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From Observational Studies and Adjustment to Clinical Decision. Part 2

Del estudio observacional y el ajuste a la decision clinica. Parte 2

ARTURO CAGIDE" MTsAC.

ABSTRACT

In this second part of the review on the analysis of observational studies, we refer to each of the tools we have available, their com-
parative advantages and disadvantages. And we conclude with the interpretation of the results of the studies that served as examples

in the initial part.
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RESUMEN

En esta segunda parte de la revisién sobre el anélisis de estudios observacionales nos referimos a cada uno de las herramientas con
que contamos, sus ventajas y desventajas comparativas. Y concluimos con la interpretacion de los resultados de los estudios que nos

sirvieron de ejemplo en la parte inicial.

Palabras claves: Estudios observacionales - Analisis multivariado - Ajuste

In this second part, we continue to explain the sta-
tistical methods, from the most common to the most
novel, for the analysis of observational studies.

Propensity Score (PS)

The goal of this methodology is to adjust for confound-
ers so that they are balanced between the interven-
tion and control groups.

Figure 1 illustrates the procedure. The first step
is to estimate the statistical association between con-
founders (or independent variables) and exposure (or
dependent variable), again using multivariate analy-
sis (logistic regression).

The propensity score (PS), which represents the
likelihood of being exposed to the intervention, adjust-
ed for the presence of confounding factors, is derived
from the resulting data.

One benefit of PS over multivariate analysis is
that the number of independent variables is not con-
strained by the prevalence of the treatment. This is
because the treatment, intervention, or prognostic

factor, in contrast to the outcome, will consistently
have a sufficient number of observations. (1)

There is some debate regarding the variables that
should be included in the calculation of the PS. In
general, all the variables that the investigator deems
relevant to a given treatment or intervention should
be included. Basically, the variables determining the
outcome should also be included. (2,3)

As is the case with any multivariate analysis, the
issue is that only known and available independent
variables are taken into account. Consequently, the
PS may be flawed in predicting exposure to treatment
or intervention as a result of that situation.

The ROC curve can be used to evaluate the model
in the calculation of the PS. While there is some disa-
greement about the exact value that should be consid-
ered adequate, most authors place it in an area under
the curve of 0.80.

There are several procedures to evaluate the asso-
ciation of the intervention with the endpoint (Figure
1. 4
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a) Matching

In accordance with the aforementioned methodol-
ogy, each individual will be characterized according to
their baseline characteristics or confounding factors,
as determined by a specific PS. Some individuals in
the intervention group will have a PS similar to those
in the control group, so that it is possible to match
patients from both groups according to their PS. (Fig-
ure 2)

This process generates a (matched) subpopulation
whose confounders are balanced between both groups
in such a way that they no longer influence on the
estimation of the association of the intervention with
the outcome.

However, a significant number of individuals from
both treated and untreated groups will be excluded
because the corresponding pair is not available. This
number of excluded individuals is directly related

to the level of confounder imbalance between both
groups in the original study sample.

Thus, the conclusion of the study and its transla-
tion into practice is limited exclusively to the matched
sample and cannot be extrapolated to the entire popu-
lation.

b) Multivariate analysis and PS

An analysis of this type can be performed by including
the intervention (or the prognostic criterion according
to the case) and the PS, which represents all the con-
founders analyzed, as independent variables.

) Stratified analysis

This method, like multivariate analysis, includes all
individuals in the trial. The procedure entails form-
ing strata in accordance with the PS and estimating
the association between the exposure variable and
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Fig. 1. Propensity score (PS)
and derived analysis

The final objective of the
study is, as in Fig. 4 (Part 1),
to estimate the possible asso-
ciation of the exposure with
the outcome. Previously, the
association of confounders
with exposure is analyzed
and the PS is calculated.
Then, the PS enables the es-
timation of the independent
association between the
exposure and the outcome
through the application of
diverse statistical methodolo-
gies.

