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ABSTRACT

Introduction. The modified Tal’s score has
been used in Chile to determine the severity
of bronchial obstruction. Its validity has been
reported already; however, itsstructureas a scale
tosignificantly quantify the severity of bronchial
obstruction has not been analyzed.

Objective. To identify the relationship pattern
among the score’s items and the severity of
bronchial obstruction in a sample of children
younger than 3 years seen in two health care
centers in the province of Concepcién, Chile.
Method. Exploratory factor analysis. Non-
random, voluntary selection of participants
youngerthan36months, August-November2015.
Participants were assessed independently and
subsequently by a physician and a physical
therapist. The following measurements were
applied: central tendency, exploratory factor
analysis, subgroups of participants younger and
older than 6 months, and internal consistency.
Results. A total of 204 measurements were done
in 102 children. With a 39% explained variance,
items incline towards to two different concepts:
one factor groups respiratory rate, wheezing,
and retractions, and the other determines only
cyanosis, with a Cronbach’s alpha of 0.5. Once
cyanosis is removed from the analysis, the
original one-factor matrix sample shows a 38%
total explained variance and a 0.62 internal
consistency.

Conclusions. Based on its items, the score’s
structure does not fit adequately to this sample.
Cyanosis appears as a dissociated item within
the structure. Once the model is adjusted to only
3 items, the stability of Chronbach’s alpha as a
measure of internal consistency increases but at
an objectionable value, which will undoubtedly
vary once it is applied to a different sample.
Key words: exploratory factor analysis, obstructive
pulmonary diseases, scales.
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INTRODUCTION

In Latin America, acute respiratory
infections (ARIs) have been the main
reason for consultation in primary
care settings.! ARIs account for the
highest percentage of annual visits;
in average, 56% correspond to acute
upper respiratory infections and 44%,
to acute lower respiratory infections,
making them the main reason for
hospitalization in pediatrics.®

In Chile, in 1994, pneumonia
was the main cause of late infant
mortality.>® The National Ministry
of Health of Chile (MoH) launched a
strategy that included a unified ARI
program to establish the priority of
care based on clinical parameters,
which helped to reduce the number
of infant deaths from 16 per 1000 live
births in 1990 to 7.9 per 1000 live
births in 2009.%4

In this context, several clinical
scores have been developed to
determine the severity of bronchial
obstruction (SBO).>¢ One of these is
the modified Tal’s score, developed
by Bierman and Pearson in 1974.7 In
1983, it was modified by Tal, who
replaced the inspiratory-expiratory
ratio by the presence of cyanosis.
Later, in Chile,* differentiations by
age were included, and the MoH
recommended its use in its Guideline
for Respiratory Infections.

Tal’s score was validated by
Pavén® and showed an adequate
correlation with oxygen saturation
(5a0,) (r= -0.76, 95% confidence
interval [CI]: -0.83 to -0.68).

In 2007, Coarasa!® assessed the
ability to predict SaO, below or equal
to 91 and showed a sensitivity lower
than its Argentine counterpart, and a
higher specificity (56% versus 100%
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and 92.6% versus 54.3%, respectively; p < 0.001).
Puebla'! assessed its diagnostic use by non-
medical health care professionals and found a
77% sensitivity (95% CI: 70-82%) and an 88.4%
specificity (95% CI: 84-92%). McCallum! assessed
the internal consistency (IC) and reliability of
Tal’s score and modified Tal’s score and indicated
that both scores showed an adequate internal
consistency (a Cronbach’s alpha of 0.66 and 0.7,
respectively) and an adequate inter-observer
reliability, Kappa index: 0.72 (95% CI: 0.63, 0.76)
and 0.70 (95% CI: 0.63, 0.83), respectively.

Although there was evidence of the
modified Tal’s score performance as a predictor
of hypoxemia, it is necessary to assess other
validity elements,’>' such as the assessment of
its structure as score by means of its items to
confirm the representativeness of the studied
phenomenon. This is an unusual analysis in the
health care setting but it is relevant to establish
validity given that the Chilean’s MoH uses it as
a model of measure®'® that should summarize the
SBO precisely.

Objective: To identify the relationship pattern
among the score’s items and the SBO in a sample
of children younger than 3 years seen in two health
care centers in the province of Concepcién, Chile.

METHODOLOGY

Design: An exploratory factor analysis
(EFA) is a statistical model that represents the
relationships among a set of outcome measures.
Such approximation will explore the relationship
patterns between the latent outcome measure
(SBO) and evident outcome measures (items),
identify the number and composition of
necessary outcome measures to explain common
variance of the sets of items analyzed. Inductive
approximation searches for relationship patterns
among indicators (items) and defines the
construct (SBO). Such procedure for exploratory
perspective may have significant implications
on theoretical model inferences,!” because it
works based on empirical measurements of
indicators towards the construct definition. It
makes references to an instrument’s ability to
quantify, in a significant and adequate manner,
the feature for whose measurement has been
designed.

