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Validation of new Brazilian predicted values for forced spirometry
in Caucasians and comparison with predicted values obtained
using other reference equations*®

Andrezza Araujo de Oliveira Duarte’, Carlos Alberto de Castro Pereira?, Silvia Carla Sousa Rodrigues®

Abstract

Objective: To compare the most recent (2006) predicted values of forced vital capacity and forced expiratory volume in one second for
spirometry in Brazilians with those obtained using other reference equations and to validate the findings through comparisons with a new
sample of normal Brazilians. Methods: Forced spirometry was performed, in accordance with the Brazilian Thoracic Society guidelines, in
643 nonsmoking adult Caucasians. The predicted values obtained by Brazilian researchers in 1992 and those obtained by four groups of
foreign researchers were compared with the new Brazilian predicted values obtained in 2006. In the second phase, the mean values obtained
in 65 adult females and 79 adult males were compared with the predicted values obtained using the various reference equations. Results: A
t-test for paired samples revealed significant differences between the predicted values obtained using the six equations and those obtained
using the 2006 Brazilian equation. In the second phase, the mean predicted values obtained by Crapo et al., as well as those obtained by
Hankinson et al. for Mexican-Americans, were similar to those found in the new sample. However, when the predicted values obtained in
the new sample were compared with those obtained by those authors, discrepancies were found, with high and low predicted values. The
mean values obtained using the 2006 Brazilian equation presented the smallest differences in comparison with the mean values obtained
in the new sample. Conclusions: These results underscore the importance of using prediction equations for spirometry that are appropriate
for our population.
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Introduction

The most important step in diagnosing pulmo-
nary function abnormalities is to determine whether
the individuals tested are within or outside a refer-
ence range. Therefore, the values found in a patient
are usually compared with reference values obtained
in healthy individuals whose anthropometric indices
and ethnic characteristics are similar to those of the
individuals tested."?

Various equations based on predicted values
are available in the spirometers marketed in Brazil.
However, not all include the equations suggested
for Brazilians. Predicted values for spirometry in
Brazilians were published in 1992.°) Recently, new
predicted values, which differ from those previously
described, have been obtained.”

Prior to the availability of Brazilian equations for
espirometry, one study compared the values obtained
in a small sample of individuals considered ‘normal’
with the predicted values obtained using foreign
equations, and concluded that the former were closer
to the predicted values suggested by Knudson et al.©
The equation devised by Knudson et al. included a
small sample of normal males (only 86), the slope of
height on age for males being unexpectedly steep,
which results in significantly underestimated values
in shorter individuals. A comparison between the
theoretical values obtained for Brazilians in 19920
and those obtained by Knudson et al.® revealed that
the discrepancies result in the spirometric diagnosis
constantly changing.” However, various laborato-
ries continue to use the values obtained by Knudson
et al. as reference values.

The objective of the present study was to
compare the predicted values of forced vital capacity
(FVC) and forced expiratory volume in one second
(FEV,) obtained using the equations suggested for
Brazilians in 2006“ and in 1992® with the most
commonly used foreign predicted values®®' and
to validate the findings of the first phase through
comparisons between the values found in a group
of normal individuals, of either gender, and those
obtained using the various reference equations.

Methods

The study was divided into two phases:

® In the first phase, the new Brazilian values
were compared with those obtained using the
various reference equations; and
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® In the second phase, we selected a second
sample whose data were used to validate the
previous findings.

In the first phase, the data were obtained
in parallel with the Breathe and Live Program,
between April and August of 2004. The individuals
selected were volunteers presenting for the test,
their companions, or passershby. The individuals
who comprised the reference sample were selected
after responding to a questionnaire based on that
of the American Thoracic Society (ATS) Division of
Lung Diseases,!"” and smokers or former smokers,
individuals with any cardiopulmonary disease, and
those who had any current respiratory symptoms
were excluded. The values of FVC and FEV, were
obtained using linear equations in 643 Caucasians,
373 of whom were female and 270 of whom were
male. We included males over 25 years of age and
females over 20 years of age, which are ages at
which the slopes of the curves undergo significant
modifications.(?