Outcome
Endpoint: mortality

IPTW: inverse probability of treatment weighting; LR: logistic regression

No
(n=12)

Intervention (n=120)

Global cohort (n=220)

Propensity score

Fig. 2. Matching

Theoretical example of a
study of 220 patients, 120 in
the intervention group and
100 in the control group. The
PS for the entire sample (cen-
ter), the intervention group
(top), and the control group
(bottom) is plotted on a scale
of increasing values. Each
subject in the intervention
group is matched with a sub-

Control (n=100)

ject in the control group with
an equal or very close PS. This
process results in 18 pairs, re-
ducing the original sample
size to 16%. (36/220). In the

Ed matched sample, confound-
No Matched No ers from both the interven-
(n=75) (n=36 (n=7) tion group and the control

group are "balanced".
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the outcome in each stratum. This is followed by the
calculation of an overall result, which represents this
association (Figure 3).

The standard stratified analysis for confounder
balance presents a challenge when attempting to ad-
just for only some variables. This is because the num-
ber of strata increases exponentially when incorporat-
ing numerous criteria with few observations in each
of them. Applying stratification according to PS incor-
porates all the baseline characteristics of interest, as
confounders.

d) Inverse probability of treatment weighting (IPTW)
Unlike matching, but similar to stratified analysis,
this method includes the entire sample under study.
However, while matching achieves adjustment by
reducing the population until the confounders are
matched in the groups to be compared, with IPTW
this objective is achieved by increasing the population
with individuals with a similar rate of confounders us-
ing a mathematical technique. (5)

Figure 4 is a theoretical example comparing an in-
tervention group with a control group. Age, dichoto-

Fig. 3. Stratified analysis

The individuals were grouped
into quintiles according to
their PS. The relative risk (RR)
for the outcome (e.g., mor-

PS (quintiles)

Outcome

Intervention Control RR

tality) was estimated for each
quintile. The RR of the sam-
ple adjusted for the PS and
the confounding variables in-
cluded in it is then calculated.
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Fig. 4. Matching

Theoretical example of a
study comparing an inter-
vention group of 4 individu-
als with a control group of 5

B

Intervention

Control
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individuals. The PS was cal-
culated in each group. Age
is the confounding variable:
<50 years in yellow and >50
years in blue. To adjust for
age, individuals from each

RiE)

group are matched with
those with similar PS values.
The original sample of 9 indi-
viduals is reduced to 2 pairs
(4 individuals).

The age-adjusted sample has
been significantly reduced in
number.

Original sample

0.80 0.78
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mized into < 50 and = 50 years, is for this example,
the only confounder. In the intervention group there
are four subjects, 3 < 50 years and 1 = 50 years; in the
control group there are 5 subjects, 1 < 50 years and 4
= 50 years.

The age must be adjusted so that both groups can
be compared in terms of a given outcome, for exam-
ple mortality. For this purpose, the PS, as previously
mentioned, is estimated for each group which will un-
doubtedly be different for each individual.

If the matching strategy were applied, two pairs of
2 patients each, treated and control, could be integrat-
ed (Figure 4) sharing similar PS, so that the sample
would be limited to only 4 individuals.

Let us now examine the example illustrated in Fig-
ure 5.

In contrast to Fig. 4, let us now assume that there
is again only one confounder, age.

The probability of receiving the intervention (the
PS) in individuals < 50 years is 0.75, while the prob-
ability in those = 50 years is 0.20.

Note that with the same probability of receiving
the intervention (PS = 0.75), 3 individuals < 50 years
received it and only 1 did not (in the control group). In
turn, in those = 50 years with the same probability of
receiving the intervention (PS = 0.20) or being in the
control group (1-PS = 1-0.20 = 0.80) 4 did not receive
the intervention and only 1 received it.

Applying IPTW:

* < 50 years: the inverse probability of receiving
treatment is 1.33 (1/0.75). Each individual < 50
years who received the intervention will now be
represented by 1.33, so that the sum of all of them
is 4. The inverse probability of not receiving treat-
ment is 4 [1/1-0.75; the probability of not receiving
the intervention is 1 minus the probability of inter-
vention, (1-PS)]: the only subject < 50 years in the
control group will be represented by 4 (Figure 5).

* = 50 years: the inverse probability of receiving
the intervention is 5 (1/0.20): in the intervention
group the only individual = 50 years will be repre-
sented by 5. The inverse probability of being in the
control group is 1.25 (1/1-0.20): each individual in
the control group = 50 years will be represented by
1.25, so that the sum of all of them is 5.

