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Abstract
Background: 1) To determine forced vital capacity (FVC) and forced expiratory volume in one second (FEV) for Beninese individuals of both sexes aged
17 - 20 years; 2) Compare the observed values to those calculated based on
the algorithms of the spirometer used. Materials and Methods: The FVC and
FEV values were first measured using a Micro Quark spirometer and then
calculated from equations for the European Respiratory Society-93 (ERS-93)
in 148 subjects, including 46 girls. In each age group, the measured values for
the height of the subjects were considered the only variables used to calculate
the equations for FVC and FEV with their 95% confidence intervals. The
means of the FEV and FVC values were obtained by univariate analysis. Results: The calculated FEV and FVC values were significantly higher (p < 0.05)
than those observed by spirometry. Conclusion: The correction factors incorporated in spirometers imported from Europe no longer seem appropriate
to measure the physical characteristics of African subjects. The differences
between the two methods of assessment should be used as new ethnic correction factors.

Keywords
Reference Values, Correction Factors, Forced Vital Capacity, Forced
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1. Introduction
Spirometry is a clinical examination to explore the respiratory function of healthy
or ill subjects by the indirect evaluation of respiratory tract obstruction, bronDOI: 10.4236/ojrd.2019.92005
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chial hyper-reactivity and restrictive syndrome. The spirometric results obtained
at the end of the explorations allow the doctors to make a good diagnosis and
identify latent respiratory pathologies [1] [2]. According to Bougrida et al.
(2008), the evaluation of respiratory function is interpreted in relation to the expected values, called “normal values or reference values” [3]. Indeed, in the absence of reference values specific to the majority of African populations, African
pneumologists use the reference values for Europeans in all categories [4] [5].
However, ventilatory variables are influenced by several factors, such as height,
weight, race, sex, age and ethnicity [4] [5]. Thus, Dufetel et al. (1995) showed
that the rate of growth of an African child was less rapid than that of a Caucasian
child [6] [7] [8]. In addition, a recent study conducted in Benin in children aged
11 to 16 years [9] showed that the average values calculated for FVC and FEV
were significantly (p < 0.05) higher than those obtained with imported spirometers [10]. Under these conditions, the basis of interpretation of respiratory functional explorations no longer seems appropriate for young Africans aged 11 to
16 years. But what about those aged 17 to 20? Therefore, the present study examined different age categories of Beninese subjects to: 1) Determine the standard values of forced vital capacity (FVC) and forced expiratory volume during
the first second (FEV) in individuals of both sexes aged 17 to 20 years old; 2)
Compare the observed values of FVC and FEV with those produced by ERS-93
equations (ERS-93).

2. Material and Methods
The framework of the study: This study, conducted from February to May 2018
on 17- to 20-year-old students of “Fon”, “Yoruba”, “Goun” and other ethnic
groups at BEHANZIN High School in Porto-Novo (Republic of Benin-West Africa), evaluates FVC and FEV reference values.

2.1. Population and Sampling
From two hundred and thirty-two (232) subjects recruited to take part in the
study, only one hundred and forty-eight (148) subjects of both sexes, including
one hundred and two (102) boys and forty-six (46) girls, were retained by the
systematic sampling method after criteria of non-inclusion and exclusion (Table
1). The subjects are all students regularly enrolled at “BEHANZIN High School”
in Porto-Novo. The participants were all informed of the purpose and process of
the study and signed informed consent forms. Only 17- to 20-year-olds in age
groups of 17, 18, 19 and 20 years were selected to participate in the study.
High-level athletes, cardio respiratory-sensitive subjects, smokers and diabetic
subjects identified from clinical examinations were excluded from the study.
Similarly, subjects undergoing treatment that interfered with any aspect of lung
function, obese individuals of class II and above, subjects with imperfectly performed respiratory manoeuvres and those who do not hold a valid identity card
were excluded from this study (Table 1). All the subjects gave their informed
DOI: 10.4236/ojrd.2019.92005
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Table 1. After criteria of non-inclusion and exclusion (n = 148).
Brief description

Number of “not included” and “excluded”
subjects in the study

Imperfect ventilatory maneuvers

09

Respiratory history

13

Without identity or “Born to” subjects

27

Missing subjects

34

Body Mass Index > 35 kg·m−2

01
84 (n = 148 = 232 − 84)

written consents to take part in this study which was approved by the Scientific
Committee of the Physical Activities and Sports Sciences and Techniques named
CSS /STAPS, of the University of Abomey-Calavi, sitting as Ethics committee.

2.2. Materials and Procedures
2.2.1. Materials
The body mass was measured with a QE-2008C electronic scale; the size of the
subjects was measured from zero to two metres using a measuring wall. The
subjects stood barefoot in an anatomical reference position. The respiratory
functional exploration was performed using disposable accessories and a Micro
Quark® spirometer (Cosmed SARL, Rome Italy) to avoid cross-contamination.
The spirometer displayed the flow-volume curve on a monitor in real time during the exploration. The flow rate varied from 0.03 to 20 L/s, and the maximum
volume was limited to 10 L, with a precision of plus or minus 3%, in accordance
with the recommendations of the ERS [10] [11] and the American Thoracic Society (ATS) [12].
2.2.2. Procedures
A questionnaire inspired by the ATS [13] facilitated the collection of the clinical
data for the subjects. The questions are essentially closed answers and most often
dichotomous. In accordance with ATS/ERS recommendations [14], when measuring height, the head must be positioned in the Frankfurt horizontal plane [15].
The date of birth was noted under presentation of the birth certificate or national identity card. In addition to a valid piece of identification, additional
questions were asked to certain subjects when the physical appearance was not
consistent with their age. The body mass index [BMI = body mass divided by the
square of height (kg·m−2)] was calculated for each age category. The ventilatory
variables (FVC and FEV) of the flow/volume curve were measured using a Micro Quark spirometer (Cosmed SARL, Rome Italy). Every morning, the spirometer was calibrated using a calibration syringe (Cosmed SARL, Rome Italy)
with a capacity of 3 L of atmospheric air. The Micro Quark met the criteria of
the ATS/ERS with the consideration of African origin. Indeed, the selection of
the “African origin” option of the spirometer refers to the equations of African
American subjects (ITS Black) [16]. Mouthpieces and antibacterial filters for single
DOI: 10.4236/ojrd.2019.92005

