0.89; Table 3.3). When compared with no fosinopril, allocation 
to fosinopril resulted in a non-significant increase in the hazard of receiving a first UTI 
antibiotic prescription (HR, 1.28; 95% CI, 0.89–1.86).

Per-protocol analyses
During an average time at risk of 2.7 years, 12 subjects (8%) allocated to pravastatin 
received at least one UTI antibiotic prescription. These figures were 18 (11%), 24 (15%) 
and 24 (14%) for placebo, fosinopril and combination therapy, respectively.

Of the pravastatin-treated subjects that received a first UTI antibiotic prescription, two 
(17%) also received a second one. For placebo, fosinopril and combination therapy, 
these numbers were 7 (39%), 10 (42%) and 8 (33%), respectively. In total, 27 (13%) 
males and 51 (43%) females received a UTI antibiotic prescription.

Per-protocol analysis showed that pravastatin resulted in a non-significant reduction 
in the frequency of UTI antibiotic prescriptions (RR, 0.54; 95% CI, 0.23–1.28) and 
the occurrence of first UTI antibiotic prescriptions (HR, 0.83; 95% CI, 0.40–1.73) 
when compared with placebo (Table  3.4). The occurrence of second UTI antibiotic 
prescriptions was significantly reduced (HR, 0.19; 95% CI, 0.38–0.95) with pravastatin 
treatment. 

Combination therapy resulted in a non-significant increase in the risk of receiving UTI 
antibiotic prescriptions (RR, 1.39; 95% CI, 0.64–3.02) and the hazard of a first UTI 
antibiotic prescription (HR, 1.79; 95% CI, 0.97–3.31). This combination therapy 
resulted in a non-significant reduction in the occurrence of second UTI antibiotic 
prescriptions (HR, 0.43; 95% CI, 0.15–1.23).

Pravastatin versus no pravastatin and fosinopril versus no fosinopril
When comparing pravastatin with no pravastatin, a non-significant reduction in the 
frequency of UTI antibiotic prescriptions in the pravastatin treatment group was found 
(RR, 0.79; 95% CI, 0.46–1.37) (Table  3.4). Pravastatin treatment had no effect on the 
time to first UTI antibiotic prescription (HR, 1.02; 95% CI, 0.65–1.59) and resulted 
in a non-significant reduction in the hazard of receiving a second UTI antibiotic 
prescription (HR, 0.53; 95% CI, 0.46–1.37). If fosinopril was compared with no 
fosinopril therapy, a significant increase in the hazard of receiving a first UTI antibiotic 
prescription was found (HR, 1.82; 95% CI, 1.16–2.88).
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Table 3.4. Per-protocol analyses.

 

Table 3.4. Per-protocol analyses. 
Characteristics Total 

number 
of UTIs  

Risk of an UTI 
(RR, 95% CI)a 

Hazard of a first 
UTI (HR, 95% 
CI)a 

Hazard of a second 
UTI (HR, 95% CI)b 

Placebo 36 Ref. Ref. Ref. 
Pravastatin 15 0.54 (0.23-1.28) 0.83 (0.40-1.73) 0.19 (0.38-0.95) 
Pravastatin + fosinopril 41 1.39 (0.64-3.02) 1.79 (0.97-3.31) 0.43 (0.15-1.23) 
Pravastatin vs. no pravastatin     
No pravastatin 80 Ref. Ref. Ref. 
Pravastatin 56 0.79 (0.46-1.37) 1.02 (0.65-1.59) 0.53 (0.46-1.37) 
Abbreviations: UTI, urinary tract infection; RR, relative risk; CI, confidence interval; HR, hazard ratio; 
Ref., reference category 
a adjusted for sex 
b adjusted for urinary albumin excretion 
 

Discussion

We found that allocation to pravastatin without coadministration of fosinopril was 
associated with a reduction in the occurence of UTI antibiotic prescriptions and the 
hazard of a second (recurrent) UTI antibiotic prescription, but had no influence on first 
UTI antibiotic prescriptions. The results of the per-protocol and ITT analyses were not 
substantially different from each other. The observed difference between second and first 
UTI antibiotic prescriptions is compatible with our hypothesis that statins exert a higher 
effect on recurrent UTIs than on first UTIs.

Per-protocol analysis further showed an increased hazard of receiving a first UTI 
antibiotic prescription in patients using fosinopril, indicating that fosinopril increases 
the risk of contracting UTIs.

Together with the finding that exfoliated intracellular bacterial communities and 
filamentous bacteria are present in the urine samples of women with acute cystitis 
[31], our results indicate that QIR formation also occurs in humans. The finding that 
pravastatin can reduce the occurrence of (recurrent) UTI antibiotic prescriptions is 
further supported by the correlation found between elevated cholesterol levels and an 
increased incidence of UTIs in children [32].

Previously, a population-based non-randomized study observed a small increased risk 
of contracting UTIs associated with statin use (HR, 1.05; 99% CI, 1.00–1.11) [19]. 
By exploring the effect on time to first events, most of the UTIs in that study were 
likely first UTIs, on which the effect of statin therapy in our study was limited. This 
limited effect on first UTIs might also explain why no significant effect is found on the 
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occurence of UTI antibiotic prescriptions in our per-protocol analysis. After all, more 
than half of the total number of UTI antibiotic prescriptions was a first UTI antibiotic 
prescription.

Another non-randomized study observed a smaller decrease in the number of UTIs 
associated with statin use (OR, 0.91; 95% CI, 0.85–0.98) [18] than we estimated using 
either the per-protocol (RR, 0.54; 95% CI, 0.23–1.28) or ITT analyses (RR, 0.43; 95% 
CI, 0.21–0.88). This difference in the magnitude of the effect estimate might be caused 
by unmeasured confounding due to the non-randomized character of that study and the 
lack of information on potentially important risk factors for UTIs [18].

An alternative explanation of our findings could be that UTIs might have been treated 
with other antibiotics more frequently in the pravastatin group. Therefore, we evaluated 
the use of amoxicillin, amoxicillin/clavulanate and quinolones as, together with our 
proxy, these antibiotics cover >98% of all UTIs that are treated with antibiotics. The 
similar use of these other antibiotics is not in accordance with this alternative explanation.

Another alternative hypothesis could be that by reducing membrane-associated Rac1, 
patients on pravastatin have a much higher bacterial load prior to active disease and are 
thus be more likely to have systemic disease instead of UTIs. However, the number of 
persons that received other antibiotics was similar between the placebo and pravastatin 
groups, indicating that patients allocated to pravastatin did not receive more alternative 
antibiotics. We did not assess whether patients on pravastatin were more frequently 
hospitalized for bacteraemia or sepsis, as such hospitalizations are likely very uncommon 
in our small and relatively healthy study population [33, 34]. 

The similar use of other commonly used drugs among the different treatment groups 
indicates that the pravastatin-treated patients were also not less likely to receive drug 
prescriptions in general.

An important strength of our study is the analysis of data from a randomized placebo-
controlled trial, thereby limiting potential unmeasured confounding. Although we 
excluded some patients, primarily because of unsuccessful linkage of pharmacy data to 
study participants, measured potential confounders were equally distributed between 
treatment groups for the primary analysis, except for a small difference in gender. This 
indicates that unmeasured potential confounders were also likely equally distributed 
between the treatment groups.

Our study has potential limitations. First, we used specific antibiotic prescriptions 
obtained from a pharmacy description database as a proxy for UTIs. The sensitivity 
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and specificity are based on studies using data from the Second Dutch National Survey 
of General Practice (DNSGP-2) [24, 25]. The patient population of DNSGP-2 partly 
overlaps with that of IADB [35, 36]. Moreover, because Akkerman et al. [24] and Ong 
et al. [25] both estimated the sensitivity and specificity of our proxy using data from the 
same time period as PREVEND IT took place, both high test characteristics are likely 
also applicable to our study.

In the placebo group, 34 subjects received a first UTI antibiotic prescription, while 
based on age- and gender-specific figures from the general Dutch population (Statistics 
Netherlands), 22 first UTIs would be expected. However, persons with microalbuminuria 
are at increased risk of developing de novo renal function impairment [37]. Because an 
impaired renal function might increase the risk for UTIs [38-40], the study population 
might have had an increased risk of contracting a UTI compared with the general 
population.

Although misclassification of the outcome may have occurred, we expect this to be 
random, because we used the same objective outcome (i.e. antibiotic prescriptions) 
for the different treatment groups. Random misclassification of the outcome across 
treatment groups biases the effect towards a null finding (no effect). Therefore, using a 
proxy has likely not resulted in an overestimation of the effect of pravastatin.

Second, although we excluded patients (n=16) who had a UTI in the previous 6 months 
based on antibiotic prescriptions, it is still possible that patients with asymptomatic 
UTIs during these months were included. If these patients were unevenly distributed 
between treatment groups, this could have resulted in different baseline risks for the 
different treatment groups.

Third, although a decrease in the urine output has been shown in previous studies [28], 
no studies are available that showed that ACEIs also increase the occurrence of UTIs. 
Because bacterial clearance from the urinary tract is partially dependent on urine output 
[41], ACEIs might increase the frequency of UTIs.

Because patients might stop taking fosinopril after experiencing an adverse effect and 
the increased risk for UTIs is likely quickly reversible by non-adherence [42, 43], the 
estimated increased hazard of receiving a first UTI antibiotic prescription in patients 
on fosinopril treatment was more clearly present in per-protocol analysis than in ITT 
analysis.

This increased risk might be partly due to the concomitant use of non-steroidal anti-
inflammatory drugs (NSAIDs) [28]. Of patients treated with fosinopril, 21% received 
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three or more NSAID prescriptions during the time at risk. Moreover, many people buy 
NSAIDs over the counter. The interaction between fosinopril and pravastatin, when 
evaluating the time between first and second events, further supports the hypothesis that 
fosinopril can increase the risk of contracting UTIs, due to reduced urine output. This 
secondary analysis should be interpreted with caution given the limited power to detect 
an interaction. However, given the possible biological mechanism behind a reduced 
risk, we do feel that the separated analyses for pravastatin and combination therapy best 
represent the possible true effect of pravastatin for outcomes including recurrent events. 

Fourth, this study was not designed and powered for the current post hoc analysis. 
Therefore, statistical significance could not be reached for some of the secondary 
analyses. Larger studies with preferably hard endpoints instead of proxies are needed.

Fifth, reasons for censoring were not known and could therefore not be adjusted for using 
for example inverse probability of censoring weighting.Finally, our study sample was 
predominantly healthy and male, and we excluded patients with antibiotic prescriptions 
for UTIs in the previous 6 months, which could limit the generalizability of our results. 
It is not likely that such individuals who have no recurrent UTIs and no other indication 
for treatment with statins will be treated with a statin to prevent UTIs. Therefore, future 
research should preferably focus on individuals with recurrent UTIs and/or a high risk 
for recurrent UTIs.

In summary, this post hoc analysis suggests that pravastatin can reduce the risk of 
recurrent UTIs, possibly by inhibiting bacterial invasion. Larger studies with persons 
that have a high risk for recurrent UTIs are needed to evaluate whether our findings are 
likely causal.
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Abstract

Background
Angiotensin-converting enzyme inhibitors (ACEi) can reduce urine output, 
especially when treatment is started. Since bacterial clearance from the urinary tract 
is dependent on urine output, it was hypothesized that ACEi may also increase the 
risk of urinary tract infections (UTIs). Our objective was to assess the risk of UTIs 
associated with ACEi therapy initiation in the general population. 

Methods
A prescription sequence symmetry analysis was performed with the IADB.nl 
pharmacy prescription database. We selected all patients from the IADB who were 
incident users of both ACEi and nitrofurantoin (a proxy for UTIs). A relatively 
short maximum time-span of 4 weeks between both prescriptions was used to 
limit time-varying confounding. The sequence ratio was calculated by dividing 
the number of individuals starting ACEi first and nitrofurantoin second by the 
number of individuals starting nitrofurantoin first and ACEi second. We adjusted 
for trends in prescribing and estimated 95% confidence intervals using exact 
confidence intervals for binomial distributions. To evaluate whether the effect 
is specific to ACEi and to assess whether the possible mechanism behind an 
increased risk of UTIs is related to the renin-angiotensin-aldosterone system, we 
also estimated the risk for β-adrenoceptor antagonists (β-blockers). 

Results
In total, 22,959 incident users of ACEi therapy were eligible for analyses. Of these, 
161 patients started ACEi therapy within 4 weeks prior to or after nitrofurantoin 
therapy initiation. A total of 101 (63%) started ACEi therapy first followed by 
nitrofurantoin treatment, while 60 (37%) patients started nitrofurantoin treatment 
first, which corresponds to an adjusted sequence ratio (ASR) of 1.68 (95% CI 
1.21-2.36). No association was found between β-blockers and UTI treatment 
(ASR 1.01, 95%CI 0.74-1.38).

Conclusions
A significant excess of patients received UTI medication prescriptions following 
the first month after ACEi initiation. This prescription sequence asymmetry 
suggests that ACEi initiation increases the risk of developing UTIs. 
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Introduction

Angiotensin-converting enzyme inhibitors (ACEi) are one of the most frequently 
prescribed classes of antihypertensive drugs. ACEi are prescribed for the management 
of various cardiovascular and renal diseases, including diabetic and non-diabetic 
nephropathy. Although ACEi therapy has renoprotective effects in chronic kidney 
disease [1, 2], treatment with ACEi can occasionally lead to renal failure [3-5]. A possible 
mechanism behind this adverse event is that ACEi have a relatively greater dilating 
effect on the efferent than the afferent arterioles by reducing angiotensin-II levels. This 
hemodynamic effect can result in a decreased glomerular filtration rate (GFR) and urine 
output [6, 7]. An adverse hemodynamic effect is particularly relevant in patients with a 
reduced circulating volume, since the GFR is then more dependent on angiotensin-II 
levels [6]. However, treatment with ACEi can also result in decreased urine output in 
healthy elderly patients without known risk factors for adverse renal effects with ACEi 
therapy [7]. Such an adverse effect usually develops immediately after ACEi treatment 
has been started, but it has also occasionally been observed later in the treatment course, 
after months or even years [6]. Although this adverse effect is almost always reversible 
[8, 9], it is not uncommon that ACEi therapy leads to a reduced GFR and urine output 
without such severe consequences as oliguria, anuria, or acute renal failure [6, 7]. We 
hypothesized that, since bacterial clearance from the urinary tract is dependent on urine 
output [10], ACEi may also be associated with an increased risk of the development of 
urinary tract infections (UTIs), especially early in the treatment course. In a recent post 
hoc analysis of a randomized controlled trial, we indeed observed an increased risk of 
developing UTIs after ACEi initiation in adults with micro-albuminuria [11]. We now 
present the results from a population-based prescription sequence symmetry analysis 
[12], to assess the risk of developing UTIs after ACEi therapy initiation.

Methods

Setting
This prescription sequence symmetry study was performed with the University of 
Groningen IADB.nl pharmacy prescription database, which contains prescription 
data from 1994 through 2011 from approximately 55 community pharmacies, and 
covers an estimated population of 500,000 patients [13]. Registration in the database 
is irrespective of healthcare insurance, age, and gender. Prescription rates among the 
database population have been found to be representative for The Netherlands as a 
whole, and the database is widely used in research [14]. Each prescription record contains 
information on the date of dispensing, the quantity dispensed, the dose regimen, the 
number of days the prescription is valid, the prescribing physician, and the Anatomical 
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Therapeutic Chemical (ATC) code. Each patient has a unique anonymous identifier; 
date of birth and gender are known. Due to a high patient pharmacy commitment 
in The Netherlands and sophisticated pharmacy software, the medication records for 
each patient are virtually complete, except for over-the-counter drugs and medication 
dispensed during hospitalization [15].

Study population and outcome definition
The study population comprised all patients from the IADB who were incident users of 
both ACEi (ATC code C09A or C09B) and antibiotic UTI therapy with nitrofurantoin

(J01XE). Incidence was defined as not having been prescribed the drug in question for 
at least 12 months, while being captured in the database for at least 12 months prior to 
the first prescription.

Because patient diagnoses were not available from the IADB, UTIs were defined on 
the basis of the first start of a nitrofurantoin course. In The Netherlands, guidelines 
regarding the primary care treatment of UTIs changed in 2005, due to increased 
bacterial resistance to trimethoprim [16]. Nitrofurantoin became the first-choice drug 
for uncomplicated UTIs. Indeed, the IADB recorded an increase in nitrofurantoin 
prescriptions and a decrease in trimethoprim after 2005 [13]. Nitrofurantoin is almost 
exclusively used to treat uncomplicated UTIs; trimethoprim is more frequently used 
for other indications such as respiratory tract infections [17]. We defined a UTI as a 
nitrofurantoin prescription and used data between January 2006 and December 2011 
in order to obtain a proxy with both high specificity and high sensitivity. 

In 2001, when nitrofurantoin was prescribed, 96 % of the cases were for a UTI [17]. At 
that time, nitrofurantoin was used in approximately 33 % of cystitis cases [18].

However, due to the guideline change in 2005, the specificity, and especially the 
sensitivity, of nitrofurantoin is higher in our study. The use of nitrofurantoin in our 
database was, on average, approximately two times higher during 2006–2011 than in 
2001, while the age and gender distribution remained similar. Simultaneously, the use 
of sulphonamides and trimethoprim in our database halved between these periods. 
Since the age-specific annual incidence of UTIs was similar in both periods in The 
Netherlands (Statistics Netherlands [http://www.cbs.nl]), we estimated the sensitivity 
of our proxy at 66 %.
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Statistical analyses
Incident use of ACEi or nitrofurantoin therapy was defined as absence of a prescription of 
the particular medical drug in the 12 months prior to the dispensing date. A prescription 
sequence symmetry analysis was performed to evaluate whether nitrofurantoin was 
prescribed more often following the start of ACEi therapy than the reverse in the period 
between first dispensing dates [12]. Such an analysis is a subtype of a case-crossover 
study, in which the sequence order is largely independent of time-invariant patient 
confounders as, similar to traditional case-crossover studies, patients serve as their own 
control group. However, this design is still vulnerable to confounding by indication, 
especially when using longer time intervals.  When using short maximum time-spans 
between both prescriptions, confounding by indication due to diseases that slowly 
progress is largely eliminated, although confounding by sudden-onset diseases or sudden 
increases in disease severity might still be present. To reduce time-varying confounding, 
we examined a relatively short timespan of 4 weeks in the primary analysis. Moreover, 
a reduced urine output and GFR after ACEi initiation have been reported in relatively 
short-term studies ranging from 7 days to 8 weeks [7, 19].

The sequence ratio (SR) was calculated by dividing the number of individuals starting 
ACEi first and nitrofurantoin second by the number of individuals starting nitrofurantoin 
treatment first and ACEi second. If no association exists between the drugs, patients 
should have an equal probability of receiving the drugs in either order. If there is an 
association, such that ACEi increase the risk of a UTI, ACEi should be prescribed more 
often prior to the start of nitrofurantoin, and the SR would be above one. 

Case-crossover studies and prescription sequence symmetry analyses are vulnerable to 
time trends. We therefore adjusted the crude SR for time trends in use of the study 
drugs. The adjusted sequence ratio (ASR) was obtained by dividing the crude SR by 
a null ratio, i.e. the crude SR obtained assuming no association between both drugs 
based on overall prescribing of both drugs in the total IADB population [12, 20]. 
For example, if nitrofurantoin were to be prescribed with increasing incidence while 
the prescribing of ACEi was stable over time, there would be a non-specific excess of 
nitrofurantoin prescribed last. Assuming no associations between both drugs, one would 
obtain a null ratio above one based on overall prescribing of both drugs in the total 
population. The ASR would then consequently be lower than the crude SR. The ASR is 
an estimate of the incidence ratio of nitrofurantoin prescribing in ACEi-exposed versus 
non-exposed person time [12, 20]. For the primary analysis, the ASR was calculated for 
ACEi and UTI treatment within 4 weeks. We estimated 95 % confidence intervals using 
exact confidence intervals for binomial distributions [12, 21]. Statistical analyses were 
performed using STATA 12 software.
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Secondary analysis
It is possible that patients started ACEi treatment because they recently experienced 
a stroke. As the rates of infections are increased after a stroke [22], we conducted a 
secondary analysis to see whether excluding patients who recently experienced a stroke 
would change the ASR. Most patients who experience a stroke are subsequently treated 
with a platelet aggregation inhibitor or a vitamin K antagonist. Therefore, we identified 
patients with stroke as those patients starting treatment with one of these drugs 
within 1 month before or on the same day as ACEi treatment initiation. Additionally, 
we evaluated whether a possible association would be influenced by time-varying 
prescribing of diuretics. We also evaluated whether our findings would change if we 
excluded patients receiving second- or third-choice (during the study period of 2006–
2011) UTI antibiotic treatment (trimethoprim and fosfomycin; ATC codes J01EE, 
J01EA, and J01XX01) in the year before their first nitrofurantoin prescription. As adults 
with diabetes are at increased risk of UTIs [23], subgroup analyses with patients with 
and without diabetes were performed. Patients with diabetes were defined as individuals 
having received at least one prescription with glucose-lowering drugs (ATC codes A10A 
or A10B) in the year prior to and including the date of ACEi therapy initiation. For 
ACEi therapy, a Chi square test was used to assess whether there was a difference in the 
ASR among patients with and without diabetes. To evaluate whether the development 
of diabetes occurring concurrently with ACEi therapy initiation might explain the 
association, we assessed whether the SR was lower in more chronic patients with at least 
three prescriptions of oral glucose-lowering drugs and/or insulin during the year before 
starting ACEi treatment.

To evaluate whether the effect is specific to ACEi and to assess whether the possible 
mechanism behind an increased risk of UTI is related to the renin–angiotensin 
aldosterone system, we estimated the ASR for β-adrenoceptor antagonists (β-blockers). 
These anti-hypertensive drugs are also known to affect the renin–angiotensin–
aldosterone system. The same inclusion criteria were used as for the analysis with ACEi. 
We did not estimate the ASR for angiotensin-receptor blockers, as most patients who 
developed a UTI within 28 days of starting angiotensin-receptor blockers were first 
treated with ACEi and/or experienced more UTIs in the year prior to the treatment 
initiation. Calcium channel blockers were not used as a control because they might 
decrease the antibacterial function of uroepithelial cells [24].

Furthermore, we calculated the SRs for receiving UTI treatment within different time-
spans since ACEi or b-blocker therapy initiation, ranging from 1 to 8 weeks. For this 
analysis, each week was treated separately to show the epidemic curve. To reduce random 
fluctuation, we used a 3-week moving average for calculation of the SRs.
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In line with the literature, we hypothesized that the strongest effect, if present, should 
be within the smaller time spans allowing for some time to develop a UTI (2–4 weeks). 
Additionally, we plotted the number of individuals with nitrofurantoin prescriptions 
within 6 months of ACEi therapy initiation to visually explore whether an increase in 
nitrofurantoin prescriptions is seen after starting ACEi treatment.

Results

In total, 27,101 incident users of ACEi therapy were identified between January 2006 
and December 2011. After excluding all patients who were not present in the database 
12 months prior to their nitrofurantoin prescription, who received a first nitrofurantoin 
prescription more than 1 year prior to ACEi therapy initiation, or who received a 
nitrofurantoin course prior to January 2006, a total of 22,959 patients were eligible for 
analysis.

The mean age of these patients at the start of ACEi therapy was 61.8 (SD 13.9), 42.7% 
were female, 16.5% had recorded use of glucose-lowering drugs and/or insulin, 39.6% 
recorded use of diuretics and 22.8% recorded use of nonsteroidal anti-inflammatory 
drugs. Of these incident ACEi users, 582 patients received their first nitrofurantoin 
prescription in the year prior to starting ACEi therapy and 681 patients started their first 
nitrofurantoin course in the year after initiating ACEi therapy. Of these, 161 patients 
started ACEi therapy within 4 weeks prior to or after nitrofurantoin therapy initiation. 
The mean age of these patients at ACEi initiation was 69.3 years (SD 13.4); 78.9% 
were female, 26.1% had recorded use of glucose-lowering drugs and/or insulin, 54.0% 
recorded use of diuretics and 24.2 % recorded use of nonsteroidal anti-inflammatory 
drugs.

Of all 161 study patients, 101 (63%) started ACEi therapy first followed by nitrofurantoin 
treatment, while 60 (37%) patients started nitrofurantoin treatment first with a 
corresponding statistically significant ASR of 1.68 (95% CI 1.21–2.36) (Table 4.1). For 
all analyses, adjustment for trends in prescribing did not substantially change the SR, as 
the null ratios ranged from 0.999 to 1.002. This indicates that the prescribing of ACEi 
and b-blockers did not increase or decrease more than nitrofurantoin prescribing over 
time within the short time-spans used.

Excluding patients receiving other antibiotic treatment indicated for UTIs before 
receiving their nitrofurantoin prescription did not substantially change the ASR (1.56,
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95 % CI 1.11–2.20). Moreover, excluding patients who may have started with ACEi 
treatment because they recently experienced a stroke resulted in a slight increase of 
the ASR (1.86, 95% CI 1.28–2.75). Additionally, when patients starting treatment 
with diuretics within 1 month of ACEi treatment were excluded, the ASR (1.59, 95 % 
CI 1.05–2.44) was similar to our primary analysis. No association was found between 
b-blocker therapy initiation and UTI treatment (Table 4.1). Subgroup analysis for 
diabetes patients on anti-diabetic therapy (n = 42) showed a higher ASR (p<0.05) for 
diabetes patients than for non-diabetes patients (Table 4.2).

Table 4.2. Symmetry analysis with ACEi among patients with and without diabetes. Analyses are 
performed with all patients starting angiotensin-converting enzyme inhibitor therapy within four 
weeks of nitrofurantoin therapy initiation.

Table 4.2. Symmetry analysis with ACEi among patients with and without diabetes. Analyses are 
performed with all patients starting angiotensin-converting enzyme inhibitor therapy within four weeks 
of nitrofurantoin therapy initiation. 
Patients Nitrofurantoin prescribed 

second/first (n) 
Sequence Ratio 
(95% CI)a  

Diabetes 32/10 3.20 (1.53-7.29) 
No diabetes 69/50 1.38 (0.94-2.03) 
a Adjusted for trends in prescribing. 
ACEi = angiotensin-converting enzyme inhibitors. 
 

The ASR was not lower when restricting the analysis to more chronic patients with 
diabetes instead of including all patients with diabetes (ASR 4.0 vs. ASR 3.2). A 
histogram of the prescription asymmetry of first nitrofurantoin prescriptions within 6 
months of ACEi therapy initiation is shown in Figure 4.1. Nitrofurantoin prescriptions 
increased sharply within 1 month after ACEi therapy started. From this figure, it appears 
that nitrofurantoin prescription numbers were not random prior to the initiation of 
ACEi treatment, but instead show a steady increase. 

Table 4.1. Symmetry analysis with selected antihypertensive drugs. Analyses are performed with all 
persons starting angiotensin-converting enzyme inhibitor or β-blocker therapy within four weeks of 
nitrofurantoin therapy initiation.