The formulas illustrate the methodology for calcu-
lating the IPTW, which allows for the estimation of
how each individual will be represented in the inter-
vention and control groups. The table shows the dis-
tribution by age before and after adjustment, which
in this particular case is perfect. See explanation in
the text.

Please note that in the original sample, the ratio
of individuals < 50 years with and without treatment
was 3:1. Once IPTW has been applied, the sample is
fully balanced in 4. In turn, in = 50 years with and
without treatment the original ratio of 1:4 remained
equalized at 5.

Fig. 5. Inverse probability of
treatment weighting (IPTW)
The upper part shows the
condition of Fig. 4. The aim
is to adjust for age (which in
this theoretical example is
the only existing confound-
er), dichotomized into < 50
years (in yellow) and > 50
years (in blue). In individuals
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1
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< 50 years the probability of
receiving the intervention,
which is the same in all of
them, is 3/4 = 0.75. In those
> 50 years the probability of
receiving the intervention,
which is also the same in all
of them, is 1/5 = 0.20. The
probabilities calculated in
this theoretical case, arising
from a simple mathematical
calculation, constitute the PS.
(The probability of receiving
control treatment will be 1 -
PS).
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Fig. 6. Inverse probability of
treatment weighting (IPTW)

Unlike the previous example,
the probabilities calculated
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influenced not only by age
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odology illustrated in Figure
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justment is not mathemati-
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Thus, the IPTW method achieves pseudo-randomi-
zation by generating a pseudo-population in which the
adjustment for the variable age is mathematically per-
fect (Figure 5).

The situation described is particularly relevant
when considering only one confounding factor. Before
adjustment, the PS was the same across all individu-
als < 50 years (0.75), and those = 50 also exhibited the
same PS (0.20).

In areal-world setting, the probability of treatment
is influenced by a number of confounding factors. The
global effect of these confounders is represented in the
PS which will vary from case to case (Figure 6).

The adjustment using IPTW is similar to that ex-
plained in Figure 5, applying the individual PS of each
patient. The adjustment reduces the imbalance, al-
though certain differences in age distribution between
the groups with and without treatment persist due to
the fact that other confounders, besides age, influence
on the PS. (6)

The strategy described for the variable age should
be applied to all the variables or confounders available
considered in the calculation of PS.

Estimating the level of adjustment

It is of the utmost importance to ensure the precision of
the adjustment when applying the IPTW, as it encom-
passes the entire population under study, which is like-
ly to exhibit significant differences in the prevalence of

multiple confounders. In the case of matching, there
may also be imbalance, although to a lesser extent.

To evaluate the level of adjustment achieved, the
absolute standardized difference (ASD) is usually
used, which is the difference measured in units of the
standard deviation for each of the confounding vari-
ables after adjustment using IPTW. In general, a dif-
ference < 0.10 is deemed an acceptable margin that
ensures the adjustment was adequate. However, in
some cases, this extends to 0.20, which may detract
from the consistency of the conclusions of the study.

Sometimes the ASD is plotted before and after the
adjustment to indicate the previous imbalance and
the success of the adjustment.

The accuracy of the PS for estimating the probabil-
ity of being intervened is a conditioning factor of the
IPTW methodology. Again, the confounding variables
not included, whether unknown or not contemplated,
constitute a critical aspect of the statistical procedure.

Back into clinical trials from a methodological perspective
We invite readers to revisit Part 1 of this review to
gain a comprehensive understanding of the following
considerations.

Trial 1 (7)

* After adjusting for confounders using PS match-
ing, the analysis was conducted on a subset of
1866 patients from the original sample of 9586:
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933 in the percutaneous coronary intervention
(PCI) group and 933 in the medical treatment
(MT) group, that is, 933 pairs. It is evident that
there was a significant imbalance regarding cer-
tain baseline characteristics. Consequently, PCI
was only performed on a selected group of patients
with a favorable prognosis. It is therefore essen-
tial to address these discrepancies to ensure the
validity of the results.

* Such correction was adequate since the standard-
ized difference was < 0.05 for most of the 20 vari-
ables considered.