Design assumptions

e FEach observed outcome measure or item was
selected to reflect the characteristic of the
factor to be measured, in this case, the SBO.

e People with different levels in the common
factor (SBO) will respond differently to this
item, precisely because the factor causes
different responses to this item (the item is a
manifestation of the SBO).

Subjects: The sample size was based on
Streiner’s recommendations,'® who proposed a
minimum of 10 observations by item in the score
to be validated. A minimum of 40 observations
was estimated.

Participants were selected in a non-random
and voluntary manner (guardians). Participants
were pediatric patients attending their first visit
to Centro de Salud Victor Manuel Ferndndez
and Hospital Guillermo Grant Benavente, in
the province of Concepcién, between August
and November 2015. Inclusion criteria: children
younger than 36 months with obstructive
bronchial disease (diagnosed by the resident
physician). Children with chronic pulmonary
disease previously diagnosed were excluded.

Data collection: Two independent observers,
a physician and a physical therapist (health care
center), assessed patients subsequently (to avoid
any variations in clinical signs) and assigned a
score to each item and the total score. A pre-test
was done to determine the necessary time and any
inconvenience in the subsequent assessments. The
database was managed using Access® software.

Score outcome measures

* Biodemographic outcome measures: sex, age
(months old), maternal education (highest
completed level), number of household
members, attendance to a day care center-
kindergarten (yes/no). Data were collected
during an interview with the observer.

* One-factor, 4-item score: respiratory rate,
wheezing, cyanosis, retractions. A Likert-type
scale was used, where “0” meant absence of
manifestations or normal manifestations, and
“3”, a high-risk manifestation:

* Respiratory rate, sub-divided into participants
younger than 6 months (< 40 breaths per
minute [bpm], 41-55 bpm, 56-70 bpm,
> 70 bpm) and aged 6 months or older
(= 30 bpm, 31-45 bpm, 46-60 bpm, > 60 bpm).

* Wheezing (audible from a distance, inspiration
and expiration with phonendoscope, end of
expiration with phonendoscope, absence).

¢ Cyanosis (generalized, peri-oral at rest, peri-
oral during crying, absence).

e Retractions (supraclavicular, intercostal,
subcostal, absence).
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Analysis plan

Relationship patterns were searched for in
terms of variance. The item’s predictive ability
was not analyzed, but if such item was effectively
related in terms of characterizing the SBO.

Central tendency measures and frequency
distribution were investigated. Out-of-range
data were extracted for the EFA. This served
as a quality control before the analysis, called
“outliers.” Atypical values could have a
disproportionate effect in statistical results, which
could lead to misleading interpretations.

To assess the relevance of the EFA, the alleged
correlation among outcome measures was
analyzed. To establish whether its application was
or not justified, correlations between each item
in the score were looked for using Spearman’s

TaBLE 1. Sociodemographic outcome measures (n=102)

Outcome measure %o
Maternal education
Primary 14.7
Secondary 59.8
Tertiary 255
No. of people sharing the household
=5 324
<5 67.7
Attending a day care center
Yes 33.3
No 66.7

Rho correlation; Kaiser-Meyer-Olkin measure
of sampling adequacy (KMO) and Bartlett’s
sphericity test were applied, and sampling
adequacy was considered adequate if values were
above 0.6.

Later, conceiving the error, a method for the
extraction of main axes and varimax rotation were
used to reach the factor matrix, followed by the
analysis of IC with Cronbach’s alpha; the work
was conducted based on George and Mallery’s
recommendations:* above 0.7, acceptable; higher
than 0.6, objectionable; and higher than 0.5, poor.
The SPSS 11° software was used.

Matrices were analyzed for < 6 months old and
> 6 months old.

Ethical aspects of research

Patient’s legal guardians participated
voluntarily once they signed the consent. The
study was approved (code CEC:15-07-40) by the
Ethics Committee of the Health Department of
Concepcidn, Chile, in August 2015.

