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Abstract: “Theoretical design” comprises the development of an occurrence relation and 
the specification of the study domain. In explanatory research, the occurrence relation 
causally relates one determinant to the occurrence (of an event or a state) taking into account 
other relevant characteristics (confounders and modifiers). Conflicting results in explanatory 
research might be (partially) explained by differences in the “theoretical design” or by 
a mismatch between the “theoretical design” and the “design of data collection”. In this 
critical review, the reporting of “theoretical design” is assessed in articles on the association 
between early life antibiotic use and the occurrence of asthma. Articles investigating 
a relationship between early life antibiotic use and the occurrence of asthma were searched 
in PubMed and systematically selected for critical review. The full text was read and 
important elements of study design were extracted (the research question/hypothesis, seven 
key elements of “theoretical design” (measure of occurrence, case (event or state) definition, 
conceptualization (and operationalization) of the exposure, temporal relation between out-
come and exposure, confounders and effect modifiers taken into account and the domain of 
the study), the method of data collection and the method of data processing). A comparison 
was made between articles published before and after the publication of the “Strengthening 
the Reporting of Observational Studies in Epidemiology” (STROBE) statement (2007). 
Sixty-three articles were included for review. Thirteen articles reported the seven key 
elements of “theoretical design” that were questioned. No marked differences in reporting 
were observed pre- and post-STROBE. All articles reported some key elements of “theore-
tical design”; however, the reporting is not structured and not linked to the concept of 
“theoretical design”. Conceptualizing, delineating and explicit reporting of “theoretical 
design” is quintessential for the quality and transparency of explanatory research. 
Keywords: theoretical study design, occurrence function, etiological research, antibiotic use, 
asthma

Introduction
Conceptualizing, delineating and reporting all elements of study design (the design 
of the theoretical object, the design of the collection of the data and the design of 
the processing of the data collected) is quintessential both for the quality and for the 
interpretability of a study, especially when complex relationships between outcome-
(s) and exposure(s) are investigated.
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In epidemiological research, when specifying study 
design, researchers often merely refer to the “design of 
data collection” (eg, cohort study, case-control study, 
cross-sectional study, …).1–5 However, the design of how 
the data are collected should be considered as only a (be it 
an important) part of study design. Study design comprises 
three parts: the design of the “theoretical object” of the 
study (what will be studied and in what context), the 
design of how the data are collected (what kind of data 
will be collected and how will they be collected, ie, defin-
ing the study population, the sampling procedures, and the 
measuring of the characteristics studied) and the design of 
how the data are processed (the main statistical methods 
used to process the data from the measurement of the 
characteristics to the operationalized variables used in the 
assessment of the association between outcome and 
exposure).

The development of the “theoretical design” is deter-
mined by an appropriate research question that should 
include the outcome under study, the exposure(s) of 
interest, and the domain of the study.6 Central to the 
“theoretical design” is the translation of this research 
question/hypothesis into an occurrence relation. 
Focusing here only on explanatory research, the occur-
rence relation relates one determinant (the presumed 
cause) to the (frequency of) occurrence (of an event or 
a state) taking into account other relevant characteristics 
(extraneous to the causal pathway: confounders and non- 
extraneous to the causal pathway: effect modifiers). The 
application of a theoretical framework for causal infer-
ence, eg, the theory of directed acyclic graphs (DAGs) or 
the sufficient-component cause model can be helpful as 
a tool for the selection of the relevant characteristics 
prior to the collection and/or exploration of the data.7,8

Already in the eighties of last century, Miettinen 
referred to the occurrence relation as being part of “object 
design”:9

Designing the type of end result of an epidemiologic study 
means making the transition from an informal concept of 
the research problem to an express definition of the occur-
rence relation to be studied. 

This involves designing the nature of the occurrence rela-
tion and the domain of the empirical occurrence relation. 
The nature of the occurrence relation includes: (1) the 
outcome state(s) or event(s); (2) the parameter of interest; 
(3) the determinant(s); (4) the time relation between 

outcome and determinant status; (5) modifiers and (6) 
potential confounders.9

The explicit formulation of this “object design” or 
“theoretical design”, including the formulation of an 
occurrence relation and a domain, is crucial for the choice 
of an appropriate method of data collection and method of 
data processing.6,9,10 In what follows both “object design” 
and “theoretical design” will be referred to as “theoretical 
design”, since these are conceptually similar.

