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Abstract: The aim of this study was to assess the effects of the arbitrary choices of threshold-values for dichotomizing
not binary factors on the computation of odds ratio (OR) for the identification of prognostic factors, in particular of motor
recovery after stroke.

Data of a sample of 1000 patients with subacute stroke have been analysed. We considered as dependent variable the
effectiveness of neurorehabilitation (i.e. the achieved level of independency in activities of daily living, measured using
the Barthel Index, expressed in percentage of the maximum achievable improvement), and as independent variables
age, time between stroke acute event and beginning of neurorehabilitation, gender, type of stroke (ischemic vs.
haemorragic) and side of hemiparesis. We performed univariate analyses for computing OR with respect to different
choices of threshold for dichotomizing age and time from stroke. In this analysis median value of effectiveness was used
for dichotomizing subjects in good and poor responders. Then these analyses were repeated also varying the threshold-
value of effectiveness. Finally multivariate analyses based on forward binary logistic regression were performed varying
at the same time the thresholds of age and time from stroke. With respect to threshold choice, OR-values of age resulted
stable, but those of time from stroke resulted more variable. Variability increased when also the threshold chosen for
dichotomizing the independent variable was changed. Multivariate analyses showed that these choices could even make
not statistically significant the effect of a binary prognostic factor such as gender. In conclusion, OR-values resulted
affected by threshold choices. It can increase the difficulties in marking predictions of outcomes after stroke. In this study
we reported a possible graphical evaluation of the variability of OR-values with respect of threshold choice, that can be

helpful whenever threshold is arbitrary chosen.
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INTRODUCTION

There is a considerable body of literature concerned
with the identification of factors that could affect the
recovery after a neurological damage such as stroke.
The probability of recovery after stroke depends on
many factors, and the estimation of that probability with
respect to a specific factor has been usually performed
computing the odds ratio (OR). OR represents the odds
that an outcome will occur given a particular exposure,
compared to the odds of the outcome occurring in the
absence of that exposure [1].

Given a table of contingency (Table 1), OR can

. a/c a-d
easily be computed as follows [1]: OR = ——=—
b/d b-c
Table 1: Table of Contingency
Cases
Cases No cases
(good outcome) | (poor outcome)
Factor Exposure a b
a:gldzr's Not c d
ys! Exposure
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OR is an approximation of the Relative Risk [2], the
a/(a+c)
b/(b+d)’
measures of association between an exposure (the
independent variable) and an outcome (the dependent
variable). However, OR is more widely used in many
fields of biomedical research for the clear meaning of
its value [1]. If the association between exposure and
outcome is statistically significant, the exposure factor
can be defined as a prognostic factor for stroke
recovery, i.e. a characteristic, a situation or a condition
of the patient that can be used to estimate the chance
of recovery after stroke. The statistical significance is
usually assessed using the Xz—test. When more than
one independent factor is present, the most common
analysis is the logistic regression, in particular the
binary logistic regression. Regression analysis in fact
provides a powerful statistical methodology for
investigating relationships among independent and
dependent variables [3].

formula of which is:RR = and both are

A paradigmatic and well studied example is the
investigation of which factors (independent variables)
could predict a good recovery (dependent variable)
after neurorehabilitation in subjects who had a
cerebrovascular accident. Stroke is, the leading cause
of disability in all industrialized countries, and the global
burden of stroke is increasing worldwide [4]. For these
reasons clinicians are progressively more interested in
identifying which patients could be more responsive to
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specific types of rehabilitation [5-7]. This evaluation is
usually performed computing the odds ratio. For
example, a study conducted on 440 patients with
ischemic stroke, showed that male patients had higher
probability than female patients to achieve a good level
of autonomy in activity of daily living (OR=3.22) [8].
Another study conducted on 270 patients showed the
importance of type of stroke, reporting that patients
with hemorrhagic stroke showed a probability of a high
therapeutic response in terms of Barthel Index (a scale
of independency in activity of daily living) with respect
to patients with ischemic stroke (OR=2.48) [9].

For predicting a binary response from a set of
binary possible predictors, it is usually performed a
binary logistic regression analysis. It allows for
computing an OR for each one of the factors entering
into the final model.