RESULTS
1. Descriptive analysis

A total of 204 assesments of the score were
done in 102 pediatric patients: 42 girls (41.2%)
and 60 boys (58.8%). The patient’s median age
was 10 months (1-35 months); 67.7% shared the
household with less than 5 other people; 66.7%
did not regularly attend a day care center, so they

TaBLE 2. Description by frequency of the score’s outcome measures and differences in proportions by observer

Outcome measure Category Physician (n= 102) Physical therapist (n= 102) P value
RR < 6 months old <40 bpm 1 8 0.5925
41-55 bpm 18 12
56-70 bpm 87 13
>70 bpm 1 1
RR > 6 months old <30 bpm 23 24 0.4
31-45 bpm 38 36
45-60 bpm 13 15
> 60 bpm 4 3
Wheezing Absence 34 30 0.4698
End of expiration w/phonendoscope 51 53
Inspiration and expiration w/phonendoscope 12 13
Audible from a distance 5 6
Cyanosis Absence 100 102 0.0001
Peri-oral during crying 2 0
Peri-oral at rest 0 0
Generalized at rest 0 0
Retractions Absence 41 45 0.0049
Subcostal (+) 41 41
Intercostal (++) 14 12
Supraclavicular (+++) 5 4

RR: respiratory rate.
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were looked after by their parents or caregivers;
85.3% of mothers had completed secondary or
tertiary education (Table 1).

In the frequency distribution of outcome
measures of the modified Tal’s score and in
the differences in proportions by observer, the
p value for cyanosis showed that there could be
differences; however, these could be related to
the absence of a larger number of severe cases
collected (Table 2).

In relation to the total score observed in
participants older and younger than 6 months,
the SBO was mild (Table 3).

2. Exploratory factor analysis

Out-of-range values were estimated by
computing the range, standard deviation,
individual average, coefficient of variation using
the Mahalanobis distance; 179 measurements
were obtained. The EFA was done based on these
179 measurements.

The EFA was started by estimating Spearman’s
Rho correlations (Table 4).

The factor matrix, with a 39% explained
variance, showed two factors; one grouped
respiratory rate, wheezing, and retractions,
the other, cyanosis. With low correlations, and
fixing only one factor, the item “cyanosis” was
dissociated from the rest of the items and failed
to explain the SBO construct. An IC of 0.5 was
calculated (Table 5).

Based on the results, a new matrix was

TaBLE 3. Modified Tal s score

Outcome measure < 6 months old > 6 months old

(n=26) (n=76)
Respiratory rate 1(0-2) 1 (0-3)
Wheezing 1(0-2) 1(0-3)
Cyanosis 0 (0-0) 0(0-1)
Retractions 1(0-2) 1 (0-3)
Total score 3 (0-6) 3(0-9)

Results are expressed as median and range.

TABLE 4. Spearman’s correlation among each item in the
score (n= 179 measurements)

Respiratory Wheezing Cyanosis Retractions

rate
Respiratory
rate 1 0.23 -0.17 0.47
Wheezing 0.23 1 -0.79 0.24
Cyanosis -0.17 -0.79 1 0.10
Retractions 0.47 0.24 0.01 1

developed excluding cyanosis from analysis,
and a one-factor matrix (which accounted for the
SBO construct) and the items “respiratory rate,”
“wheezing” and “retractions” were obtained, with
38% of total variance. Factor loads for respiratory
rate, wheezing, and retractions were 0.64, 0.4, and
0.75, respectively. The IC was determined at 0.62
with the 3 items.

2.1. Exploratory factor analysis among
participants younger than 6 months

Based on 46 measurements, Spearman’s
correlations were estimated and showed that
cyanosis did not correlate with any of the items
and had a zero variance; therefore, data could not
be extracted for the EFA. Cyanosis was excluded
from the analysis and showed a one-factor
matrix with a 41% total variance that grouped
respiratory rate, wheezing, and retractions, with
factor loads of 0.5, 0.6, and 0.67, respectively. The
IC of these 3 items was 0.7.

2.2. Exploratory factor analysis among
participants aged 6 months or older

Based on 133 measurements, the matrix was
analyzed and it was observed that cyanosis had
a factor load inclined to another factor (Table 6).
Once cyanosis was removed from the analysis, a
new one-factor matrix was obtained that grouped
respiratory rate, wheezing, and retractions with
factor loads of 0.65, 0.37, and 0.75, respectively,
and an IC of 0.6.

TaBLE 5. Factor matrix of the four score items
(n= 179 measurements)

Factor
1 2
Respiratory rate 0.62
Wheezing 0.38
Cyanosis 0.50
Retractions 0.82

Cronbach'’s alpha= 0.5

TABLE 6. Participants aged 6 months or older: factor matrix
of the four score items (n= 133 measurements)

Factor
1 2
Respiratory rate 0.62
Wheezing 0.34
Cyanosis 0.54
Retractions 0.84

Cronbach'’s alpha= 0.52
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DISCUSSION

Some of the sociodemographic characteristics
of the sample were that the mothers of most
patients had completed secondary or tertiary
education and that most patients did not live
in over-crowding conditions; this had changed
compared to the initiation of the ARI program in
Chile, which was characterized by a low level of
maternal education and over-crowding, therefore
increasing the risk of death by pneumonia, a
complication of obstructive bronchial diseases.!!