Table 4.1. Symmetry analysis with selected antihypertensive drugs. Analyses are performed with all 
persons starting angiotensin-converting enzyme inhibitor or β-blocker therapy within four weeks of 
nitrofurantoin therapy initiation. 
Drug Nitrofurantoin prescribed 

second/first (n) 
Sequence Ratio 
(95% CI)a  

ACEi 101/60 1.68 (1.21-2.36) 
β-blocker 87/86 1.01 (0.74-1.38) 
a Adjusted for trends in prescribing. 
ACEi = angiotensin-converting enzyme inhibitors. 
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Figure 4.1. Prescription asymmetry of first nitrofurantoin prescriptions within 6 months of angiotensin-
converting enzyme inhibitor therapy initiation (n=738). ACEi = angiotensin-converting enzyme 
inhibitors. 
 

Figure 4.1. Prescription asymmetry of first nitrofurantoin prescriptions within 6 months of 
angiotensin-converting enzyme inhibitor therapy initiation (n=738). ACEi = angiotensin-converting 
enzyme inhibitors.

However, when looking at the 4 weeks prior to ACEi treatment, such a pattern is not apparent 
(Figure 4.2). A steady increase in the number of nitrofurantoin prescriptions was also observed 
prior to the initiation of b-blockers (Figure 4.3). 

 
Figure 4.2. Prescription asymmetry of first nitrofurantoin prescriptions within 4 weeks of angiotensin-
converting enzyme inhibitor therapy initiation. ACEi = angiotensin-converting enzyme inhibitors. 
 

Figure 4.2. Prescription asymmetry of first nitrofurantoin prescriptions within 4 weeks of angiotensin-
converting enzyme inhibitor therapy initiation. ACEi = angiotensin-converting enzyme inhibitors.
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Figure 4.3. Prescription asymmetry of first nitrofurantoin prescriptions within 6 months of β-blocker 
therapy initiation (n=864). 
 

Figure 4.3. Prescription asymmetry of first nitrofurantoin prescriptions within 6 months of β-blocker 
therapy initiation (n=864).

Both findings indicate that confounding by disease severity would be present if time-
spans longer than 4 weeks were used to evaluate the associations between ACEi or 
b-blockers and UTIs. However, this bias is likely largely eliminated by using a short 
time-span of 4 weeks, as the number of nitrofurantoin prescriptions does not clearly 
increase during the 4 weeks prior to ACEi initiation. In addition, we did not find an 
association between b-blockers and UTI treatment, despite a steady increase in the 
number of nitrofurantoin prescriptions during the months prior to initiation with this 
antihypertensive drug. Figure 4 shows that the risk of developing UTIs is especially high 
shortly after ACEi therapy initiation, but is elevated during all evaluated weeks (see also 
Table 4.3). In contrast, the SR for β-blockers fluctuates around one during the same 
period. 

 
Figure 4.4. Sequence ratios for the development of urinary tract infections using different time-spans 
since angiotensin-converting enzyme inhibitors/β-blocker therapy initiation. The dashed lines 
represent the lower and upper confidence intervals of the sequence ratio for angiotensin-converting 
enzyme inhibitors. ACEi = angiotensin-converting enzyme inhibitors. 
 

Figure 4.4. Sequence ratios for the development of urinary tract infections using different time-
spans since angiotensin-converting enzyme inhibitors/β-blocker therapy initiation. The dashed lines 
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represent the lower and upper confidence intervals of the sequence ratio for angiotensin-converting 
enzyme inhibitors. ACEi = angiotensin-converting enzyme inhibitors.

Table 4.3. Symmetry analysis with ACEi and β-blockers using different time-spans since therapy 
initiation
Table 4.3. Symmetry analysis with ACEi and β-blockers using different time-spans since therapy 
initiation 
Time since therapy initiation 
(weeks)a 

Nitrofurantoin prescribed 
second/first (n) 

Sequence ratio (95% CI) 

ACEi   

1 25/14 1.75 (0.9-3.7) 

2 24/15 1.64 (0.8-3.3) 

3 26/14 1.88 (0.9-3.8) 

4 24/18 1.34 (0.7-2.8) 

5 22/18 1.26 (0.6-2.4) 

6 20/15 1.34 (0.7-3.1) 

7 19/12 1.63 (0.7-3.6) 

8 17/11 1.59 (0.7-3.7) 

β-blockers   

1 22/20 1.10 (0.6-2.3) 

2 22/22 0.99 (0.5-1.9) 

3 21/22 0.93 (0.5-1.8) 

4 22/20 1.07 (0.5-1.9) 

5 19/18 1.09 (0.5-2.1) 

6 16/16 1.00 (0.4-2.0) 

7 14/17 0.84 (0.4-1.8) 

8 15/17 0.88 (0.4-2.1) 
a Each week is treated separately to show the epidemic curve. To reduce random fluctuation, a 3-
week moving average for calculation of the sequence ratios.  
ACEi = angiotensin-converting enzyme inhibitors. 
 

Discussion

The results of this population-based prescription sequence symmetry analysis are 
compatible with the hypothesis that there is a statistically significant increased risk of 
starting UTI antibiotic therapy after the initiation of ACEi therapy, notably within the 
first month. The study confirms a post hoc analysis of a randomized controlled trial in 
which we observed an increased risk of developing UTIs in patients aged 28 to 75 years 
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on fosinopril treatment [11]. Given that the mechanism underlying this increased risk 
is likely reversible by either changing the dose or switching to another antihypertensive 
drug [6], it is not surprising that the increased risk for UTIs is mainly seen during the 
first month after initiation of ACEi treatment. Moreover, as with renal failure, reduced 
urine output resulting in UTIs will likely develop early in the course when ACEi 
treatment is started. Importantly, in the specific group of patients with chronic kidney 
disease, longer-term ACEi therapy may even reduce the risk of developing UTIs because 
of its renoprotective effects in these patients [8].

Secondary analysis showed that the association between ACEi therapy and UTI antibiotic 
prescriptions was stronger among patients with diabetes than patients without diabetes. 
This increased risk among patients with diabetes might be because diabetes is strongly 
associated with renal impairment [25, 26], which increases the risk of ACEi-induced 
renal failure [25, 26], and possibly the short-term risk of ACEi-associated reduced urine 
output. However, as our database contains no diagnoses and clinical information for 
individual patients, we could not establish whether these patients with diabetes indeed 
had more frequent renal impairment.

Alternatively, this increased risk might be due to confounding by the presence of diabetes 
itself, since patients who have diabetes are more likely to be prescribed ACEi and are 
more likely to have UTIs. However, the association is likely not confounded by the 
presence of diabetes, because an ASR of 4.0 was obtained when only patients with at 
least three prescriptions of glucose-lowering drugs and/or insulin during the year before 
starting ACEi treatment were included. 

Inherent to observational studies, those who start ACEi treatment may have different 
risk factors than those who do not initiate this treatment [27], which may confound 
the association between ACEi therapy and UTI development. For example, as ACEi 
are considered to be more renoprotective than antihypertensive agents not affecting the 
renin–angiotensin pathway [28–30], patients who start ACEi therapy are more likely 
to have risk factors for renal impairment. Different design and analytical techniques 
exist to control for such confounding bias [31]. Though suited for a limited number 
of epidemiological questions, a powerful design technique is the case-crossover study, 
and the prescription sequence symmetry analysis is a variation on this design. By 
performing a prescription sequence symmetry analysis, we controlled for time invariant 
(unmeasured) confounding, since patients act as their own controls.

Furthermore, no trends in prescribing that vary within the short time-spans were present 
in this study. 
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However, the prescription sequence symmetry analysis is still vulnerable to confounding 
by disease severity or sudden-onset diseases. The increased risk of UTI after starting with 
ACEi treatment might be due to a change in disease severity unrelated to the effects of 
ACEi. Although Figure 4.1 and 4.3 both suggest that confounding by disease severity 
or disease progression might bias analyses using longer time intervals between both 
prescriptions, Figure 4.2 and the results of the prescription sequence symmetry analysis 
with b-blockers both suggest that confounding by disease severity is largely eliminated 
when using a short maximum time-span of 4 weeks.

An alternative explanation for our findings could be that some of the patients who 
developed a UTI after starting ACEi treatment started this therapy because they recently 
experienced a sudden-onset disease. It is possible that patients started ACEi treatment 
because they recently experienced a stroke, which is often a sudden-onset disease. 
Because rates of infections are increased after an acute stroke, more patients might get 
UTIs after than before ACEi therapy initiation [22]. Most patients who experience 
a stroke are subsequently treated with a platelet aggregation inhibitor or a vitamin K 
antagonist. When patients starting one of these drugs within 1 month before or on the 
same day as ACEi treatment initiation were excluded from our primary analysis, the 
ASR slightly increased (ASR 1.86, 95 % CI 1.28–2.75). This indicates that our results 
were not affected much by acute strokes among patients starting ACEi treatment. When 
patients starting treatment with diuretics within 1 month of ACEi treatment were also 
excluded, the ASR (1.59, 95 % CI 1.05–2.44) was similar to our primary analysis (ASR 
1.68, 95 % CI 1.21–2.36), indicating that our results were not confounded by time-
varying prescribing of diuretics.

We performed a secondary analysis with b-blockers to evaluate whether the mechanism 
behind an increased risk could be related to the renin–angiotensin–aldosterone 
system. The lack of an effect of b-blockers on the development of UTIs indicates that 
either the effect of b-blockers on renin and/or angiotensin-II is not strong enough to 
increase the risk of UTIs, or that another unknown mechanism might be involved. 
Additionally, this finding indicates that there is a real class effect of ACEi, and that 
potential confounding by hypertension or bias due to an increase in physician contacts 
after starting antihypertensive treatment were eliminated.

This study has potential limitations. First, we used nitrofurantoin prescriptions obtained 
from a pharmacy prescription database as a proxy for UTIs. While the specificity of this 
proxy is very high [17], the sensitivity is estimated to be somewhat lower, at 66 % [13, 
18]. Although we may have consequently missed some UTIs, it is unlikely that UTIs 
are systematically treated differently just before than just after ACEi therapy initiation. 
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Moreover, excluding patients receiving other antibiotics that are used to treat UTIs did 
not substantially alter our findings. Second, because we used a prescription sequence 
symmetry analysis, reverse causality might have influenced the results [32]. Although the 
sharp increase in the number of patients receiving nitrofurantoin prescriptions following 
ACEi therapy initiation supports the hypothesis that ACEi treatment initiation increases 
the risk of developing UTIs, this phenomenon would also have been observed if the 
probability of receiving ACEi therapy reduces after getting a nitrofurantoin prescription. 
However, both drugs are not used for the same indication and, to our knowledge, there 
is no reason why physicians should avoid using ACEi in patients who have recently 
experienced a UTI. The fact that UTIs are not a well-documented side effect of ACEi 
therapy further reduces the probability that reverse causality biased the results. A 
prescription sequence symmetry analysis would be more prone to reverse causality bias 
with well documented side effects, as physicians may try to avoid prescribing a drug that 
further increases the risk of a recently experienced disease.

Finally, as with all prescription sequence symmetry analyses, only patients using both 
drugs within a certain period were included in the analyses. Therefore, generalizability 
of our results might be limited, as only a small fraction of all incident ACEi users was 
included in the analyses. Patients included in the primary analysis were slightly older, 
more frequently female, and had more frequently recorded use of diuretics and glucose-
lowering drugs and/or insulin compared with all incident ACEi users from our database. 
However, this might not be surprising as all these factors are risk factors or indicators 
of diseases that increase the risk for UTIs [23, 33]. On the other hand, we previously 
found, in a post hoc analysis of a randomized controlled trial, an increased risk of 
developing UTIs after fosinopril therapy initiation in a patient population without 
diabetes [11]. This suggests that, although the magnitude of the risk may vary, different 
patient populations are at increased risk of developing UTIs after starting ACEi therapy.

In summary, we found a significant excess of patients receiving UTI medication 
prescriptions following the first month after ACEi initiation. This prescription sequence 
asymmetry suggests that ACEi therapy initiation, at least during the first month, 
increases the risk of developing UTIs. 
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Abstract

Background
In a post-hoc analysis of a randomized controlled trial (RCT) and a prescription 
sequence symmetry analysis (PSSA) we observed that angiotensin-converting 
enzyme inhibitor (ACEi) use was associated with an increased risk of urinary tract 
infections (UTIs). We evaluated the same association using a case-crossover design.

Methods
A case-crossover design was performed with the University Groningen prescription 
database (IADB.nl). The first date of incident use of nitrofurantoin, used as a 
proxy for UTIs, was defined as the index date. The risk period was defined as 30 
days before the index date and the control period as 60-90 days before that date. 
A person was considered exposed to ACEi if there was at least three days’ supply 
within the time-window. In secondary analysis the definitions were set similar to 
the previous PSSA. Conditional logistic regression with adjustments for potential 
time-varying confounders was applied to obtain adjusted odds ratios. 

Results
There were 51,249 patients that received a first nitrofurantoin prescription and met 
eligibility criteria. Of these, 276 patients were only exposed to ACEi during the 
risk window and 150 patients only during the control window (crude OR 1.84, 
95%CI 1.51-2.25; adjusted OR 1.74, 95%CI 1.42-2.13). When using similar 
criteria as in the PSSA, the case-crossover estimates were slightly higher (adjusted 
OR 2.09, 95%CI 1.68-2.61). 

Conclusions
These findings suggest that ACEi use increases the risk of developing first UTIs. 
Despite the similarities between the case-crossover design and the PSSA, the PSSA 
led to slightly lower effect estimates than the case-crossover design and the RCT.  
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Introduction

Randomized clinical trials (RCTs) are considered to provide evidence of the highest 
grade on treatment effects whereas observational studies are viewed less valid because 
they are prone to confounding [1]. However, often it is not feasible or unethical to 
perform a RCT and observational studies on treatment effects are required to guide 
health care policy. To prevent or limit confounding in observational research several 
design methods have been developed. One group of methods that can overcome the 
challenging task of identifying a control group with similar patient characteristics are 
case-only studies. Examples include the self-controlled case-series [2], case-crossover 
studies [3] and sequence symmetry analyses [4, 5]. The advantage of these methods 
is that patients can serve as their own controls, thereby eliminating confounding by 
(unmeasured) factors that are stable over time. 

Recently, we applied a prescription sequence symmetry analysis to estimate the 
association between angiotensin-converting enzyme inhibitors (ACEi) use and urinary 
tract infections (UTIs) (sequence ratio = 1.56, 95% confidence interval (CI) 1.11-2.20)) 
[6]. That study was conducted to further support findings from a post-hoc analysis of a 
randomized clinical trial in which fosinopril, an ACEi, was associated with an increased 
risk of incident UTIs (hazard ratio = 1.82, 95% CI 1.16-2.88) [7]. We hypothesized 
that the underlying mechanism may be related to an ACEi-induced reduction of the 
urine output [6, 8, 9]. As bacterial clearance from the urinary tract is dependent on the 
urine output [10], ACEi initiation may result in an increased risk of first UTIs.

In the prescription sequence symmetry analysis we could not adjust for time-varying 
confounders and the design has been criticized because of a lower sensitivity to detect 
adverse drug events than conventional observational designs [11]. Since the prescription 
sequence symmetry analysis can be regarded as a variation on the case-crossover design 
[12], it would be informative to compare the results of these two designs evaluating the 
same association in the same database. However, such a comparison is currently lacking 
from the existing literature, although a few comparisons with other designs than the 
case-crossover have been made [11, 13, 14]. We aimed to re-evaluate the association 
between ACEi initiation and UTIs using the case-crossover design, while adjusting 
for several potential time-varying confounders. As a secondary objective we used this 
empirical comparison to discuss some important differences between the sequence 
symmetry design and the case-crossover design.
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Methods

Data source, setting and study population
The design of the earlier reported prescription sequence symmetry analysis has been 
published elsewhere [6]. Briefly, the analyses were performed using data retrieved from 
the University Groningen IADB.nl database (IADB), a community-based pharmacy 
prescription database containing detailed prescription data from 1994 through 2011 from 
approximately 55 community pharmacy, covering an estimated population of 500,000 
patients [15]. All patients that were incident users of both ACEi and nitrofurantoin (a 
proxy for UTIs) between January 2006 and December 2011 were selected in that study. 
First starters or incident users were defined as patients who did not have a prescription 
for the study drug over a time period of 12 months or more and presence in the 
database for at least 12 months prior to the first prescription. The prescription sequence 
symmetry analysis was performed to determine whether nitrofurantoin was more often 
initiated after than before ACEi initiation. To reduce the probability of time-varying 
confounding a relatively short time-span of 4 weeks was used. The sequence ratio was 
calculated by dividing the number of individuals starting ACEi first and nitrofurantoin 
second by the number of individuals starting both drugs in the reverse order.

For the present study we used the same database to conduct a case-crossover analysis. In 
the primary analysis, a case-crossover design was performed using data retrieved from 
the IADB covering the whole data-capturing period from 1994 to 2011. 

A secondary analysis was performed, thereby keeping the definitions and in- and 
exclusion criteria as similar as possible to the original study [6]. As the guidelines for 
treating UTIs have changed over the years in the Netherlands, different criteria were 
used to exclude persons with previous UTIs in both sets (see below). 

Case-crossover design
The case-crossover design was first introduced in 1991 by Maclure [3]. With this 
design patients (cases) serve as their own control, thereby limiting selection bias and 
confounding by time-invariant characteristics. A within-person comparison is made by 
comparing the probability of exposure in the period just before the outcome event (risk 
period) with the probability of exposure in control period(s). The crude odds ratio can 
be calculated by dividing the number of individuals being exposed only in the risk 
period by the number of individuals being exposed only in the control period. However, 
when time-varying confounders are present, conditional logistic regression can be used 
to adjust for these confounders. We matched 1 control period per case, thereby avoiding 
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bias due to non-exchangeability of the distribution of exposures between multiple 
control intervals [16]. 

Primary Analysis
The date of incident use of nitrofurantoin was defined as the index date. Incident use 
was defined as absence of a prescription of nitrofurantoin in the 12 months prior to 
the dispensing date. We excluded persons using other antibiotics indicated for use 
against UTIs prior to their first nitrofurantoin prescription (amoxicillin, amoxicillin/
clavulanate, quinolones, fosfomycin, methenamine, sulfonamides or trimethoprim). 
We defined the risk period as 30 days before the index date and the control period as 
60-90 days before the index day. A binary exposure indicator was created for the risk 
and control period, such that a person was considered exposed to ACEi if there was 
at least 3 days’ supply within the window, thereby assuming that the exposure started 
on the day of dispensing. Seven days were added to the days’ supply dispensed for 
every dispensation to allow for modest non-adherence. In addition, binary exposures 
were created using the same criteria for prescription drugs that could act as potential 
time-varying confounders. Potential time-varying confounders were selected on prior 
knowledge and included the following prescription drugs:  β-adrenoceptor antagonists 
(β-blockers), calcium channel blockers, angiotensin-receptor blockers, diuretics, lipid 
modifying agents, non-steroidal anti-inflammatory drugs and glucose lowering drugs. 
Statistical analyses were performed using SPSS version 20 (SPSS Inc, Chicago, IL). 

Secondary Analyses
To be able to make a fair comparison with the published prescription sequence symmetry 
analysis [6], a secondary analysis was performed, thereby keeping the definitions and in- 
and exclusion criteria as similar as possible to the original study.6 The same study period 
was used (January 2006 – December 2011) and the risk period was defined as the 28 
days before the index date and the control period as 56-84 days before the index date. 
In addition, individuals were considered exposed to ACEi if they had at least 1 days’ 
supply within the window, as done with the prescription sequence symmetry analysis 
[6]. Patients receiving the second- or third-choice (during the period of 2006-2011) 
UTI antibiotic treatment (trimethoprim and fosfomycin) in the year before their first 
nitrofurantoin prescription were excluded from the analysis. In sensitivity analysis we 
defined the risk period as 28 days before the index date and the control period as 29-56 
days before the index date. 
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Results

There were 116,974 patients that received a nitrofurantoin prescription between 
January 1994 and December 2011. After excluding all patients who were not present 
in the database 12 months prior to their nitrofurantoin prescription or who previously 
received antibiotics used to treat UTIs, a total of 51,249 cases remained. Of these, 3966 
patients were exposed to ACEi in the year before their first nitrofurantoin prescription.  
The characteristics of these patients during both comparison time windows are shown in 
Table 5.1. Demographic characteristics were evaluated at the index date. 

The case-crossover estimates of the association between ACEi use and UTI medication 
are shown in Table 5.2. The crude odds ratio was 1.84 (95% CI 1.51-2.25), which 
slightly decreased after adjustment for time-varying prescribing of diuretics (OR 1.74, 
95% CI 1.42-2.13) or for all factors listed in Table 5.1 (OR 1.74 95% CI 1.41-2.15). 
Although the estimates were calculated using conditional logistic regression, the crude 
odds ratio could also be obtained by dividing the number of patients that are exposed 
in the risk window and unexposed in the control window by the number of patients 
that are unexposed in the risk window and exposed in the control window (276 / 150 = 
1.84). When the analysis were restricted to individuals within the same age-category as 
the previous post-hoc analysis of the randomized controlled trial (28 to 75 years of age), 
the adjusted odds ratio increased to 1.90 (95% CI 1.44-2.50). 

Secondary analysis
When the same study period and similar criteria were used as done with the previous 
prescription sequence symmetry analysis [6], an adjusted odds ratio of 2.09 (95% CI 
1.68-2.61) was obtained. Using a control window immediately before the risk window 
did not substantially affect this estimate (aOR 2.10, 95% CI 1.59-2.77). 

Restricting this analysis to individuals aged 28-75 years of age, resulted in an adjusted 
odds ratio of 2.29 (95% CI 1.70-3.06). 

Table 5.1. Characteristics of patients exposed to ACEi in the year prior their first nitrofurantoin 
prescription (N=3966). 

Table 5.1. Characteristics of patients exposed to ACEi in the year prior their first nitrofurantoin 
prescription (N=3966).  
Demographic Characteristics  

Median age (years);  (IQR) 72 (62-80) 

Women; N (%) 3197 (81) 

  

 Risk window  

N (%) 

Control window  

N (%) 

Exposure to   

ACEi 3492 (88) 3366 (85) 

β-blockers 1622 (41) 1593 (40) 

Calcium channel blockers 786 (20) 774 (20) 

Angiotensin receptor blockers 206 (5) 192 (5) 

Diuretics 1755 (44) 1692 (43) 

Glucose-lowering medication 979 (25) 943 (24) 

Lipid modifying medication 1381 (35) 1366 (34) 

NSAIDs 429 (11) 392 (10) 

Abbreviations: ACEi, angiotensin-converting enzyme inhibitors; NSAIDs, non-steroidal anti-
inflammatory drugs 

 

Table 5.2. Case-crossover estimates for the association between ACEi and UTIsTable 5.2. Case-crossover estimates for the association between ACEi and UTIs 
  Risk window 

  Exposed Unexposed 

Control window Exposed 3216 150 

Unexposed 276 324 

    

Crude OR (95% CI) 

Adjusted OR (95% CI)a 

1.84 (1.51 – 2.25) 

1.74 (1.42 – 2.13) 

  

Adjusted OR (95%CI)b 1.74 (1.41 – 2.15)   

aadjusted for time-varying use of diuretics 

badjusted for time-varying use of diuretics, β-blockers, calcium channel blockers, angiotensin 
receptor blockers, glucose-lowering medication, lipid modifying medication and non-steroidal anti-
inflammatory drugs.  
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Discussion

This population-based case-crossover study showed that recent use of ACEi was 
associated with an increased risk of starting UTI antibiotic therapy. The results confirm 
findings from a previous post-hoc analysis of a randomized controlled trial (HR, 1.82; 
95% CI, 1.16–2.88) [7] and a prescription sequence symmetry analysis [6]. 

Secondary analyses showed that, using the same database and in- and exclusion criteria 
as similar as possible, a case-crossover design resulted in higher risk estimates than a 
prescription sequence symmetry design (OR 2.09, 95% CI 1.68-2.61 vs. SR 1.56, 95% 
CI 1.11-2.20). There are several explanations for this observation. The first one is the 
use of different risk estimates. However, it can be shown that the sequence ratio equals a 
rate ratio if there is no loss to follow-up and the same time at risk is used [4, 17], which 
is similar to an odds ratio obtained using a case-crossover analysis with the same short 
risk-intervals [18]. 

Another possibility is that the case-crossover analysis adjusted for several potential time-
varying confounders, while no adjustment was possible using the prescription sequence 
symmetry analysis. However, the unadjusted case-crossover estimate was also higher 
than the effect estimate obtained with the prescription sequence symmetry analysis. 

Another explanation may be that the prescription sequence symmetry analysis provides 
conservative estimates compared to other methods, as found in an empirical comparison 
with a cohort and nested case-control design [11]. A theoretical comparison with the 
self-controlled case-series could partly explain why sequence symmetry designs could 
provide more conservative estimates than other designs. We did not add an empirical 
comparison with a self-controlled case-series design as urinary tract infections within 
individuals are not independent of each other, which makes self-controlled case series 
invalid (although recently a modification was proposed to overcome this problem) 
[19]. Suppose one would assess the effect of drug A initiation on the occurrence of 
event B, thereby assuming that the occurrence of event B does not modify the risk of 
a subsequent event B. A self-controlled case-series would use information about the 
incidence of event B before and after starting with drug A within patients. Thus, if a 
patient experiences both an event before and after starting with drug A, both events 
are used in the analysis. In contrast, the variant of the sequence symmetry analysis we 
previously applied only takes into account the event before starting with drug A and 
disregards the event after starting with drug A, thereby leading to a lower effect estimate 
compared to a self-controlled case-series analysis. 
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A prescription sequence symmetry analysis can also be performed in a way that takes 
into account information about events before and after drug initiation within patients 
[20]. Instead of selecting first time users of both drugs or first time users and first events, 
the occurrence of both new and recurrent events before and after initiation with the 
drug of interest is then used to calculate a rate ratio. This rate ratio can be calculated by 
dividing the number of patients experiencing events only after therapy initiation by the 
number of patients experiencing events only before therapy initiation. However, as with 
the self-controlled case-series, this way of analysing the data would in our case result in 
an overestimation of the risk, as patients that experience an UTI before ACEi initiation 
would have subsequently a higher risk to experience another UTI after ACEi initiation, 
while a first UTI after ACEi initiation does not modify the probability of experiencing 
an UTI before ACEi initiation. To avoid such overestimation, and because recurrent 
UTIs may be more likely complicated UTIs which are more likely to be treated with 
other antibiotics than nitrofurantoin, we decided in our previous study [6] to analyse 
the data in a similar way as Hallas proposed [21].

Alternatively, despite using the same database and similar in- and –exclusion criteria, the 
difference may be explained by the fact that both methods partly use different patients 
and patient-time in the analysis. The sequence ratio is partly based on patients with a 
first UTI prior to ACEi initiation, while the case-crossover design selects only patients 
using ACEi prior to their first UTI. In our case-crossover analysis we separated the 
risk and control window by 30 days to overcome potential carry-over effects, although 
sensitivity analysis suggested that carry-over effects did not play an important role. In 
our previous prescription sequence symmetry analysis carry-over effects did not play a 
role since the sequence ratio was purely based on the order of first-time prescriptions.