When it comes to the reporting of epidemiological 
studies, different guidelines have been published. One of 
these guidelines, the “Strengthening the Reporting of 
Observational Studies in Epidemiology” (STROBE) 
statement11 refers to the importance of reporting the objec-
tives of a study (note that these objectives are not objects 
as described by Miettinen) and advises to present key 
elements of study design early in the methods section or 
at the end of the introduction. In a publication by the 
Responsible Epidemiological Research Practice (RERP) 
working group of the Netherlands Epidemiological 
Society, a guideline also referring to the need for an 
appropriate design was formulated.12 This guideline, how-
ever, does not discuss details on technical aspects of epi-
demiological research (eg, study design).

Considering the importance of the formulation of 
a relevant research question/hypothesis (advised by both 
STROBE and RERP) and the translation hereof into an 
explicit “theoretical design” (based on both an occurrence 
relation and a domain) for the designing of data collection 
and the designing of data processing, these fundamental 
elements of study design should be explicitly reported in 
epidemiological literature.6,9,12,13

The explicit formulation of an appropriate “study 
object” or “theoretical design” (both in the setting up of 
a study as well as in the reporting) is essential for the 
justification of the choice for the method of data collec-
tion and method of data processing.6 Diverging results in 
research on complex exposure–outcome relationships 
might be (at least partially) explained by differences in 
the object of the study (different underlying ‘theoretical 
designs’) or by a mismatch between the object of the 
study (“theoretical design”) and the way data are col-
lected (“design of data collection”). The relationship 
between early life antibiotic use and the occurrence of 
asthma is such a complex exposure–outcome relationship 
and studies on this relationship have been showing diver-
ging results.14,15 Several studies refer to reversed causa-
tion and confounding-by-indication as a possible 
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explanation of the associations found between early life 
antibiotic use and the occurrence of asthma.16–18 Asthma 
is a complex disease whose etiological mechanisms are 
not fully understood. Potential risk factors for asthma can 
act in the prenatal period, at birth and later in life. As 
a consequence, the unraveling of the etiology of asthma is 
challenging, since historical reconstruction (ie, prior to 
asthma onset) of relevant exposures, risk factors and 
other relevant characteristics is not straightforward. 
Early life exposures might also not be as relevant for 
adult onset asthma as for childhood onset asthma as the 
time interval between the exposure and the outcome 
differs.

So far, existing methodological reviews on the associa-
tion between early life antibiotic use and the occurrence of 
asthma, mainly focus on the design of data collection 
(cohort, case control, retrospective, prospective, …) and 
on how outcome definition for asthma, reversed causation 
and confounding-by-indication could affect this 
association.16,17,19 Marra et al advise in their review that 
future research on the association between early life anti-
biotic use and the occurrence of asthma should address 
other methodological flaws.16 To our knowledge, no meth-
odological reviews have been conducted focusing on the 
explicit reporting of “theoretical design” in explanatory 
research. Therefore, the aim of this critical review was to 
gain insight (factual knowledge) in the “current” reporting 
of a “theoretical design” in (English language) articles 
published in scientific peer reviewed journals indexed in 
the PubMed database on the association between early life 
antibiotic use and the occurrence of asthma and in to what 
extent differences in reporting of “theoretical design” can 
be observed between articles published before and after 
the publication of STROBE (2007).

Methods
Theoretical Design
The (factual) research questions and corresponding theo-
retical designs are:

1. To what extent do researchers explicitly report 
a “theoretical design” in (English language) articles 
published in scientific peer-reviewed journals 
indexed in the PubMed database on the association 
between early life antibiotic use and the occurrence 
of asthma?

“Theoretical design”: Current explicit reporting of 
“theoretical design” as an “intercept only” function in 
(English language) articles published in scientific peer 
reviewed journals indexed in the PubMed database on 
the association between early life antibiotic use and the 
occurrence of asthma.

2. To what extent does the use and reporting of “theo-
retical design” differ between articles published before 
vs after STROBE (2007)?

“Theoretical design”: Current explicit reporting of 
“theoretical design” as a function of the era of publication 
(pre- vs post-STROBE) in (English language) articles 
published in scientific peer reviewed journals indexed in 
the PubMed database on the association between early life 
antibiotic use and the occurrence of asthma.

Search Strategy and Selection of Articles
A search in PubMed was conducted using the following 
medical subject headings (MeSH): “asthma” AND ‘anti-
biotics’. To assess current explicit reporting of “theoretical 
design”, “current” was defined as the era including all 
(English language) articles published in a scientific peer 
reviewed journal indexed in the PubMed database on the 
association between antibiotic use and the occurrence of 
asthma. The search was performed on the 7th of 
January 2019 and a selection was made from all articles 
resulting from the search in PubMed reaching over the 
predefined period. This selection was based on a three- 
step procedure.