The individuals underwent spirometry, which
was performed in accordance with the Brazilian
Thoracic Society (BTS) guidelines.!™ The tests were
performed using three fixed techniques, certified
by the BTS, with Multispiro spirometers (Creative
Biomedics, San Clemente, CA, USA).

In this first phase, the predicted values of FEV,
and FVC suggested for the population in 2006 were
compared with the predicted values for Brazilians
published in 1992® and the predicted values most
commonly used abroad.®'9 The various predicted
values were calculated taking into account the indi-
vidual values of age and height found in the 2006
Brazilian study.

The mean differences between the Brazilian
predicted values obtained in 2006 and those
suggested by the various authors were compared.
Graphs were generated in order to determine greater
or smaller differences as the Brazilian predicted
values increased or decreased.

In the second phase, between December of
2005 and July of 2006, the data were obtained in
another sample of Caucasians who were considered
healthy. This sample comprised individuals referred
for a periodic check up, companions of patients
attending a medical visit, and staff members of
the Sdo Paulo Hospital for State Civil Servants and
of the Diagnostic Center of Brazil. The individual
values of age and height found in this new sample
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were used to obtain individual values predicted by
the various equations, including the Brazilian equa-
tions obtained in 1992 and in 2006.

The inclusion and the exclusion criteria were
similar to those of the first phase.

The individuals underwent spirometry, which was
performed in accordance with the BTS guidelines.!"
The tests were performed using various flow spirom-
eters available at the two centers, where pulmonary
function tests are performed by technicians certified
by the BTS. Quality A tests (differences between the
two best values of FVC and FEV, <0.15 L, and peak
expiratory flow < 10%) were obtained in 97% of
the individuals; the remaining tests were quality B
(differences between the two best values of FVC and
FEV, <£0.20 L, and peak expiratory flow < 15%).

In the second phase of the study, 65 females
(aged between 20 and 77 years) and 79 males
(aged between 25 and 80) with heights within the
reference range of the comparative equations were
included. Table 1 shows the anthropometric charac-
teristics and pulmonary function data.

The present study was approved by the Ethics
in Human Research Committee of the Sdo Paulo
Hospital for State Civil Servants.

All the statistical and mathematical procedures
were performed using the Statistical Package for
the Social Sciences program, version 10 (SPSS Inc.,
Chicago, 1L, USA). The values of FEV, and FVC
were compared with the most commonly used
foreign predicted values®®'9 and with the Brazilian
predicted values®® using the t-test for paired
samples. The general characteristics of these various
studies are compared in Table 2. The mean differ-
ences and the 95% confidence intervals between
the values obtained in the sample and the predicted

Table 1 - Anthropometric and functional characteristics
of the sample of individuals considered normal.

Males Females
(n=179) (n =65)
Age (years) 43 +12.5 45+ 13.9
Height (cm) 173+ 7.5 160+ 7.0
Weight (kg) 80+ 12.3 66+ 11.1
FVC (L) 4.86 £ 0.84 3.39 + 0.62
FEV] (L) 3.94 +0.73 2.78 £ 0.52
FEV]/FVC(%) 81 +4.7 82+ 4.3

FVC: forced vital capacity; FEV,: forced expiratory volume in one
second. The results are expressed as mean + standard deviation.

values obtained by the different authors were evalu-
ated. Due to the multiple comparisons, the level of
significance was calculated using the Bonferroni
correction.