¢ The adjusted HR of the outcome mortality/non-
fatal myocardial infarction (1.49, MT versus PCI)
was calculated in the matched sample according to
the multivariate Cox model. This was done with
the intention of adjusting for any remaining differ-
ences by incorporating certain variables.

* The translation of this trial into clinical practice
is limited exclusively to the matched group of pa-
tients, 85% of the MT group, but only 11% of those
in the PCI group.

Trial 2 (8)

* In this case the adjustment was made using IPTW.

* The standardized difference was < 0.05 for all the
13 variables considered (Table 2, Part 1).

* In addition to the standardized difference, Fig. 2
illustrates the effect on the outcome with a relative
risk of 0.72. This indicates that patients with prior
statin use had a 28% reduction in heart failure as a
complication of acute coronary syndrome.

Trial 3 (9)

* The effect of the intervention was estimated using
PS according to three statistical criteria (Table 3,
Part 1).

o IPTW (primary analysis): no benefit of anticoagu-
lation in CHADS, patients < 1, but there was dif-
ference in the incidence of major bleeding, which
was significantly more common in the treated
group.

o matching and Cox model (secondary and sensitivity
analysis). The result showed no benefit of antico-
agulation with higher bleeding rate in CHADS, = 1.
This finding aligns with the post-IPTW analysis.

» Itisinteresting to analyze Figure 1 (Part 1) beyond
the result in patients with CHADS, < 1, which illus-
trates the standardized difference before and after
adjustment. The limit of 0.1 defines the criterion
for the level of adjustment. The difference before
adjustment was significantly greater in individuals
with a CHADS, score =< 1 compared to those with
a score of 2. This demonstrates that the variables
probably associated with thromboembolism in the
former group were markedly different in patients
without anticoagulation (low prevalence) com-
pared to those who did not receive such treatment
(high prevalence).

Trial 4 (10)

* This is a prognostic study on the risk of type 2 ver-
sus type 1 myocardial infarction using IPTW.

* The standardized difference is illustrated in a
chart similar to that in Figure 1 (Part 1), but it
is clear that the two charts are different. Firstly,
the acceptance limit is set at a value < 0.2, which
is twice as high as in the previous case. Further-
more, following the adjustment, the differences
remained significant, at approximately 0.10. It is
possible that the sample size used in relation to
the number of covariates was incorrect, resulting
in the incorrect calculation of PS.

* The conclusion of the study is limited by imperfect
adjustment for confounders (comorbidities).

Trial 5 (11)

* In this case, the aim of this trial was not to evalu-
ate the effect of an intervention or the prognos-
tic value of a new criterion, but to determine the
outcome of aortic stenosis. The problem is that in
one group of patients, the intervention effectively
interrupted the natural history, potentially intro-
ducing bias in the non-intervened group (higher
risk due to having individuals at lower risk for the
intervention) or, conversely, having selected those
at high risk for the procedure.

* The IPTW was not designed to compare the treat-
ed group with the untreated group. Rather, it
was intended to adjust both populations and then
compare the adjusted results with the original,
untreated population. Table 4 (Part 1) does not
detail the standardized difference but compares
mortality of the adjusted sample with that of the
unadjusted sample in subgroups according to the
severity of valvular heart disease.

* For the authors, the non-interventional group rep-
resents the actual natural history of aortic stenosis
unaffected by the intervention.

CONCLUSION

Randomized studies undoubtedly constitute the high-
est level of evidence. However, they are also the most
complex, time-consuming, and costly studies. Only a
few interventions can be evaluated by this methodol-
ogy.

Observational trials represent a viable option for
the evaluation of new prognostic criteria or innovative
therapeutic alternatives, particularly when large pro-
spective databases are available. In this context, sta-
tistical methodology presents a significant challenge
in terms of correcting for variables that may affect the
association being studied.

It is crucial for clinicians to become familiar with
the terminology, tables, and charts associated with the
statistical strategy employed to assess the effect, as
this knowledge is vital for decision-making. It is not a
matter of understanding the mathematical complexi-
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ties involved, but rather the conceptual basis.

Failure to learn these concepts will result in an un-
questioning acceptance of expert opinions. It is always
preferable to analyze the basic information rather
than to resort to that interpreted by others.
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