A study conducted on 440 patients with stroke,
identified the following prognostic factors of a poor
motor recovery: longer time between stroke event and
beginning of rehabilitation, older age, presence of
aphasia, presence of unilateral spatial neglect [10]. In
general, gender, age and an early onset of
rehabilitation have been identified, among many other
patients’ features, as important prognostic factors of
recovery after stroke. Prognostic factors could help into
identifying low responders to neurorehabilitation and
hence the patients needing more attention or those
needing alternative therapeutic strategies for their
augmented risk of not achieving independency in
activities of daily living [6,7].

Some of the above reported prognostic factors are
binary variables, such as gender (male vs. female) and
type of stroke (ischemic vs. haemorrhagic), but many
others need to be dichotomized for computing the
relevant ORs. The presence of aphasia and/or neglect
could be considered as binary variables (presence or
not), but their assessment usually needs the use of
neuropsychological tests, and a score lower than a
given threshold identifies the presence of aphasia
(usually for a damage in left brain hemisphere) or
neglect (usually for a damage in right brain
hemisphere). Conversely, time between stroke event
and beginning of neurorehabilitation as well as age of
patients are two examples of continuous variables that
need to be dichotomized. The choice of thresholds for
this dichotomization is often an arbitrary trade-off.
There are many approaches to determining thresholds,
which fall into two main categories: a subjective
arbitrary choice, sometimes based on previous studies

(for example age<50 years [8]) or an objective
approach in which threshold depends on data
distribution (for example mean or median values [10]).
Further, threshold choice could depend on the used
measure unit (for example time between stroke and
beginning of neurorehabilitation could be measured in
days, weeks or months, and relevant threshold are
commonly multiple of the used unit). But poor attention
has been deserved on the effects of these threshold-
choices on the results of statistical analyses.

The aim of this study was to investigate the
variability of OR-values with respect to the choice of
threshold value for dichotomizing independent and/or
dependent variables.

MATERIAL AND METHODS

To understand the effects of changing the threshold
value for dichotomizing variables on the statistical
significance of a prognostic factor, we have performed
an analysis on 1000 patients with stroke in subacute
phase. For the sake of simplicity, we limited our
analyses to three binary factors: gender, type of stroke,
side (hemisphere) of lesion. The former two factors
have been known to be significant prognostic factors,
conversely the last one is not expected to play a
significant role on neurorehabilitation outcome [8-9].
Then, we selected two continuous variables needing to
be dichotomized, both well-known as significant
prognostic factors: age and interval between stroke
event and beginning of neurorehabilitation [10].
According to previous studies [8-10], the achieved
independency in activity of daily living at dismissal from
neurorehabilitative hospital has been used for
identifying the good responders to neurorehabilitation.

We performed a retrospective study on a cohort of
1000 patients with stroke in subacute phase, with the
following inclusion criteria: diagnosis of first ever
stroke, that was defined as a sudden, nonconvulsive,
focal neurological deficit persisting for more than 24
hours [11], subacute phase of stroke (time from stroke
event <120 days). Exclusion criteria were:
subarachnoid hemorrhage, patients with previous
strokes (including patients with full clinical remission),
and those with other chronic disabling pathologies (ie,
severe Parkinson’s disease; polyneuropathy; severe
cardiac, liver, or renal failure; and cancer). These
criteria were similar to those of previous studies on
prognostic factors [8-10].

Of many recorded data for each one of these
patients, we included into the analysed database their
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age (measured in years), gender (male vs. female), the
side of their lesion (right vs. left brain lesion), the time
from stroke at which each patient started the
neurorehabilitation (measured in days). Further, their
independency in activities of daily living has been
assessed using the Barthel Index (BI) [12]. The Bl is a
clinical scale that uses ten items that cover mobility and
self-care domains; scores range from 0 to 100: a score
of 0 indicates total dependence in ADL and a score of
100, complete independence [12].

For normalizing data considering the initial severity
of stroke effects, we have considered into our analysis
the effectiveness of neurorehabilitation. Effectiveness
is a commonly used parameter that reflects the
proportion of potential improvement that was achieved
at discharge from rehabilitation hospital. It has been
calculated as follows [12,13]:

discharge -

BI

Effectiveness =

L, ..
admission . 100

max admission

with Blgischarge @nd Blagmission being the Bl-scores at
discharge and admission, respectively, and Bl the
maximum of Bl-scale, i.e., 100: if a patient achieves
this highest possible score of Barthel Index after
rehabilitation, the effectiveness is 100%.

