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ABSTRACT
Objective: To derive reference equations for spirometry in healthy Black adult never
smokers in Brazil, comparing them with those published in 2007 for White adults in
the country. Methods: The examinations followed the standards recommended by
the Brazilian Thoracic Association, and the spirometers employed met the technical
requirements set forth in the guidelines of the American Thoracic Society/European
Respiratory Society. The lower limits were deﬁned as the 5th percentile of the residuals.
Results: Reference equations and limits were derived from a sample of 120 men and
124 women, inhabitants of eight Brazilian cities, all of whom were evaluated with a ﬂow
spirometer. The predicted values for FVC, FEV1, FEV1/FVC ratio, and PEF were better
described by linear equations, whereas the ﬂows were better described by logarithmic
equations. The FEV1 and FVC reference values derived for Black adults were signiﬁcantly
lower than were those previously derived for White adults, regardless of gender.
Conclusions: The fact that the predicted spirometry values derived for the population
of Black adults in Brazil were lower than those previously derived for White adults in the
country justiﬁes the use of an equation speciﬁc to the former population.
Keywords: Spirometry; Reference values; African continental ancestry group.
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INTRODUCTION
Spirometry plays an essential role in the diagnosis and
follow-up of respiratory diseases. The values obtained
by spirometry should be compared with those predicted
for nonsmokers without cardiopulmonary disease.(1-3)

were used for Black individuals by applying an adjustment
factor whereby the values for White individuals were
reduced by 10-15%; however, the adjustment was found
to be inadequate.(9)

Reference equations for spirometry in White adults
in Brazil were derived in 2007.(4) The reference values
obtained by using those equations were found to
differ signiﬁcantly from those obtained by using other
equations.(5-7)

According to the 2015 Brazilian National Household
Sample Survey, 45.11% of Brazilians described themselves
as White (Caucasian); 45.06% described themselves as
Brown (biracial); 8.86% described themselves as Black
(African); 0.47% described themselves as Yellow (Asian);
and 0.38% described themselves as Red (Indigenous).(10)

Several studies have shown that reference spirometric
values (corrected for anthropometric characteristics) are
lower in Black individuals than in White individuals, and
this has led to the recommendation that race-speciﬁc
equations be used.(3,7,8) Before spirometric reference
equations were available for use in Black individuals,
reference values originally derived for White individuals

In two studies conducted in Brazil, Black adults were
studied in an attempt to obtain reference spirometric
values, which were found to be similar to those for White
adults in the country.(11,12) All spirometry tests were
performed with spirometers that are currently obsolete.
(4,13)
Race can be determined by genetic ancestry or
self-report. In a large study conducted in the USA and
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involving individuals who identiﬁed themselves as
African American, spirometric values (corrected for age,
sex, and height) were found to be lower in those with
a higher percentage of African ancestry.(14) Similarly,
in a study involving a large cohort of individuals in
Brazil followed from birth to age 30 years (at which
time they underwent pulmonary function testing), FVC
and FEV1 (corrected for height and other factors) were
found to be lower in males and females with a higher
percentage of African ancestry.(15) Regardless of genetic
ancestry, anthropometric characteristics (in particular,
a lower ratio of trunk length to standing height in
Black individuals) and environmental factors (such as
nutrition and socioeconomic status) can contribute to
these differences.(15-17)
The objective of the present study was to derive
reference equations for spirometry in Black adults in
Brazil and compare them with those published in 2007
for White adults in the country.(4)
METHODS
All data were collected under the auspices of the
Respire e Viva (Breathe and Live) program in the cities
of São Paulo, Rio de Janeiro, Belo Horizonte, Porto
Alegre, Curitiba, Santos, Brasília, and Recife, Brazil, in
2004 and in Salvador, Belo Horizonte, and a quilombo
(a community established by escaped or freed slaves)
in the state of Minas Gerais, Brazil, in the 2015-2017
period.(4) All of the participants volunteered for the study,
in response to a verbal invitation or to advertisements
placed in various locations. Initially, all participants
completed an American Thoracic Society (ATS) Division
of Lung Diseases respiratory questionnaire previously
translated into Portuguese and validated for use in
Brazil.(18,19) Subsequently, they underwent testing at
designated facilities. The study project was approved
by the local research ethics committee (Protocol no.
CAAE 60844316.0.0000.5149).
The inclusion criteria were as follows:
•

