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Generalizability and transportability of research findings: Randomized 
trials vs observational studies
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R andomized clinical trials (RCTs) are considered 
as the gold standard for evaluating the effect of 

a treatment or an intervention. Some basic definitions 
about RCTs are shown in Table 1 and Figure 1. RCTs 
are designed to obtain absolute treatment effect in 
continuous outcome and relative treatment effect in 
binary or time-to-event outcomes.[1] Through this ed-
itorial, RCT examples that evaluated binary or time-
to-event outcomes will be discussed. Many research-
ers claim that RCTs have strong internal validity and 
weak external validity, whereas observational studies 
have weak internal validity and strong external va-
lidity. They claim that the trial samples in RCTs are 
not representative of the target population and the 
participants of observational studies are more repre-
sentative of it; thus, their external validity (generaliz-
ability and transportability of the results) is stronger 
than that of RCTs.[2,3]

Altın et al.[4] have conducted a prospective, mul-
ticenter, and postmarketing observational study for 
evaluating the real-life safety and effectiveness of 
dabigatran etexilat (D-SPIRIT). Investigators includ-
ed 326 patients with atrial fibrillation who had been 
using dabigatran etexilat for at least 6 months before 
enrollment and followed them for treatment effec-
tiveness and safety for 2 years. They reported the rate 
of embolic complications was 1.26% per year, ma-
jor bleeding was 2.20% per year, and mortality was 

0.94% per year. 
Interestingly, all 
reported event fre-
quencies were lower than the event frequencies in the 
RELY trial.[5] Therefore, the investigators concluded 
that the results of RELY trial are validated in these 
observational data. This study is important because 
it is the first study of its kind published in our coun-
try. It also carries valuable information about how to 
administer doses in clinical practice. Although the in-
vestigators wished to evaluate the effectiveness and 
safety of dabigatran, the current study design (lack of 
a control group) precludes this.

Criticisms of RCT in terms of their weak external 
validity are based on the assumption that the individ-
uals participating in the trial should be random sam-
ples from the target population and that they should 
be a representative sample of this target population, 
but many authors argue that this assumption is un-
realistic.[6,7] However, RCTs require representative 
treatment effects rather than representative sample.[8]

The generalizability/transportability of the treat-
ment effects depends on:[9,10]

1. Variation in the probability of enrollment in the 
trial

2. Heterogeneity of treatment effect or interaction
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Transportability of treatment effects depends on 
the nature of interactions. In the absence of interac-
tion between treatment and patients’ characteristics, 
the estimated treatment effect will apply to the target 
population or a much different population. However, 
when interaction exists, the generalization/transport-
ability of trial results depend on the similar and suf-
ficient distribution of interacting factors in both the 
RCT and the target population and allow them to be 
modeled to estimate treatment effects.[8]

Another important criticism against RCT is that 
it has strict eligibility criteria.[2] This results in many 
groups of patients being underrepresented (partial 
overlap) or not represented (no overlap) in the tri-
al. Blacks, the elderly, or special groups (those with 
chronic kidney disease, cardiogenic shock, etc) can 
be shown as examples. Although there is no over-
lap or partial overlap, trial results can be general-
ized/transportable in the absence of interaction and 
in the small/simple interaction (in the latter, similar 

Figure 1. Transportability and generalizability of clinical trial.
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Table 1. Some basic definitions

Treatment effect An effect attributed to a treatment in a clinical trial.
    • Relative     • Odds ratio, risk ratio, hazard ratio
    • Absolute     • Mean difference, risk difference, number needed to treat
External validity Inference from trial to a target population (refer to generalizability and transportability).
Internal validity Inference can be ascribed to differences in treatment and not confounding or baseline  
 imbalances.
Replicability Given a population, hypothesis, experimental design, and analysis plan, you get consistent  
 estimates when you recollect data and redo the analysis.
Reproducibility Given a population, hypothesis, experimental design, experimenter, data, analysis plan, and  
 code, you get the same parameter estimates in a new analysis.
Generalizability Inference from the trial to a target population that includes individuals who are part of the  
 trial-eligible population.
Transportability Inference from the trial to a target population that includes individuals who are not part of the  
 trial-eligible population.
Interaction The situation in which a treatment contrast is dependent on another factor.



and adequate representation and distribution of the 
interacting factor is taken into consideration).[7,8] 
Some researchers also have criticized that running an 
RCT under a specific protocol (patients included in 
RCT are followed more frequently, drug adherence 
is higher, drug adverse effects are monitored and de-
tected more easily, etc) might affect the trial general-
ization/transportability. Using pragmatic trial designs 
will improve generalization/transportability of trial 
results.[11] Therefore, the variation in the probability 
of enrollment and the nature of interaction are key 
factors for the generalization/transportability of the 
trial results.

Most investigators have claimed that observation-
al studies have weak internal validity and strong ex-
ternal validity. However, using observational studies 
and making inferences for treatment effectiveness 
(with multivariable regression, propensity-based 
methods, or instrumental variables) has a close rela-
tion to the amount of measurement accuracy of both 
measured and unmeasured confounders. In cases 
where RCT cannot be performed owing to ethical, 
feasibility, or time/cost issues, high-quality obser-
vational studies can be used to assess treatment ef-
fectiveness and safety.[12,13] However, observational 
studies often supply information on issues in clinical 
practice, habits, pathophysiological mechanisms, and 
so forth, which cannot be obtained with an RCT.

In conclusion, the generalization/transportability 
of the treatment effect from an RCT is much better 
than that from observational studies. The nature of 
interaction between treatment and patients’ charac-
teristics is the key to understand generalization/trans-
portability both in RCTs and observational studies.
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