Firstly, for the sake of simplicity, we performed
univariate analyses separately on age and time from
stroke. The threshold chosen for dichotomizing these
two variables was changed for age from 40 to 85 years
with step 1 year, and for time from 1 to 45 days with
step 1 day. We computed the odds ratio (OR) of
achieving a good independency in activities of daily
living. Mean, standard deviation and coefficient of
variation (CV=standard deviation / mean * 100) were
computed for all the OR-values at varying of
threshold(s).

x2 test was performed for assessing the significance
of OR in univariate analysis. xz was computed as
follows:

, (ad=b-c)’—(a+b+c+d)
"~ (a+b)-(c+d)-(a+c)-(b+d)

Beyond the statistical significance of Xz—test,
according to Cohen [14] the effect of the factor is
considered not trivial for OR>1.5. In particular the effect
was considered small for an OR between 1.5 and 3.5,
moderate between 3.5 and 9, and large if OR>9.

Then, to assess also the effect of threshold choice
on the dependent variable, other univariate analyses
were performed modifying this threshold from 31% to
76% of effectiveness with step 1%. A number of 2116
(46*46) computations have been performed for age
and 2116 performed for time in that analysis using
MATLAB ®.

Finally, we performed multivariate analyses using
forward binary logistic regression with the same
dependent variable above reported (effectiveness,
using median value as threshold), and with the
following independent variables: age (from 40 to 85
with step 5 years), time from stroke (from 5 to 50 with
step 5 days), gender (male vs. female). When the
factor entered into the model the OR resulted equal to
the exponential function of the regression coefficient,
otherwise OR was fixed at 1 for representing its not
significant role. A total of 100 multivariate regression
analyses have been performed in that analysis using
the software SPSS 17.0. This software provides
together with p-values also the regression coefficient 3
for each factor: it is the estimated increase in the log
odds of the outcome per unit increase in the value of
the exposure, implying that its exponential function of
exp(B) coincides with the OR associated with a one-
unit increase in the exposure factor [1].

RESULTS

Sample Description

The data of 1000 patients in subacute phase of
stroke (time from stroke event <120 days) have been
analysed: 557 males vs. 443 females; 550 with
damage in left hemisphere and 450 in right
hemisphere; 841 with ischemic and 159 with
haemorrhagic stroke. Their mean age was 6714
years, with a mean time from stroke at the admission in
rehabilitation hospital of 25124 days. The mean score
of Barthel Index was 31.16+£27.48 at the admission and
66.26+31.03 at dismissal. The mean effectiveness was
58.33+33.21% with a median value of 58.38%. This
median value was used to dichotomize patients
between poor (effectiveness < 58.38%) and good (>=
58.38%) responders to neurorehabilitation. The
distributions of effectiveness with respect of age and
time from stroke are shown in Figure 1.

Univariate Analysis

Figure 2 reports the values of OR (and of RR)
associated to a good outcome after neurorehabilitation
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Figure 1: Box-plot of distribution of effectiveness of rehabilitation on recovery of activities of daily living with respect to age of
patients (above) and time between stroke event and beginning of rehabilitation (below). The boxes show the first quartile,
median, and third quartile values, the whiskers represent the most extreme values within 1.5 times the interquartile range from
the ends of the box, the circles represent the outliers (data with values beyond the ends of the whiskers).

(i.e., to subjects in the third and fourth quartiles of
effectiveness) for the 46 possible values of the
thresholds chosen for age (above on the left) and for
time from stroke (above on the right). The mean OR
was 2.97+0.75 (CV=25.4%) for age and 3.60+2.95
(CV=82.0%) for time.

All the values of OR resulted statistically significant
(p<0.05). Furthermore, OR was higher than 1.5 for all
the possible threshold choices. Hence both these
factors resulted playing a not trivial effect in the whole
ranges of threshold-values, in accordance with their
prognostic role reported in literature. However, the

effect of age was moderate if the threshold was chosen
in the range between 41 and 54 years and small out of

this range, with a negative peak of OR=1.86 at 69
years.