•
•

•
•

•
•
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being over 20 years of age (for females) or over
25 years of age (for males), ages at which peak
FVC is achieved(20)
having a body mass index (BMI) of 18-30 kg/m2
having no significant respiratory symptoms, as determined by the aforementioned
questionnaire(19)
having had no lung disease (including the ﬂu)
in the last seven days
having no history of respiratory disease potentially
resulting in permanent pulmonary dysfunction,
including tuberculosis, asthma, and thoracic
surgery, with asthma being deﬁned as a lifetime
history of two or more episodes of wheezing
relieved by bronchodilators
having no history of physician-diagnosed heart
disease
not having been diagnosed with uncontrolled
hypertension
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•
•
•

not having worked (for 1 year or more) in environments in which the concentration of dust was
high and therefore posed a risk of lung disease
having never smoked
having identiﬁed themselves as Black (African)
and showing phenotypic characteristics (as
determined by the investigators) such as skin
color, eye color, hair color, hair texture, nose
shape, and lip shape(21)

The exclusion criteria were as follows: a history of
pneumonia and hospitalization in the previous year;
exposure to smoke from wood-burning stoves; exposure
to cigarette smoke in the bedroom; and divergence
between self-reported race and individual phenotypic
characteristics (as determined by the investigators).
Weight and height were measured with participants
standing barefoot and wearing light clothing. Spirometry
was performed with participants in a sitting position
and wearing a nose clip, Multispiro spirometers
(Creative Biomedics, San Clemente, CA, USA) being
used in 2004 and Koko spirometers (Pulmonary Data
Service Inc., Louisville, CO, USA) being used in the
2015-2017 period. All spirometers met the technical
requirements set forth in the ATS guidelines.(2) All
spirometry tests were performed in accordance with
the standards and acceptability and reproducibility
criteria proposed by the Brazilian Thoracic Association
(BTA)(1) and the ATS/European Respiratory Society.
(22)
A back-extrapolated volume of < 0.15 L or 5% of
FVC (whichever was greater) was accepted. Peak ﬂow
was used in order to assess the initial effort.(1) Debris,
condensed water vapor, or mucus deposition on the
sensor can increase the pressure gradient and result
in high ﬂows and volumes after integration (resistance
error). Tests with peak ﬂows above 14 L/s in males
and 11 L/s in females were excluded,(4) as were those
in which peak ﬂow was low in comparison with FEV1,
indicating inadequate effort, i.e., an FEV1 (mL)/PEF (L/
min) ratio > 8.5 in males and > 8.8 in females. The
aforementioned values are above the 99th percentile
found in the Respire e Viva (Breath and Live) study,
which was conducted in 2004 and included Black
and White participants, 413 of whom were male and
447 of whom were female (unpublished data). In
that study, in addition to the standard reproducibility
criteria for FEV1 and FVC (0.15 L), at least two peak
ﬂow values lower than the highest value by 10% or
less were required.(4)
After the acceptability and reproducibility criteria
were met, the highest FVC, FEV1, and PEF values
were recorded. Expiratory ﬂows were derived from
maneuvers with the highest sums of FVC and FEV1.(1,22)
All tests were performed by the investigators
themselves or by technicians certiﬁed by the BTA.
Calibrations were performed before each session of
testing with the use of 3-L syringes. All tests were
reviewed after the three best curves had been printed.
Sample size was calculated on the basis of a
recommendation from the European Respiratory Society,
which suggested that studies aimed at establishing
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lung function reference values should include more
than 100 males and 100 females.(23)
Statistical analysis was performed with the IBM
SPSS Statistics software package, version 22.0 (IBM
Corporation, Armonk, NY, USA). All calculations were
performed in accordance with Pereira et al.(4) The
lower limits of the regressions were estimated by
the 5th percentile of the nonstandardized residuals.
The spirometric and anthropometric data obtained in
São Paulo, Belo Horizonte, and Rio de Janeiro were
compared by ANOVA, and the inﬂuence of location
(if any) on spirometric variables was determined by
analysis of covariance.
The differences between the predicted spirometry
values derived for White adults in Brazil in 2007 and
those derived for Black adults in the present study
were plotted against the former values. The paired
Student’s t-test was used in order to compare the
means. Given the multiple comparisons, the level of
signiﬁcance was set at α < 0.01.
RESULTS
Of the 264 Black adults who underwent spirometry,
244 (124 women and 120 men) were included in the
ﬁnal analysis. A total of 11 women and 9 men were
excluded because of discrepant FVC/height2 values
or because of submaximal initial efforts. Data on
the study participants were collected in the following
locations: São Paulo (n = 88); Belo Horizonte plus a
quilombo in the state of Minas Gerais (n = 83); Rio
de Janeiro (n = 52); Salvador (n = 10); other cities
in Brazil (n = 11). Table 1 shows anthropometric data
for the study participants, by sex. Males ranged in age
from 26 years to 82 years, whereas females ranged
in age from 20 years to 83 years. The median height
was 171 cm (range, 151-187 cm) in males and 158
cm (range, 145-175 cm) in females.
Table 2 shows spirometric data (means ± standard
deviations) for the study participants, by sex. ANOVA
showed that FVC in females was lower in Belo Horizonte
than in São Paulo and Rio de Janeiro. However, analysis
of covariance (with age and height as covariates)
showed that the difference was not signiﬁcant. The
mean age of females was highest in Belo Horizonte
(56 ± 17 years vs. 43 ± 14 years; p < 0.01).
The predicted values for FEV1, FVC, FEV1/FVC, and PEF
were better described by linear equations, whereas the
ﬂows were better described by logarithmic equations.
Prediction equations for males and females are shown
in Table 3 and Table 4, respectively. Weight played no
relevant role in any of the reference equations.
The coefﬁcients of determination (r2) were generally
similar between males and females, being higher for
FVC and FEV1 than for expiratory ﬂows. With regard
to the ﬂows, r2 values were highest for FEF75%. With
regard to age, FEV1 decreased on average 24 mL per
year in males and 17 mL per year in females.