First, in the screening phase, the title and the aim or 
research question/hypothesis reported in the abstract was 
read. Articles were excluded if it was clear from the 
information provided that the interest was not in inves-
tigating a causal relationship between early life antibio-
tic use and the occurrence of asthma. If this information 
was ambiguous or missing in the abstract, the article 
was not excluded in this first step. Secondly, the full 
abstract of the remaining articles was read. In this step, 
articles were excluded if (1) the articles did not report 
on a study investigating a causal relationship between 
early life antibiotic use and the occurrence of asthma, 
(2) the causal relationship between early life antibiotic 
use and the occurrence of asthma was investigated 
in vitro or in animals and (3) no full (English language) 
text of the article was accessible or available. Articles 
remaining after this screening phase were assessed for 
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eligibility by reading the full text of the articles. After 
reading the full text of the remaining articles, articles 
were excluded if they were not primary publications (eg, 
review articles) or they did not report on a study inves-
tigating a causal relationship between early life antibio-
tic use and the occurrence of asthma after all. This 
implies that the abstract was missing or the information 
provided in the abstract was incomplete or ambiguous. 
The remaining (English language) articles reporting on 
a study that investigated a causal relationship between 
early life antibiotic use and the occurrence of asthma 
were included for review.

No abstract domain was specified for this critical 
review. The aim was to gain factual knowledge about 
current explicit reporting of a “theoretical design” in 
(English language) articles published in scientific peer 
reviewed journals indexed in the PubMed database on 
the causal relationship between early life antibiotic use 
and the occurrence of asthma (observation period from 
June 1998 until the 7th of January 2019, ie, the era 
between the publication of the oldest article indexed in 
PubMed on the association between early life antibiotic 
use and the occurrence of asthma and the day the search 
was performed). Occurrence of asthma was not restricted 
to occurrence in childhood, but articles investigating 
occurrence of asthma in adolescence or adulthood were 
included as well.

Extraction of Relevant Information
For every article selected, the following information 
(Table 1) was extracted after reading the full text 
twice (HB).

Critical Review of the Articles
As study design starts with the formulation of an appro-
priate research question/hypothesis which is then trans-
lated into a “theoretical design”, the presence of such an 
appropriate research question/hypothesis referring to the 
outcome, the exposure(s) and the domain of the study was 
first assessed.

Secondly, the presence of an explicitly formulated 
“theoretical design” (including the occurrence relation, an 
explicit temporal structure and the formulation of the 
domain of the study) was assessed. When no explicit 
“theoretical design” was reported, the presence/absence 
of seven key elements of “theoretical design” was dis-
cussed (HB and JW):

(a) Measure of occurrence.
(b) Case (event or state) definition (for asthma).
(c) Conceptualization and operationalization of the 

exposure.
(d) Temporal relation between outcome and exposure 

derivable from the research question/hypothesis or 
from the combination of the case (event or state) 
definition and conceptualization of the exposure. 
This means that by reading the research question/ 
hypothesis or the reported case (event or state) 
definition and the conceptualization of the expo-
sure, it should be clear how the exposure was 
situated in time in relation to the outcome (as an 
“antecedent” or as a “starting point”).

(e) Confounders that were considered.
(f) Effect modifiers that were taken into account.
(g) Domain of the study.

Derivation of the Theoretical Design
For all articles where the temporal relation between the 
outcome and the exposure could be derived from the aim 
or from the case (event or state) definition and the con-
ceptualization of the exposure, a “theoretical design” was 
formulated. In order to formulate this “theoretical design” 
all information extracted from the article (specified in 
Table 1) was considered. The “theoretical design” was 
formulated first by HB and JW separately. In case of 
divergent interpretations, the “theoretical design” was dis-
cussed and assigned “in consensus”.

Comparison Based on the Year of 
Publication
The explicit reporting of a “theoretical design” (or the seven 
key elements (cfr supra) of “theoretical design” in case no 
explicit “theoretical design” was reported) was compared 
between articles published before and after the publication 
of the STROBE statement in 2007 by categorizing the 
articles in two groups: articles published between 1998 
and 2007 and articles published between 2008 and 2019.

Processing of the Extracted Information
For the presence of all reviewed elements (presence of the 
outcome, exposure and domain in the research question/ 
hypothesis, explicit reporting of “theoretical design”, pre-
sence/absence of seven key elements of “theoretical 
design”) absolute numbers are presented for all articles 
together. For the comparison based on the year of 
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Table 1 Explanation on What Information Was Extracted and How This Information Was Extracted from the Articles

Information Extracted Explanation

1. Journal Needs no further explanation

2. Year of publication Needs no further explanation.

3. Title of the article Needs no further explanation.

4. Aim of the study The aim of the study reported at the end of the introduction section 

was copied.