An important strength of this case-crossover study is that we controlled for time-invariant 
confounders and largely controlled for confounders that do change minimally or slowly 
over time, regardless of whether these confounders were measured or not. In addition, 
we controlled for a large set of measured potential time-varying confounders, thereby 
reducing the probability that the results are affected by time-varying confounding. 
Further, the data were obtained from a widely researched pharmacy dispensing database 
which is representative for the general Dutch population in terms of drug use [15]. 

By using the same database and similar in- and exclusion criteria we could make an 
empirical comparison between the case-crossover design and a previously published 
prescription sequence symmetry analysis [6]. Although a few comparisons between the 
sequence symmetry design and other more conventional designs do exist [11,13, 14], 
this is the first study making the intuitive comparison with a case-crossover study. 
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Another strength of this study is that we evaluated a relatively unknown adverse effect. If 
we would have made a comparison between the case-crossover design and a prescription 
sequence symmetry analysis while evaluating a well-known effect, different conclusions 
could have been reached. A prescription sequence symmetry analysis could overestimate 
the effect with well-known effects, as physicians may try to avoid prescribing a drug that 
further increases the risk of a recently experienced event. Therefore, sequence symmetry 
designs seem to be most useful to detect new adverse events [6, 11, 21] although it has 
also been used for the evaluation of well-known adverse events [13, 22-25].

This study also has some important limitations. The case-crossover design was originally 
intended to study brief exposures that have an immediate effect (e.g. the association 
between heavy physical exertion and acute myocardial infarction) [26]. Although 
ACEi are in general used more chronically, the fact that the increased risk is mainly 
expected shortly after treatment initiation and the presence of non-adherence make the 
application of a case-crossover design using an exposure window of 28-30 days possible. 
In case all patients exposed to ACEi were receiving a life-long therapy and were perfectly 
adherent, a case-crossover analysis would not be possible in contrast to a prescription 
sequence symmetry analysis. 

When comparing the results of both non-experimental designs with the post-hoc analysis 
of the randomized controlled trial, one should take into account that the findings from 
the randomized controlled trial were obtained during an average follow-up of 2.7 years 
(HR, 1.82; 95% CI, 1.16–2.88) of patients with microalbuminuria [7]. When the 
follow-up of the post-hoc analysis was restricted to 1 year, the hazard ratio was slightly 
higher with HR 2.43 (95% CI 1.11-5.33), although confidence intervals widely overlap 
(KB Pouwels, unpublished data, 2013). The size of the effect may therefore not be 
directly comparable with the RCT findings, although the direction of the effect is the 
same with all designs. For a more thorough investigation of the performance in terms of 
bias and precision of the case-crossover design and the prescription sequence symmetry 
analysis simulation studies should be performed. 

Furthermore, we used nitrofurantoin prescriptions as a proxy for urinary tract infections. 
Although nitrofurantoin is almost exclusively used to treat urinary tract infections, this 
proxy has a somewhat lower sensitivity [6]. Since this misclassification is likely random, 
this would result in an underestimation of the effect for both designs. 

We did not have information about drug use during hospitalizations and over the 
counter drugs. The majority of urinary tract infections will be treated outside the 
hospital and both antibiotics and ACEi are not available over the counter in the 
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Netherlands. However, our results may be affected by immeasurable time bias during 
hospitalizations. Despite these limitations, we did find results that were similar to that 
found in a randomized setting [7].

In addition, the case-crossover and prescription sequence symmetry design produce 
different effect estimates (odds ratio vs sequence ratio) that may only be comparible 
under certain conditions. A sequence ratio and a risk ratio should approximate each 
other when the length of follow-up is the same in the cohort as in the prescription 
sequence symmetry analysis [27]. On its turn an odds ratio approximates a risk ratio if 
the outcome is rare. Since less than 1% of patients initiating ACEi treatment received 
a nitrofurantoin prescription within a time-window of 4 weeks, it seems reasonable to 
consider the outcome as rare in the prescription sequence symmetry analysis, Similarly, 
first nitrofurantoin prescriptions are expected to be rare whitin 4 weeks of (re-)initiating 
or stopping ACEi therapy, a situation in which non-collapsibillity of the odds ratio is 
of less concern.   

Finally, our results may not be generalizable to all urinary tract infections. We only 
considered first urinary tract infections in our analyses. Although ACEi initiation is 
associated with an increased risk of first UTIs, ACEi treatment may even reduce the 
risk of recurrent UTIs. As ACEi can inhibit rac1 membrane expression [28, 29], they 
may reduce bacterial invasion [30-33] and subsequently prevent the establishment of 
a reservoir of recurrent UTIs [34]. If this effect is stronger than the ACEi-associated 
reduction in urine output [8, 9], ACEi may decrease the risk of recurrent urinary tract 
infections, despite increasing the risk of first UTIs. However, awareness of the association 
between ACEi therapy initiation and the risk of first UTIs may improve adherence, 
especially if future research does show that ACEi can reduce the risk of recurrent UTIs. 

In conclusion, these findings further support the hypothesis that ACEi therapy initiation 
is associated with an increased risk of developing first UTIs, even after adjustment for all 
potential time-invariant and several time-varying confounders. Furthermore, despite the 
similarities between the case-crossover design and the prescription sequence symmetry 
design and the use of the same database, the prescription sequence symmetry design 
led to slightly lower effect estimates than the case-crossover design and the analysis in a 
randomized setting. 
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Abstract

Background
A Dutch cohort study reported that the combined use of SSRIs with NSAIDs 
synergistically increases the risk of initiating a treatment course with peptic ulcer 
drugs (used as a proxy for uncomplicated gastrointestinal adverse effects) compared 
to TCA users. However that study was prone to unmeasured confounding, as no 
adjustment for potential differences between SSRI and TCA users was performed. 
We evaluated the same association in the same database using a prescription 
sequence symmetry analysis. 

Methods
Drug dispensing data between 1994 and 2011 were retrieved from the IADB.nl 
database. A prescription sequence symmetry analysis was used to assess whether 
peptic ulcer drugs were prescribed more often following SSRI therapy initiation in 
combination with NSAIDs, than the other way around. The association between 
NSAIDs alone and peptic ulcer drugs was also evaluated, as a positive control. 

Results
In total, 50,350 incident SSRI users were identified. Of these patients, 277 were 
incident users of both SSRIs and peptic ulcer drugs within a four week time-
span. Less patients received peptic ulcer drugs after SSRI therapy initiation than 
the other way around (126 vs. 151), corresponding to an adjusted sequence ratio 
(ASR) of 0.83 (95% confidence interval [CI] 0.65-1.06). The ASR of concurrent 
use of SSRIs and NSAIDs (1.48, 95% CI, 0.90-2.49) did not exceed the ASR of 
NSAIDs alone (2.50, 95% CI, 2.27-2.76). 

Conclusions
Our findings indicate that at least part of the previously reported association 
between combined use of SSRIs with NSAIDs and peptic ulcer initiation might 
be attributed to unmeasured or residual confounding. 
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Introduction

Selective serotonin reuptake inhibitors (SSRIs) are a class of antidepressant drugs that are 
thought to increase the risk of gastrointestinal adverse events [1]. De Jong et al., reported 
that the combined use of nonsteroidal anti-inflammatory drugs (NSAIDs) with SSRIs 
synergistically increased the risk of initiating a treatment course with peptic ulcer drugs 
as a proxy for gastrointestinal adverse effects (RR 12.4, 95% CI 3.2-48.0). In an attempt 
to limit confounding by indication, tricyclic antidepressant (TCA) users were used as 
a control group. As the observed association was not adjusted for potential differences 
between TCA and SSRI users [1], channelling bias or unmeasured confounding may 
have affected the estimation of the adverse effects.  

We re-analysed the study of De Jong et al. [1] to evaluate whether the dramatic increased 
risk associated with combined use of SSRIs and NSAIDs could be (partly) explained by 
differences in patient characteristics between SSRI and TCA users. 

A prescription sequence symmetry analysis was used to overcome the problem of finding 
an appropriate control group. The main advantage of this method is that the patient 
population serves as its own control group, thereby controlling for time-invariant 
(unmeasured) confounding. 

Methods

A prescription sequence symmetry analysis was applied to data from the same pharmacy 
prescription database (IADB.nl) that de Jong et al. [1] used. This database contains 
prescription data from 1994 till 2011 from approximately 54 Dutch community 
pharmacies and covers an estimated population of 500,000 patients [2]. The database 
has been shown to be representative for the Netherlands in terms of drug use [3]. The 
database contains, among other data, information on the date of prescription, number 
of days the drug was prescribed for and the number of prescribed daily doses based 
on the WHO definition [2]. The medication records for each patient are virtually 
complete, except for over the counter (OTC) drugs and medication dispensed during 
hospitalization [4]. 

Study population and outcome definition
From the IADB.nl database incident users of SSRIs (Anatomical Therapeutic Chemical 
classification [ATC] code N06AB), TCAs (ATC code N06AA), NSAIDs (ATC code 
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M01A) and peptic ulcer drugs (ATC code A02B) were selected. Only people who were 
18 years or older during the first incident prescriptions were included. 

Incident users of a drug were defined as users who did not use the drug in a period of 
6 months before the first prescription, while being captured in the database for at least 
that period of time. All patients being prescribed thrombocyte aggregation inhibitors 
(ATC code B01A) or systemic corticosteroids (ATC code H02) in a period of 6 months 
before the incident use of the above mentioned drugs (SSRIs, TCAs, NSAIDs and 
peptic ulcer drugs) were excluded. The outcome was defined as a first start of a peptic 
ulcer drug course (H2-receptor blocking agents, proton pump inhibitors, prostaglandins 
[ATC code A02B]). 

Statistical analysis
A prescription sequence symmetry analysis was performed to evaluate whether peptic 
ulcer drugs were prescribed more often following the drugs of interest than the reverse 
[5]. When assessing the association between initiating treatment A and B, the sequence 
ratio (SR) is calculated by dividing the number of individuals starting treatment A first 
and treatment B second by the number of individuals starting treatment B first and 
treatment A second. If there would be no association between the drugs, patients should 
have equal probabilities to receive the drugs in either order, yielding a SR of 1. However 
if drug A has a side-effect that is treated with drug B, more patients would be prescribed 
drug B after drug A than the reverse, yielding a SR above 1. 

Since prescription sequence symmetry analyses are vulnerable to trends in prescribing, 
we adjusted the crude SR for time trends in use of the study drugs. The adjusted SR 
was obtained by dividing the crude SR by a null ratio, i.e. the SR obtained assuming no 
association between both drugs based on overall prescribing of both drugs in the total 
IADB population, taking into account the exclusion criteria [5, 6]. For concurrent use 
of NSAIDs and SSRIs or TCAs we used the null-ratios obtained for NSAIDs alone. The 
adjusted SR is an estimate of the incidence ratio of peptic ulcer prescribing in exposed 
versus non-exposed person time [5, 6].

For the primary analysis, only patients for which the time-span between both 
incident prescriptions was between 2 and 28 days were included to limit time-varying 
confounding.  We estimated 95% confidence intervals (95% CIs) of SRs using exact 
confidence intervals for binomial distributions using STATA 12 software (StataCorp LP, 
College Station, TX, USA).   
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Sensitivity analyses
In sensitivity analyses we evaluated whether our results were sensitive to certain choices 
in the design. First, because knowledge about a possible side-effect might influence the 
prescribing of general practitioners, we assessed whether restricting our analyses to the 
period before July 2000, the cut-off date De Jong et al. used [1], would change our 
results. Second, we evaluated the effect of using a drug-free run-in period of two years 
instead of half a year. Third, we calculated the ASR for SSRI and peptic ulcer drugs 
within different time-spans to evaluate whether the possible association would be stable 
using different time-windows ranging from two to eight weeks. Fourth, we evaluated 
whether excluding individuals using ATC code ‘M01AX’ (Other anti-inflammatory 
and anti-rheumatic agents, non-steroids) influenced the results. Finally, we restricted 
our analyses to patients that started with SSRI therapy within 90 days before the first 
NSAID prescription to exclude patients that already used SSRIs for a long period, before 
their first NSAID prescription. 

Results

In total, 50,350 incident adult patients who initiated SSRI treatment were identified 
between July 1994 and December 2011. The median age of these patients at the start of 
SSRI therapy was 43 [interquartile range (IQR), 25], 64.0% was female and 25.8% had 
recorded use of NSAIDs in the year prior to SSRI therapy initiation. After excluding 
patients that used peptic ulcer drugs within 1 day of SSRI therapy initiation and those 
that used NSAIDs, systemic corticosteroids or thrombocyte aggregation inhibitors, 277 
patients that received a peptic ulcer drug course within 4 weeks prior to or after SSRI 
treatment initiation were identified. The median age of these patients at the start of SSRI 
treatment was 42 (IQR 23) and 61.7% was female.

Of these 277 patients, 126 (45%) started SSRI therapy prior to peptic ulcer drug 
treatment, while 151 (55%) patients started peptic ulcer drug treatment first, which 
corresponds to an adjusted sequence ratio of 0.83 (95% CI, 0.65-1.06) (Table 6.1). 

Concurrent use of SSRIs and NSAIDs was associated with a statistically non-significant 
increase in the risk of starting peptic ulcer drug treatment (aSR, 1.48, 95% CI 0.90-
2.49), which did not exceed the risk estimated for NSAID treatment alone (aSR 2.50, 
95% 2.27-2.76). Similar results were obtained for TCA treatment alone and concurrent 
use of TCAs and NSAIDs (Table 6.1). 
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Table 6.1. Symmetry analysis of selected drug therapy initiation within 4 weeks of peptic ulcer drug 
therapy initiation using a drug-free run-in period of half a year. Table 6.1. Symmetry analysis of selected drug therapy initiation within 4 weeks of peptic ulcer drug 
therapy initiation using a drug-free run-in period of half a year.  
Drug Peptic ulcer drug prescribed 

first/second (n) 
Adjusted sequence ratio (95% 
CI)a 

SSRI 151/126 0.83 (0.65-1.06) 

NSAID 571/1445 2.50 (2.27-2.76) 

SSRI+NSAID 28/42 1.48 (0.90-2.49) 

TCA 68/63 0.92 (0.65-1.32) 

TCA+NSAID 11/16 1.44 (0.63-3.43) 

SSRI, selective serotonin reuptake inhibitor; NSAID, non-steroidal anti-inflammatory drugs; TCA, 
tricyclic antidepressant; CI, confidence interval. 
a adjusted for trends in prescribing 
 

Sensitivity analysis
Restricting the analysis to data obtained before the end of the study period of De Jong et 
al. [1], did not substantially change the results. No association was found between SSRIs 
and peptic ulcer drug initiation (aSR 0.85, 95% CI 0.54-1.33), while an association 
between NSAIDs and peptic ulcer drugs was still present (ASR 1.91, 95% CI 1.61-
2.29). In addition, the risk of concomitant use of NSAIDs and SSRIs was still not 
higher than the risk for NSAIDs alone. 

The results were insensitive to prolonging the drug-free run-in period from half a year to 
two years. Using this prolonged run-in period, no association was found between SSRIs 
and peptic ulcer drugs (ASR 0.98, 95% CI 0.74-1.30). Additionally, the sequence ratio 
for concomitant use of NSAIDs and SSRIs (aSR 1.38, 95% CI 0.75-2.59) remained 
lower than for NSAIDs alone (aSR 2.96, 95% CI 2.61-3.36). 

When using different maximum time-spans between both first prescriptions, ranging 
from 1 to 8 weeks, no association was present between SSRIs and peptic ulcer drugs. 
The sequence ratios were relatively stable within these different maximum time-spans 
between the prescriptions, ranging from an aSR of 0.87 (95% CI 0.70-1.09) to 1.00 
(95% CI 0.73-1.37). The results for concomitant use of NSAIDs and SSRIs were also 
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relatively stable using these different time-spans, ranging from an aSR of 1.24 (95% CI 
0.76-2.12) to 1.67 (95% CI 0.88-3.35). 

Excluding individuals using ATC code ‘M01AX’ did not change the results, as none 
of the patients receiving a first peptic ulcer drug course within 28 days of starting with 
concomitant use of NSAIDs and SSRIs did use a drug that falls in this category. 

When restricting our analyses to patients that started with SSRI therapy within 90 days 
before the first NSAID prescription, the aSR was not higher for concurrent use of SSRIs 
and NSAIDs than for NSAIDs alone using both a run-in period of half a year (2.23 vs 
2.50) and a run-in period of 2 years (1.32 vs 2.96). 

Only 3 patients initiated SSRI and NSAID therapy on the same day, without receiving 
prophylactic peptic ulcer drugs. Two patients received first this combination of drugs 
and then peptic ulcer drugs, while one patient received those drugs in the reverse order. 

Discussion

This prescription sequence symmetry analysis suggests that concurrent use of SSRIs 
and NSAIDs is not associated with an increased risk of starting peptic ulcer treatment 
compared to NSAIDs alone. Our results are in contrast with the study of De Jong et al. 
who found that combined use of NSAIDs with SSRIs synergistically increased the risk 
of initiating a treatment course with peptic ulcer drugs.  

Given that we used the same database and similar inclusion and exclusion criteria as 
de Jong et al. [1], the main difference between their study and ours is that we used an 
alternative design that reduces time-invariant (unmeasured) confounding. In accordance 
with our results, Dall et al., who applied a case-control design in which they controlled 
for various potential confounders including alcohol abuse, did not observe an increased 
risk of uncomplicated peptic ulcers associated with combined use of SSRIs and NSAIDs 
[7]. These data suggest that the synergistically increased risk of combined use of SSRIs 
and NSAIDs found by De Jong et al. [1], might be, at least partly, contributed to 
unmeasured confounding. The study of De Jong et al. was vulnerable to confounding 
bias, because they compared SSRI users with TCA users, without adjusting for any 
potential differences between these different types of patients [1]. 

For example, it has been shown that heavy alcohol use is a strong confounder when 
evaluating the association between SSRI use and GI bleeding [8]. This can be explained 
by the fact that alcohol abuse is a well-known risk factor for both GI adverse events and 
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depression. TCAs can potentiate the effects of alcohol due to their antihistaminic effects, 
while SSRIs have minimal antihistaminic properties [9] and consequently do have 
minimal effects on alcohol pharmacokinetics and pharmacodynamics [10]. Therefore, 
alcohol abuse might be less common among TCA users than among SSRI users, due to 
channelling by the physician. In our database, SSRI users were indeed approximately 2 
times more likely to use drugs indicated for treatment of alcohol dependence (ATC code 
N07BB) than TCA users.

The main strength of our study is that we controlled for time-invariant (unmeasured) 
confounding, because the patient population serves as its own control. By using relatively 
short time-spans between SSRI and peptic ulcer drug prescriptions we further reduced 
(unmeasured) time-varying confounding. 

However, the prescription sequence symmetry analysis is still vulnerable to confounding 
by disease severity or sudden-onset diseases. Despite figure 1 suggests that confounding 
by disease severity or other time-varying variables might result in spurious inflations of 
the risk of starting peptic ulcer treatment; we did not find an increased risk associated 
with SSRIs, indicating that our results are not largely affected by changes in disease 
severity. 

Alternatively, it is possible that we could not detect an increased risk using our study 
design, because we could not capture peptic ulcer drugs courses prescribed during 
hospitalizations or measure over-the-counter NSAID and peptic ulcer drug use. 
However, De Jong et al. did previously find and increased risk in patients concurrently 
using SSRIs and NSAIDs, while coping with the same limitations [1]. Moreover, the 
well-known increased risk of gastrointestinal adverse effect after starting with NSAID 
treatment [11, 12] was conformed in our study. Therefore, the lack of an increased risk 
associated with SSRI use, whether or not used concurrently with NSAIDs, is likely not 
related to these potential limitations.   

It is possible that using a drug-free run-in period of half a year was not long enough 
to guarantee incident use of the study-drugs. We used a run-in period of half a year as 
we tried to use the same restrictions as De Jong et al. did [1], to be able to make a fair 
comparison. However, sensitivity analysis showed that prolonging the drug-free run-in 
period to two years did not substantially change the SR estimates.   

While De Jong et al. assessed the effect of concurrent use of NSAIDs and SSRIs in 
starters [1], we assessed the effect of co-administration of NSAIDs in more chronic 
SSRI users. Because patients that experience adverse events with SSRIs may self-select 
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themselves out of longer treatment [13], starters might have a different risk than chronic 
SSRI users. However, restricting our analyses to patients that started with SSRI therapy 
within 90 days before the first NSAID prescription did not substantially change the SR 
estimates. 

As we restricted our analyses to relatively short time-spans to reduce the potential 
influence of time-varying confounding, we could not detect a risk that develops later in 
the course of treatment. However, De Jong et al. found an increased risk for concomitant 
use of SSRIs and NSAIDs during an average follow-up of 21 days [1]. In addition, Dall 
et al. found that the risk of uncomplicated peptic ulcers is strongest during the first 30 
days of SSRI treatment [7], indicating that our time-span of four weeks should be long 
enough to capture potential drug-related increases in peptic ulcer drug prescribing.  

In conclusion, our results suggest that the observations reported by de Jong et al. [1] 
might, at least partly, be attributed to unmeasured confounding. Although comparison 
with a drug that is used to treat the same indication does limit confounding, it does 
not eliminate all potential confounders. Therefore, when limited data on potential 
confounders are available, a self-controlled design can have added value, because it 
reduces time-invariant confounding [14]. 
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Abstract

Background
Recent reported associations between prenatal antibiotic use and childhood asthma 
may have been influenced by unmeasured confounders or time-trends in exposure 
prevalence. We aimed to assess the association between prenatal antibiotic use and 
asthma in preschool children with a case-sibling and case-control design. 

Methods
We conducted a case-sibling study in which 1,228 children with asthma were 
compared to 1,228 siblings without asthma, using data from the prescription 
database IADB.nl. In addition, a case-control study was conducted. Maternal 
exposure was defined as ≥1 day of supply of antibiotics during pregnancy. Asthma 
in preschool children was defined as ≥3 prescriptions for anti-asthma medication 
within a year before the fifth birthday. Conditional logistic regression was used 
to estimate crude and adjusted odds ratios (aOR). The case-sibling results were 
additionally adjusted for potential time-trends in antibiotic exposure.

Results
Both the case-sibling and case-control analysis yielded similar increased risks of 
asthma in preschool children when antibiotics were used in the third trimester 
of pregnancy (aOR 1.37;95%CI 1.02-1.83 and aOR 1.40;95%CI 1.15-1.47). 
Time trend analyses showed that results were not influenced by a time trend in 
antibiotic exposure. Significant increased risks of asthma in preschool children 
after exposure to antibiotics in any trimester of pregnancy was observed in the 
case-control analysis only (aOR 1.46;95%CI 1.34-1.59).

Conclusions
Exposure to antibiotics in the third trimester of pregnancy appeared to be associated 
with a small increased risk of asthma in preschool children. This association 
appeared not to be influenced by time-invariant confounders or time trends in 
antibiotic exposure.
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Introduction

The prevalence of atopic diseases, like asthma, has increased dramatically in developed 
countries [1]. Latest evidence suggests that exposure to environmental factors and drugs 
during early life or pregnancy may play a role in this sudden increase in atopic disease 
development [2, 3]. Currently, there is an on-going debate whether antibiotic use during 
pregnancy could increase the child’s asthma risk [4-12].

According to the hygiene hypothesis, children who are less frequently exposed to 
micro-organisms at birth and in early life are prone to developing atopic diseases 
[13, 14]. Antibiotics taken during pregnancy can result in the alteration of vaginal 
bacterial flora during birth and may ultimately predispose the immune system to 
develop towards an atopic state [15, 16]. Therefore the association between antibiotics 
during pregnancy and asthma in the offspring would be expected stronger for 
exposure periods shortly before birth, i.e. stronger in the third than the first trimester.  
Several studies reported associations between antibiotic use during pregnancy and 
asthma development in children [4-12].  A recent study reported that the association 
between antibiotic use and childhood asthma was not restricted to the pregnancy period 
only, suggesting that antibiotic use is a marker of the mother’s general propensity for 
infections [10]. However they did not account for the correlation between antibiotic 
use before, during and after pregnancy. In addition, a Swedish case-sibling study stated 
that previous found associations can be explained by time-invariant confounders shared 
within families [12]. However, potential time-trends in the underlying cohort could 
have influenced the results of the case-sibling study, especially since exposure periods 
were compared within the same person i.e. exposure periods were per definition always 
different periods in time [17, 18]. Firstborn children are at higher risk of developing 
asthma than their later born siblings and it is therefore likely that birth sequence is 
unevenly distributed between case and control siblings [19, 20]. If there was a time-
trend in exposure frequencies in the underlying cohort, an uneven distribution of birth 
sequence could have introduced time-trend bias. 

We aimed to assess the association between antibiotic use in pregnancy and the 
development of asthma in preschool children, by applying a case-sibling design. To 
evaluate the influence of time-invariant confounding, results of the case-sibling analysis 
were compared with results obtained using a matched case-control design. In our 
secondary analyses, we evaluated if found associations were restricted to the pregnancy 
period only while adjusting for correlations between pre- and postnatal antibiotic use. 
In addition, we evaluated the influence of potential time trends in exposure frequencies 
in the case-sibling analysis. 
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Methods

Setting 
Data for this study were collected from the IADB.nl database, a prescription database 
from the University of Groningen in the Netherlands. The IADB.nl contains prescription 
records of community pharmacies and covers a population of approximately 500,000 
patients, including a mother-infant subset of approximately 40,000 children and their 
mothers,  living in the Northern part of the Netherlands. The database is representative 
of the Netherlands as a whole and is described in detail elsewhere [21, 22]. Over the 
counter medication and medication dispensed during hospitalization were not recorded 
in the database. 

Study designs
We applied both a case-sibling and a matched case-control design. In the case-sibling 
analysis, preschool children with asthma were compared with their own siblings without 
asthma, thereby minimizing (un)measured time-invariant confounding (i.e. covariates 
that have similar statistical distributions in both pregnancies, such as maternal genetic 
predisposition and other stable familial factors) [23, 24]. In addition, results of the case-
sibling analysis were adjusted for potential time trends (see also Appendix 1). In the 
more conventional case-control study, cases were not restricted to children with eligible 
siblings resulting in higher statistical power. Because exposure status was compared 
between children with asthma and randomly selected children without asthma, this 
design is per definition more vulnerable to potential confounding. 

Moreover, a maternal-paternal comparison was performed, using the case-sibling 
subjects. We analysed paternal exposure to systemic antibiotics during pregnancy in the 
subset of children where paternal data were present as a potential measure for infections 
in the household, while adjusting for potential confounders [25].

Study population
The study population was restricted to all preschool children present in the database 
from birth until the age of 5 years. Children who were part of multiple births were 
excluded from the study population.