Results

In the first phase of the study, the results for the
mean differences in FVC and FEV, were calculated
by subtracting the predicted values obtained using
the 2006 Brazilian equation from the predicted
values obtained by the various foreign authors and
those obtained using the 1992 Brazilian equa-
tion (Table 3). In comparison with the equation
devised by Knudson et al. and with that devised
by the European Community for Steel and Coal
(ECCS),' the predicted values obtained using the
2006 Brazilian equation are, on average, higher.
Although the mean differences in relation to the
equations devised by Crapo et al., as well as to those
by Hankinson et al. for Mexican-Americans,®” seem
small, the results differed significantly (except for the
equation devised by Hankinson et al. for females).
In addition, a small or null mean difference does
not mean that great differences will not be found
in certain age and height ranges. This can be deter-
mined by plotting the mean differences between
the various equations and the 2006 Brazilian equa-
tion against the predicted values obtained in the
2006 sample. In Figure 1, the predicted values of
FEV, obtained in Brazilians in 2006 are plotted
against the mean differences in FEV, between the
predicted values obtained using the 2006 Brazilian
equation and the predicted values obtained by
Hankinson et al. for Mexican-Americans and those
obtained by Crapo et al.®® We observed that, as the
predicted values increased or decreased, the differ-
ences became significant.

In the second phase, the analysis of the differ-
ences between the mean values found in the new
sample of normal Brazilians and the predicted
values of FVC and FEV, obtained using the seven
equations revealed no significant differences,
regardless of gender, for three of these equations:
Pereira et al. 2006, Crapo et al., and Hankinson
et al.” for Mexican-Americans (Table 4). For the
remaining equations, there were statistically signifi-
cant differences.

The equation proposed by Pereira et al. in 19920
underestimated the values of FVC, for males and for

J Bras Pneumol. 2007;33(5):527-535
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Table 2 - Main characteristics of the studies on reference values for spirometry.

ECCSto Knudson et al.© Hankinson Crapo et  Pereira et Pereira et al.,
et al.® al.® al.,, 1992080 2006
The equations ~ Sample randomly Sample Selection  Selection of Selection of
were obtained selected from the  randomly of volunteers volunteers
from different general population selected in volunteers®
studies as of the area 81 counties
described!"? in the USA
Country - USA USA USA Brazil Brazil
Age (years) - 20-80 (males) 8-80 years 15-84 25-78 26-86(males)
(males)
20-88 (females) 20-76 20-85 (females)
(females)
Smokers - no no no no no
Number of males - 86 896 126 334 270
Caucasians
1116
Mexicans
Number of - 204 1383 125 141 373
females Caucasians
1523
Mexicans
Equipment - Pneumotachograph ~ Water- Water-  Vitalograph Fleisch
sealed sealed bellows  pneumotachograph
spirometer spirometer spirometer
SEE x 1.645 FEV, 0.84M 0.86M - 0.84M 0.79M 0.89M
0.62F 0.638F 0.56F 0.433F 0.53F
SEE x 1.645 FVC 1.00M 1.05M - 1.115M 0.864M 0.91M
0.71F 0.81F 0.676F 0.556F 0.64F

ECCS: European Community for Steel and Coal; FVC: forced vital capacity; FEV,: forced expiratory volume in one second; M: male;
F: female; SEE: standard error of estimate; and *Members of the Jgreja de Jesus Cristo dos Santos dos Ultimos Dias (Church of Jesus

Christ of the Latter Day Saints).

females. The equation devised by Knudson et al.©
underestimated the values of FVC for males (mean
difference of 280 mL). The Hankinson et al. equa-
tion for Caucasians underestimated the values of
FEV,, for males and for females - the biggest differ-
ence in FEV, among all those compared (140 mL)
being obtained for females - as well as underes-
timating the FVC values for females. The equation
proposed by the ECCS underestimated all the values,
the biggest differences being observed in those of
FEV, for males (220 mL) and in those of FVC for
females (360 mL).('?