For time, the range of values covered by OR is even
wider, with a large effect for a time of 2 days (but with a
p=0.045 close to the critical alpha level) or 3 days
(p=0.002), moderate for 4-5 days and small for a
threshold chosen after 5 days (p<0.01 for all these
choices). This variability is reflected by the high
CV=82.0% of OR-values. The middle plots of Figure 2
represents the values of a, b, ¢ and d with respect to
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Figure 2: Above: values of OR (bold lines) and RR (thin lines) for age (on the left) and for time from stroke (on the right) at
varying the threshold-values for dichotomizing the independent variables age (on the left) and time from stroke (on the right). In
the middle: the values of a, b, c, d at varying of thresholds. Below: probability of exposed subjects on cases plotted in respect of

exposed subjects on no-cases.

threshold choice. The functions a(x) and b(x) are
cumulative distribution functions, whereas c(x) and d(x)
are their complementary functions, respectively. As
well known [2], the OR approximates the RR only when
a<<c and b<<d, but as shown in Figure 2 it can depend
on threshold choice. For the RR is possible to depict a
trend analogous to that depicted in Receiver Operating
Characteristic curve (lower plots of Figure 2) when the
probability of exposed on cases (a/(a+c)) is plotted vs.
the probability of exposed in no cases (b/(b+d)).
However, an analogous plot for OR was not possible
because a/c and b/d do not have the limit of 1.

Figure 3 shows the odds ratio for age (left) and time
from stroke (right) when not only the threshold for
dichotomizing the exposure factor was varied, but also
the threshold for defining the subject as a case (good
responder to neurorehabilitation) or not (poor
responder) was changed (i.e. varying the threshold for

dichotomizing the dependent variable effectiveness).
For age (left plot), the mean OR was 3.00+0.94
(CVv=31.35%), and all the OR values resulted
statistically significant (p<0.05). For the for time from
stroke (right plot), the mean OR was 2.70%1.17
(CV=43.47%), and the Xz—test showed not statistically
significant effect when threshold was 2 days and
threshold for effectiveness was lower than 58% (p-
value in the range between 0.0504 and 0.2498) or
higher than 71% (p-value in the range between 0.1391
and 0.1745).

In that Figure 3, the two bold black lines correspond
to those reported in Figure 2 for an effectiveness-
threshold equal to the median of effectiveness
(58.38%). The choice of that threshold lied in the area
of high OR values for time, but not for age. Higher OR-
values for age were in fact related to lower values of
effectiveness-threshold.
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Figure 3: Odds Ratio of age (on the left) and time from stroke (on the right) for variations in the threshold of independent (age
on the left and time on the right) and dependent (effectiveness) variables. The bold black lines correspond to those reported in

Figure 2 for an effectiveness of 58.38%.
Multivariate Analysis

When binary logistic forward regressions have been
applied for identifying the patients with an effectiveness
of treatment in the higher two quartiles, neither side of
lesion nor type of stroke resulted playing a statistically
significant role. We analysed which one of the following
three factors: age, time from stroke, and gender a
significant role entering into the model of a binary
logistic regression for predicting a good motor recovery

Age Time from stroke

Odds Ratio
Odds Ratio

w

Time [days] 40 Age [years] Time [days]

10 .
40 go  Agelyears] 40

defined by an effectiveness higher than 58-38%
(median value of effectiveness). Figure 4 reports the
OR computed as the exp(B) entered into that model at
varying of threshold for time and age.

The OR related to age did not played a statistically
significant role in about half of the performed
regressions (p>0.05 in 49 on 100 comparisons)
corresponding at the age ranges 40-45 and 60-65
years (a range not far from the negative peak observed

Gender

Odds Ratio

40
50

60
30 80 70 Age [years]

50 90 50 90 Time [days] 50" go

Figure 4: OR-values for age (on the left), time from stroke (in the middle), and gender (on the right) related to the variations in
the threshold-values of time from stroke and age.
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in univariate analysis that was at 69 years). It should be
noted that in these ranges age did not entered into the
model.

The OR related to time > 5 days were in mean
3.45+0.60 (CV=17.34%). For time lower than 5 days,
differently from univariate analysis result, time from
stroke was not a significant factor (in Figure 4, OR was
graphically reported as 1 when the factor did not
entered into the model).