The lower limit for the FEV1/FVC ratio in Black adults
in Brazil was determined by subtracting 9 from the
predicted value for males (Table 3) and 8 from the
predicted value for females (Table 4).(24,25) Values below
70% were observed among males over 60 years of
age and females over 65 years of age.
Figure 1 shows a comparison of the FVC and FEV1
values derived for White adults in Brazil in 2007(4)
with those derived for Black adults in Brazil in the
present study. The predicted values for FVC and FEV1
were consistently lower in Black individuals than in
White individuals, regardless of sex. In males, FVC
was on average 0.30 L lower in Black individuals
than in White individuals, FEV1 being 0.28 L lower in
the former than in the latter (p < 0.001 for both). In
females, FVC was on average 0.14 L lower in Black
individuals than in White individuals, FEV1 being 0.11
L lower in the former than in the latter (p < 0.001 for
both). The differences between the predicted values for
White individuals and those for Black individuals were
Table 1. Anthropometric data (age, height, and body mass
index) for the study participants, by sex.

Variable

Males
(n = 120)
n
%

Age, years
20-24
25-34
33
35-44
31
45-54
23
55-64
16
65-74
8
≥ 75
9
Height, cm
145-154
1
155-164
25
165-174
55
175-184
34
≥ 185
5
BMI, kg/m2
18-24
38
25-30
82
BMI: body mass index.

Females
(n = 124)
n
%

27.5
25.8
19.2
13.3
6.7
7.5

7
31
18
23
24
13
8

5.6
25.0
14.5
18.5
19.4
10.5
6.5

0.8
20.8
45.8
28.3
4.2

29
74
20
1
-

23.3
59.7
16.1
0.8

31.7
68.3

43
81

34.7
65.3

Table 2. Spirometric data for the study participants, by sex.a

Variable
FVC, L
FEV1, L
FEV1/FVC, %
FEF25-75%, L/sb
FEF50%, L/sb
FEF75%, L/sb
PEF, L/s