Discussion

Various reference value equations have been
published in recent decades.*'® The values expected
for individuals presenting a given combination of
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age and height can differ considerably.™>'® Such
variations can be explained by the selection criteria
of ‘normal’ populations, by the equipment used,
by the measurement techniques, by the biological
variability of the populations, and by the statis-
tical models used in the data analysis. In addition,
the values change over time due to cohort effects.
These effects can be explained by changes in envi-
ronmental and nutritional conditions, as well as by
technological advances in the equipment used and
higher accuracy in measurements. Since reference
values are used in medical decisions, cohort effects
must be considered a strong argument in favor
of updating reference values on a regular basis.
Otherwise, the predicted values will gradually lose
their sensitivity in detecting abnormal conditions in
younger cohorts.
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Table 3 - Mean differences in FVC and FEV, for males (n = 270) and females (n = 373) calculated by subtracting
the predicted values obtained using the 2006 Brazilian equation from the predicted values obtained using the most
commonly used foreign equations and the 1992 Brazilian equation.

Author, year Males Females
Pereira et al., 2006® Pereira et al., 2006®
n DFv(C® p DFEV ? p n DFV(C® p DFEV ? p
Knudson et al., 1983© 86 0.47 + <0.001 0.35+ <0.001 264  0.20+ <0.001 0.12+ <0.001
0.32 0.26 0.031 0.019
Crapo et al., 1981® 125 0.098 + <0.001 0.078 + <0.001 126 0.09 + <0.001 0.046 + <0.001
0.1 0.082 0.068 0.095
ECCS, 1983019 - 0.43 + <0.001 0.33+ <0.001 - 0.37 £ <0.001 0.21+ <0.001
0.13 0.12 0.12 0.1
Pereira et al., 1992@ 334 0.26 + <0.001 0.21+ <0.001 141 0.12+ <0.001 0.086 + <0.001
0.1 0.17 0.04 0.024
Hankinson et al., 476  0.059 + <0.001 0.17 = <0.001 927 -0.053 <0.001 0.004 + 0.31
1999® (Caucasians) 0.18 0.17 +0.10 0.086
Hankinson et al., 19999 1116 0.11 =+ <0.001 0.15 <0.001 1523 -0.007 0.041 0.006 = 0.16
(Mexican-Americans) 0.17 +0.17 +0.07 0.09

DFVC: differences in forced vital capacity; DFEV : differences in forced expiratory volume in one second; significant p value < 0.008;

and “Mean * standard deviation.

Cohort effects,"” however, do not fully explain
the higher values observed in the present study as
compared with the study of another Brazilian sample
that was conducted in 1992.®) Due to the cohort
effect, FVC and FEV, can increase up to 5 mL/year,
although the difference observed for FVC between
the previous and the present study was three times
greater in males.

In the first phase of the study, the differences
between the predicted values found for Brazilians
in 2006 and the predicted values obtained by the
authors selected were statistically significant. The
equations devised by Knudson et al. and by the
ECCS, compiled by Quanjer et al. based on data
from various authors,®'9 presented the biggest
differences, the values obtained in Brazilians being
higher.

The ECCS equation,'” suggested for use in
the European Community, undoubtedly under-
estimates the values obtained in recent European
studies conducted in various countries,*'819 which
has led to the recommendation that it be aban-
doned. In the study conducted by Knudson et al.,©
only 86 males aged between 25 and 85 years
were studied, and, unlike in other studies, the
data present pronounced asymmetry. The lower
limit of the residuals was markedly different when
compared using the standard error of estimate and
using the 5th percentile, which signifies poor data

adjustment. The slope of FVC in relation to height is
unexpected, and FVC increased 84 mL/cm of height
for males, the values found by various authors being
within the 55-60 mL range.?”