Case definitions 
Children were defined as cases if they had received at least 3 prescriptions for 
asthma medication (ATC-group R03) within a 12 month period before the fifth 
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birth day according to the primary care drug treatment guidelines [26]. In the case-
sibling analysis a case was eligible for inclusion if there was at least one available 
control, i.e. one sibling without any prescriptions from the ATC-group R03 before 
his or her fifth birthday. Sibling controls were matched to cases with a 1:1 ratio, 
thereby preventing the introduction of bias due to exposure dependency between 
control siblings [27]. Therefore, if multiple sibling controls were available for a 
case, one eligible sibling control was randomly selected and matched to the case.  
In the case-control analyses, cases were eligible for inclusion, irrespective of their sibling 
status. Controls in the case-control analyses were defined as all children that had not 
received prescriptions for asthma medication before their fifth birthday. Controls were 
matched to cases on birth date (±3 years) with a 6:1 ratio. 

Exposure to antibiotics in and after pregnancy
In the Netherlands antibiotics are prescription drugs and no over the counter sale is allowed. 
Maternal exposure was defined as at least a one day supply of systemic antibiotics (ATC-
group J01) during pregnancy. Since the actual conception date was unknown, pregnancy 
was defined as the birth date of the child minus 273 days. Subtypes of antibiotics were 
stratified into beta-lactam penicillins (ATC-group J01C), Sulphonamides (ATC-group 
J01E), Macrolides (ATC-group J01F), Nitrofurantoin (ATC-group J01XE) and other 
antibiotics (remaining subgroups of ATC J01). Exposure was further stratified according 
to trimester of exposure, consisting of 13 weeks each (first 1-91 days; second:  92-189 
days; third 190-273 days), thereby adjusting for exposure in the other trimesters. Since 
only the child’s birth date is known, the theoretical conception data was determined as 
the data of birth minus 273 weeks (39 weeks).  To evaluate whether associations were 
restricted to the pregnancy period only, we assessed the effect of maternal antibiotic use 
in the 13 weeks after delivery while adjusting for antibiotic use during pregnancy. 

Covariates
Potential confounders were gender of the child and birth order [19, 20, 28]. We did not 
adjust for antibiotic use in the preschool children as early symptoms of undiagnosed 
asthma are often treated with antibiotics [7, 29]. Adjustment for antibiotic use in 
preschool children would consequently result in an underestimation of the true effect, if 
present, due to protopathic bias [7, 30, 31]. Maternal characteristics that are measured 
in the database and could potentially be confounders or correlated with confounders 
of the association between maternal antibiotic use and asthma in the offspring are: 
age at delivery [32], the use of asthma medication (ATC-group R03) [32], use of acid 
suppressive drugs (ATC-group A02B) [23, 24], use of anti-depressant drugs (ATC-group 
N06) [33], use of drugs indicated for allergic dermatitis (ATC-group D07), use of drugs 
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indicated for allergic rhinitis (ATC-group R01AD, R01AC), and use of insulin (ATC 
-group A10A) [32, 33] during pregnancy (defined as having at least a one day supply 
of the drug class). Though the genetic predisposition for the development of asthma is 
equal between cases and controls in the case-sibling analysis, the allergic status of the 
mother can be different [34]. Hence, we also performed a sub-analysis on a subgroup of 
children whose mothers who did not use asthma medication during either pregnancy.  

Statistical analyses
We used conditional logistic regression to obtain the odds ratios (OR) and their 
corresponding 95% confidence intervals (95%CIs) in both the case-sibling and matched 
case-control analyses. In multivariate analyses, OR’s were adjusted for variables that 
were significantly associated (p<0.05) with both the outcome (asthma of the child) and 
the exposure (antibiotic use during pregnancy) in univariate analyses. Each remaining 
covariate was further assessed for possible confounding by adding it to the multivariate 
regression to evaluate whether it resulted in a more than 10% change in the effect estimate. 
The distributions of covariates were measured with paired tests.  In addition, OR’s for 
the development of asthma after exposure to antibiotics anytime during pregnancy and 
during different trimesters of pregnancy were adjusted for potential time-trends in the 
case-sibling analysis (see Appendix 7.1). 

Since data on smoking, respiratory infections and asthma status during pregnancy are not 
available in the IADB.nl, both the case-sibling and the case-control design cannot adjust 
for these potential time-varying confounders.  Therefore we used a simplified sensitivity 
analysis proposed by VanderWeele et al. [35] to assess the impact of unmeasured 
confounders on our main analysis of the case-sibling study. A detailed description of 
this method is available in appendix 7.2. All analyses were conducted using the IBM 
SPSS Statistics 20 version and R (version 3.0.2).

Results

Case-sibling analysis 
In the case-sibling analysis 1,228 children with asthma were included as cases and 
1,228 siblings without asthma were included as controls. Analysis of the distribution of 
covariates between cases and controls showed that case siblings were more often male 
and were more often born before than after their control siblings. Mothers were older 
at delivery and used more acid suppressive drugs during the pregnancy that resulted in 
a case (Table 7.1). Children who were exposed to antibiotics during pregnancy were 
more often born before their sibling. Mothers who used antibiotics during pregnancy 



Antibiotics during pregnancy and asthma in preschool children

135

also received anti-asthma medication and acid suppressive drugs more often during that 
pregnancy (appendix 7.3).

Table 7.1. Distribution of covariates between cases and controls in case-sibling and case-control 
analysisTable 7.1. Distribution of covariates between cases and controls in case-sibling and case-control analysis 

 

 Case-sibling analysis   Case-control analysis 
 n (%) n (%)   n (%) n (%)  
 Cases 

(N=1228) 
Controls 
(N=1228) 

P-value  Cases 
(N=3,754) 

Controls 
(N=22,523) 

P-value 

        
Child characteristics        
Male gender 815 

(66.4) 
565 
(46.0) 

<0.001  2372 
(63.2) 

10,808 
(48.0) 

<0.001 

Mean age at index date  
asthma (years) 

1,63     1.65    

Birth order: First born 444 
(36.2) 

784 
(63.8) 

<0.001  NA NA  

Use of ABs before index date 939 
(76.5) 

631 
(51.4) 

<0.001  2932 
(78.1) 

9564 (42.5) <0.001 

        
Mother characteristics        
Mean age (years) 29.8  29.0 <0.001  30.3 30.6 <0.001 
Use of medication for atopic 
diseases during pregnancy 

314 
(25.6) 

320 
(26.1) 

0.774  1069 
(28.5) 

4410 (19.6) <0.001 

        Asthma medication 73 (5.9) 82 (6.7) 0.321  301 (8.0) 698 (3.1) <0.001 
        Drugs for atopic  
 dermatitis 

123 
(10.0) 

110 (9.0) 0.362  405 (10.8) 1936 (8.6) <0.001 

        Drugs for rhinitis 171 
(13.9) 

181 
(14.7) 

0.535  595 (15.8) 2342 (10.4) <0.001 

Use of acid suppressive drugs 
during pregnancy (ATC A02B) 

51 (4.2) 26 (2.1) 0.001  196 (5.2) 627 (2.8) <0.001 

Use of insulin during pregnancy 10 (0.8) 8 (0.7) 0.687  27 (0.7) 157 (0.7) 0.879 
Use of antidepressants during 
pregnancy 

30 (2.4) 27 (2.2) 0.749  101 (2.7) 439 (1.9) 0.003 

        
Father characteristics        
Data present (N) 903 835   2544 13626  
Use of medication for atopic 
diseases during pregnancy 

223 
(24.7) 

189 
(22.6) 

0.176  738 (29.0) 2957 (21.7) <0.001 

        Asthma medication 74 (8.2) 49 (5.9) 0.012  251 (9.9) 595 (4.4) <0.001 
        Drugs for atopic dermatitis 99 (11.0) 97 (11.6) 1.000  312 (12.3) 1427 (10.5) 0.025 
        Drugs for rhinitis 94 (10.4) 80(9.6) 0.494  349 (13.7) 1438 (10.6) <0.001 

        

Of the cases 24,5% were exposed to antibiotics during pregnancy, while 22,3% were 
exposed in the control group. The use of antibiotics during pregnancy in general did not 
yield a significant increase in risk for the development of asthma in preschool children 
(aOR 1.06 95%CI 0.85-1.32). Stratification on trimester of exposure yielded a small but 
statistically significant increase in risk for the development of asthma in preschool children 
(aOR 1.37 95%CI 1.02-1.83) among those exposed in the third trimester, independent 
of exposure in the other trimesters. In addition, when we restricted case-status to children 
that continued anti-asthma treatment until at least the age of 3, the aOR after exposure 



Chapter 7

136

in third trimester increased to 1.51 (95%CI 1.07-2.14). In contrast the risk of asthma 
development among those with exposure in the first trimester was significantly decreased 
(aOR 0.70 95%CI 0.50-0.98). This decreased risk explains the difference between the 
effects in the third trimester compared to the null effect of exposure at any time during 
pregnancy. Subsequent analyses of first trimester exposure found that the decreased risk 
was present primarily in tetracycline exposure between cases (n=8; 0.7%) and controls 
(n=15; 1.2%)). When we assessed the effect of exposure in the 13 weeks after delivery 
the aOR was 1.03 (95%CI 0.80-1.32). There were no significant increases in risk for 
the development of childhood asthma after stratification on the subtypes penicillin’s, 
sulfonamides, macrolides and nitrofurantoin (Table 7.2). When the analysis of the 
association between antibiotic use in third trimester and the development of asthma in 
the offspring was restricted to children from mothers who were not using any asthma 
medication during pregnancy, the aOR was attenuated to 1.22 (95%CI 0.90-1.67).  

Influence of postnatal antibiotic use and potential time-trends 
When we assessed the effect of maternal antibiotic use in the 13 weeks after delivery the 
aOR was 1.03 (95%CI 0.80-1.32). In addition, the case-sibling analysis appeared not 
to be influenced by a time-trend in exposure frequency, since the time-trends adjusted 
odds ratio was similar to the original case-sibling odds ratio (1.06 95%CI 0.81-1.36 vs 
1.06 95%CI 0.85-1.32) (Table 7.2). Time-trends adjusted odds ratios for antibiotic use 
in the different trimesters of pregnancy were also similar to the odds ratios of the original 
case-sibling analysis (Table 7.2).

Maternal-paternal comparison and sensitivity analysis 
The analysis of paternal exposure to antibiotics during the third trimester of pregnancy 
as proxy for infections in the household and other factors shared by both parents showed 
no significant increased risk of asthma (aOR 1.11 95%CI 0.70-1.74). 
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Effect estimates were almost identical for maternal exposure in the third trimester when 
restricted to this subset or the main analysis (aOR 1.39 vs aOR 1.37). 

Appendix 7.2 shows the effects of a hypothetical unmeasured confounder in the case-
sibling analysis. A binary confounder, with a prevalence of 10% among unexposed, that 
could have biased the third-trimester results from 1.00 to 1.37 should have a strong 
association with the exposure and/or the outcome (Appendix 7.2), thereby exceeding 
the effects of any measured confounder. For this scenario, if the prevalence of the binary 
confounder is 2 times higher than the prevalence among unexposed women, the OR 
between this confounder and asthma in the offspring should be 6.9 to bias the effect 
estimate from 1.00 to 1.37. However, for this scenario a confounder with an OR of 1.21 
could bias the results from statistically non-significant to statistically significant.  

Case-control analysis 
In the case-control analysis we included 3,754 children with asthma and 22,523 
children without asthma (controls). Univariate analysis identified gender, maternal age 
at delivery, maternal use of acid suppressive drugs, antidepressant drugs and drugs for 
atopic disease during pregnancy as potential confounders (appendix 7.3). 

25,4% of cases and 17,8% of controls were exposed to antibiotics during pregnancy. 
The use of antibiotics during pregnancy in general yielded a small but significant 
increase in the risk of childhood asthma (aOR 1.45 95%CI 1.33-1.58). Risks were 
even higher when children were exposed to higher doses (DDDs) during pregnancy 
(aOR 1.90 95%CI 1.62-2.22). After adjusting for antibiotic exposure during other 
trimesters, the risk of childhood asthma was highest in the third trimester, although 
confidence intervals overlap (table 7.3).  Stratification on the different subtypes of 
antibiotics yielded significant increases in risk for the development of childhood asthma 
only for the penicillin, sulfonamide and macrolide subtypes (table 7.3). Exposure to 
nitrofurantoin was not statistically significantly associated with the development of 
asthma in preschool children (aOR 1.10 95%CI 0.91-1.33).  

Discussion

Exposure to antibiotics during pregnancy was associated with a small increased risk of 
asthma in preschool children in our case-control analysis. In the case-sibling analysis, this 
association for exposure anytime during the whole pregnancy was considerably reduced, 
suggesting that confounding by time-invariant factors may have played an important 
role. However, when stratified by trimester both designs found an association between 
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exposure to antibiotics in the third trimester and an increased risk of asthma in preschool 
children. The similar estimates and confidence intervals of the case-sibling and case-
control study for the second and third trimester, suggest that the influence of potential 
time-invariant confounding is minimal. Given these very similar effect estimates, the 
discrepancy between both designs after exposure anytime during pregnancy is almost 
solely caused by the significant decreased risk found in the first trimester of the case-
sibling design. Secondary analyses showed that results of the case-sibling analysis were 
restricted to the pregnancy period only and were not influenced by a time-trend in 
antibiotic exposure.  

Table 7.3. Unadjusted and adjusted conditional odds ratios for the development of asthma 
in preschool children after exposure to antibiotic drugs during pregnancy in the case-
control analysis

Table 7.3. Unadjusted and adjusted conditional odds ratios for the development of asthma in 
preschool children after exposure to antibiotic drugs during pregnancy in the case-control analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* Adjusted for gender, maternal age at delivery, maternal use of acid suppressive drugs, 
antidepressant drugs and drugs for atopic diseases during pregnancy 
‡ Odds ratios were additionally adjusted for exposure in other trimesters 
** Women can be exposed to more than one subgroup of antibiotics 

 

 Case-control analysis 
 Cases  

(N=3754)  
N (%) 

Controls 
(N=22524)  
N (%) 

Unadjusted 
conditional OR 
(95% CI) 

Adjusted 
conditional OR 
(95% CI)* 

     
Exposure to 
any antibiotic 
during 
pregnancy 

952 (25.4) 4017 (17.8) 1.57 (1.45-1.71) 1.45 (1.33-1.58)  

     
Trimester of 
exposure 

    

Trimester 1 336 (9.0) 1,401 (6.2) 1.49 (1.31-1.68) 1.23 (1.08-1.41) ‡ 
Trimester 2 404 (10.8) 1603 (7.1) 1.57 (1.40-1.77) 1.30 (1.15-1.47) ‡ 
Trimester 3 477 (12.7) 1880 (8.3) 1.61 (1.44-1.79) 1.40 (1.25-1.57) ‡ 
     
Subgroup of 
antibiotics** 

    

Beta lactam 
Penicillins 

773 (20.6) 3159 (14.0) 1.60 (1.46-1.74) 1.48 (1.35-1.62) 

Sulfonamides &    
trimetoprim 

105 (2.8) 393 (1.7) 1.63 (1.31-2.03) 1.49 (1.19-1.87) 

Macrolides 50 (1.3) 190 (0.8) 1.60 (1.17-2.17) 1.37 (1.00-1.87) 
Nitrofurantoin  140 (3.7) 710 (3.2) 1.19 (0.99-1.44) 1.10 (0.91-1.33) 
Other 56 (1.5) 250 (1.1) 1.35 (1.01-1.81) 1.20 (0.89-1.61) 
     

Interpretation and comparison with other studies
To be able to conclude whether time-invariant confounding largely explains the 
association between antibiotic exposure during pregnancy and asthma in (preschool) 
children, as suggested by the recent studies of Örtqvist et al.[12] and Stockholm et 
al. [10], the reason for the discrepant findings between trimesters should be explored. 
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When assessing exposure anytime during pregnancy, results of the case-sibling analysis 
are in agreement with these other two studies. However, while we did find a difference 
between trimesters, Örtqvist et al. did not. [12] This discrepancy may be explained by 
different analytical choices. Örtqvist et al included multiple control siblings per case, 
which may have introduced bias due to exposure dependencies between control siblings 
[27]. Moreover, they did not take into account that antibiotic exposure in one trimester 
likely correlates with such exposure in other trimesters. In addition, they adjusted for 
a different subset of potential time-varying confounders and may have had different 
antibiotic prescription patterns. Moreover, they did not evaluate whether there may be 
a time-trend in exposure or confounder distribution that may have affected their results. 
Time-trends may vary between countries because of differences in prescription patterns, 
guidelines or reimbursements. Therefore, previous reported results could have been 
influenced by time-bias while our results were not. For example, if in their case-sibling 
analysis cases were more frequently born before their control siblings, and there would 
be an increasing trend in the prescribing of antibiotics in pregnant women, results will 
be biased towards no or a protective effect. In our analysis, selected cases were more 
often born after their control sibling due to the manner children entered the database 
[21]. Alternatively, given the limited sample size for the stratified analyses in comparison 
with the other study our results for the different trimester may be chance findings. 

An important limitation of the study of Stokholm et al. is that they did not take 
into account in their main analyses that antibiotic exposures before, during and after 
pregnancy are likely correlated [10]. In a sensitivity analysis they estimated the effect of 
exposure before and after pregnancy in women that were not exposed during pregnancy, 
but results were significantly lower for the period from birth to 40 weeks postpartum 
(1.42 vs 1.18). This suggests that this population was not comparable to the population 
in the main analysis or that the effect post-partum was partly explained by exposure 
during pregnancy. 

Given the potential limitations of prior studies that tried to eliminate confounding 
by designs, the findings of the differences in trimester may be caused by a biological 
mechanism. The highest risk found in the third trimester is in agreement with the 
hypothesis that antibiotic drug use during pregnancy alters the vaginal bacterial flora at 
delivery. Different studies indicate that antibiotic use can have long-term altering effects 
on the vaginal bacterial flora [5, 15], explaining the slight increased asthma risks found 
after antibiotic drug use in the second trimester. 

In contrast to the case-control analysis, our case-sibling analysis did find a decreased 
risk for use in the first trimester. Subsequent analyses found that the decreased risk in 
the case-sibling analysis was present primarily in tetracycline exposure between cases 
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(n=8; 0.7%) and controls (n=15; 1.2%)). Recent studies showed that tetracyclines may 
lower IgE-levels [36-39]. A reduction in cord blood IgE levels - a predictor of allergic 
disorders in children, especially among children with a family history of allergic diseases 
is likely more relevant in mothers with elevated IgE levels and atopic diseases [40]. This 
may explain the difference between both designs, because all mothers in the case-sibling 
gave birth to a child with asthma, and most mothers of controls in the case-control did 
not. Similarly, confounding by allergic status of the mother may explain why another 
case-control study did not find an association between prenatal exposure to tetracyclines 
and childhood asthma [11]. 

Strengths and limitations
A major strength of the present study is the replication of findings in the two study 
designs.  Application of the case-sibling study enabled us to minimize the potential 
influence of time-invariant confounders that are potential strong risk factors for asthma 
development. Comparing the results of the case-sibling with the case-control study 
allowed us to gain insight into the influence of confounding. In addition, this is the 
first study that evaluated the presence of a time-trend bias in a case-sibling design 
and corrected for that trend. In contrast to two other recent attempts to evaluate the 
influence of confounding [10, 12], we took into account that exposure to antibiotics at 
different time-points are likely correlated within the same mother. 

Another strength of our study is that data were obtained from the prescription 
database IADB.nl [21]. Validation of the identification of mother-infant pairs showed 
high accuracy, hence potential information bias was minimal. Since we made use of 
a prescription database, recall bias with respect to maternal medication use during 
pregnancy was not present. 

This study also has potential limitations. First, though we minimized potential 
confounding influences by design, we cannot rule out the possibility of some unmeasured 
time-varying confounding in the case-sibling analysis, such as smoking, infections and 
allergic state of the mother [35, 40]. 

If smoking did confound our estimate, an increased risk would also be expected for 
exposure to antibiotics in the three months after delivery since smoking would increase 
the risk of infection regardless of pregnancy. It is unlikely that women smoke during the 
pregnancy and stop immediately after the child is born. However, no increased risk was 
observed after postnatal use of antibiotics, indicating that the results are not confounded 
by smoking. Moreover, almost identical results were obtained in the case-sibling study 
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of Örtqvist et al before and after adjustment for maternal smoking, indicating that this 
is not an important confounder for this association using a sibling-design. 

Several studies evaluated the possibility of confounding by respiratory infections by 
investigating whether specific groups of antibiotics were associated with asthma [8, 
11, 12]. Amoxicillin is in those studies often considered as an ‘airway antibiotic’, 
however, at least in the Dutch situation, this would be an inadequate categorization 
as amoxicillin was during the study period the first-choice treatment for urinary tract 
infections in pregnant women. In our study, in contrast to for example penicillin, 
exposure to nitrofurantoin showed no increase in the child’s asthma risk. Given the 
limited effect of nitrofurantoin on the vaginal flora and Lactobacillus colonization [41], 
this further supports the hypothesis that a reduced microbial exposure during delivery 
can predispose the child to allergic diseases like asthma. However, since penicillins, 
such as amoxicillin are also indicated for respiratory infections, it may also indicate that 
respiratory infections do confound the association and urinary tract infections do not. 
Since data on types of infections were not available, we performed a maternal-paternal 
comparison with data from the case-sibling analysis. Paternal exposure to antibiotics was 
used as a proxy for infections in the household and other factors shared by both parents 
that may change between pregnancies. Paternal exposure did not significantly increase 
the risk of asthma in the child and the point estimate was also lower for paternal than 
for maternal exposure (aOR 1.11 vs 1.37). However, since pathogens will not always 
be transmitted to the mother a lower effect estimate would also be expected a priori for 
paternal exposure. Thus we cannot exclude indication bias due to respiratory infections.   

The allergic state of the mother, or disease severity, could also change between 
pregnancies and be associated with the child’s asthma risk.  When our analysis was 
restricted to a subgroup of children whose mothers had not used asthma medication 
during either pregnancy the child’s asthma risk was attenuated but antibiotic use during 
third trimester was still associated with a 22% increase in the child’s asthma risk.

 
Since we could not rule out potential confounding by time-varying disease severity 
and (respiratory) infections, we performed sensitivity analyses to assess how strong such 
an unmeasured confounder should be to account for the observed risk in the third 
trimester. These analyses showed that potential unmeasured time-varying confounders 
should have a much stronger association with the outcome and exposure than measured 
confounders to fully explain our findings. However, given the relatively low power of our 
case-sibling study, a weaker unmeasured confounder could render our results statistically 
non-significant. 
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The IADB.nl contains records of dispensed prescriptions of participating pharmacies 
and not the actual use of medication. It is possible that some women did not take all of 
the medication which may have led to small amount of exposure misclassification and 
an overestimation of actual use. In addition, pregnancy was a standardized at 273 days 
preceding the date of birth, which also could have led to exposure misclassification. 
This could have led to over- as well as underestimation of actual use of antibiotic drugs 
during each trimester of pregnancy. 

The database lacks information about indications, therefore case status was determined 
based on dispensed prescriptions for anti-asthma medications [26]. To ensure high 
specificity of case selection, cases were required to receive at least 3 prescriptions for 
anti-asthma medication within a 12 month period. Because of this specific inclusion of 
cases some children with mild symptoms or untreated asthma may have been missed. 
However, a recent study of our group in the same source population, showed that still 
49% of preschool children with an asthma diagnosis could be identified  (positive 
predictive value 0.77) when the same medication proxy as in this study was used 
(manuscript in preparation).  Given these accuracy measures, this would likely not have 
materially influenced the results of our study. 

Fifth, the database does not include information on the delivery method. Caesarean 
sections are associated with an increased risk of childhood asthma. Since rates of caesarean 
sections are low in the Netherlands (1.0-5.5%), this would not have a substantial 
influence [42]. In addition, the database lacks information on the dispensation of in-
hospital and thereby intrapartum antibiotic use [16].

In conclusion, exposure to antibiotics in the third trimester of pregnancy appeared to be 
associated with a small increased risk of asthma in preschool children. This association 
did not appear to be influenced by time-invariant confounders or time trends in 
antibiotic exposure. More studies are now warranted to focus on whether there is 
indeed a difference for the different trimesters and on the potential mechanisms of the 
associations. 
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Potential time-trends in the underlying cohort can influence results of the case-sibling 
study, especially since exposure periods were compared within the same person i.e. 
exposure periods where per definition always different periods in time [17,18]. To 
control for potential time trends in exposure frequencies, we designed a method akin 
the case-time-control design [17]. In this design we divided the odds ratio obtained 
with the case-sibling analysis with a “time-trend” odds ratio. This time-trend odds ratio 
was obtained by comparing exposure frequencies in two different pregnancies (case and 
control window) within the same mother that resulted both in children without asthma 
(derived from the control group of the case-control analysis), figure 1. In total 3,503 
children without asthma and 3,503 siblings also without asthma could be detected for 
the time-trend analysis.
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the underlying cohort. Confidence intervals for the time-trend adjusted odds ratios were computed by 
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Since data on smoking, infections and IgE levels during pregnancy are not available 
in the IADB.nl, we used a simplified sensitivity analysis proposed by VanderWeele 
et al. to assess the impact of a binary unmeasured confounder or several unmeasured 
confounders combined on the association between third trimester antibiotic use and 
childhood asthma in the case-sibling analysis. Assumptions made with this method 
are (1) that relationships between the outcome and the unmeasured confounder and 
between the exposure and unmeasured confounder are the same across different levels of 
measured confounders and (2) that there is no three-way interaction between exposure, 
outcome and the unmeasured confounder.

For this study, we assumed that the prevalence of the binary unmeasured confounder 
ranges from 5% to 15% in the unexposed group and varied the association of this 
confounder with antibiotic use (ORxu) and asthma of the child (ORyu). 

The following notations will be used in the formulas to obtain the bias term for the 
unmeasured confounder:
x  Binary treatment status/exposure
y  Binary outcome
u  Unobserved binary confounder
c  Observed confounders
p Prevalence 

Formula for  the prevalence of the unmeasured confounder among the exposed:

Formula for the bias factor according to VanderWeele and Arah’s approach
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Formula for the bias factor according to VanderWeele and Arah’s approach 

 

Table 7.A1. Sensitivity analysis (according to the approach of VanderWeele and Arah) of an 
unmeasured confounder on the child’s asthma risk after exposure to antibiotics in third trimester of 
pregnancy using a ORyu of 2.   

aOR (95% CI)  ORxu Bias ORyx ● cu (95%CI) 
1.37 (1.02-1.83) 0.050 1.25 1,01 1,35 (1.01-1.81) 

1.37 (1.02-1.83) 0.050 1.50 1,02 1,34 (1.00-1.79) 

1.37 (1.02-1.83) 0.050 1.75 1,03 1,33 (0.99-1.77) 

1.37 (1.02-1.83) 0.050 2.00 1,04 1,31 (0.98-1.75) 

1.37 (1.02-1.83) 0.050 3.00 1.08 1.27 (0.94-1.69) 

     

1.37 (1.02-1.83) 0.075 1.25 1,02 1,35 (1.00-1.80) 

1.37 (1.02-1.83) 0.075 1.50 1,03 1,33 (0.99-1.77) 
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unmeasured confounder. 
For this study, we assumed that the prevalence of the binary unmeasured confounder ranges from 5% 
to 15% in the unexposed group and varied the association of this confounder with antibiotic use 
(ORxu) and asthma of the child (ORyu).  