Males
(n = 120)
4.42 ± 0.78
3.55 ± 0.69
80.3 ± 5.4
3.54 ± 1.17
4.39 ± 1.36
1.43 ± 0.63
9.77 ± 2.07

Females
(n = 124)
3.10 ± 0.52
2.55 ± 0.48
82.0 ± 5.4
2.77 ± 0.93
3.54 ± 1.06
1.11 ± 0.52
6.73 ± 1.28

Values expressed as mean ± SD, except where
otherwise indicated. bValues expressed as mean ±
logarithmic SD.

a
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found to increase as the predicted values increased.
A signiﬁcant positive correlation was found between
height and FVC in males and females (r = 0.93 and r
= 8.88, respectively; p < 0.001 for both).

The paired Student’s t-test showed that the FEV1/FVC
ratio was higher in White males than in Black males,
albeit only 1.0% higher on average (p = 0.021). In
females, the FEV1/FVC ratio was similar between White

Table 3. Regression equations, coefﬁcient of determination (r2), and lower limits for spirometric variables in Black males.

Type of equation
Linear
FVC, l
FEV1, l
FEV1/FVC, %
PEF, L/s
Logarithmic
FEF25-75%, L/s
FEF50%, L/s
FEF75%, L/s

Height coefficient

Age coefficient

Constant

r2

Lower limit

0.048
0.033
−0.134
0.059

−0.019
−0.024
−0.189
−0.048

−2.931
−0.989
112.0
1.903

0.52
0.57
0.26
0.24

P − 0.78
P − 0.76
P − 8.70
P − 2.67

−
−
−

−0.670
−0.517
−0.956

3.735
3.383
3.872

0.42
0.30
0.50

P × 0.62
P × 0.62
P × 0.57

P: predicted. Linear equations: height × coefﬁcient − age × coefﬁcient ± constant. Example: FVC = height × 0.048
− age × 0.019 − 2.931 Logarithmic equations: natural log (log height × coefﬁcient – log age × coefﬁcient ± constant). Example: FEF25-75%
= 2.7183( − log n age × 0.670 + 3.735).
Table 4. Regression equations, coefﬁcient of determination (r2), and lower limits for spirometric variables in Black females.

Type of equation
Linear
FVC, L
FEV1, L
FEV1/FVC, %
PEF, L/s
Logarithmic
FEF25−75%, L/s
FEF50%, L/s
FEF75%, L/s

Height coefficient

Age coefficient

Constant

r2

Lower limit

0.035
0.025
−0.074
−

−0.013
−0.017
−0.200
−0.029

−1.83
−0.69
103.2
8.134

0.47
0.56
0.33
0.14

P − 0.66
P − 0.55
P − 7.8
P− 1.77

−
−
−

−0.625
−0.436
−1.01

3.32
2.862
3.805

0.37
0.23
0.50

P × 0.63
P × 0.61
P × 0.54

.10
.00
-.10

x difference (bias) =
0.30, p < 0.001

-.20

.30 Bias
.20
.10
.00

.20

Bias

.00

2.00

3.00
4.00
5.00
FEV1 for Black adults, L

6.00

.30
.20
.10

Bias

.00

x difference (bias) =
0.14. p < 0.001

-.40
1.00

2.00

3.00

4.00

FVC for Black adults, L

5.00

1.00

Bias

.00

-1.00
x difference (bias) =
1.00, p = 0.02

-.20
-.30

75.00 77.50 80.00 82.50 85.0087.50
FEV1/FVC × 100 for White adults

3.00
2.00
1.00
.00

-1.00

-.10

-.20

2.00

-2.00

-.10

2.00 3.00 4.00 5.00 6.00 7.00
FVC for Black adults, L

.40

x difference (bias) =
0.28, p < 0.001

FEV1/FVC × 100 for White adults −
FEV1/FVC × 100 for Black adults

.20

.40

FEV1/FVC × 100 for White adults −
FEV1/FVC × 100 for Black adults

.30

Bias

FEV1 for White adults − FEV1
for Black adults, L

.40

FEV1 for White adults − FEV1
for Black adults, L

FVC for White adults − FVC for
Black adults, L

FVC for White adults − FVC for
Black adults, L

P: predicted. Linear equations: height × coefﬁcient – age × coefﬁcient ± constant.
Logarithmic equations: natural log(log height × coefﬁcient – log age × coefﬁcient ± constant).