1t has been suggested by the ATS that the
values obtained in a sample of normal individ-
uals be compared with the predicted values obtained
by various authors when local studies are not avail-
able.'” In an unpublished study, Crapo et al. found
that, for spirometry, a sample of at least 100 indi-
viduals is needed for the detection of significant
differences.?” In one study conducted in Brazil,®
the predicted values employed in the Knudson et al.
equation were compared with those obtained in
50 normal individuals. The authors concluded that
the Knudson et al. equation should be adopted for
use in Brazil. The data obtained by those authors
did not differ from those obtained by Knudson
et al. for males, because younger, taller individuals
were included in the comparison. For high values
of FVC and FEV,, the values obtained by Knudson
et al. are close to those obtained by other authors.
However, the same is not true for low values, and
this is probably due to the inclusion of few shorter
individuals, which distorted the regression line,
markedly changing its slope.

In the second phase of the study, the mean value
of FVC and FEV, obtained for both genders in the
sample of individuals considered normal was similar

J Bras Pneumol. 2007;33(5):527-535
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Table 4 - Analysis of the differences between the values found in the sample of individuals considered normal and the

predicted values obtained by various authors.

Males

Females

AFVC(L)

AFEV, (1)

AFVC(L) AFEV (L)

Author, year Mean and 95% Cl

Mean and 95% Cl

Mean and 95% Cl Mean and 95% CI

Pereira et al., 1992@ 0.18 (0.05 to 0.30)*

0.09 (0.00 to 0.18)

0.16 (0.04 to 0.28)*  0.01 (0.00 to 0.18)"

Knudson et al., 1983©  0.28 (0.16 to 0.40)*  0.09 (-0.01 to 0.19)  0.06 (-0.17 to 0.06) -0.02 (-0.10 to 0.07)
Crapo et al., 1981® 0.02 (-0.10 to 0.14)  0.00 (-0.10 to 0.10) ~ 0.09 (-0.03 to 0.21) 0.03 (-0.06 to 0.12)
Hankinson et al. C, -0.06 (-0.7 to 0.06)  0.13 (0.03 to 0.23)° 0.24 (0.12 to 0.35)*  0.14 (0.05 to 0.23)°

19999

Hankinson et al. M-A,  0.00 (-0.12 to 0.11)  0.01 (-0.08 to 0.11) ~ 0.09 (-0.03 to 0.21) 0.01 (-0.08 to 0.11)
1999

Pereira et al., 2006"  -0.02 (-0.14 to 0.10) 0.04 (-0.14 to 0.06)  0.03 (-0.09 to 0.14) 0.02 (-0.07 to 0.10)
ECCS, 19839 0.26 (0.14 to 0.38)*  0.22 (0.12 to 0.31) 0.36 (0.24 to 0.48)*  0.10 (0.00 to 0.20)°

FVC: forced vital capacity; FEV : forced expiratory volume in one second; ECCS: European Community for Steel and Coal; 95%Cl: 95%
confidence interval; C: Caucasians; M-A: Mexican-Americans; and *p < 0.007.

to the predicted values suggested by Pereira et al. in
2006.% The equation proposed in 2006 presented
the smallest differences and the lowest values for
the 95% confidence interval in comparison with the
predicted values obtained by the other authors. In
sequence, the values obtained by Crapo et al.®) and
those obtained by Hankinson et al.”) for Mexican-
Americans were the closest to the values observed.
Crapo et al.,® in 1981, obtained spirometric
values in 251 individuals of a population residing
at an altitude of 1400 m, which could have inflated
the results. Females aged between 17 and 84 years
and males aged between 15 and 91 years were
included, and the equations were obtained by linear
regression. Comparisons with equations available
at the time have revealed that the values obtained
by Crapo et al. were usually higher,®) although the
same was not found in a study that included in its
comparisons equations that were more recent.("”
Hankinson et al obtained, through home visits,
spirometric values in a sample comprised of residents
of 81 American cities.”) Caucasians, African-
Americans, and Mexican-Americans were included.
There was a predominance of females (availability
bias). To achieve better data adjustment, the refer-
ence values and the lower limits were obtained using
a polynomial equation, in which the age coefficient
was squared, since it was assumed that there would
be a progressively larger drop as age increased. The
inclusion of age? in the 2006 Brazilian equation
resulted in very low predicted values in advanced
ages, with inhomogeneous distribution of residuals

J Bras Pneumol. 2007;33(5):527-535

around the regression curve, and the classic linear
model was chosen.”