The case of gender was particularly interesting
because this factor is binary, but our results showed
that its role can be affected by the threshold choices
related to other factors, and it mainly entered into the
model if the age-threshold was lower than 70 and the
time-threshold was longer than 20 days (for these
choices OR=1.98+0.25, CV=12.59%).

DISCUSSION

Despite the difficulties in predicting the possibilities
of recovery in subjects with stroke for the high
variability of the effects of this pathology, younger age,
short time between stroke event and beginning of
neurorehabilitation, as well as male gender have been
demonstrated to be factors associated to a higher
probability of a good recovery of independence in
activity of daily living [8-10]. These factors resulted for
most of the performed analyses as playing a significant
role, but not for all of them.

Univariate analysis showed that age and time from
stroke played a statistically significant role for all the
chosen thresholds. Despite it, their OR-values were
widely variable, ranging from a high to a small effect.
Further, when also the threshold of effectiveness was
varied, particular combinations of thresholds make the
role played by time from stroke not statistically
significant.

When multivariate analyses have been performed,
not only time, but even age resulted a not statistically
significant predictor of good recovery under particular
threshold choice related conditions. The most
astonishing result was that even the role played by
gender, that is a binary factor without any need of
threshold choice, can be significant or not in
relationship to the threshold choices performed on the
other factors in multivariate analysis.

By way of example, the fact that the high time-effect
for short time resulted not statistically significant in the
multivariate analysis could be due to the fact that a

patient is able to start the neurorehabilitation within few
days from the event only if the severity of stroke was
weak and he/she is not an elderly. So, in multivariate
analysis the effect of this factor lose its significance
because younger age was a best predictor of a good
motor recovery. It could also explain the increased OR-
values for age in subjects between 45 and 50 years
old. Another reason could be the reduced size of sub-
sample of subjects with a time lower than 5 days that
could have reduced the significant of logistic regression
results (5.9%, such as for age of 40 or less years:
5.4%) generating an artefact effect. Some of our results
could be due to casual artefacts related to the many
performed comparisons. However this possibility is
quite limited by the width of sample, that in turn could
have increased the risk of error type I. Further, it should
be considered that when extreme values were chosen
for thresholds, the sub-sample resulted formed by few
subjects, increasing the risk of artefact affecting the
statistical significance of results.

Despite the specific differences, we found maximum
values of OR for time in the range 15-25 days,
independently by age-threshold, in accordance with
what reported in literature about higher probability of
good recovery if treatment begins within 20 days after
the acute event [16].

Another interesting aspect of our results is a “lack”
of statistical significance of the factor age in the range
60-65 years (or 65-70 for univariate analysis). It could
be due to the fact that age plays a fundamental role
when the threshold was chosen at its extremities,
differentiating between young adults and others or
between old elderly and others. Further, we have
considered a logistic regression model including a
constant, and when age-threshold was between 60 and
65 years, the inclusion of age into the model did not
significantly improve the variance already explained by
that constant. It was probably due to the fact that the
median effectiveness (58.68%) was close to the mean
value of that subgroup of subjects (62.84%). This
hypothesis was supported by the fact that if the
multivariate logistic regression was repeated without
including a constant into the model, the role of age
became statistically significant, and even with a high
effect (for example for threshold values of 60 years and
20 days, the OR of age was 14.64, p<0.001). This
result was particularly important because the age of 65
years is often chosen as threshold because the World
Health Organization used it for defining “elderly”.

According to literature we found that male gender
had more possibilities of a good recovery than women
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[8,17], but our results showed that it was true only
when subjects are younger than 70 years old, probably
for the preserved muscle strength in not elderly men
[18].

Finally, type of stroke (ischemic vs. haemorragic)
did not enter into the model in our study. It could be
due to the high difference in sample size between
ischemic stroke (84.1%) vs. haemorragic stroke
(15.9%). A previous study reported an OR = 2.48 for
achieving a good motor recovery in haemorragic stroke
in respect of ischemic stroke, but that study was
performed comparing two samples having the same
size [9].

In conclusion, being the aim of researchers to
identify the OR-values independently by their arbitrary
choices, the variability of the values of OR and related
statistical level of p should be assessed. Here we have
shown a simple approach to graphically evaluate this
variability with respect to threshold choices.
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