5. Research question or hypothesis of the study The research question/hypothesis reported was copied.

6. Whether the authors mentioned the word(s) “(study) design” in 
the text (including the location in the text)

Needs no further explanation.

7. The case (event or state) definition for asthma Needs no further explanation.

8. Scientific T0 (and whether this was explicitly mentioned) and 

(theoretical) temporal aspects

T0 refers to scientific (reference) time. If the interest is in studying 

“future occurrence of asthma as a function of current exposure to 
antibiotics”, then the moment of realization of exposure is the reference  

(T0). If the interest is in studying the “current occurrence of asthma as 

a function of a history of antibiotic use”, then the moment of occurrence 
(asthma onset/diagnosis) is the reference (T0). 

If the T0 was not explicitly mentioned, a decision was made after 

discussion (HB and JW) on what T0 could have been after taking into 
account the aim or research question/hypothesis of the study, the 

measure of occurrence, the method of data collection, the method of 

data processing and the abstract (theoretical) temporal aspects of 
confounders. The following example refers to the process of defining T0:  

Aim: “ … to assess what the association is between the exposure to  
antibiotics in the first year of life and later risk on asthma occurrence  
by age 7.”  

Measure of occurrence: Future incidence  

Method of data collection: Longitudinal study  
Method of data processing: Cox proportional hazards regression  

Abstract temporal aspect of confounders: Confounders were   

assessed in the first year of life of the child 
T0 in this case would be at the age of 1 year. Incident cases of asthma 

would be detected from this point in time and onwards (= future 

occurrence).

9. The measure of disease occurrence (eg: prevalence, incidence) and 

the abstract (theoretical) temporal aspect hereof (current-, future-)a
Needs no further explanation.

10. The conceptualization of the exposure and the abstract 

(theoretical) temporal aspect hereof (past-, current-)a
The conceptualization of the exposure to antibiotics as reported by the 

authors was extracted. In case the exposure was conceptualized in 
multiple ways (eg antibiotic use during pregnancy, antibiotic use during 

the first year of life, …), all conceptualizations were extracted. 

Additionally the temporal aspect (past exposure to antibiotics if the 
interest was in the current occurrence of asthma or current exposure 

to antibiotics if the interest was in the future occurrence of asthma) was 

extracted from the article.

(Continued)
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publication (pre- vs post-STROBE) absolute numbers and 
percentages were calculated per group. No statistical tests 
were performed as the aim was limited to the reporting of 

the facts in the selected articles (based on topic and era), 
and not to make any inference with respect to eventual 
differences found pre- vs post-STROBE.

Table 1 (Continued). 

Information Extracted Explanation

11. The operationalization of the exposure Operationalization of the exposure to antibiotics refers to how the 

authors operationalized exposure to antibiotics when the data were 

processed. This could be for example dichotomous (exposed vs non- 
exposed), but also in several categories of exposure (per class of 

antibiotic, per number of courses, …).

12. The measurement method for the exposure The method used to assess the exposure to antibiotics in the study was 

extracted. This can be for example a questionnaire.

13. The measure of association The estimate calculated by means of the statistical method applied to 

assess the strength of the association between antibiotic use and the 

occurrence of asthma was extracted from the article. This could be 
a hazard ratio, an odds ratio, an incidence density ratio, a causal 

fraction, ….

14. Confounders taken into account (including the abstract 

(theoretical) temporal aspects)

All confounders taken into account and reported by the authors 

(including the timing of assessment) were extracted.

15. Effect modifiers taken into account (including the abstract 

(theoretical) temporal aspects)

All effect modifiers taken into account and reported by the authors 

(including the timing of assessment) were extracted.

16. The justification for the selection of confounders and/or effect 

modifiers

If any justification for the selection of confounders and/or effect 

modifiers (eg: selection based on a priori knowledge, selection based on 

the construction of a DAG,7 sufficient-component cause model8 …) was 
reported in the article, this was extracted.

17. The domain of the study The domain refers to the population to whom the results can be applied 
on.6 After reading the full text, the domain of the study reported (either 

explicitly or implicitly) was extracted.

18. The design of data collection The method used to collect the data for the study was extracted. This 

could be for example by means of a (birth) cohort, a case-control 

study, …. Example from a reviewed article: “The Home Allergens and 
Asthma Study is a prospective birth cohort study of children with a parental 
history of asthma or allergies in the Boston metropolitan area.” In this study 

the association between antibiotic use and the occurrence of asthma 
was assessed by using data from a prospective birth cohort. Therefore 

the design of data collection is a prospective birth cohort.