When the predicted values obtained using the
2006 equation were compared to those obtained
by the various authors, the differences in relation
to the equations devised by Crapo et al.®) and by
Hankinson et al.”) seem minimal, despite being
statistically significant. However, the amplitude of
the differences should be evaluated, and this can be
done through the analysis of the standard deviations.
Considering the extreme differences as the mean of
the differences + 2 standard deviations, it was deter-
mined, through the analysis shown in Table 3, that
the differences between the predicted values of FVC
and FEV, obtained in 2006 for Brazilians® and the
predicted values obtained by Crapo et al. and those
obtained by Hankinson et al. for Mexican-Americans
can range from approximately 150 to 500 mL. In
addition, the differences between the predicted
values found and those suggested by other authors
should be analyzed graphically, as exemplified in
Figure 1. We observed that, although the mean
difference was close to zero, there were systematic
deviations as the Brazilian predicted values increased
or decreased, indicating that, in certain combina-
tions of age and height, the predicted values can
be quite different. Regarding the Hankinson et al.
equation for Mexican-Americans, which, among
the various equations devised by this author, had
the smallest difference in comparison with the
sample of normal individuals in the second phase
of our study, we observed that, although the mean
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Figure 1 - Graphic display of the predicted values of FEV, obtained using the 2006 Brazilian equation plotted against
the mean differences in FEV, between the predicted values obtained using the 2006 Brazilian equation and the
predicted values obtained by Hankinson et al. for Mexican-Americans (M-A) and those obtained by Crapo et al. (males

above and females below).

difference was approximately zero when the values
were compared with the predicted values obtained
in 2006, the differences changed as the predicted
values varied: for higher predicted values (observed
in younger and taller individuals), the differences
became negative, which means that the Brazilian
predited values were lower, and, for lower predicted
values (observed in older and shorter individuals),
the differences were positive, which means that the
Brazilian predicted values were higher. This finding
was more evident in females. This is explained by

the regression models adopted. In the Hankinson
et al. equations, the values decrease sharply with
age, whereas this does not occur with the Brazilian
predicted values.

The comparison with the equations devised by
Crapo et al.® revealed a similar situation, especially
for females, and there was a significant inverse
correlation between the Brazilian predicted values
obtained in 2006 and the differences in relation
to the expected values of FVC and FEV, for both
genders (data not shown).

J Bras Pneumol. 2007;33(5):527-535
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Another means of comparing the different equa-
tions is to analyze the standard errors of estimate,
which reveal the dispersion of the residuals and are
used to establish the reference limits. As shown in
Table 2, these values differ very little among the
different equations of predicted values, indicating
that what has been observed for the comparisons
among the means applies to the lower limits.

In the present study, the values of FVC and
FEV, obtained were significantly higher than those
observed 14 years ago.”’ In the study published in
1992, a vertical bellows spirometer (Vitalograph,
Ennis, Treland) was used, whereas a Multispiro flow
spirometer (Creative Biomedics, San Clemente,
CA, USA) was used in the present study. This
contrast could explain most of the differences
observed.*22-24

In conclusion, the equation proposed by Pereira
et al. in 2006“ presents the smallest differences
when applied to an idependent sample of normal
Brazilians, thereby establishing its validity for use in
Brazil. The values found proved to be higher than
those published in 1992.2) The values employed
in the foreign equations differ significantly from
the Brazilian predicted values obtained in 2006.
Although the equations proposed by Crapo et
al.® and those proposed by Hankinson et al.” for
Mexican-Americans present small mean differences
when applied to a sample of presumably normal
Brazilians in certain age and height ranges, the
values can differ significantly, which invalidates the
use of these equations in Brazil.
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