The following notations will be used in the formulas to obtain the bias term for the unmeasured 
confounder: 
 x   Binary treatment status/exposure 
 y   Binary outcome 
 u   Unobserved binary confounder 
 c   Observed confounders 
 p  Prevalence  

Formula for  the prevalence of the unmeasured confounder among the exposed: 
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Table 7.A1. Sensitivity analysis (according to the approach of VanderWeele and Arah) of an 
unmeasured confounder on the child’s asthma risk after exposure to antibiotics in third trimester of 
pregnancy using a ORyu of 2.   

aOR (95% CI)  ORxu Bias ORyx ● cu (95%CI) 
1.37 (1.02-1.83) 0.050 1.25 1,01 1,35 (1.01-1.81) 

1.37 (1.02-1.83) 0.050 1.50 1,02 1,34 (1.00-1.79) 

1.37 (1.02-1.83) 0.050 1.75 1,03 1,33 (0.99-1.77) 

1.37 (1.02-1.83) 0.050 2.00 1,04 1,31 (0.98-1.75) 

1.37 (1.02-1.83) 0.050 3.00 1.08 1.27 (0.94-1.69) 

     

1.37 (1.02-1.83) 0.075 1.25 1,02 1,35 (1.00-1.80) 

1.37 (1.02-1.83) 0.075 1.50 1,03 1,33 (0.99-1.77) 
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Table 7.A1. Sensitivity analysis (according to the approach of VanderWeele and Arah) of an 
unmeasured confounder on the child’s asthma risk after exposure to antibiotics in third trimester of 
pregnancy using a ORyu of 2.  
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Sensitivity analysis unmeasured confounding 
Since data on smoking, infections and IgE levels during pregnancy are not available in the IADB.nl, we 
used a simplified sensitivity analysis proposed by VanderWeele et al. to assess the impact of a binary 
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 c   Observed confounders 
 p  Prevalence  

Formula for  the prevalence of the unmeasured confounder among the exposed: 

 

Formula for the bias factor according to VanderWeele and Arah’s approach 

 

Table 7.A1. Sensitivity analysis (according to the approach of VanderWeele and Arah) of an 
unmeasured confounder on the child’s asthma risk after exposure to antibiotics in third trimester of 
pregnancy using a ORyu of 2.   

aOR (95% CI)  ORxu Bias ORyx ● cu (95%CI) 
1.37 (1.02-1.83) 0.050 1.25 1,01 1,35 (1.01-1.81) 

1.37 (1.02-1.83) 0.050 1.50 1,02 1,34 (1.00-1.79) 

1.37 (1.02-1.83) 0.050 1.75 1,03 1,33 (0.99-1.77) 

1.37 (1.02-1.83) 0.050 2.00 1,04 1,31 (0.98-1.75) 

1.37 (1.02-1.83) 0.050 3.00 1.08 1.27 (0.94-1.69) 

     

1.37 (1.02-1.83) 0.075 1.25 1,02 1,35 (1.00-1.80) 

1.37 (1.02-1.83) 0.075 1.50 1,03 1,33 (0.99-1.77) 
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1.37 (1.02-1.83) 0.075 1.75 1,05 1,31 (0.98-1.75) 

1.37 (1.02-1.83) 0.075 2.00 1,06 1,29 (0.96-1.73) 

1.37 (1.02-1.83) 0.075 3.00 1.11 1.23 (0.92-1.65) 

     

1.37 (1.02-1.83) 0.100 1.25 1,02 1,34 (1.00-1.79) 

1.37 (1.02-1.83) 0.100 1.50 1,04 1,32 (0.98-1.76) 

1.37 (1.02-1.83) 0.100 1.75 1,06 1,30 (0.96-1.72) 

1.37 (1.02-1.83) 0.100 2.00 1,07 1,28 (0.95-1.70) 

1.37 (1.02-1.83) 0.100 3.00 1.14 1.21 (0.90-1.61 

     

1.37 (1.02-1.83) 0.125 1.25 1,02 1,34 (1.00-1.79) 

1.37 (1.02-1.83) 0.125 1.50 1,05 1,31 (0.98-1.75) 

1.37 (1.02-1.83) 0.125 1.75 1,07 1,28 (0.96-1.72) 

1.37 (1.02-1.83) 0.125 2.00 1,09 1,26 (0.94-1.68) 

1.37 (1.02-1.83) 0.125 3.00 1.16 1.19 (0.88-1.58) 

     
 

Table A1 shows the influence of a binary unmeasured confounder that increases the risk of asthma in 
the offspring 2 times (ORyu). To bias the effect estimate from 1.00 to 1.37, the prevalence of this 
confounder among exposed pregnant women should be 5.1 times higher than the prevalence among 
unexposed women (assuming a prevalence of 0.10 in unexposed women).  The prevalence of this 
confounder among exposed women would then be 51% vs. 10% among unexposed women.  

If the prevalence of the binary confounder is 2 times higher than the prevalence among unexposed 
women (assuming a prevalence of 0.10 in unexposed women), the OR between this confounder and 
asthma in the offspring (ORyu) should be 6.9 to bias the effect estimate from 1.00 to 1.37.  
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Table A1 shows the influence of a binary unmeasured confounder that increases the risk 
of asthma in the offspring 2 times (ORyu). To bias the effect estimate from 1.00 to 1.37, 
the prevalence of this confounder among exposed pregnant women should be 5.1 times 
higher than the prevalence among unexposed women (assuming a prevalence of 0.10 in 
unexposed women).  The prevalence of this confounder among exposed women would 
then be 51% vs. 10% among unexposed women. 

If the prevalence of the binary confounder is 2 times higher than the prevalence among 
unexposed women (assuming a prevalence of 0.10 in unexposed women), the OR 
between this confounder and asthma in the offspring (ORyu) should be 6.9 to bias the 
effect estimate from 1.00 to 1.37. 
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Table 7.A2. Sensitivity analysis of an unmeasured confounder on the child’s asthma risk after 
exposure to antibiotics in third trimester of pregnancy using a p(u,x=0) of 0,1. 

aOR (95% CI) * ORyu Bias ORyx ● cu (95%CI) 
1.37 (1.02-1.83) 0.125 1.5 1,01 1,35 (1.01-1.81) 

1.37 (1.02-1.83) 0.125 2 1,02 1,34 (1.00-1.79) 

1.37 (1.02-1.83) 0.125 3 1,04 1,32 (0.98-1.76) 

1.37 (1.02-1.83) 0.125 4 1,06 1,30 (0.96-1.73) 

     

1.37 (1.02-1.83) 0.150 1.5 1,02 1,34 (1.00-1.79) 

1.37 (1.02-1.83) 0.150 2 1,05 1,31 (0.95-1.75) 

1.37 (1.02-1.83) 0.150 3 1,08 1,26 (0.94-1.69)  

1.37 (1.02-1.83) 0.150 4 1,12 1,23 (0.91-1.64) 

     

1.37 (1.02-1.83) 0.175 1.5 1,04 1,32 (0.98-1.77) 

1.37 (1.02-1.83) 0.175 2 1,07 1,28 (0.95-1.71) 

1.37 (1.02-1.83) 0.175 3 1,13 1,22 (0.91-1.63) 

1.37 (1.02-1.83) 0.175 4 1,17 1,17 (0.87-1.56) 

      

1.37 (1.02-1.83) 0.200 1.5 1,05 1,31 (0.97-1.75) 

1.37 (1.02-1.83) 0.200 2 1,09 1,26 (0.94-1.68) 

1.37 (1.02-1.83) 0.200 3 1,17 1,17 (0.87-1.57) 

1.37 (1.02-1.83) 0.200 4 1,23 1,11 (0.83-1.49) 

     

1.37 (1.02-1.83) 0.250 1.5 1,07 1,28 (0.95-1.71) 

1.37 (1.02-1.83) 0.250 2 1,14 1,21 (0.90-1.61) 

1.37 (1.02-1.83) 0.250 3 1,25 1,10 (0.82-1.46) 

1.37 (1.02-1.83) 0.250 4 1,35 1,02 (0.76-1.36) 

     
*  = 0.10  
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Table 7.A2. Sensitivity analysis of an unmeasured confounder on the child’s asthma risk after 
exposure to antibiotics in third trimester of pregnancy using a p(u,x=0) of 0,1.
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1.37 (1.02-1.83) 0.175 3 1,13 1,22 (0.91-1.63) 

1.37 (1.02-1.83) 0.175 4 1,17 1,17 (0.87-1.56) 
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Appendix 7.3  

Distribution of covariates between exposed and unexposed in case-sibling analysis 

 

 

 Case-sibling analysis   Case-control analysis 
 n (%) n (%)   n (%) n (%)  
 Exposed 

(N=575) 
Unexposed 
(N=1881) 

P-
value 

 Exposed 
(N=4969) 

Unexposed 
(N=21309) 

P-
value 

        
Child characteristics        
Male gender 336 

(58.4) 
1044 
(55.5) 

0.215  2533 
(51.9) 

10,647 
(49.8) 

0.009 

Birth order: First born 263 
(45.7) 

965 (51.3) 0.020     

Use of ABs before index 
date 

424 
(73.7) 

1146 
(60.9) 

<0.001  2742 
(56.1) 

9754 (45.6) <0.001 

        
Mother characteristics        
Mean age in years 29.9 29.8  0.575  29.8 30.1  <0.001 
Use of medication for atopic 
diseases during pregnancy 

213 
(37.0) 

421 (22.4) <0.001  1566 
(31.5) 

3913 (18.4) <0.001 

 Asthma medication 59 
(10.4) 

96 (5.1) <0.001  376 (7.6) 623 (2.9) <0.001 

 Drugs for atopic 
dermatitis 

71 
(12.3) 

162 (8.6) 0.007  592 
(11.9) 

1749 (8.2) <0.001 

 Drugs for rhinitis 124 
(21.6) 

228 (12.1) 0.000  882 
(17.8) 

2055 (9.6) <0.001 

Use of acid suppressive 
drugs during pregnancy 
(ATC A02B) 

34 (5.9) 43 (2.3) <0.001  34 (5.9) 43 (2.3) <0.001 

Use of insulin during 
pregnancy 

4 (0.7) 14 (0.7) 0.905  4 (0.7) 14 (0.7) 0.905 

Use of antidepressants 
during pregnancy 

17 (3.0) 40 (2.1) 0.247  17 (3.0) 40 (2.1) 0.247 

        
Father characteristics        
Data present*  903 835   3220 12950  
Use of medication for atopic 
diseases during pregnancy 

115 
(27.3) 

297 (22.6) 0.045  812 
(25.2) 

2883 (22.3) <0.001 

 Asthma medication 29 (6.9) 94 (7.1) 0.862  188 (5.8) 658 (5.1) 0.084 
 Drugs for atopic 
dermatitis 

66 
(15.7) 

130 (9.9) 0.001  390 
(12.1) 

1349 (10.4) 0.005 

 Drugs for rhinitis 44 
(10.5) 

130 (9.9) 0.730  382 
(11.9) 

1405 (10.8) 0.101 
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Abstract

Background
It is common to compare estimates from case-only designs and cohort or case-
control studies to gain an indication about potential unmeasured confounding. 
We aimed to evaluate the concordance of effect estimates between case-only and 
case-control or cohort studies, and to identify predictors of discrepancy.

Methods 
MEDLINE and EMBASE databases were searched through 31 June 2013. Studies 
that used both a case-only (case-crossover or self-controlled case-series) and a 
parallel group design (cohort or case-control) were identified. Spearman correlation 
coefficient was used to evaluate the concordance between designs. Z-scores were 
used to assess whether differences in the effect estimates were common, using 
an absolute threshold value of 1.96. A prediction model was built to identify 
predictors of discrepancies.  

Results
The search identified 1,367 articles of which 53 were included for analysis. In total 
519 comparisons were made. The correlation coefficient between case-only versus 
parallel group studies was 0.64 (p<.001). In 221 of the 519 comparisons (43%) 
the difference between both study designs was larger than the predetermined 
threshold. The following predictors of discrepancy were found: intermittent 
exposure, rare event, acute outcome, length of hazard period, type of case-only 
design and sample size (c-statistic of 0.783).

Conclusions
The concordance between effect estimates of case-only and parallel group designs 
is moderate. Such discrepancies could be predicted by failure to meet assumptions 
of case-only designs.
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Introduction

One of the most important and challenging tasks in epidemiology is identifying 
appropriate comparison groups. Randomization is the best way to guarantee that 
comparison groups of patients will have similar characteristics. If the exposure of interest 
is allocated randomly and if the trial is large enough with no substantial dropout, risks 
of health outcomes will be similar, except for the potential benefits and risks associated 
with the exposure. However, often it is unethical or not feasible to perform a randomized 
controlled trial and observational studies may guide decision making. 

To obtain valid effect estimates from observational data, it is crucial to measure and 
adjust for all relevant confounders. However, information on important potential 
confounders is often lacking in routine health care data [1-4]. Even when the effect 
estimates are adjusted for measured potential confounders, biased estimates might be 
obtained, especially when difficult to measure patient characteristics are expected to 
confound the association. 

Case-only designs, such as the self-controlled case-series [5-7], case-crossover design 
[8,9], and sequence symmetry analysis [10-13], have been developed to overcome the 
problem of identifying a comparable control group and have become more popular 
in recent years. The underlying idea of such designs is that patients can serve as their 
own controls. The main advantage of such self-controlled comparisons is that it reduces 
confounding by factors that are stable over time, including characteristics that are 
often not available to a researcher, such as chronic use of nonprescription drugs, health 
behaviors, tendency to seek professional care, occupation, etcetera [14]. 

Given this theoretical advantage of case-only studies, it is increasingly common to 
compare the results of more traditional parallel group observational study designs, 
such as cohort and case-control studies, with case-only designs to gain an indication 
of the potential influence of unmeasured confounders. Although a difference in results 
between both types of designs may indeed indicate the influence of unmeasured time-
invariant confounding, other reasons may underlie such a difference, such as selection 
of a different study sample [15], different impact of measurement error [14-16], time-
variant confounding or failure to meet important assumptions of the case-only design. 
For example, a difference may be caused by studying the effect of chronic exposures, 
insidious outcomes with a long induction period,  or recurrent events that are not 
independent [17]. As case-only designs are often applied in situations where at least 
one assumption is not met but not all assumptions are equally important, it would 
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be relevant to empirically evaluate how frequent case-only designs and parallel group 
designs would give discrepant results and whether there are strong predictors of such 
discrepancies. 

For the current study, articles that made a comparison between the two most common 
case-only designs, the self-controlled case-series and case-crossover design, and the more 
traditional parallel group designs, the case-control and cohort design, were systematically 
identified and reviewed. The primary objective was to evaluate the concordance between 
case-only and parallel group designs. As secondary objective we evaluated whether there 
are certain study characteristics that predict a difference in effect estimates between case-
only and the more traditional parallel group designs.

Methods

Article selection from literature databases
We searched the MEDLINE and EMBASE database from inception till 31 June 2013 
to identify all articles that used both a case-crossover or self-controlled case-series 
and a case-control or cohort design to evaluate the effect of a medical or behavioral 
intervention. Only articles with identical exposure, outcome and risk-period definitions 
for both types of designs were included. We used the following keyword terms: “case-
crossover” or “case crossover” or “case cross-over” or “self-controlled case series” or “self 
controlled case series” or “self-controlled case-series” or “case series analysis” or (“self 
control” AND “case series”). We excluded reviews, methodological studies, studies using 
simulated data, studies without an intervention (e.g. influence of COPD exacerbations 
or infections), and studies without a comparison between a case-only and a parallel 
group design and studies on environmental exposures. We included only studies that 
used the same data source for both study designs to avoid discrepancies that are due to 
data source heterogeneity instead of differences in study design. Retrieved citations were 
exported to Refworks (ProQuest, Ann Arbor, Michigan). Title and abstract screening 
was performed including all possibly relevant studies for further review. The full text of 
all remaining studies were independently retrieved and reviewed for eligibility by two 
reviewers (KP, BM). Disagreement was solved by consensus in all cases. 

Data collection
For each included study we subsequently extracted the following study characteristics: 
first author, journal, year of publication, study designs, outcome variable, exposure, and 
type of intervention (drug, vaccination, behavioral, or other medical interventions).  
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In addition, we extracted the following data for the prediction part of the current 
study: whether an intermittent exposure (interventions were classified as intermittent 
if it was a brief exposure such as vaccination or typically applied intermittently such 
physical exercise) , a rare event (if less than 10% of the patients experienced the event 
during follow-up, it was considered a rare event) and an acute outcome (acute outcomes 
included events that are acute and have a clear onset, e.g. motor vehicle crashes or 
acute liver injury) was investigated; the length of the hazard period; whether adjustment 
for time-variant confounding was performed; whether a washout period was included, 
whether a safety or effectiveness question was evaluated; and the sample size of the 
cohort or case-control study. 

Exposure-outcome associations
In studies that assessed multiple exposures, outcomes and/or hazard periods, the 
associations that were evaluated as primary analysis of the case-only design (as indicated 
by the authors) were used. In case a primary analysis could not be distinguished, all 
evaluated associations were included. The data extraction was independently performed 
by two reviewers (KP, BM). Disagreement was solved by consensus in all cases.  

Concordance in effect estimates between study designs
To evaluate the concordance between the results obtained with case-crossover or 
self-controlled case-series analyses with those from cohort or case-control studies, 
we performed two analyses. First, we evaluated the Spearman correlation coefficient 
to determine the association between effect estimates (OR/HR/RR) of case-only and 
parallel group studies. 

Second, we evaluated whether the difference in the effect estimates between case-only 
and parallel group studies exceeded a predetermined threshold value of the z-score (> 
|1.96|) when comparing both types of designs, as previously done by Ioannidis et al 
[18]. It should be noted that because we only included studies that made a comparison 
between a case-only and a parallel group design using the same dataset, observations 
are not independent. Hence, an absolute value of the z-score greater than 1.96 does not 
indicate a difference beyond chance [19], but it is an indicator how large the difference 
is between both types of designs that takes into account the precision of the estimates. 

Prediction of discrepant results
In secondary analyses, we evaluated whether the odds of discrepant results were 
dependent on certain study characteristics. This was done by performing a multivariable 
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logistic regression with a binary variable (yes/no) indicating whether the absolute value 
of the z-score was greater than 1.96. As potential predictors the following variables were 
included: intermittent exposure (yes/no); rare event (yes/no); acute outcome (yes/no); 
length of hazard period (≤1 day, 2-31 days, ≥32 days, variable); case-only design (self-
controlled case-series/case-crossover); other design (cohort/case-control); adjustment for 
time-variant confounding (yes/no); safety study (yes/no); use of a washout period (yes/
no); sample size traditional study design (≤10.000, >10.000 and ≤100.000, >100.000). 

These data were extracted from the included studies by two reviewers (KP, BM). 
Disagreement was again solved by consensus. An automated backward predictor 
selection procedure was performed based on the Akaike information criterion (AIC). The 
performance of the final model was assessed with the c-statistic and its 95% confidence 
intervals (CI). Analyses were conducted using the statistical software R (version 3.0.2). 
All p-values are two-sided. 

Sensitivity analysis
The study of Madigan et al contributed multiple comparisons to our analyses. That 
study evaluated several drug-outcome pairs across different databases. In our primary 
analyses, we extracted the database-specific estimates, since substantial heterogeneity was 
observed between databases in the study of Madigan et al [20]. As such, the contribution 
of the study of Madigan et al was very large with 281 comparisons (54% of the total 
number of comparisons) [20]. 

In sensitivity analyses, we repeated our analyses using the random effects meta-analysis 
effect estimates for the same drug-outcome pairs across different databases from the 
study of Madigan et al [20], instead of using database-specific estimates. For example, 
a meta-analysis effect estimate of the effect of angiotensin-coverting enzyme inhibitors 
on angioedema was obtained by summarizing the effect estimates across the 10 different 
databases into a single estimate using a random effects model [20]. This was done for 
both the self-controlled case-series and the cohort design, after which the concordance 
between meta-analysis estimates were compared for each drug-outcome pair. As a 
consequence the influence of the study of Madigan et al became less strong (50/288 = 
17% of the total number of comparisons) [20]. 

Because the Z-score, as a measure of discrepancy between study designs, is vulnerable 
to correlations between compared datasets, we defined in a second sensitivity analysis 
discrepant results as comparisons in which the effect estimate of the case-only study 
was at least 50% larger or smaller than the natural logarithm of the effect estimate of 
the parallel group design [18]. Obviously, this definition does not take into account 
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the precision of the results and it should be noted that several analyses had very wide 
confidence intervals. To prevent that the selection of predictors would be strongly 
influenced by underpowered comparisons, we excluded comparisons where one of the 
designs had wide confidence intervals (natural logarithm of upper confidence limit – 
natural logarithm of lower confidence limit > 1.5).  

In a third sensitivity analysis, we repeated the prediction model using post-estimation 
global shrinkage of regression coefficients to gain an indication about potential 
overfitting. 

Results

The search identified 1367 unique articles, of which 324 were considered potentially 
eligible for inclusion based on title and abstract screening. After reading the full texts 
53 articles were included for analysis (Figure 8.1 and Table 8.A1), of which 17 articles 
compared a self-controlled case-series design with a parallel group design, 34 articles 
compared a case-crossover with a parallel group design, one article compared a self-
controlled case-series with both a cohort and case-control design, and one article 
compared both case-only designs with both a cohort and case-control designs. Some 
studies contributed to our analyses with various comparisons, such as the study of 
Madigan et al [20]. 



Chapter 8

166

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8.1. Flow diagram for study selection  
 

Unique records identified through database searching (n=1367) 

Full text articles evaluated for eligibility (n=324) 

Records excluded after title and abstract screening (n=1043) 

Full text articles excluded (n=271) 
No comparison with a cohort or case-control design using 
same exposure, outcome and risk-period definitions (n=243) 

  No intervention (n=20) 
  No self-controlled method (n=3) 
  Methodological/simulation paper (n=2) 
  Review (n=3 
  No clinical outcome (n=3) 
 
 
  Included articles (n=53) 

Figure 8.1. Flow diagram for study selection 

In total 519 comparisons were made between case-only and parallel group designs. 
Of these, 463 evaluated the effect of a drug; 13 assessed the effect of a behavioral 
intervention; 33 evaluated the effect of vaccination, while 10 articles evaluated other 
medical interventions (e.g. chiropractic visits). The correlation coefficient between the 
treatment effect in case-only and parallel group studies was 0.64 (p<.001). A scatter plot 
visualizing the correlation between the effect estimates in both types of designs is shown 
in the appendix (Figure 8.B1). In 307 of 519 comparisons (59%), the case-only study 
showed a stronger effect size (effect estimate further away from 1) than the parallel group 
study. In 131 of 519 comparisons (25%) were qualitatively different in the way that one 
design had a point estimate above one while the other design had a point estimate below 
one. In 221 of the 519 comparisons (43%) there was a discrepancy between case-only 
and the parallel group design when using the z-score to define discrepancies (Table 
8.1). Discrepancies with parallel group designs were more frequently seen for the self-
controlled case-series than for the case-crossover design (52% vs 23%). 
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Subsequently, we assessed whether the odds of discrepant results were dependent on 
certain study characteristics. Univariate associations are shown in the appendix (Table 
8.C1). Backward selection based on the AIC resulted in a final model including the 
following predictors: intermittent exposure, rare event, acute outcome, length of hazard 
period, type of case-only design and sample size of the traditional study design (Table 
8.2). This model appeared accurate with a high discriminative value (c-statistic of 0.783; 
95% CI 0.744-0.821). 

Table 8.1. Frequency of discrepancies among case-only designs and cohort/case-control designs.Table 8.1. Frequency of discrepancies among case-only designs and cohort/case-control designs. 
Comparison No (%) of 

discrepancies 
* 

No (%) of 
discrepancies 
*, # 

No (%) of 
discrepancies 
¥ 

Case-only vs cohort/case-control (n=519; 
n=288#; n=440¥) 

221 (43) 78 (27) 329 (75) 

Case-only vs cohort (n=372; n=141#; n=348¥) 195 (52) 52 (37) 291 (84) 

Case-only vs case-control (n=147; n=92¥)   26 (18) 26 (18) 38 (41) 

     

Self-controlled case-series vs cohort/case-
control (n=347; n=116#; n=319¥) 

182 (52) 39 (34) 268 (84) 

Self-controlled case-series vs cohort (n=305; 
n=74#; n=290¥) 

174 (57) 31 (42) 255 (88) 

Self-controlled case-series vs case-control 
(n=42; n=29¥)  

8 (19) 8 (19) 13 (45) 

    

Case-crossover vs cohort/case-control 
(n=172; n=121¥) 

39 (23) 39 (23) 61 (50) 

Case-crossover vs cohort (n=67; n=58¥) 21 (31) 21 (31) 36 (62) 

Case-crossover vs case-control (n=105; 
n=63¥) 

18 (17) 18 (17) 25 (40) 

* Discrepancies were characterized by an absolute value of the z-score >1.96  
# Using random effects meta-analyses for the same drug-outcome pairs across different databases 
from the study of Madigan et al.  
¥ Discrepancies were characterized by the natural logarithm of the effect estimate of the case-only 
design being ≥50% larger or smaller than the natural logarithm of the effect estimate of the parallel 
group design.  
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In accordance with the assumptions of the case-only designs, an intermittent/short-term 
exposure, a rare outcome and an acute outcome all predicted lower odds of discrepant 
results between case-only designs and parallel group designs (Table 2). A variable 
length of the hazard period and a larger sample size were associated with higher odds of 
discrepant results. The use of self-controlled case-series was associated with a lower odds 
of discrepant results compared with use of the case-crossover design. This may seem 
counterintuitive given the higher percentage of discrepancies for self-controlled case-
series (52 vs 23%), however, this could be explained by certain characteristics (other 
predictors in the model) of the comparisons of the study of Madigan et al [20]. Excluding 
that study resulted in a lower percentage of discrepancies for the self-controlled case-
series than for the case-crossover design (17% vs 23%). 

Sensitivity analyses
The proportion of discrepancies decreased substantially when random effects meta-
analyses for the same drug-outcome pairs across different databases from the study of 
Madigan et al [20]. were used instead of separate estimates for each different database 
(from 43% to 27%, Table 8.1). A prediction model based on these data differed from 
the model developed on the data including all database-specific estimates.

In contrast to that other model the following predictors were not included: intermittent 
exposure and whether the outcome was a rare event (Table 8.2). 

This model had a comparable c-statistic of 0.782 (95% CI 0.720-0.843). The associations 
of the selected predictors with the odds of discrepant results differed in magnitude 
compared to the other model, but the directions were the same. 