19. The design of data processing The main statistical methods used to process the data and to assess the 

association between antibiotic use and the occurrence of asthma was 

extracted from the article.

20. Whether there is any referral to a methodological paper or work 
supporting the used methods or referral to a reporting guideline

If any referral was made to a methodological article, a theoretical work 
or a reporting guideline supporting the applied epidemiological methods 

in the study or the reporting, this was indicated with “yes”.

Notes: aTemporal aspects refer to the time structure between the occurrence of asthma and the exposure to antibiotics. In etiologic research, a causal relationship between 
an outcome and an exposure can only be assessed when the exposure occurred before onset of the outcome under study; Italic font indicates text quoted from an article.
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For each of the assessed elements of “theoretical 
design” (in case no explicit “theoretical design” was 
reported), two examples are provided in Appendix 3, one 
in case the assessed element was considered to be present 
and one in case the same element was considered absent. 
All examples are taken from the reviewed articles, but are 
anonymized. Also, for the derivation of “theoretical 
design” anonymized examples are presented in 
Appendix 4 to explain this process. Text quoted literally 
from the articles is written in italic and between quotation 
marks. Reporting was done in accordance with the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) statement.20

Deviations from the Methodology
Any deviations from the described methodology (cfr 
supra) are indicated and explained in the results section.

Results
Selection of Articles
The search in PubMed yielded 3973 articles. In Figure 1 the 
selection procedure for the articles is presented. The obser-
vation period was defined as the era between the publication 
of the oldest article (investigating a causal relationship 
between early life antibiotic use and the occurrence of 
asthma) and the day the search was performed (ie, the 7th 
of January 2019). Within this observation period, the oldest 
article investigating a causal relationship between early life 
antibiotic use and the occurrence of asthma and indexed in 
PubMed was published in June 1998. The most recent article 
was published in August 2018. After the exclusion of 3910 
articles (explained in detail in Figure 1), 63 articles were 
included (see Appendix 1).

Critical Review of the Extracted 
Information
Detailed extracted information (cfr Table 1) for all 63 
articles can be consulted in Appendix 2. Examples are 
provided in Appendix 3 to explain how the extracted 
information was reviewed.

None of the 63 articles reported a research question 
and only 16 reported a hypothesis. All articles reported 
the aim(s) of the study. As a consequence the presence of 
the outcome, the exposure and the domain was assessed 
from the formulation of the aim(s) (instead of from the 
formulation of the research question/hypothesis). For 46 
articles, the aim(s) comprised the outcome, the exposure 

and the domain of the study. None of the 63 articles 
explicitly reported a “theoretical design”. Therefore, all 
articles were assessed on the presence of seven key ele-
ments of “theoretical design” (measure of occurrence, 
case (event or state) definition, conceptualization (and 
operationalization) of the exposure, temporal relation 
between outcome and exposure, confounders and effect 
modifiers taken into account and the domain of the 
study). Thirteen out of 63 articles reported all seven key 
elements of “theoretical design” questioned. The other 50 
articles reported only three to six out of the seven key 
elements of “theoretical design” (cfr supra). Table 2 
shows the absolute number of articles that (implicitly) 
reported the listed key elements of the “theoretical 
design”.

Forty-five out of 63 articles reported the measure of 
occurrence (prevalence or incidence of asthma). Out of 63 
articles, 59 reported a case (event or state) definition. 
Fifty-seven out of 63 articles reported the conceptualiza-
tion and operationalization of the exposure. For 50 articles, 
the temporal relation between the outcome and the expo-
sure could be derived from the aim or the case (event or 
state) definition and conceptualization of the exposure. 
Regarding confounders and effect modifiers, 56 out of 63 
articles reported the confounders that were considered and 
only 24 out of 63 articles reported to have taken effect 
modifiers into account. All articles reported the domain of 
the study. However, none of the authors explicitly referred 
to this as the “domain”.

Derivation of the “Theoretical Design”
For 50 out of 63 articles, the temporal relation between 
outcome and exposure could be derived from the aim or 
the case definition and conceptualization of the exposure. 
For those 50 articles, HB and JW independently formu-
lated a “theoretical design”.

For 15 articles, there was consensus that the authors were 
interested in investigating “current occurrence of asthma as 
a function of past exposure to antibiotics”. For another 24 
articles, there was consensus that the authors were interested 
in investigating the “future occurrence of asthma as 
a function of current exposure to antibiotics”. For the remain-
ing 11 articles, there was initially no consensus on what the 
“theoretical design” could be. After discussion, consensus on 
the “theoretical design” was reached between HB and JW. 
For 10 articles HB agreed that the “theoretical design” was 
that formulated by JW and for one article JW agreed with the 
“theoretical design” to be that formulated by HB. The 
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information reported in these articles was often ambiguous or 
even missing. Formulating a “theoretical design” was there-
fore not straightforward. For all scenarios, an example is 
provided in Appendix 4 to explain this in detail.