x difference (bias) =
0.11, p < 0.001
1.00 1.50 2.00 2.50 3.00 3.50 4.00
FEV1 for Black adults, L

-2.00
-3.00

Bias
x difference (bias) =
0.13, p = 0.12
77.50 80.00 82.50 85.00 87.50
FEV1/FVC × 100 for White adults

Figure 1. Differences between the FVC, FEV1, and FEV1/FVC% values predicted for White adults by Pereira et al.(4) and
those predicted for Black males (above) and females (below).
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individuals and Black individuals (p = 0.12). There
was no signiﬁcant correlation between the difference
in FEV1/FVC between White and Black individuals and
age in males or females.
When the predicted values for White and Black
individuals were plotted, the percentage difference was
found to be proportional for FVC and FEV1 (~6.5%; p
< 0.01) in males but not in females (Figure 2).
DISCUSSION

Reference values should not be extrapolated to age
groups or patient heights other than those included
in the regression equations.(1) Our study sample was
representative of Black adults in Brazil because males
and females of varying heights and ages were included
in the study. The oldest males and females meeting
the criteria for inclusion in the present study were 82
years old and 83 years old, respectively.
The number of participants over 65 years of age was
low in the present study because it is difﬁcult to ﬁnd
healthy 65-year-old individuals meeting the inclusion
criteria.(4) With regard to participant height, there
was no difference between the present study and the
study published in 2007.(4) The median height of the
individuals who participated in the present study was
found to be similar to that of those in the Brazilian
population: 170.5 cm vs. 171 cm in males and 158
cm vs. 159 cm in females.(28) The negative correlation
between the FEV1/FVC ratio and height in the present
study was due to increased expiratory muscle strength
5.00

5.50

4.50
FEV1 for Black adults, L

6.00

5.00
4.50
4.00
3.50

4.00
3.50
3.00
2.50

∇

3.00
3.00

3.50

4.00

= 0.31 L, p < 0.001

4.50

5.00

5.50

∇

FVC for Black adults, L

To our knowledge, the present study is the ﬁrst
multicenter study in Brazil to derive reference
equations for spirometry in Black adults by including
a representative sample of volunteers and using
spirometers meeting the ATS criteria.(2) A comparison
between the equations derived for Black adults in the
present study and those derived for White adults in
2007(4) showed a disproportionate difference between
the two regarding FVC and FEV1 in females, indicating
the need for an equation specific to the former
population and the inappropriateness of applying a
correction factor to values originally derived for White
individuals.(9) Although the differences between the two
groups of equations regarding FVC and FEV1 in males
were proportional, they were lower than reported in
the literature.(9)

Studies aimed at deriving lung function reference
values should include only nonsmokers without
respiratory symptoms or cardiopulmonary disease.
To that end, a previously validated respiratory
epidemiology questionnaire should be used. If all of
the aforementioned criteria are met, it is valid to use
volunteers to establish reference values.(18,26,27)

2.00
2.00

6.00

4.00

3.50

FEV1 for Black adults, L

4.00

3.50
3.00
2.50
∇
2.50

3.00

= 0.13 L, p < 0.001
3.50

FVC for White adults, L

3.50

4.00

4.50

5.00

4.00

3.00
2.50
2.00
∇

FVC for Black adults, L

4.50

2.00

3.00

FEV1 for White adults, L

FVC for White adults, L

2.00

2.50

= 0.28 L, p < 0.001

1.50
4.50

1.50

2.00

2.50

= 0.08 L, p < 0.001
3.00

3.50

4.00

FEV1 for White adults, L

Figure 2. Comparisons between the FVC and FEV1 values predicted for White adults by Pereira et al.(4) and those
predicted for Black males (above) and females (below).
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and, consequently, airway compression.(1) Individuals
with a BMI > 30 kg/m2 were not included, the effect of
obesity on lung volumes therefore being excluded.(29)

difference in spirometric values across races.(17) Lung

The process of building a regression model involves
several steps, and, because of their simplicity, linear
equations should be preferred whenever the adjustment
is similar to other models. As occurred in the study
in which reference equations were derived for White
adults in Brazil,(4) the ﬂow equations derived in the
present study followed a logarithmic curve, the lower
limit therefore being a ﬁxed percentage of the predicted
value, with sensitivity for detecting airﬂow obstruction.
(4)
In the present study, FEF75% was found to have the
highest coefﬁcient of determination with anthropometric
data, a ﬁnding that is of particular interest and is
consistent with those of the aforementioned study.(4)