After excluding studies with very wide confidence intervals, when defining discrepant 
results based on a 50% difference between estimates on the natural logarithm scale, 
the proportion of discrepancies increased substantially. Using this definition, 329 of 
440 (75%) comparisons would be labeled as discrepant. The prediction model, using 
database-specific estimates of the study of Madigan et al [20], also changed. This model 
had a c-statistic of 0.824 (95% CI 0.778-0.869). Since precision is ignored using this 
outcome and underpowered comparisons were excluded, the sample size of the parallel 
group design, although included as a potential predictor, was not selected as a predictor 
in the final model (Table 8.2). 

Moreover, whether the outcome was a rare event was not included as a predictor, 
while using a wash out period and the design of the parallel group designs were in 
contrast to the main analysis included in the final model. Including a washout period 
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was associated with reduced odds of discrepant results, while more discrepancies were 
found when comparing with cohort studies than with case-control studies. Of note, if 
we ignored the influence of sample size in the primary analysis, using a washout period 
was also included as a predictor in the final model, while the rest of the model remained 
qualitatively the same. 

Table 8.2. Association between predictors and discrepant results between case-only design and 
parallel group designs using multivariate logistic regression. 
Predictor OR (95% CI) *, # OR (95% CI) *, § OR (95% CI) ¥ 

Intermittent/short-term 
exposure, yes vs no 

0.65 (0.40-1.05) - 0.31 (0.17-0.56) 

Rare event, yes vs no 0.40 (0.22-0.73) - - 

Acute outcome, yes vs no 0.34 (0.15-0.73) 0.03 (0.00-0.21) 0.17 (0.01-0.85) 

Hazard period     

   ≤1 day Ref. Ref. Ref. 

   2-31 days 0.65 (0.16-2.92) 0.75 (0.19-3.29) 0.56 (0.10-2.95) 

   ≥32 days 1.87 (0.48-8.27) 2.09 (0.55-9.20) 1.47 (0.21-10.33) 

   Variable  9.66 (2.01-54.07) 12.67 (2.53-73.44) 2.27 (0.31-14.81) 

Case-only design (SCCS vs 
CCO) 

0.29 (0.10-0.74) 0.20 (0.06-0.56) 0.27 (0.08-0.81) 

Sample size    

   ≤10.000 Ref. Ref. - 

   >10.000 and ≤100.000 6.80 (2.33-22.23) 8.69 (3.08-27.36) - 

   >100.000 4.87 (1.53-17.44) 3.88 (1.27-13.35) - 

Parallel group design (cohort 
vs case-control) 

- - 3.24 (1.70-6.27) 

Wash-out period, yes vs no - - 0.38 (0.12-1.07) 

* Discrepancies were characterized by the absolute value of the z-score >1.96.  
# Primary analysis (n= 519 comparisons). 
§ Using random effects meta-analyses for the same drug-outcome pairs across different databases 
from the study of Madigan et al (n=288 comparisons).  
¥ Discrepancies were characterized by the natural logarithm of the effect estimate of the case-only 
design being ≥50% larger or smaller than the natural logarithm of the effect estimate of the parallel 
group design (n=440 comparisons).  
 

Table 8.2. Association between predictors and discrepant results between case-only design and 
parallel group designs using multivariate logistic regression.
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Similar results were obtained when post-estimation shrinkage of regression coefficients 
was applied (shrinkage factor 0.9), suggesting that overfitting was not a substantial 
problem. 

Discussion

A moderate correlation in the effect estimates of case-only and the more traditional 
parallel group designs was found. As correlation does not necessarily imply similar 
effect sizes, it was also evaluated whether case-only studies tended to show stronger 
effect estimates. We indeed observed that case-only designs showed more often stronger 
effect estimates than the parallel group designs. In fact, in 43% of the comparisons, the 
difference between the study designs was beyond the predetermined threshold value of 
the z-score. As the Z-score as a measure of discrepancy between studies is vulnerable 
to correlations between compared datasets, we also applied a method suggested by 
Ioannidis et al [18], taking a threshold of ≥50% difference in the natural logarithm of 
the effect estimate between case-only and the parallel group design, and this analysis 
confirmed our results. Moreover, such large discrepancies can not be fully explained 
by differences in statistical properties of the applied statistical analysis, e.g. difference 
between conditional and logistic regression analysis, alone. 

Case-only designs are predominantly applied because based on subject matter knowledge 
a-priori the investigators have concerns about potential for unmeasured confounding in 
traditional parallel group study designs. Therefore, a difference in effect estimates is often 
regarded as evidence of the presence of unmeasured confounding, while concordance 
between both types of designs is regarded as evidence that unmeasured confounding does 
not play an important role. However, if important assumptions of case-only designs are 
not met a difference can occur even without the presence of unmeasured confounding. 

In this study we found that failure to meet important assumptions of the case-crossover 
and/or self-controlled case-series was associated with increased odds of discrepant results 
between effect estimates of case-only and the traditional parallel group designs. 

Evaluating an intermittent or short-term exposure, a rare outcome and an acute 
outcome were associated with reduced odds of discrepant results. These predictors are all 
requirements of the case-crossover design [17]. Having a rare outcome (or independent 
recurrent events) and an acute outcome are also assumptions of the self-controlled case-
series. When applying standard self-controlled case-series, dependences between events 
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may reintroduce bias due to unmeasured time-invariant confounders [21]. Having 
an acute outcome is important, since misclassification bias may occur when studying 
insidious outcomes for which it is difficult to determine the time of onset. Analyzing 
an acute outcome and the choice of the length of the hazard period were the only 
predictors (besides the type of case-only design) that were included in the final model 
in both the primary analysis and the two different sensitivity analyses, suggesting that 
those are the factors that certainly should be taken into account when considering to 
apply a case-only design. Using long hazard periods and studying insidious outcomes 
increases the likelihood of time-varying confounding and misclassification, which may 
be problematic when applying case-only designs, as both types of biases have a stronger 
impact on case-only designs than on traditional parallel group designs [22,23].

Strengths and weaknesses
This is the first study that systematically compared case-only with the more traditional 
parallel group study designs using published empirical data. An important strength of 
our study is the large sample size. We included only studies that used the same data 
source and similar criteria for both study designs, thereby avoiding discrepancies 
that are due to data source heterogeneity or for example outcome definitions instead 
of differences in study design [20]. In addition, this is the first study that evaluated 
whether discrepancies between case-only and parallel group designs can be predicted by 
certain study characteristics. It appeared that even without knowledge about potential 
unmeasured confounding, a good degree of discrimination between comparisons with 
and without discrepancies could be achieved.   

This study has some potential limitations. Discrepancies may arise when different effect 
measures are used for the different designs, which could results in differences solely due 
to non-collapsibility of one of the effect measures. However, in almost all comparisons 
the same effect measure was used and/or a rare outcome was evaluated, a situation in 
which non-collapsibility is less relevant. The systematic comparison between case-only 
and parallel group studies is based on published articles. It is possible that investigators 
though they applied both types of designs, only published either the case-only or parallel 
group design. In case of discrepant findings, it is possible that researchers decide to 
publish only the design that is congruent with their hypothesis. If this would be the case, 
our comparison would have overestimated the concordance of case-only and parallel 
group designs. On the other hand, a comparison between both types of designs is more 
likely to be performed when there are concerns about unmeasured confounders, thereby 
decreasing the likelihood of concordance. Nevertheless, we observed that discrepancies 
could be reasonably predicted by a model without information about potential time-
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invariant unmeasured confounding, suggesting that other factors may play an important 
role. Although we included several assumptions of the case-only designs as potential 
predictor variables of a discrepancy between case-only and parallel group designs, we 
did not include all assumptions, as this may be difficult to assess without having the 
original data at hand. For example, without those data it is difficult to assess for all 
studies whether there are exposure time-trends or if and to what degree events influence 
the probability of future exposure. Nevertheless, our final model based on all data had a 
good degree of discrimination based on few characteristics. 

Comparison with prior studies
Several reviews about case-only designs are available in the literature that provided 
theoretical comparisons or evaluated reporting related to case-only designs [24-26]. 
Two of those reviews concluded that (reporting of ) methodological standards of case-
only studies should be improved [24-26]. Nordmann et al regarded conditional logistic 
regression as the only correct model for case-crossover studies and conditional Poisson 
regression as the only correct model for self-controlled case series [24-26]. However, it is 
well known that conditional logistic regression can be performed using a stratified Cox’s 
proportional hazards model, with strata representing the matched sets [27]. Similarly, a 
Cox’s stratified proportional hazards model and a conditional logistic regression model 
both produce the same effect estimates and variances in self-controlled case-series as a 
conditional Poisson regression model, if each event is treated like a separate individual 
and recurrent events are independent of each other [27,28]. Given the fact that both 
case-only models can be analyzed using different kind of statistical analyses that give 
similar or identical results, we did not include the type of statistical analyses as a predictor 
of discrepancies between case-only and parallel group designs. 

The large study of Madigan et al contributed a large proportion of the comparisons 
between self-controlled case-series and cohort designs to our study [20]. In that study 
a higher percentage of discrepancies was found than in our study. Part of the higher 
percentage of discrepancies in that study may be due to the fact that that study was not 
vulnerable to publication bias. In addition, this may be due to the characteristics of 
certain drug-outcome pairs evaluated in the study of Madigan et al [20]. For example, 
they evaluated several drugs that are often used chronically (e.g. bisphosphonates, beta 
blockers and tricyclic antidepressants), outcomes that may alter the probability of further 
exposure (e.g. studying well-known side effects such as angiotensin converting enzyme 
inhibitors – angioedema and warfarin-bleeding) and outcomes that may alter the short-
term mortality probability (e.g. acute myocardial infarction). Such factors increase the 
risk of bias in standard self-controlled case-series. Indeed, studying an exposure that is 
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not used intermittently predicted higher odds of discrepancies between case-only and 
parallel group designs in the current study. 

Conclusion
The correlation between effect estimates of case-only and parallel group designs is 
moderate, and discrepancies are very common. Such discrepancies could be predicted 
by failure to meet assumptions of case-only designs. Especially the choice of outcome, 
acute vs not acute, and the choice of the length of the hazard period(s) appeared to 
be important predictors, stressing the need for evaluating the robustness of the results 
to the choice of the length of the hazard period in sensitivity analysis. It is important 
that researchers are aware that there may be other causes of discrepancies or agreement 
between both types of designs than the presence or absence of time-invariant unmeasured 
confounding. 
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Figure 8.B1. Scatterplot of the correlation between effect estimates from case-only designs and 
those from parallel group designs. 
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Table 8.C1 Univariate association between predictors and discrepant results between case-only 
design and cohort or case-control designs.

Predictor OR (95% CI)

Intermittent/short-term exposure, yes vs no 0.28 (0.19-0.41)

Rare event, yes vs no 0.51 (0.31-0.84)

Acute outcome, yes vs no 0.22 (0.10-0.45)

Hazard period 

   ≤1 day Ref. 

   2-31 days 1.30 (0.45-4.70)

   ≥32 days 2.89 (0.93-10.99)

   Variable 9.92 (3.75-34.26)

Case-only design (SCCS vs CCO) 3.76 (2.51-5.75)

Parallel group design (cohort vs case-control) 5.13 (3.25-8.35)

Adjustment for time-varying confounding, yes vs no 0.37 (0.23-0.59)

Safety study, yes vs no 2.99 (0.44-58.77)

Washout period, yes vs no 0.31 (0.20-0.46)

Sample size

   ≤10.000 Ref.

   >10.000 and ≤100.000 6.43 (2.73-16.64)

   >100.000 8.48 (4.21-19.55)
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The studies presented in this thesis focused on confounding in observational studies. 
Several designs and analytical methods to quantify confounding were evaluated using 
single-study and systematic comparisons. We focused on various self-controlled designs 
and compared our findings with randomized designs as well as more traditional 
observational designs such as the cohort and case-control design. 

In Chapter 2 we evaluated whether the reporting of confounding in observational cohort 
and case-control studies improved after the publication of the STROBE (STrengthening 
the Reporting of OBservational studies in Epidemiology) statement using a systematic 
before-after comparison. In total, 174 articles published before and 220 articles published 
after the publication of the STROBE statement in high-impact general medical and 
epidemiological journals were included. Out of 8 pre-specified essential items in the 
reporting of confounding, on average only four were reported in both periods. Results 
were similar for journals that published and/or endorsed the STROBE statement in 
their Instruction for Authors and journals that did neither. Hence, research is needed 
into the development and evaluation of alternative strategies to improve the quality of 
reporting and adherence to reporting guidelines. 

The effect of pravastatin and fosinopril, an angiotensin converting enzyme (ACE) 
inhibitor, on urinary tract infections was assessed in a post-hoc analysis of a randomized 
controlled trial (Chapter 3). Intention-to-treat analyses showed that pravastatin 
was associated with a reduced total number of urinary tract infections, but not with 
first urinary tract infections. Fosinopril was in contrast associated with an increased 
occurrence of first urinary tract infections. 

Subsequently, we evaluated the effect of ACE inhibitors on the risk of first urinary 
tract infections using both a prescription sequence symmetry analysis (Chapter 4) and 
a case-crossover design (Chapter 5). Using both designs ACEi therapy initiation was 
associated with an increased risk of developing first urinary tract infections, even after 
adjustment for several time-varying confounders. Despite the similarities between the 
case-crossover design and the prescription sequence symmetry analysis, the latter design 
led to slightly lower effect estimates than the case-crossover design and the results from 
the randomized design discussed in chapter 3. 

In Chapter 6 we re-evaluated a previously published cohort study without adjustments 
for potential confounders that evaluated the association of combined use of selective 
serotonin reuptake inhibitors (SSRIs) and nonsteroidal anti-inflammatory drugs 
(NSAIDs) with the risk of starting peptic ulcer treatment. To evaluate whether the strong 
synergistically increased risk found in that other study is likely due to confounding we 
applied a prescription sequence symmetry design (Chapter 6). Using the prescription 
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sequence symmetry design, the effect estimate of concurrent use of SSRIs and NSAIDs 
did not exceed the effect estimate of NSAIDs alone, suggesting that at least part of 
the previously reported association between combined use of SSRIs with NSAIDs and 
peptic ulcer treatment might be attributed to unmeasured or residual confounding. 
Furthermore, this study shows that when limited data on potential confounders are 
available, applying a prescription sequence symmetry design can have more value than 
applying a traditional cohort design. 

Given the ongoing debate about whether antibiotic use during pregnancy increases the 
risk of asthma development in the offspring, we assessed whether this increased risk is 
likely causal or due to confounding. We made a comparison between a case-control, case-
sibling, a time-trend-adjusted case-sibling design and a maternal-paternal comparison 
and applied a quantitative bias analysis to evaluate the potential role of confounding 
(Chapter 7). In both the case-control, case-sibling and time-trend-adjusted case-sibling 
design exposure to antibiotics in the third trimester of pregnancy was associated with a 
small increased risk of asthma in preschool children. However, quantitative bias analysis 
showed that time-varying confounding could not be excluded as an explanation of the 
statistically significant findings. 

Finally, we made a systematic comparison between effect estimates of the two most 
common case-only designs, the self-controlled case-series and case-crossover design, 
and the more traditional case-control and cohort design. A predictive model was built 
to assess whether discrepancies between both types of designs could be predicted by 
failure to meet assumptions of the case-only designs (Chapter 8). The concordance 
between effect estimates of case-only and cohort or case-control designs appeared to 
be moderate, and discrepancies beyond chance were very common. Such discrepancies 
could be predicted by failure to meet important assumptions of case-only designs. 
Hence, researchers should be aware that there may be other causes of discrepancies or 
agreement between both types of designs than the presence or absence of time-invariant 
unmeasured confounding. 

In this final chapter we place the main findings in context and provide future perspectives. 

Selection strategies for measured confounders

Confounding is mixing or confusing the effect of the exposure of interest with the effects 
of other variables leading to bias [1]. Understanding and adjusting for confounding in 
observational intervention research is central to address causality when an association is 
observed [2]. To be considered a potential confounder, a variable must have an association 
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with the exposure and a causal relationship with the outcome (or be a surrogate measure 
of a cause) in the study population. In addition, the variable should not be affected 
by the exposure [3]. These are traditional requirements for variables to be considered 
potential confounders, however, there is no general consensus on how to identify and 
select confounders in research practice. 

Some form of confounding selection procedure is required, especially when data are sparse 
[4]. Further, in any case, inclusion of non-confounders can introduce bias and reduce 
precision [5-7]. Traditionally, confounders are selected based on different quantitative 
strategies, including change in effect estimate criterion, univariate associations of the 
variable with the exposure and the outcome, or stepwise regression modelling [3,8]. 
More recently, other data-driven selection methods such as high-dimensional propensity 
score analysis or other exposure models and regularization methods have been proposed 
as potential alternative methods for confounder selection [4].  

A problem with all these purely data-driven variable selection methods is the risk that 
bias and/or unnecessary large variance is introduced by selecting intermediates, colliders 
or instrumental variables [9,10-12]. The inclusion of colliders and instrumental 
variables is especially problematic if it introduces or amplifies uncontrolled unmeasured 
confounding [9]. A frequently proposed solution is to explicitly define the causal 
structure and relationships between variables based on subject knowledge [12-14]. A 
commonly proposed strategy is to summarize and communicate the assumed causal 
structure using causal diagrams, or directed acyclic graphs (DAG) [15,16]. A causal 
diagram for a confounder U of the relationship between exposure X and outcome Y 
would look like Figure 9.1. 

 
Figure 9.1. Causal diagram of the relationship between exposure X and outcome Y and confounder 
U.  
 

Figure 9.1. Causal diagram of the relationship between exposure X and outcome Y and confounder U. 

Such causal diagrams, often much more complicated, are sometimes used to summarize 
and communicate the causal structure assumed by the researchers and can be used to 
identify the minimal sufficient adjustment sets for estimating the total effect of X on 
Y [15,17]. In theory, causal diagrams are essential for valid selection of confounders 
for adjustment. Such diagrams can help to identify and remove instrumental variables, 



General discussion

195

intermediates and any other variable influenced by exposure or outcome, leaving only 
the confounders for which one needs to adjust to obtain unconfounded effect estimates 
[15]. However, the usefulness of such diagrams has been criticized by researchers because 
often it is unknown how all variables interact with each other and causal diagrams quickly 
become too complicated to understand when one believes that hundreds of variables can 
act as (proxies for) confounders [18]. Hence, causal diagrams are useful for summarizing 
and communicating simple causal structures with relatively few variables, but seem to 
be less useful when sufficient prior knowledge is lacking as is often the case when many 
variables might be involved. In these latter situation one may, dependent on whether 
there are concerns about for example bias amplification, want to use confounder selection 
methods that are less vulnerable to bias amplification, such as regularization regression. 
Regardless of the chosen method, it is important to report which method is used to enable the 
reader to identify potential problems that the selection method may have introduced. Hence, 
it is worrying that both the reasons why potential confounders are selected for analysis 
and the rationale for their inclusion in the final model are reported infrequently as 
observed in the study described in Chapter 2.

Controlling unmeasured confounding

In the paragraph above, we evaluated methods that can be very useful when there is a 
large number of measured covariates that may act as (proxy for) confounders. However, 
often there are several potential confounders that are not measured or captured in, for 
example, an administrative health care database. Moreover, even with high-dimensional 
propensity scores and shrinkage methods using hundreds of variables, unmeasured 
confounders may be uncorrelated with measured covariates. For example, smoking 
history is often absent in healthcare claims databases and is not likely to be proxied well 
by information available from claims [19]. Self-controlled or case-only designs have lately 
been developed to overcome the problem of unmeasured confounding in observational 
intervention studies. The general idea behind these designs is that patients can serve as 
their own controls, thereby minimizing confounding by factors that are stable over time. 
Consequently, these designs are especially useful when applied to evaluate short-term 
effects, as the likelihood that most factors will be (approximately) stable over time is in 
these situations generally relatively high. Several (variations on) self-controlled designs 
have been developed over the years, including case-crossover [20], case-time-control 
[21], fixed-effects case-time-control [22], case-case-time-control [23,24], prescription 
sequence symmetry [25], exposure-crossover [26],  and self-controlled case-series designs 
[27]. In this thesis we focused on the prescription sequence symmetry, case-crossover, 
case-sibling and self-controlled case-series design. 
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Prescription sequence symmetry analysis
The prescription sequence symmetry analysis (PSSA) was first proposed by Hallas 
as a screening tool for adverse drug reactions [25]. This design is often regarded as a 
simplified version of a case-crossover [20] or self-controlled case-series design [27]. In 
contrast to those designs, the PSSA does not base the effect estimate on comparisons 
within patients, but within patient populations (i.e. between different patients using the 
same drug). Only patients that both use the exposure drug of interest and the outcome 
drug of interest within a certain period of each other are selected for analysis. Hence, by 
selecting only patients that initiate the drugs of interest, all included patients have an 
indication for the exposure drug, thereby limiting confounding by indication. 

The PSSA method has several limitations and requires several assumptions. An obvious 
limitation of the PSSA is that there is a limit to the number of drugs that can serve as 
a valid proxy for acute clinical outcomes. Further, especially when using short time-
windows, which reduces the probability that results are affected by several potential 
biases as explained below, it is crucial that the timing of drug prescribing is close to 
the timing of the actual clinical event to prevent misclassification. Hence we examined 
short-term adverse or beneficial effects which require immediate drug treatment. 

In chapter 4 and 5 we used certain antibiotics as a proxy for acute urinary tract 
infections, which would likely not result in severe misclassification of the timing of the 
outcome as there will be generally limited time between the onset of symptoms and the 
prescription of antibiotics. Although it is theoretically possible that increased contact 
with the general practitioner after angiotensin-converting enzyme inhibitors initiation 
explains part of the increased risk, the absence of an effect for beta-blocker initiation 
(sequence ratio of 1.01) suggests that this is not the case. The problem of finding valid 
drug-proxies can be solved by applying sequence symmetry analysis with outcome events 
instead of outcome drugs [28,29].

In the PSSA, patients that use the outcome drug both before and after initiation of the 
exposure drug are simply categorized as patients that use the outcome drug before the 
exposure drug and information about outcome drug use after exposure drug initiation 
is ignored. In contrast, a self-controlled case-series design would also incorporate the 
information after exposure drug initiation of the same patient. Hence, as explained in 
Chapter 5, the PSSA will result in effect estimates that are lower (closer to the null when 
evaluating an increased risk, a stronger protective effect when evaluating a protective 
effect) in comparison with a self-controlled case-series or a case-crossover design that 
does not have the same limitation. Nevertheless, we found similar results when applying 
the prescription sequence symmetry analysis to study the effect of ACE-inhibitors on 
the occurrence of urinary tract infections as in a randomized design (Chapter 3 and 4). 
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In chapters 4 and 5, we restricted the analysis to patients that initiated the outcome 
drug within 28 days of exposure drug initiation in an attempt to limit possible 
confounding by factors that are related to the timing of prescribing (e.g. the closer 
to the date of exposure initiation the higher the disease severity). The use of relatively 
short time-windows may have resulted in a relatively small difference between the PSSA 
and case-crossover design (Chapter 5). When using longer time-windows, e.g. one year 
as commonly applied [30-34], the influence of ignoring information after exposure 
initiation in patients that initiate the outcome drug in the before-period may be much 
larger (due to a higher probability that the outcome also occurs in the after-period). 
Consequently, when screening for unknown drug-related adverse effects, one needs to 
take into account that the PSSA method may result in more false negatives than self-
controlled case-series designs such as the hierarchical Bayesian self-controlled case-series 
model [35]. Although the hierarchical Bayesian self-controlled case-series model still 
has to be empirically evaluated, it is a method that seems to be an interesting screening 
tool as it was specifically designed for estimating the effects of many drugs on many 
outcomes [35]. 

As explained in Chapter 4 and 5, using sequence symmetry analysis to evaluate adverse 
effects that are already known by prescribers [28,31,36-38] may result in artificially 
increased risks. This latter phenomenon is also observed with self-controlled case-series 
when exposure prescribing is outcome dependent. With well-known adverse effects, 
physicians may postpone prescribing a drug that further increases the risk of a recently 
experienced event. For the self-controlled case-series, a solution often used in the setting 
of temporary contraindication for vaccination is to incorporate a ‘pre-vaccination risk’ 
period that is not used to calculate the baseline outcome incidence [39]. Although a 
‘pre-exposure’ period could be excluded from the at risk period in PSSA, one should be 
aware that this may introduce bias due to confounding by disease severity and potential 
time-trends by moving the before period further away from exposure initiation than the 
after period. Therefore, careful consideration of study periods is essential to limit up or 
downward bias. 

Although confounding by indication is limited by including only patients that receive 
the exposure drug of interest, confounding by factors that are related to both the 
outcome and the timing of prescribing of the exposure is still possible. When there are 
concerns that such time-varying confounding may play a role (e.g. disease progression) 
it is important to use relatively narrow time-windows with all self-controlled methods. 
This is especially relevant for the PSSA design, as no adjustment for such confounders 
can be made via regression techniques as in real self-controlled methods (Chapter 
5). Therefore, in our own studies we limited the time-windows to 28 days for all 
prescription sequence symmetry analyses, thereby minimizing confounding by factors 
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that are (nearly) stable around the moment of exposure initiation (Chapters 4, 5 and 6). 
Another reason why the use of relatively narrow time-windows can result in less biased 
effect estimates is that trends in prescribing of exposure drug and/or outcome drug 
can influence the results [25,40]. The effects of potential time-trends can be limited by 
using narrow time-windows (Chapters 4, 5 and 6), because the prescribing practice will 
generally not change drastically over very short time periods. Given the vulnerability to 
several biases when using relatively long time-windows, such as the commonly applied 
1-year time-windows, an important recommendation would be to restrict the analysis 
to patients that initiate both drugs of interest within a relatively short-time period. This 
recommendation is also more in agreement with theory and recommendations of self-
controlled designs such as the case-crossover study [20,40]. 

Although the prescription sequence symmetry design has, as other observational 
designs, some important limitations as discussed in chapters 4-6 and above, it also 
has important strengths. Due to the simplicity of the design it can be used to screen 
Big Data databases without encountering scaling issues. Moreover, when limited data 
on potential confounders are available, applying a prescription sequence symmetry 
design can have more value than performing a cohort study and neglecting potential 
unmeasured confounding. In Chapter 6, the PSSA indicated that at least part of the 
association of concomitant use of non-steroidal anti-inflammatory drugs (NSAIDs) and 
selective serotonin reuptake inhibitors (SSRIs) with peptic ulcer drug treatment may be 
due to unmeasured confounding in a previously published cohort study. Nevertheless, 
given the ever increasing computer power and recent developments in the self-controlled 
case-series method [35,41-48] that address much of the limitations encountered by the 
PSSA and/or standard self-controlled case-series, future research may additionally be 
focused on the self-controlled case-series methodology.

Case-crossover design
The case-crossover design was developed by Maclure to study the effect of transient effect 
on the risk of acute outcomes [20]. With this self-controlled design, the probability 
of exposure in the period just before the outcome event (hazard period) is compared 
with the probability of exposure in control period(s). Because patients (cases) serve as 
their own control, confounding by time-invariant characteristics, including unmeasured 
characteristics, are eliminated. 