Comparison Based on Before/After the 
Publication of STROBE (2007)
Out of 63 articles, 16 were published between 1998 and 
2007 and 47 were published between 2008 and 2019.

Between articles published before and after 
STROBE, no marked differences were observed neither 

in the reporting of all seven key elements of “theore-
tical design” questioned (3/16 vs 10/47, respectively), 
nor in the reporting of the outcome, exposure and 
domain in the aim (pre-STROBE: 11/16 vs post- 
STROBE: 35/47).

For the reporting of the individual key elements of 
“theoretical design” (a-g), there were no marked differ-
ences in the articles published after the publication of the 
STROBE statement (ie, from 2008 onwards), except for 
reporting the measure of occurrence and the specification 
of effect modifiers (Table 3).

Figure 1 Flowchart for the selection of articles in PubMed for critical review. 
Notes: Flowchart adapted from Liberati A, Altman DG, Tetzlaff J et al. The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate 
health care interventions: explanation and elaboration. PLoS Med. 2009;6(7):e1000100.20 Copyright © 2009 Liberati et al. Creative Commons Attribution License.
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Discussion
In this critical review, the reporting of a “theoretical 
design” in (English language) articles published in scien-
tific peer reviewed journals indexed in the PubMed data-
base investigating the relationship between early life 
antibiotic use and the occurrence of asthma was assessed 
(within the observation period from June 1998 until the 
7th of January 2019). To our knowledge, no methodologi-
cal reviews on this topic were published before. Some 
reviews, investigating only some of the elements of “the-
oretical design” questioned in this review, were published. 
For example, a review by Pocock et al pointed out that the 
selection of confounders and the justification for the selec-
tion of confounders was poorly reported in the reviewed 
articles.21 In concordance, another study showed that 22% 
of the articles examined did not report confounders, and 
that 33% of the articles did not specify the domain of the 
study.22

The results presented in this critical review are based 
on our own interpretation of the reported information in 
the articles. The text of the articles was read twice to 
ensure that no reported information was overlooked. If 
there was doubt on the reporting of some of the elements 
questioned, this was discussed (HB and JW).

None of the articles explicitly reported a “theoretical 
design”, although the concept of “theoretical/object 
design” has been clearly and repeatedly defined since 
decades.6,9 Even when the “theoretical design” is not 
explicitly reported, it can be expected that key elements 

of the “theoretical design” are reported. We assessed to 
what extent seven of these key elements were explicitly or 
implicitly reported in 63 articles. In 13 articles, all seven 
key elements were present. In all other articles at least 
three key elements were present. One of these seven key 
elements reported by all articles was the domain of the 
study. However, none of the articles explicitly referred to 
the concept of “domain”.

Even though none of the articles explicitly referred to 
the concept of “theoretical design”, referral to the concept 
of “(study) design” would be expected, since it is an 
essential element (apart from relevance) both for the jus-
tification of the conduct of the study for the authors as for 
the understanding and interpretation of the findings for the 
reader. However, only half of the articles (n = 31) expli-
citly referred to this concept. Of these 31 articles, 16 
referred to the concept of “(study) design” in the methods 
section of the article. Because study design starts after the 
formulation of an appropriate research question or hypoth-
esis, which is then translated into a theoretical design,6 it 
can also be expected that a research question or hypothesis 
is reported. However, none of the articles reported 
a research question and 16 out of 63 reported a research 
hypothesis.

Table 2 Critical Review of 63 Articles on the Presence of Seven 
Key Elements of “Theoretical Design”

N (total = 63)

Measure of occurrence 45

Case (event or state) definition 59

Conceptualization and operationalization of the 

exposure

57

Temporal relation between outcome and 
exposure derivable from aim and/or case 

(event or state) definition and 

conceptualization of the exposure

50

Confounders considered 56

Effect modifiers taken into account 24

Domain of the study (implicitly) reported 63

Table 3 Comparison Articles Published Pre- and Post-STROBE 
(2007) for Reporting the Seven Key Elements of “Theoretical 
Design”

1998–2007 
(n = 16) 

n (%)

2008–2019 
(n = 47) 

n (%)

Measure of occurrence 14 (87) 31 (66)

Case (event or state) definition 14 (87) 45 (96)