(ancestry) might reﬁne predicted lung function values

function is determined by several genes, and extensive
genetic mapping combined with determination of race
beyond anthropometric measures.(38)
Unlike our study, two studies involving Black adults
in Brazil found no differences between the predicted
spirometry values derived for Black adults and those
derived for White adults.(11,12) Scalambrini et al.(11)
studied 139 Black men and 56 Black women and
compared the obtained values with those obtained in a
parallel study involving White individuals (334 men and
141 women),(37) both studies having been conducted
in the 1990s and having employed a Vitalograph

Approximately 10% of the White individuals included
in the aforementioned study(4) were obese; nevertheless,
FVC and FEV1 were lower in the present study than
in that study.(4)

spirometer (Vitalograph, Buckingham, UK). Race was

It has long been recognized that lung function values
are lower in Black adults than in White adults, although
the FEV1/FVC ratio is similar.(7,8,16,30-32) These ﬁndings
have been conﬁrmed in studies employing genetic
ancestry to determine race.(14,15)

in Black males and females.

Studies conducted in Brazil and establishing a
relationship between self-reported skin color and
genetic ancestry have shown conﬂicting results. In a
study conducted by Menezes et al.,(15) a good correlation
was found between self-reported skin color and
genetic ancestry. Similar results were obtained in an
unpublished study involving 137 individuals recruited
in São Paulo. However, in another study conducted in
Brazil, no correlation was found between self-reported
race and genetic ancestry.(33) In individual cases, the
apparent race and genetically determined race can be
widely divergent. In addition, genetic ancestry testing
is not without limitations.(34)
The difference in lung function across races has been
attributed in part to anthropometric factors, including a
lower ratio of trunk length to standing height (Cormic
index) in Black individuals.(15,16,32,35) The aforementioned
ratio decreases as height increases, thus explaining
why the difference in lung function between Black and
White individuals increases as height increases.(36) Other
explanations include socioeconomic and environmental
factors, which are closely related to race in several
countries, including Brazil.(35,37) However, in a study
conducted in the USA and in the study by Menezes
et al.,(5,15) socioeconomic and environmental factors
were found to have only a minor inﬂuence on lung
function. Anthropometric factors, socioeconomic
conditions, and other indicators explain in part the

determined by the investigators. In an unpublished
review of the data from the two aforementioned
studies,(11,37) FVC was found to be signiﬁcantly lower
Ruﬁno et al.(12) derived predicted values from a sample
of 146 male volunteers and 242 female volunteers in the
state of Rio de Janeiro, Brazil. Race was self-reported.
Although there were no apparent differences between
Black and White individuals regarding FVC or FEV1, the

data were raw and not corrected for age or height. The
fact that a single bellows spirometer (Vitalograph) was
used during the 4-year study period explains why FVC
values were on average 0.5 L lower than those found
by Pereira et al.(4) Because of accumulation of debris
and humidity (and because cleaning is impossible), the
compliance of the spirometer bellows decreases with
repeated use, and this can lead to an underestimation
of the parameter values.(4,13)
The present study has some limitations that should
be noted. Sitting height and socioeconomic status were
not assessed. Had they been assessed, the differences
in FVC and FEV1 between Black and White individuals

might have been less dramatic.(16) The number of
individuals over 80 years of age was small. Women
taller than 175 cm were not represented.
In conclusion, the predicted spirometry values obtained
in the present study were derived from a large sample
of Black adults in Brazil. The fact that the predicted
spirometry values derived for the population of Black
adults in Brazil were lower than those previously derived
for White adults in the country(4) justiﬁes the use of
equations speciﬁc to the former population.
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