We evaluated the case-crossover design in both a single-study comparison (Chapter 5) 
and a systematic comparison (Chapter 8). The effect of angiotensin-converting enzyme 
inhibitors on urinary tract infections was similar using a case-crossover design as in a 
randomized setup (Chapter 3 and 5), suggesting that, with similar study populations, 
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exposure and outcome definitions, the case-crossover design appeared to pertain similar 
results as randomized controlled trials. Inevitably, there are situations in which a case-
crossover design will less likely provide valid effect estimates than other designs. In 
chapter 8, we found that differences between case-only designs, including the case-
crossover design, and case-control and/or cohort studies could be predicted by failure 
to meet important assumptions [49] of the case-only design. Although this finding does 
not necessarily mean that the case-only study is wrong and the cohort/case-control study 
right, it implies that researchers should at least be aware that discrepancies between 
both types of designs may thus be caused by wrong application of the case-only or case-
crossover design. Predictors of discrepancies included evaluation of chronic exposures, 
common events, insidious events and the use of relatively long hazard periods. In chapter 
8 we did not include all assumptions of the case-crossover as potential predictors, as for 
some it was difficult to assess whether the assumption was met without having the 
original data at hand. Here, we will discuss more in depth some important remaining 
limitations of the case-crossover design that should be considered when considering 
whether a case-crossover design would be an appropriate study design for a specific 
causal research question. 

Because the case-crossover design is a unidirectional design, with the control period 
always preceding the hazard period, the design is vulnerable to time-trends in exposure 
[20,21,50-52]. Several solutions exist to this potential problem, including an effective 
and simple solution: using short hazard and control periods without long periods between 
the hazard and control periods similar to the PSSA design. However, sometimes this is 
not possible due to possible carry-over effects or when it takes a while before the effect 
of the drug is noticeable [50]. Carry-over effects occur when the exposure in the control 
periods is not independent of the outcome event [49]. The PSSA design is not vulnerable 
to carry-over effects as within population instead of within patients comparisons are 
made. To solve the problem of potential time-trends in exposure different options have 
been proposed: the case-time-control design that uses crossover in control patients to 
assess and adjust for potential time-trends in exposure [21]; the case-case-time-control 
that uses future cases as present controls to adjust for exposure time-trend bias [23]; 
and a bidirectional case-crossover design that samples control windows before and/or 
after the outcome event [53,54]. With this latter method control periods should not 
be selected as a function of event times in order to get unbiased results using standard 
conditional logistic regression [49,53-56]. Hence, symmetrically sampling of control 
periods before and after the hazard period within individuals should preferably be 
avoided, although the related bias tends to be small [56]. When there is a linear trend in 
exposure a bidirectional case-crossover design will remove bias due to the time trend. An 
important assumption of this method is that the outcome does not alter the probability 
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of future exposure. When this assumption does not hold, alternative strategies need to 
be adopted to address time-trends in exposure. 

The case-time-control design would be a valid alternative in such situations [21]. 
However, since this method uses crossover in controls to adjust for time-trends, bias 
may be introduced when the exposure trend is different among controls than among 
cases [57]. If controls would be different from cases with regard to exposure trends, one 
could use future cases as present controls using the case-case-time-control design [23]. 
A problem with this latter approach is that on the one hand future cases should not be 
too distant in time to eliminate to capture non-linear time-trends, while on the other 
hand there must be sufficient time between the event and the person-time sampled 
from the future case to ensure that the exposure is independent of the future event 
[23]. Moreover, the method may be inefficient as only patients that can be matched to 
a future case will contribute to the analysis. As those future cases need to be identified, 
follow-up must be longer than with a conventional case-time-control or case-crossover 
design. Finally, selection bias may be introduced, because individuals cannot become 
future cases unless they survive until they experience the outcome event [40]. 

Although the case-crossover design eliminates confounding by factors that are stable over 
time [20], the design is still vulnerable to confounding by time-varying factors. When 
factors that vary between the hazard and control period(s) are measured, a multivariate 
conditional logistic model can be used to adjust for these time-varying factors as we did 
in chapter 5. Although a recent review suggested that this is the only correct multivariate 
model for case-crossover designs [58], a stratified Cox’s proportional hazards model with 
strata representing the matched sets is equally valid [59]. However, one should mind that 
applying conditional logistic regression or a stratified Cox’s proportional hazards model 
to a case-crossover design with multiple control periods can induce bias if exposures at 
different time points within individuals are not statistically independent [60].  

When a selection procedure for inclusion of potential confounders is necessary, earlier 
mentioned traditional methods (e.g. change in effect estimate criterion) or regularization 
methods such as Lasso can be used [61,62]. 

When applied to the right research question, the case-crossover design can be a very useful 
research design and provide less biased effect estimates than alternative designs, though 
empirical comparisons with golden standard RCTs are virtually lacking. Especially when 
examining transient effects of intermittent exposures on acute outcomes in presence of 
several important time-invariant confounders, the case-crossover design is a very valuable 
study design. In chapter 5 we found similar effect estimates using a case-crossover 
design as in a randomized design, despite evaluating the effect of angiotensin-converting 
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enzyme inhibitors, which are often used more chronically. This suggests that even if some 
assumptions are not entirely met, still similar results can be obtained as in randomized 
settings. However, empirical studies and statistical simulations are needed to evaluate 
how vulnerable the design is to violation of the different assumptions. Such simulations 
would be especially interesting given the observation that discrepancies between case-
only and cohort/case-control studies in empirical studies could be predicted by failure 
to meet assumptions of the case-only designs (Chapter 8).

Self-controlled case-series
The self-controlled case-series was developed by Farrington to evaluate the influence of 
transient exposures on acute outcomes [27]. However, the method has also been applied 
to evaluate long-term effects [63] and recently an exposure-adjusted self-controlled 
case-series method was proposed that was developed to evaluate the long-term effect of 
accumulated exposure [48]. However, with long follow-up the potential for bias due to 
time-varying confounding may become large. When large amounts of potential time-
varying confounders are available, self-controlled case-series designs can be implemented 
with regularization methods [48,64]. 

The original self-controlled case-series design is similar to a bidirectional case-crossover 
design in the sense that person-time is sampled from both before as after the index date. 
In addition, in both designs patients serve as their own control, thereby minimizing 
confounding by factors that are (nearly) stable over time. Moreover, both methods 
have similar assumptions and limitations. The full-stratum [53] and time-stratified [65] 
bidirectional case-crossover design are basically versions of the self-controlled case-series 
designs [66,67]. The most notable difference is that with the bidirectional case-crossover 
design the index date is the outcome event [53], while the self-controlled case-series is 
exposure-indexed [27,66]. 

A necessary condition of the case-crossover design is that the exposure distribution is 
stationary, i.e. there is no time-trend bias [60]. It would be intuitive to assume that 
a necessary condition of the self-controlled case-series would be that the outcome 
distribution is stationary. However, variations in the baseline incidence can be allowed 
for in the model by incorporating age or time effects [66]. 

The standard self-controlled case-series has four main assumptions. The most important 
assumptions, similar to the PSSA method, is that the probability of exposure is not 
affected by the occurrence of an outcome event [66]. Obviously, this is also an important 
assumption of the bidirectional case-crossover design [53]. One solution to overcome 
the problem of outcome dependent exposure is redefining the observation period 
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as starting from exposure and continuing to the end of the observation period. This 
approach is only possible when the post-exposure risk period is not indefinite and is not 
valid for multiple exposure, because bias for only one exposure but not for subsequent 
exposures is corrected [45,66,68]. Furthermore, selection bias may be introduced by 
excluding cases for which the event occurred before exposure. In addition, this will 
result in a loss of power and less ability to adjust for time-varying confounders as 
unvaccinated cases will also be dropped [45]. As mentioned earlier, with temporary 
dependencies, a solution often used in the setting of vaccinations is to incorporate a 
‘pre-vaccination risk’ period that is not used to calculate the baseline outcome incidence 
[39]. When the outcome-dependency is long, another solution exist that can also be 
used to analyse multiple exposures. In this pseudo-likelihood approach the observation 
period is remained the same as in standard self-controlled case-series, but only exposures 
experienced prior to the event are used to estimate the relative incidence [42]. The data 
are subsequently analysed as if there could be no subsequent exposures [42]. When in 
fact such exposures do occur, those exposure periods are incorporated into the baseline 
period and event counts during this period are adjusted to the number of events that 
would have been observed when there was no exposure in this period using Horvitz-
Thompson-like estimators [42]. This method can be applied to transient exposures and 
rare non-recurrent events. The method is only valid when the risk returns to the baseline 
level at the end of the risk period [42]. 

Second, because the statistical model is derived from a Poisson cohort model [66,67], 
analysis of frequent non-recurrent or unique events is not valid. Rare non-recurrent 
events can be analysed using the self-controlled case-series, because the probability of 
observing more than one event per individual (given that at least one is observed) tends 
to be zero [27,66,67]. In addition, clustered recurrent events should also not be analysed 
using the self-controlled case-series design. However, if events clusters in episodes, but 
the episodes can be assumed independent, clustered events within a certain time-period 
can be grouped. When this is not appropriate only first events can be used, provided 
that the initiating event is rare [66]. More recently, two variations of the self-controlled 
case-series were developed to allow for dependence of events [43,47]. 

Third, only time-invariant confounders that act multiplicatively on the baseline 
incidence are cancelled out [67]. This assumption must also hold for modelled time-
varying exposures of interest. For the exposure and measured covariates it can be tested 
whether these assumptions are not violated using methods similar to those used for the 
proportional hazards model [67]. 

Fourth, the observation periods should be independent of event times [67]. Thus, 
individuals must generally remain observable after an event occurs. This may be 
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problematic when the outcome of interest is death or strongly related to death [67,69]. 
When the exposure of interest does not appreciably affect the risk of death besides 
through the effect on the outcome, the method of Farrington et al. can be applied 
[69,70]. When death is the outcome of interest, similar methods as described above that 
address event-dependent exposure can be used [42,66]. Nevertheless, in practice, the 
self-controlled case-series method is generally robust to failure to meet the assumption 
that observation periods are independent of event times [67]. 

In chapter 8, the majority of comparison between case-only and cohort or case-control 
designs consisted of comparisons between self-controlled case-series and cohort designs. 
This was largely due to the high number of such comparisons in the study of Madigan et 
al. [71]. Although the authors also reported comparisons with the case-crossover design 
in the supplementary files of that paper, we did not include those comparisons as we 
detected an error in their data and results. Though we communicated with the authors 
of this study and they were going to look further into this issue, at the time of writing 
this issue has not been solved yet. Nevertheless that study may have contributed to the 
relatively high number of discrepancies in chapter 8. For example, several associations 
were included that potentially suffered from bias due to outcomes that alter the exposure 
probability, without using a modified version of the self-controlled case-series that could 
address this limitation [71].  Similarly, a study that concluded that within-person study 
designs, including the self-controlled case-series, may have greater susceptibility to 
bias, applied the self-controlled case-series in an incorrect manner [72]. They censored 
exposure at the outcome which is not valid, when the self-controlled case-series would 
have been applied in a correct manner it is likely that different conclusion would have 
been reached [73]. Hence, whenever applying the self-controlled case-series design to 
a research question, one needs to carefully consider whether the assumptions of the 
design will be met. When the assumptions are met, the self-controlled design can be a 
very valuable design, especially since all measured and unmeasured multiplicative time-
invariant confounders are adjusted for by design. 

Case-sibling design
Although sibling discordance studies were already applied in the 19th century, related 
designs such as the case-sibling design applied in chapter 7 are increasingly being used 
in epidemiology [74]. In the context of prenatal exposures, the advantage of the case-
sibling design is that both the case and the control sibling share the same mother and 
household and share genetic and time-invariant environmental factors that may differ 
when using a conventional case-control or cohort study [74]. Although the design is not 
self-controlled in the sense that children are compared with themselves, a comparison 
is made between pregnancies of the same mother. A major advantage over twin studies 



Chapter 9

204

is that twins always have the same prenatal exposure, while siblings can be differentially 
exposed during pregnancy. Although a contrast is often made between a case-sibling and 
a cohort or case-control design to gain an indication about unmeasured confounding, 
chapter 7 shows that this is not always as easy as it seems. As described by Frisell et al., 
agreement between the case-sibling design and cohort or case-control study does not 
necessarily imply absence of unmeasured time-invariant confounding and disagreement 
does not necessarily imply presence of unmeasured time-invariant confounding [75]. 
Confounding by factors that are not perfectly shared by siblings or measurement error 
of exposure can result in biased estimates and ultimately wrong conclusions [75]. 
Estimates of within-pair estimates are more susceptible to bias due to non-shared 
confounder than estimates from unpaired analyses [75]. As only case-sibling pairs that 
are differently exposed contribute to the analysis, a selection for pairs that differ on non-
shared causes of the exposure is made. As non-differential (random) measurement error 
is not shared by siblings, it is likely that among the discordant pairs more individuals will 
be misclassified on exposure than in the general population [75]. Consequently, when 
no other biases than random measurement error play a role, the effect estimate will be 
closer to the null in a case-sibling design when compared with cases and controls from 
the general population. Indeed, the greater vulnerability to misclassification applies to 
all (self )-matched designs [76,77]. 

In chapter 7, we discussed another potential limitation of the case-sibling design when 
there is a natural ordering in the occurrence of cases. For example, firstborn children are 
at higher risk of developing asthma than their later born siblings [78] and it is therefore 
likely that the birth sequence is unevenly distributed between case and control siblings. 
This may result in bias when there is a trend in exposure. In chapter 7 we applied a 
method akin to the case-time-control design that adjusts for such potential time-trends. 
Although for this application the adjustment did not substantially alter the results, 
because there was no substantial time-trend in the use of antibiotics during pregnancy, it 
may remove substantial bias when there is a strong time-trend and a natural ordering in 
the occurrence of cases. Such ordering of cases may occur in various association studies 
using case-sibling design [79,80]. Although such studies often adjust for birth order, this 
may not completely remove potential time trends in exposure. An important limitation 
of using the trend in controls may be that the trend may be different among control 
pregnancies, especially if mothers of first-born cases decide to stop with a potential 
harmful exposure during subsequent pregnancies. 

Although a case-sibling design on its own does not proof causality, partly due to 
the limitations described above, it can provide an important contribution to our 
understanding of associations. Combined with other designs that may provide more 
information about potential confounding, such as the maternal-paternal comparison 
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applied in chapter 7, the increasing use of the case-sibling is an important step forward 
in the field of pregnancy outcomes, and the evidence base should be enlarged in the 
coming years. 

Quantitative bias analysis
The potential impact of unmeasured confounders, misclassification and/or selection bias 
can also be estimated using quantitative bias analysis [2,81]. Methods of bias analysis have 
been well known for decades and are endorsed for widespread use [81]. Nevertheless, we 
found in chapter 2 that quantitative bias analysis is rarely applied. When the exposure 
is not randomly assigned, as in all observational studies, the comparison between groups 
provides a probability that the outcome distribution is attributable to chance as opposed 
to the combined effects of exposure and systematic error [2]. Thus to infer causality, an 
educated guess about the impact of systematic errors is needed. 

Between 2010 and 2012, 85% of published articles on case-control or cohort studies 
on interventions with a hypothesized beneficial effect added a qualitative comment 
about the likelihood of unmeasured confounding (chapter 2). However, studies on 
anchoring and adjustment heuristic suggest that people tend to make adjustments that 
are insufficient to capture the true impact of the bias [2]. Moreover, an understanding 
of overconfidence heuristic suggests that people will tend to be overconfident about 
results [2]. Consequently, qualitative comments on the likelihood and impact of bias are 
expected to be insufficient. Quantitative bias analysis, informed by internal validation 
studies or carefully selected external information, can potentially overcome this problem 
[2,81]. 

Arguments often posed against quantitative bias analysis are that it is difficult to assign 
valid values to bias parameters and that the methods are too complex to apply. However, 
frequentist approaches assume that all bias parameters are set to values that induce no 
systematic error. It is almost certain that these assigned values are not the true values 
(no unmeasured confounding, no selection bias and no measurement error) [81]. When 
different values may seem valid, one can evaluate the sensitivity of the results to variation 
in the assigned values by assigning a probability distribution or ranging the values using 
multidimensional bias analysis. The obtained information can also guide the direction 
of future research. Although Bayesian and probabilistic methods may indeed be complex 
to apply for the inexperienced researcher, simple bias analysis methods can be easily 
applied (chapter 7) [2].
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In light of the increasing use of Big Data [82-84] leading to effect estimates with very 
narrow confidence intervals, quantitative bias analysis will become increasingly important 
to prevent policy actions based on overconfidence in the results. For example, based 
on conventional meta-analyses that found that residential electromagnetic fields were 
associated with an increased risk of childhood leukaemia, some stakeholders argued that 
it was necessary to undertake action and relocate of power lines [81]. However, using 
probabilistic bias analysis it was shown that there was much more uncertainty in the 
estimates than captured by the conventional confidence intervals [85]. The uncertainty 
intervals could easily include the null, indicating that costly policy action was not 
supported by the available data [85]. 

Alternative methods to address unmeasured confounding

Although the different self-controlled methods as applied in this thesis work have been 
proven to be useful to address unmeasured confounding, there are some situations in 
which the assumptions of the methods are likely violated, and other approaches are 
needed. Two developments are shortly mentioned below: p-value calibration and the 
instrumental variable design. 

P-value calibration
Recently, a p-value calibration approach was proposed to take into account that 
conventional confidence intervals and p-values only take into account random error 
and ignore selection bias, measurement error and residual or unmeasured confounding 
[86]. With this method, p-values are calibrated using the observed null distribution for 
negative controls (drug-outcome pairs for which no causal relationship is assumed). A 
major problem with this method is that it only works well when negative control drugs 
really have no causal effect and when the influence of various sources of systematic 
error is similar for the negative controls as for the association of interest. This is always 
a potential problem when using negative or positive controls to gain an indication 
about potential unmeasured confounding. Since several negative controls are needed 
for calibration, p-value calibration may be difficult to apply in practice without failing 
to meet crucial assumptions of the method. Therefore, p-value calibration may suffer 
from a similar problem as conventional methods to calculate confidence intervals and 
p-values in observational studies: it is likely that the assumptions for the method do not 
hold. Therefore we would recommend to use quantitative bias analysis to estimate the 
susceptibility of the results to unmeasured confounding and other forms of systematic 
error whenever such analysis is productive [81]. 
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Instrumental variable design
As mentioned under the heading ‘selection strategies for measured confounders’ (near)-
instrumental variables can cause amplification of bias due to unmeasured confounding 
when wrongly selected as confounders in the final model. However, instrumental 
variables can in various situations be very helpful tools to address unmeasured 
confounding. Instrumental variable analysis can be applied when a variable can be 
identified that 1) is positively correlated with exposure (nonzero average causal effect), 
2) is independent of unmeasured confounders conditional on covariates (random 
assignment), and 3) affects the outcomes only through its effect on exposure (exclusion 
restriction). The instrumental variable can be used to extract variation in exposure that 
is free of unmeasured confounding and subsequently use this variation in exposure to 
estimate the casual effect of the exposure [87]. However, in practice, it is often difficult 
to identify variables that fulfil all three requirements. The potential instrumental variable 
should have a relatively strong association with the exposure, because instrumental 
variable analysis with a weak instrument is sensitive to slight departures from being a 
valid instrument [87,88]. Hence, when there is some correlation between exposure and 
an unmeasured confounder, ordinary least squares regression may be less biased then 
an instrumental variables analysis with a weak instrument that has a weaker correlation 
with the unmeasured confounder [88]. However, even when a variable can be considered 
a valid instrument according to the three requirements listed above, two additional 
assumptions have to be met for valid analysis: the monotonicity assumption, although 
not necessary for all instrumental variable analyses [89], and the stable unit treatment 
value assumption (SUTVA). Suppose we have a binary instrumental variable Z and a 
binary exposure X. The monotonicity assumption requires that there are no subjects who 
are defiers, i.e. persons that are always exposed opposite of what would be expected on 
the level of the instrumental variable (no subject i with . Although this assumption will 
often not be violated, the model only estimates the average treatment effect for compliers 
. The effect estimate does not inform about the effect of the treatment among always 
takers or never takers , unless it can be realistically assumed that there is no heterogeneity 
in the treatment effects [87]. The SUTVA assumes that potential outcomes for each 
person are unrelated to the treatment status of other individuals (no interference). It is 
important to note that this assumption is also generally assumed for other methods than 
instrumental variable analysis and does not necessarily bias the estimation but changes 
the interpretation of the effect estimates [87]. When this is not taken into account one 
may misinterpret what is being estimated [90,91]. 

When all assumptions are met, instrumental variable analysis can be a useful tool to 
overcome bias due to unmeasured confounding. In practice it will be often difficult to 
identify a good instrumental variable candidate and to fulfil all assumptions. Hence, 
whenever performing an instrumental variable analysis, it is important to report about 
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the likelihood each assumption is met [92,93] and ideally perform sensitivity analysis to 
estimate the potential impact of violation of the assumptions. 

Conclusion

In observational research, measuring and adjusting for confounding is crucial to evaluate 
whether an observed association is possibly causal or biased. Hence, confounding 
needs to be addressed in the design or analysis phase of each observational study that 
is intended to study causal associations. In this thesis, we mainly focused on different 
designs to adjust for measured and unmeasured potential confounding. Various self-
controlled methods have been developed to partly overcome the problem of time-
invariant unmeasured confounding. When applying such methods it is important to 
verify whether assumptions are likely met or whether another design might be more 
applicable to the research question. Quantitative bias analysis with bias parameters based 
on internal or external validation data can always be applied, regardless of the design 
and analytical choices. We would like to encourage researchers to further empirically test 
and modify existing self-controlled methods to partly overcome their main limitations 
and to develop novel techniques that further reduce or better quantify confounding in 
observational research.
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Summary

In the absence of randomized controlled trials, the best available evidence for decision-
making on interventions will often come from observational studies. However, 
observational studies that evaluate the effects of interventions are prone to confounding 
bias. Given the vulnerability of observational studies to confounding, complete and 
transparent reporting on confounding is necessary to enable readers to assess the validity 
of study findings. Therefore, the first aim of this thesis is to assess whether the reporting 
of confounding improved in articles published after the publication of the STROBE 
guideline compared with articles published before the guideline was introduced.  

One of the more novel developments with regard to the control of confounding in 
observational studies is the application of a self-controlled or case-only design. Empirical 
comparisons of such study designs with each other, with more traditional observational 
designs and with randomized controlled trials are scarce. Hence, the second aim of this 
thesis is to apply and empirically compare various available self-controlled designs to 
quantify and control for confounding with other designs. 

In chapter 2 the reporting of confounding in observational cohort and case-control 
studies on interventions before and after the publication of a widely endorsed guideline 
for observational studies (STROBE) is presented. The median of reported number of 
items (range 1-8) was similar before and after the publication of the STROBE statement 
(median 4, interquartile range [IQR] 3-5 vs median 4, IQR 4-5), although the distribution 
shifted somewhat to the right (p<0.001). Results were similar for journals that published 
the STROBE statement, endorsed the guideline in their author instructions or required 
the submission of a completed STROBE checklist. Our study showed that although 
the quality of reporting about confounding improved in certain aspects, the overall 
quality remains suboptimal. Research is needed into the development and evaluation 
of strategies to improve the quality of reporting and adherence to reporting guidelines. 

In chapter 3 the effect of pravastatin on recurrent urinary tract infections is evaluated 
in a post-hoc analysis of a randomized controlled trial (PREVEND-IT). In addition, 
the effect of fosinopril, an angiotensin-converting enzyme inhibitor (ACEi), on acute 
urinary tract infections is assessed. Intention-to-treat analyses showed that pravastatin 
was associated with a reduced total number of urinary tract infection antibiotic 
prescriptions (relative risk, 0.43; 95% CI: 0.21–0.88) and occurrence of second urinary 
tract infection antibiotic prescriptions [hazard ratio (HR) 0.25; 95% CI: 0.08–0.77]. 
No significant effect on occurrence of first urinary tract infection antibiotic prescriptions 
was found (HR 0.83; 95% CI: 0.57–1.20). Fosinopril was associated with an increased 
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occurrence of first urinary tract infection antibiotic prescriptions (HR 1.82; 95% CI: 
1.16–2.88). Combination therapy with fosinopril and pravastatin did not significantly 
influence the number of urinary tract infection antibiotic prescriptions. This study 
suggests that pravastatin can reduce the occurrence of recurrent urinary tract infections 
and fosinopril may induce first urinary tract infections. Larger studies are needed to 
confirm these findings. 

In chapter 4 the association of ACEi with the risk of acute urinary tract infections is 
assessed using a prescription sequence symmetry analysis. A total of 101 (63%) patients 
started ACEi therapy first followed by nitrofurantoin treatment (a proxy for urinary 
tract infections), while 60 (37%) patients started nitrofurantoin treatment first, which 
corresponds to an adjusted sequence ratio (ASR) of 1.68 (95% CI: 1.21-2.36). No 
association was found between β-blockers and nitrofurantoin treatment (ASR 1.01, 
95%CI: 0.74-1.38). To conclude, a significant excess of patients received urinary tract 
infection antibiotic prescriptions following the first month after ACEi initiation. This 
prescription sequence asymmetry agrees with the trial findings and suggests that ACEi 
initiation increases the risk of developing urinary tract infections. 

In chapter 5 the association between ACEi and urinary tract infections is further 
evaluated using a case-crossover design. Of included patients, 276 patients were only 
exposed to ACEi during the risk window and 150 patients only during the control 
window (adjusted OR 1.74; 95% CI 1.42-2.13). When using similar criteria as in the 
prescription sequence symmetry analysis, the case-crossover estimates were slightly 
higher (adjusted OR 2.09, 95% CI 1.68-2.61). These findings suggest that ACEi use 
increases the risk of developing first urinary tract infections. Despite the similarities 
between the case-crossover design and the PSSA, the PSSA led to slightly lower effect 
estimates than the case-crossover design and the post-hoc analysis of the randomized 
trial. 

In chapter 6 the association of combined use of selective serotonin reuptake inhibitors 
(SSRIs) and nonsteroidal anti-inflammatory drugs (NSAIDs) with the risk of starting 
peptic ulcer treatment is evaluated using a prescription sequence symmetry design. A 
comparison is made with a previously published cohort study that used the same database 
but did not adjust for potential confounders. In contrast to the previous cohort study 
(RR 12.4; 95% CI: 3.2-48.0), combined use of SSRIs with NSAIDs was not associated 
with a higher risk of peptic ulcer treatment than NSAIDs alone (ASR 1.48; 95% CI: 
0.90-2.49 vs ASR 2.50; 95% CI: 2.27-2.76). Our findings indicate that at least part of 
the previously reported association between combined use of SSRIs with NSAIDs and 
peptic ulcer initiation might be attributed to unmeasured or residual confounding. 
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In chapter 7 the association between antibiotic use during pregnancy and the development 
of asthma in preschool children is analysed using different confounding-minimizing 
designs, including a case-control and case-sibling design. Both the case-sibling and case-
control analysis yielded similar increased risks of asthma in preschool children when 
antibiotics were used in the third trimester of pregnancy (aOR 1.37; 95%CI: 1.02-1.83 
and aOR 1.40; 95%CI: 1.15-1.47). Time trend analyses showed that results were not 
influenced by a time trend in antibiotic exposure. Significant increased risks of asthma 
in preschool children after exposure to antibiotics in any trimester of pregnancy was 
observed in the conventional case-control analysis only (aOR 1.46;95%CI 1.34-1.59). 
In conclusion, exposure to antibiotics in the third trimester of pregnancy appeared to be 
associated with a small increased risk of asthma in preschool children. This association 
appeared not to be influenced by time-invariant confounders or time trends in antibiotic 
exposure.