In relation to the score, the biggest differences
in proportions by observer were found in terms
of cyanosis and retractions. This was probably
due to the subjectivity entailed by both signs:
they are observable but not measurable, whereas
respiratory rate is measured over a specific period
and wheezing is measured with an instrument
(phonendoscope).? The assessment of cyanosis
and retractions depended on observation, an
indirect, subjective method.?!

In relation to the frequency and range of
response, the patients on whom the test was
applied had the same score for an item; therefore,
the item “cyanosis” was probably not providing
variability to the score! because it is a late sign
compared to the other items.

The EFA showed that one of the score items
dissociated itself, which may be explained because
cyanosis is a late sign of respiratory distress,
which is observed once deoxygenated hemoglobin
reaches 4-6 g/ dl; a SaO, of approximately 80-87%
would result in clinically apparent cyanosis.?
This clinical sign may not provide information to
the score’s structure because once cyanosis was
removed from analysis, only one construct was
determined with increased consistency; however,
such internal consistency provided values that
ranged from objectionable to acceptable. It is
necessary to consider that this estimation is below
the assumption for continuous data and may have
been underestimated.”*

The matrices obtained for subgroup analysis
showed the same behavior in relation to cyanosis,
and the items “respiratory rate,” “wheezing,”
and “retractions” were adjusted. This may be
explained by what was mentioned above in
relation to the fact that cyanosis is a late clinical
sign, because most visits for obstructive bronchial
disease were conducted early.

Compared to the factor matrix by age
subgroup leaving out cyanosis, it was observed
that all factor loads among patients younger than
6 months had values for the SBO construct that

were above 0.6. This may be explained because
the younger the patient, the higher his/her
airway resistance and instability,” which become
hyperreactive in case of infections, and this is
consistent with the signs typical of the score.

It may be considered that the months for data
collection —from August through November
2015- could have affected the typical rate of
consultations in the winter season; however, over
the past 5 years, ARIs have shown a bimodal
behavior, with the highest peaks in consultations
between June and August 2015 (the highest
number occurred between August and September
of this year).>

In relation to previous criterion validity, the
study conducted by McCallum et al.'? observed
a low diagnostic performance with this score.
Coarasa et al.’” demonstrated a markedly lower
sensitivity than the homologous score used
in Argentina. In addition, Pavén et al.? found
that the item “cyanosis” of the modified Tal’s
score showed a lower level of correlation with
peripheral oxygen saturation. Although these
assessments do not seem related to the study’s
objective, they may be consistent with the score’s
behavior as a structure.

The criteria used in this design themselves
assume only one approximation to validation
of the SBO construct for this sample of boys and
girls; therefore, it is necessary to complete it with
a confirmatory factor analysis (CFA), which is a
highly useful strategy in the setting of hypothesis
testing and theory confirmation.?*” However, it
could not be done mainly because of the absence
of multicollinearity (there is no strong correlation
between the model’s explanatory outcome
measures).

This study has certain limitations: 1) The
size of the sample may be adequate based on
theoretical recommendations but was made up
preferably by male and female patients from
the urban perimeter. Future studies should use
representative samples of the general population,
e.g. patients from rural areas or different
geographic sectors, and with discrimination
among different populations. 2) Most of the
studied sample had a score equivalent to the mild
bronchial obstruction category, and this did not
allow to establish the correlation among outcome
measures at the highest severity level.

The positive aspects of the study are that
the EFA has been rigorous and although this
exploratory approximation is not absolutely
sufficient to modify the currently valid score, it
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gathers valuable, relevant information to consider
the development of hypotheses and new studies
as well as theoretical and empirical reflections
about SBO measurement.

To make some recommendations: a) further
studies are needed to replicate the results
obtained with boys and girls from different
sociocultural settings and to study the variability
of the item “cyanosis;” b) a confirmatory factor
analysis should be done together with invariance
measurements to assess sensitivity to change
or discriminated among different populations;
c) further studies are required to establish the
course of the SBO. The theory underlying the SBO
construct may provide information in this line,
with longitudinal studies that make an empirical
analysis of the relationship between previous data
and outcomes of the score’s items.

CONCLUSIONS

For this sample, the studied phenomenon was
not adequately represented by the score’s items.
Based on its items, the scale’s structure does not
fit adequately.

For the subgroup of participants younger
than 6 months, the scale’s structure does not
fit appropriately. The structure’s model shows
acceptable internal consistency and would
only involve respiratory rate, wheezing, and
retractions. The item “cyanosis” appears as a
dissociated item within the structure. Once the
model is adjusted to only 3 items, the stability
of Chronbach’s alpha as a measure of internal
consistency increases but at an objectionable
value, which will undoubtedly vary once it is
applied to a different sample. B
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