Conceptualization and 
operationalization of the exposure

15 (94) 42 (89)

Temporal relation between 
outcome and exposure derivable 

from aim and/or case (event or 

state) definition and 
conceptualization of the exposure

12 (75) 38 (81)

Confounders considered 14 (87) 42 (89)

Effect modifiers taken into account 4 (25) 20 (53)

Domain of the study (implicitly) 

reported

16 (100) 47 (100)
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The reporting of the key elements of “theoretical 
design” questioned was never linked to the concept of 
“theoretical design”. The extraction of the information 
mentioned in Table 1 was not straightforward as this 
information (including the seven key elements of “theore-
tical design” questioned) was in most articles unstructured, 
unclear or even missing. The aim(s) of the study should be 
stated at the end of the introduction section, preferably 
followed by the formulation of an appropriate research 
question or hypothesis. The first paragraph of the methods 
section should repeat (or formulate) the research question 
or hypothesis and include the translation hereof into an 
explicitly formulated “theoretical design”. This “theoreti-
cal design” should explicitly specify the occurrence rela-
tion and the domain of the study. The remaining 
paragraphs in the methods section should then be dedi-
cated to detailed definition and description of the key 
elements of “theoretical design” questioned in this critical 
review (measure of occurrence, case (event or state) defi-
nition, conceptualization and operationalization of the 
exposure, temporal relation between outcome and expo-
sure, confounders that were considered, effect modifiers 
that were taken into account and the domain of the study), 
the design of data collection and the design of data 
processing.

Concerning the directionality of explanatory research, 
two opinions within explanatory research exist. One 
approaches the “theoretical design” in explanatory 
research as “the future occurrence of the outcome as 
a function of current exposure in a specific domain”, 
which is inspired by intervention research. This design 
specifically aims at controlling confounding at scientific 
reference time T0 (ie, moment of realization of the expo-
sure) by making prognostic profiles comparable to each 
other. The other approaches “theoretical design” in expla-
natory research as “the current occurrence of an outcome 
as a function of past exposure in a specific domain”, which 
is inspired by observational research (case-control stu-
dies). This approach aims at controlling confounding 
throughout the whole trajectory prior to the onset of the 
event or the state (scientific reference time T0) by recon-
structing exposures and other relevant characteristics prior 
to T0. This approach has been theoretically elaborated by 
Miettinen since the eighties of last century: the “object 
design” (“theoretical design”) of explanatory research 
should be the current occurrence of an outcome as 
a function of past exposure to a determinant, taking into 
account relevant covariates (extraneous to the causal 

pathway: confounders, non-extraneous to the causal path-
way: effect modifiers) in a specific domain.23–26

Conceptualizing and delineating the “theoretical design” 
of a study should include the specification of the direction-
ality of the research in the occurrence relation. This is 
essential for the choice of an appropriate method of data 
collection, method of data processing and the interpreta-
tion of the findings of a study. When the interest is in 
studying the “current occurrence of an outcome (a state or 
an event) as a function of past exposure”, the scientific 
reference time T0 would be at the moment of occurrence 
of the outcome. When collecting data, the occurrence of 
the outcome will be identified in the study base and 
a probe of population time is drawn from the study base. 
Data on exposure and other relevant characteristics prior to 
the occurrence of the outcome or selection as a probe of 
population time must be collected. On the other hand, 
when the interest is in studying the “future occurrence of 
an outcome as a function of current exposure profile”, 
scientific reference time T0 would be at realization (or at 
the moment of the assessment) of the exposure. The 
(future) occurrence of the outcome under study would 
then be compared in the group of exposed and non- 
exposed (taking into account confounders and modifiers 
at the moment of the exposure assessment). The data 
collection method and as a consequence the nature of the 
data (exposed can become unexposed) thus depends on the 
chosen “theoretical design”. Therefore, conflicting find-
ings may (at least partly) be explained by a different 
underlying “theoretical design” or a mismatch between 
the “theoretical design” and the design of data collection. 
Delineating the directionality of explanatory research is 
essential and explicit reporting of this directionality as 
part of the occurrence relation of the “theoretical design” 
would increase quality and transparency of explanatory 
research. Although the concept of directionality is impor-
tant, none of the articles reviewed explicitly reported the 
directionality of the research.

In this critical appraisal, we did not assess to what 
extent a difference in “theoretical designs” or a mismatch 
between “theoretical design” and design of data collection 
would contribute to conflicting results. We propose that 
future reviews should take this into account.