In chapter 8 the concordance between case-only and parallel group designs in empirical 
studies is evaluated in a systematic way. In addition, predictors of discrepancies between 
both types of designs are identified. The correlation coefficient between the intervention 
effect in case-only versus parallel group designs was mediocre 0.64 (p<.001). In 221 
of the 519 comparisons (43%) the difference between both study designs was beyond 
what would be expected by chance alone. The following predictors of discrepancy were 
found: intermittent exposure, rare event, acute outcome, length of hazard period, type 
of case-only design and sample size of the traditional study design. We found that the 
concordance between effect estimates of case-only and cohort or case-control design is 
moderate, and discrepancies beyond chance are very common. Such discrepancies could 
be predicted by failure to meet important assumptions of case-only designs.

To conclude, this thesis evaluated whether the reporting of confounding improved in 
articles published after the publication of the STROBE guideline compared with articles 
published before that guideline. In addition we applied and empirically compared 
various available self-controlled designs with other designs that were used to control 
for confounding. Based on the conclusions of the studies we recommend to focus 
on development and evaluation of strategies to improve the quality of reporting and 
adherence to reporting guidelines rather than adding another guideline to the steadily 
increasing pile of reporting guidelines; to apply self-controlled designs when there are 
concerns about unmeasured confounders and the research question seems appropriate 
for such a design; to verify whether assumptions are likely met when applying a study 
design and in case of uncertainty about this to apply sensitivity analyses. Finally, self-
controlled methods should be empirically tested and modified to overcome their main 
limitations such as vulnerability for time trends and to develop new methodologies that 
further reduce or better quantify confounding in observational intervention research. 
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Samenvatting

Vaak komt het bewijs waarop beslissingen over interventies zijn gebaseerd   uit 
observationeel onderzoek. Een veelvoorkomend probleem in dergelijk niet-
gerandomiseerd onderzoek is confounding. Confounding vindt plaats wanneer een factor 
het causale verband tussen een determinant en de uitkomst verstoord. Indien niet voor 
dergelijke factoren (confounders) gecorrigeerd wordt is de kans groot dat er verkeerde 
conclusies worden getrokken. 

Omdat confounding veel voorkomt in observationele studies is het noodzakelijk 
volledige informatie te geven over hoe er is omgegaan met eventuele confounding om 
lezers de mogelijkheid te bieden de validiteit van de onderzoeksbevindingen adequaat te 
beoordelen. Derhalve is een belangrijk doel van deze thesis te evalueren of de verslaglegging 
met betrekking tot confounding verbeterde na de publicatie van de STROBE richtlijn. 
Deze richtlijn, die door steeds meer wetenschappelijke tijdschriften wordt aangeraden, 
is speciaal ontworpen om de verslaglegging in observationeel onderzoek te verbeteren.  

Een recente ontwikkeling omtrent het controleren van confounding in observationeel 
onderzoek is het toepassen van designs waarbij patiënten als hun eigen controle 
fungeren (self-controlled designs). Onderzoeken waarbij empirische vergelijkingen tussen 
self-controlled designs of vergelijkingen met meer traditionele parallel groep designs en 
gerandomiseerde onderzoeken worden gemaakt zijn schaars. Een tweede belangrijk doel 
van deze thesis is het toepassen en vergelijken van verschillende self-controlled designs met 
andere designs die gebruikt worden om voor confounding te controleren. 

In hoofdstuk 2 wordt de verslaglegging   met betrekking tot confounding voor en 
na de publicatie van STROBE richtlijn vergeleken. Het aantal gerapporteerde items 
(maximaal 8 items) was vergelijkbaar voor en na de publicatie van de richtlijn (mediaan 
4, interkwartielafstand (IKA) 3-5 vs. mediaan 4, IKA 4-5), ook al verschoof de 
verdeling wel enigszins naar rechts (p<0.001). De resultaten waren vergelijkbaar voor 
wetenschappelijke tijdschriften die de STROBE richtlijn publiceerden, het gebruik van 
de richtlijn aanmoedigden in de instructies voor auteurs, of vereisten dat de auteurs een 
checklist meestuurden waarin ze aangaven op welke pagina ze voldaan hadden aan de 
individuele items van de richtlijn. Onze studie liet zien dat ondanks dat de kwaliteit 
van de verslaglegging met betrekking tot confounding in sommige aspecten verbeterde, 
de algehele kwaliteit nog flink kan worden verbeterd. Meer onderzoek is nodig naar de 
ontwikkeling en evaluatie van strategieën om de kwaliteit van de verslaglegging en met 
name de naleving van de richtlijnen te verbeteren. 
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In hoofdstuk 3 wordt het effect van pravastatine op (recidiverende) urineweginfecties 
geëvalueerd middels een post-hoc analyse van een gerandomiseerde studie (PREVEND-
IT). Daarnaast wordt in dit hoofdstuk het effect van fosinopril, een angiotensine-
converting-enzyme (ACE-)remmer, op urineweginfecties onderzocht. Pravastatine was 
geassocieerd met een verminderd risico op urineweginfecties (relatief risico, 0.43; 
95% CI: 0.21-0.88) en op tweede, oftewel recidiverende, urineweginfecties (hazard 
ratio (HR) 0.25; 95% CI: 0.08-0.77). Geen significant effect werd gevonden voor 
eerste urineweginfecties (HR 0.83; 95% CI: 0.57-1.20). Fosinopril was geassocieerd 
met een verhoogd risico op eerste urineweginfecties (HR 1.82; 95% CI: 1.16-2.88). 
Combinatietherapie met fosinopril en pravastatine had geen significant effect op het 
risico op urineweginfecties. Deze resultaten suggereren dat pravastatine het risico op 
recidiverende urineweginfecties kan verlagen, terwijl fosinopril mogelijk het risico op 
eerste urineweginfecties verhoogd. Echter, vanwege de beperkte omvang van de studie 
zijn er grotere studies nodig om te kijken of deze resultaten kunnen worden bevestigd.

In hoofdstuk 4 wordt de associatie tussen ACE-remmers en het risico op urineweginfecties 
geëvalueerd met behulp van een prescriptie sequence symmetry analysis. In totaal startten 
er 101 (63%) patiënten met ACE-remmers voordat zij met nitrofurantoïne behandeling 
(een proxy voor urineweginfecties) startten, terwijl 60 (37%) patiënten juist beide 
geneesmiddelen in de omgekeerde volgorde startten. Na correctie voor mogelijke trends 
in het voorschrijven van een van beide middelen werd een gecorrigeerde sequence 
ratio (SR) van 1.68 (95% CI: 1.21-2.36) gevonden. Een dergelijke associatie werd niet 
gevonden tussen β-blokkers en nitrofurantoïne (SR 1.01; 95% CI: 0.74-1.38). Deze 
resultaten suggereren, net als de post-hoc analyse van de gerandomiseerde studie, dat het 
starten van ACE-remmer therapie het risico op het ontwikkelen van urineweginfecties 
(tijdelijk) verhoogt.

In hoofdstuk 5 wordt de associatie tussen ACE-remmers en urineweginfecties verder 
onderzocht met behulp van een case-crossover design. Van de geïncludeerde patiënten 
gebruikten er 276 ACE-remmers alleen tijdens het risico-interval en 150 patiënten alleen 
tijdens het controle-interval (gecorrigeerde OR 1.74; 95% CI: 1.42-2.13). Wanneer 
de in- en exclusie criteria gelijk werden gesteld met de prescription sequence symmetry 
analysis werd een iets hoger risico gevonden (gecorrigeerde OR 2.09; 95% CI: 1.68-
2.61). Deze bevindingen suggereren dat ACE-remmers het risico op urineweginfecties 
(tijdelijk) verhogen. Ondanks de overeenkomsten tussen het case-crossover design en de 
prescriptie sequence symmetry analysis, leidde dit laatste design tot lagere effect schattingen 
dan het case-crossover design en de post-hoc analyse van het gerandomiseerde onderzoek. 
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In hoofdstuk 6 wordt de associatie tussen gecombineerd gebruik van selectieve 
serotonine heropname remmers (SSRIs) en niet-steroïde prostaglandine-synthetase-
remmers (NSAIDs) en het risico op het starten van maagzweer behandeling onderzocht 
middels een presciption sequence symmetry analysis. Een vergelijking wordt gemaakt met 
een eerder gepubliceerde cohort studie die gebruik maakte van dezelfde database maar 
niet corrigeerde voor potentiële confounders. In tegenstelling tot de bevindingen van 
de eerdere cohort studie (RR 12.4; 95% CI: 3.2-48.0) was combinatietherapie van 
SSRIs met NSAIDs niet geassocieerd met een hoger risico op maagzweer behandeling 
dan behandeling met NSAIDs alleen (SR 1.48; 95% CI: 0.90-2.49 vs. SR 2.50; 95% 
CI: 2.27-2.76). Onze bevindingen geven aan dat   tenminste een deel van de eerder 
gepubliceerde associatie tussen gecombineerd gebruik van SSRIs met NSAIDs en het 
starten van maagzweer behandeling  kan worden verklaard door ongemeten confounding. 

In hoofdstuk 7 wordt de associatie tussen antibiotica gebruik tijdens de zwangerschap 
en ontwikkeling van astma in jonge kinderen geanalyseerd middels verschillende 
designs: een case-control (patiënt-controle) en een case-sibling design. Beide designs 
gaven vergelijkbare resultaten voor antibiotica gebruik tijdens het derde trimester van 
de zwangerschap (OR 1.37; 95% CI: 1.02-1.83 en OR 1.40; 95% CI: 1.15-1.47). 
Vergelijkbare resultaten werden verkregen wanneer met het case-sibling design tevens 
werd gecorrigeerd voor potentiële trends in het voorschrijven van beide geneesmiddelen. 
Wanneer de zwangerschap als een geheel werd geanalyseerd werd er alleen met het 
traditionele case-control design een verhoogd risico gevonden (OR 1.46; 95% CI: 1.34-
1.59). Deze resultaten duiden er op dat antibiotica gebruik tijdens het derde trimester 
van de zwangerschap is geassocieerd met een klein verhoogd risico op astma in het kind.

In hoofdstuk 8 wordt de overeenstemming tussen gepubliceerde self-controlled en 
parallel groep interventieonderzoeken geanalyseerd op een systematische manier. 
Daarnaast wordt er gekeken of er variabelen zijn die kunnen voorspellen of deze twee 
type designs verschillende resultaten geven. De correlatiecoëfficiënt tussen beide designs 
was middelmatig 0.64 (p<.001). In 221 van de 519 vergelijkingen (43%) was het 
verschil groter dan de vooraf vastgestelde drempelwaarde. Aan de hand van de volgende 
binaire en categorische variabelen kon worden voorspeld of resultaten overeenstemden: 
kortdurende of onderbroken interventie, zeldzame uitkomst, acute uitkomst, de lengte 
van het risico-interval, het type self-controlled design en de steekproefomvang. Er werd 
dus in deze studie gevonden dat de overeenstemming tussen self-controlled en parallel 
groep designs middelmatig is. Discrepanties konden worden voorspeld aan de hand van 
variabelen die aangaven of er werd voldaan aan belangrijke assumpties van self-controlled 
designs, zoals het analyseren van een acute uitkomst.
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Concluderend is er in deze thesis onderzocht of de verslaglegging met betrekking tot 
confounding is verbeterd  na de publicatie van de STROBE richtlijn. Tevens hebben we 
verscheidene self-controlled designs toegepast en vergeleken met designs die op een andere 
manier corrigeren voor confounding. Gebaseerd op de conclusies van de verschillende 
studies uit deze thesis raden we aan om onderzoek te concentreren op de ontwikkeling 
en evaluatie van strategieën om de kwaliteit van de verslaglegging en naleving van de 
richtlijnen te verbeteren in plaats van het toevoegen van weer een nieuwe richtlijn aan 
de steeds maar stijgende stapel; om self-controlled designs toe te passen wanneer er zorgen 
zijn over ongemeten confounders en de onderzoeksvraag geschikt voor een dergelijk 
design lijkt te zijn; om te verifiëren of er wordt voldaan aan belangrijke assumpties 
wanneer een studie design wordt toegepast en het toepassen van sensitiviteitsanalyses 
in het geval van onzekerheid. Tenslotte  adviseren we self-controlled designs empirisch 
te testen en door te ontwikkelen om de belangrijkste beperkingen te overwinnen en 
om nieuwe methodes te ontwikkelen die beter kunnen corrigeren voor confounding in 
observationeel interventieonderzoek.
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Na 4 bewogen jaren is het dan eindelijk zo ver, mijn proefschrift is af. Ik kijk met 
heel veel plezier terug op deze zeer leerzame periode in mijn leven. Niet alleen op het 
gebied van de wetenschap, maar ook op persoonlijk vlak ben ik door mijn ervaringen 
een ander mens dan wel eindelijk volwassen geworden. Mijn promotietraject heb ik 
altijd omschreven als student-plus zijn: jezelf nieuwe theorieën en technieken aanleren 
met een grotere keuzevrijheid dan gewone studenten en zelfs een salaris, met als kers 
op de taart vakanties in verre oorden als Alaska en Taiwan vanwege congresbezoeken. 
Graag wil ik dan ook iedereen bedanken die me heeft geholpen extra te genieten van 
deze periode, me door moeilijk periodes heeft geloodst, of me op een andere wijze heeft 
geholpen tot dit eindresultaat te komen. 

Als eerste wil ik mijn promotor Prof. dr. Eelko Hak bedanken. 

Beste Eelko, toen je mij vroeg een promotietraject te doen dat gericht was op het 
vergelijken en ontwikkelen van epidemiologische methoden, leek me dit een erg 
leuke uitdaging. Tijdens mijn master had ik me gefocust op onderzoek in het lab en 
gezondheidseconomische aspecten en had ik eerlijk gezegd nog nooit een epidemiologisch 
boek opengeslagen. Ik ben je dankbaar dat je me, ondanks mijn gebrek aan ervaring, 
toch hebt aangenomen voor deze positie. Je hebt me uitgebreid de kans gegeven om me 
verder te ontwikkelen op dit vakgebied met verscheidene cursussen en me altijd veel 
vrijheid gegeven in de richting van mijn onderzoek. Ik waardeer het ook zeer dat ik 
altijd de vrijheid heb gekregen om in samenwerking met Prof. dr. Maarten Postma, mijn 
master-thesis begeleider, verscheidene gezondheidseconomische studies uit te blijven 
voeren. Eelko bedankt voor alles!

Graag wil ik ook de leden van de leescommissie bedanken: Prof. dr. Ronald Stolk, 
Prof. dr. Gerhard Zielhuis, en Prof. dr. Stijn Vansteelandt. Bedankt voor de tijd die 
jullie hebben gestoken in het lezen van het manuscript en voor het geven van nuttig 
commentaar. 

Daarnaast wil ik al mijn co-auteurs bedanken voor hun waardevolle bijdragen, 
commentaren en de tijd die ze hebben besteed aan onze studies. Ik heb het altijd zeer 
gewaardeerd samen te werken met directe collega’s, academici en medewerkers van 
andere afdelingen en instituten en gemotiveerde studenten. Ik hoop dat bij sommige 
studenten de passie voor de wetenschap verder is aangewakkerd en dat ik ze later nog 
eens tegen zal komen op de werkvloer. 
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In het bijzonder wil ik Prof. dr. Maarten Postma bedanken. Beste Maarten, ik ben 
ooit begonnen op de afdeling met mijn masteronderzoek over de kosteneffectiviteit 
van vaccinatie van ouderen tegen respiratoir syncytieel virus onder jouw supervisie. 
De samenwerking was me destijds dermate goed bevallen dat ik naast mijn 
promotieonderzoek met veel plezier de nodige extra uren in gezamenlijke projecten heb 
gestopt. Niet alleen kon ik bij je terecht wanneer ik ergens tegenaan liep tijdens mijn 
promotie, tevens heb je me aan het eind van mijn promotietraject geattendeerd op een 
vacature bij Public Health England in Londen. Dit heeft er uiteindelijk toe geleid dat ik 
nu met heel veel plezier samen met Nienke in het bruisende Londen woon. Ik hoop dat 
we nog regelmatig een biertje kunnen doen als je in Londen bent voor de JCVI en daag 
je graag uit voor een nieuw pr op de Londen marathon. 

Uiteraard ben ik ook al de ander co-auteurs waarmee ik heb mogen samenwerken  zoals 
Prof. dr. Kees van Grootheest dankbaar. Beste Kees, samen met jou heb ik mijn allereerste 
wetenschappelijke publicatie geschreven. Gezien dit stuk alleen met complimenten 
van de reviewers terugkwam, had ik bij aanvang van mijn promotietraject een iets te 
rooskleurig beeld van hoe makkelijk het is om studies te publiceren. Gelukkig hebben 
enkele hierop volgende publicaties het realisme terug gebracht. Hiervoor wil ik de veelal 
anonieme reviewers van mijn stukken bedanken. Graag wil ik ook Jens en Sipke van de 
IADB.nl database bedanken voor de hulp bij mijn onderzoeken. Sipke, ik weet niet zo 
goed of je nog steeds van plan bent te promoveren, maar mocht dat het geval zijn dan 
hoop ik dat je een van de studies die we samen hebben uitgevoerd kunt gebruiken. Een 
voordeel van mijn artikelen is dat er niet wordt gesproken over de ‘interaction database’. 
Arno Kalkman en Daan Schagen bedankt voor jullie hulp bij een van mijn onderzoeken. 

Naast de onderzoeken, die in dit proefschrift zijn beland, heb ik ook verscheidene 
onderzoeken uitgevoerd en gepubliceerd. Dit was zeker niet mogelijk geweest zonder 
de waardevolle bijdragen van mijn co-auteurs. Hiervoor wil ik de volgende personen 
graag bedanken: Prof. dr. Petra Denig, Prof. dr. Jan Wilschut, dr. Arie van der Ende, 
dr. Hannah Christensen, dr. Germie van den Dobbelsteen, dr. Tjalke Westra, dr. Jaco 
Voorham, dr. Willem Luytjes, dr. Rolf Groenwold, Hiltsje Hepkema, Dianna de Vries, 
Bianca Mulder, Juul Cox, Niken Widyakusuma en Pieter de Boer.

Natuurlijk ben ik mijn collega’s, met wie ik veel heb samengewerkt en waarmee ik een 
erg leuke tijd heb gehad, dankbaar. Giedre je was een fantastische kamergenoot en 
ik ben fier, dat ik je zo’n groot fan heb kunnen maken van het cultureel erfgoed dat 
kabouter Wesley heet. Van de dingen die ik heb bereikt tijdens mijn promotietraject ben 
ik misschien nog wel het meest trots op het feit dat ik samen met Maarten ervoor heb 
gezorgd, dat je uitspraak van de naam van een dierbaar persoon correct is geworden. Ik 
ben blij dat je mijn pogingen tot het kweken van schimmels op jouw tafel altijd toeliet. 
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Wellicht dat daar ook de inspiratie is ontstaan om me na mijn promotietraject bezig te 
houden met antibiotica. Maarten, je was een welkome aanwinst op de afdeling. Voordat 
je kwam was ik de enige mannelijke promovendus van Eelko en met jouw komst kon ik 
eindelijk weer typische mannen onderwerpen aansnijden zonder aangekeken te worden 
alsof ik van Mars kwam. Helaas bleek je toch niet zo’n enorme sportfan, maar gelukkig 
compenseerde je dat meer dan genoeg met je humor. Ik zal je geen goed bedoelde 
hardlooptips meer geven, maar wie weet kunnen we nog eens een rondje rennen in 
IJsland. 

Bianca, je bent een kamergenoot om nooit te vergeten. Ik ben blij dat ik geruime tijd 
met jou aan de goede kant van de scheidslijn zat in onze kamer ook al trachtte ik af en 
toe een nieuwe scheidslijn te creëren tussen ons met behulp van enorme stapels papier. 
Daarnaast was je ook nog eens een plezierige reisgenoot. Dankzij jou schiet ik nog altijd 
in de lach wanneer ik iemand iets zie eten in de buurt van een ventilator. Ik hoop dat je 
ondertussen aan het oefenen bent om de combinatie hardlopen en tussendoor de kroeg 
induiken in een kerstmanpak de komende editie beter aan te kunnen. 

Christiaan, ook al kwam je pas halverwege mijn promotietraject op de afdeling en was 
je niet mijn kamergenoot, ik heb misschien wel de meeste tijd met jou doorgebracht. 
Tijdens je vaste ronde over de afdeling kwam je altijd even een praatje maken. Misschien 
waren deze rondes over de afdeling ook de reden waarom ons vaste hardlooprondje 
op donderdagochtend in het stadspark steeds sneller kon worden gelopen. Daarnaast 
behoorde je net als Lisette, Eva en Nienke tot de boevengym posse. Ik hoop dat deze 
routine er nog steeds in zit, zodat de afdeling nog steeds de sterkste promovendi van de 
universiteit aflevert. Tevens verwacht ik je nog een weekend in Londen om de nieuwe 
enorme glijbaan bij het olympisch stadion uit te proberen en ben ik benieuwd wanneer 
ik mijn ticket naar Ramallah kan boeken. 

Dianna, je komt weliswaar als een rustig persoon over, maar ik heb altijd heel erg genoten 
van de momenten dat je verrassend scherp en resoluut uit de hoek kwam. En je bent van 
harte welkom bij Nienke en mij tijdens je periode in Londen. Ik hoop dat je het net zo 
leuk zult hebben als wij. 

Pieter, ik was altijd erg onder de indruk dat je nog meer voetbalfeitjes kende dan ik. 
Hierdoor werd weer duidelijk dat er werk aan de winkel is om voldoende te scoren bij 
de pub quiz. Ik hoop dat we de rondjes op de racefiets door het Groningse en Friese 
platteland weer voort kunnen zetten wanneer we beiden weer voet op Nederlandse 
bodem hebben gezet.
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Uiteraard wil ik ook al mijn overige collega’s, met wie ik voor kortere of langere tijd 
heb samengewerkt en leuke tijden heb beleeft bedanken. Beste Aletta, Aizati, Auliya, 
Bert, Bob, Cornelis, Didik, Doti, Elisabetta, Eva, Fabian, Hao, Hoa, Hong Anh, Hugo, 
Jelena, Jenja, Job, Jos, Josien, Josta, Jovan, Jurjen, Katja, Lisette, Lolkje, Marcy, Mark, 
Mehraj, Pepijn, Petros, Priscilla, Renata, Stefan, Thea, Ury en iedereen die ik wellicht 
vergeet, bedankt voor de leuke tijd! Ook wil ik graag Jannie bedanken, waar ik altijd 
terecht kon voor praktische zaken maar ook voor een gezellig praatje. 

I also would like to thank my new colleagues at Public Health England. The warm 
welcome and all the information about nice places and events to go motivated me to 
finish the final bits and pieces of my thesis as soon as possible. I would especially like to 
thank Timo for providing me a random collection of not-so-obvious things to do, which 
don’t cost a fortune.    

Ook al waren ze niet direct betrokken bij mijn promotie, toch wil ik graag de volgende 
personen bedanken voor het verzorgen van de broodnodige afleiding. Juliette, een groot 
gedeelte van mijn promotie woonden we samen, wat gezien mijn passie voor mijn werk 
niet altijd even makkelijk was. Ik waardeer het des te meer dat je altijd voor me klaar 
stond, ook tijdens de moeilijke periode dat ik mijn vader verloor. Ik wil je dan ook 
ontzettend bedanken voor alles en wens je een hele mooie toekomst toe.

Ik wil Zwaar05 bedanken voor de avonden waarbij een diepgaand gesprek niet per 
se een vereiste is. Ik heb veel doorzettingsvermogen gekregen van ons seizoen en we 
moeten echt nog een keer daadwerkelijk de Alpen in binnenkort. Ik verwacht jullie in 
ieder geval in Londen tijdens de The Boat Race. 

En dan mijn paranimfen!

Beste Sido, ook al behoor je officieel tot mijn vrienden, je bent inmiddels toch meer 
part of the family. Niet alleen heb ik altijd met plezier veel tijd met je doorgebracht, je 
hebt me ook doen inzien dat je soms beter eerst iets kunt afronden voordat je met het 
volgende leuke project begint. Ook tijdens de moeilijke momenten was je er altijd voor 
me. Een betere vriend zou ik me niet kunnen wensen en ik ben dan ook dankbaar dat 
je mijn paranimf wilt zijn. 

Lieve Pien, je bent niet alleen mijn enige en leukste zus, maar ook gelijk een goed maatje. 
Je hebt dezelfde bijzondere humor als ik, waardoor je een van de weinige mensen bent 
die me bijna altijd begrijpt. Ik vond het een hele eer dat ik getuige en ceremoniemeester 
mocht zijn op je bruiloft. Ik wil jou en Jaap   bedanken dat jullie eigenlijk alles zelf 
al hadden geregeld, waardoor ik me volledig op mijn promotietraject kon richten en 
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desondanks complimenten in ontvangst kon nemen voor deze prachtig verlopen dag. 
Pien, ik ben erg verheugd dat jij mijn paranimf wilt zijn. 

Natuurlijk wil ik ook mijn familie bedanken. 

Lieve papa en mama, ik kan niet verwoorden hoe dankbaar ik jullie ben. Papa, helaas 
kun je niet meer fysiek aanwezig zijn bij mijn promotie en zul je nooit het eindresultaat 
kunnen bekijken. Dat je altijd blind vertrouwen in me had en er dus geen moment aan 
twijfelde of ik dit succesvol zou afronden biedt enige troost. Wat ik ook deed, je steunde 
me volledig en je was de rots in de branding waar ik op kon bouwen. Mama, ook al 
maakte je je soms wat meer zorgen over me dan papa, al dan niet geheel terecht, je staat 
altijd volledig achter me. Ik ben er trots op hoe je de draad weer hebt opgepakt en dit 
heeft er zeker toe bijgedragen dat ik mijn thesis nu goed heb kunnen afronden. 

Verder wil ik ook alle resterende familie en vrienden bedanken, die ik om mijn 
dankwoord enigszins in te perken niet allemaal kan noemen, wat niet betekent dat ik de 
gezamenlijke mooie momenten minder waardeer. 

En last but not least, Nienke. Liefste Nienke, je onuitputtelijke bron van enthousiasme 
en positieve kijk op het leven hebben ervoor gezorgd dat zelfs het afronden van mijn 
promotietraject een peulenschil is gebleken. Je vindt het leuk om nieuwe avonturen met 
me aan te gaan, iets wat ik enorm waardeer. Inmiddels wonen en werken we in Londen 
en ik verheug me op de vele hoofdstukken die we samen hopelijk nog mogen invullen. 
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