All (English language) articles published in scientific 
peer-reviewed journals indexed in the PubMed database 
and investigating the relationship between early life antibio-
tic use and the occurrence of asthma were included, resulting 
in a time period from 1998 to 2019. This allowed to assess 
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reporting based on the year of publication (pre- and post- 
STROBE). The reporting of key elements of “theoretical 
design” could also be assessed in articles published before 
STROBE, because the concept of “theoretical design” is not 
new and has been introduced early, even before the publica-
tion of the oldest article included in this review.

No marked differences were observed, when assessing 
to what extent the reporting of the seven key elements of 
“theoretical design” questioned differed after the publica-
tion of STROBE. The proportion of articles reporting 
a measure of occurrence was even smaller post-STROBE 
compared to pre-STROBE. Although the authors of 
STROBE advise the reporting of the outcome, the expo-
sure and the domain of the study in the research question11 

(note that in this critical appraisal the presence of outcome, 
exposure and the domain was assessed in the aim(s) 
because none of the articles reported a research question), 
no difference in reporting was observed after STROBE. 
STROBE was published as a response to the need for 
reporting guidelines for observational studies.11 Although 
STROBE advises the reporting of “key elements of study 
design”, no specification of what these elements are is 
provided and no explicit referral to the concept of “theo-
retical design” is made. Moreover, none of the articles 
included in this review and published after 2007 reported 
to have used STROBE as a reporting guideline. In total, 
according to the Web of Science, STROBE was cited 
approximately 16,555 times over a period of almost 13 
years.27 As STROBE was published as a response to the 
need for reporting guidelines for observational studies, it 
would be expected that authors would use this guideline in 
order to improve reporting and therefore would refer to 
STROBE to support their methodological approach.

When using MeSH terms in PubMed, a selection of 
articles is made, showing articles that were indexed with 
these specific terms. Depending on what terms were 
entered in the PubMed search engine, only a selection is 
made of all articles indexed in the database and the more 
specific the terms, the more tailored the search result. To 
get a broad picture of the current practice in the use of 
“theoretical design” we kept the search strategy very 
broad. We only used “asthma” AND “antibiotics” as 
MesH terms in the PubMed search engine, which resulted 
in the highest possible number of articles. Neither the 
domain nor the term “theoretical design” was included as 
MeSH term, because this would have led to a more 
detailed selection of articles that were also indexed with 
these terms and other articles investigating a relationship 

between early life antibiotic use and the occurrence of 
asthma would have been overlooked.

We are aware that articles must undergo a reviewing 
process before publication. As a consequence of the review-
ing process, changes could have been made to the first 
manuscript. This process could have influenced the report-
ing of the elements questioned in our review. Therefore, we 
did not intend to draw conclusions about the knowledge of 
the authors of the articles. We merely wanted to gain insight 
into the reporting in the final product resulting from this 
process, which is the published article.

The aim of this critical review was to gain factual 
knowledge in the reporting of “theoretical design” in 
(English language) articles published in scientific peer 
reviewed journals indexed in the PubMed database inves-
tigating the relationship between early life antibiotic use 
and the occurrence of asthma in a well-defined (20.5 
years) time period and to assess whether differences in 
reporting can be observed before and after the publication 
of STROBE. Therefore, we considered the application of 
inferential statistics redundant. Nevertheless, it would be 
instructive to assess reporting in other areas of research 
assessing a causal relationship between an outcome and an 
exposure in order to assess whether the same findings can 
be observed when other outcome–exposure relationships 
are considered.

Conclusions
This critical appraisal of research on early life exposure to 
antibiotics and the occurrence of asthma demonstrated that 
reporting of the seven key elements of “theoretical design” 
questioned is still incomplete in explanatory research on the 
association between early life antibiotic use and the occur-
rence of asthma. None of the articles reported a “theoretical 
design” and only one-fourth reported the seven key elements 
of “theoretical design”. No marked differences were 
observed in the reporting of the seven key elements of 
“theoretical design” after the publication of STROBE.

Although guidelines do not advise to report an explicit 
“theoretical design”, they do specify important elements of 
“theoretical design” and how they should be reported 
(early in the methods section and as specific as possible). 
“Theoretical design” is a crucial part of study design, 
setting the scene for the “design of data collection” and 
the “design of data processing”, which is on its turn the 
backbone for the interpretation of the findings. 
Conceptualizing, delineating and reporting of “theoretical 
design” would increase the quality and transparency of 
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explanatory research. This would allow researchers to 
choose the appropriate method of data collection and 
method of data processing and would facilitate accurate 
reporting about their study. Additionally, reporting the 
“theoretical design” would allow other researchers to 
reflect on and discuss the quality of the study and what 
the added value is in the area of research in a more 
informed way.
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