50

Open Journal of Respiratory Diseases

F. Messan et al.

use (Cosmed SARL, Rome Italy) were used to avoid the risk of cross-contamination.
During the respiratory functional exploration, the subjects in standing position,
with a pinched nose, and a turbine between the two hands, breathe naturally and
calmly by the mouthpiece connected to the device of the spirometer. The subject
is then instructed to inflate their lungs as much as possible and then empty the
air as quickly as possible in a continuous and complete manner lasting not more
than six seconds. At the end of the test, the best-sum flow-volume curve (FVC +
FEV1) was retained according to the acceptability criteria recommended by the
ERS/ATS [17].

2.3. Determination of Standard FVC and FEV Values According to
Our Study and ERS-93 Standards
The height, FVC, and FEV values for subjects in each age and sex category were
subjected to univariate analysis to determine their standard means and their 95%
confidence intervals (results of our study). The respective mean values of the size
and age variables will be introduced into the ERS-93 equations according to age
and sex categories to determine the FVC and FEV reference values [10]. The
differences between the standard values of our study and those of the ERS-93
standards (Table 2) will be determined by the calculation of the percentages of
variations [10].

2.4. Statistical Analysis
The statistical analysis consisted of the following:
1) Recording and processing data using Stat view software (Version 5) from
Abacus Concepts Inc. (Berkeley, CA, USA); 2) Checking normality and homogeneity of variance by the Kolmogorov-Smirnov test and the F-test; 3) Calculatingmeans and standard deviations (SD) and comparing by Student’s t-test for un
Table 2. Equations of the ERS-93 incorporated in spirometers [10].
PARAMETERS

EQUATIONS

SD

A-For males subjects having less than 18 years old:
FVC

=7.9942 − 0.12509 × H + 0.000605 × H2;

0.393

FEV

=6.6314 − 0.10261 × H + 0.000499 × H2;

0.523

B-For female subjects having less than 18 years old:
FVC

=0.169 − 0.01217 × H + 0.000189 × H2

0.263

FEV

=0.0364 × H − 3.0378;

0.42

C-For male subjects having 18 years old and above:
FVC

=0.0576 × H − 0.026 × A − 4.34;

0.61

FEV

=0.043 × H − 0.029 × A − 2.49;

0.51

D-For females subjects having 18 years old and above:
FVC

=0.0443 × H − 0.026 × A − 2.89;

0.43

FEV

=0.0395 × H − 0.025 × A − 2.6;

0.38

FVC: Forced Vital Capacity; FEV: Forced Expiratory Volume during the first second. FVC and FEV are in
liter; Height (H) in centimeter and Age (A) in years. SD: Standard Deviation.
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paired series, mean values of anthropometric variables, and FVC and FEV between girls and boys; 4) Comparing by Student’s t-series the paired series and
average values of FVC observed with those obtained after the introduction of
anthropometric variables in the ERS-93 reference equations; 5) Comparing by
Student’s paired t-test the mean values of the observed FEV to those obtained
after the introduction of anthropometric variables in the ERS-93 reference equations; 6) Setting the likely threshold of significance at p < 0.05.

3. Results
After applying the non-inclusion and exclusion criteria (Table 1), of the 232
volunteers, only 148 “healthy” subjects (including 46 girls) were selected. Regardless of the age category considered for girls, the “Goun” ethnic group numerically dominated the other groups. On the other hand, for boys, this dominance of the “Goun” ethnic group was observed only in the 17, 18 and 20 year
age groups.

3.1. Standard Spirometric Reference Values
The confidence intervals for the variables “height” and “age” with their standard
values were calculated. Similarly, the confidence intervals for the FVC and FEV
variables were established with their standard reference values. Each reference
variable has a confidence interval of validity for each age and sex category. The
standard size and age values were introduced into the ERS-93 equations to calculate FVC and FEV reference values [18].

3.2. Comparisons of Standard Values with Those of ERS-93
Standards
The FVC and FEV values recorded from the ERS-93 equations are significantly
higher than those in our study, regardless of age and gender categories (Table 3)
[18].

3.3. Correction Factors
The observed differences between the FEV and FVC values in our study and
those recorded from the ERS-93 equations should be used as ethnic correction
factors (Table 4).

4. Discussions
The major results of this study show that the ERS-93 standards [18] do not allow
the accurate prediction of FVC and FEV in young Beninese individuals aged 17
to 20 years. Indeed, the values of FEV and FVC observed by respiratory explorations are significantly lower than those calculated on the basis of the same spirometer equations. The correction factors are taken by default. The determination of spirometric reference values is a concern for researchers worldwide. Studiesin several countries have already addressed this subject by using reference equaDOI: 10.4236/ojrd.2019.92005
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Table 3. FVC and FEV values measured from our study compared to that calculated using the ERS-93 equations.
(G)
FVC
(L)
our
standard

(H)
FVC
(L)
Equation
ERS-93

(I)
Delta
%

(J)
IC_FEV
(L)
our
Study

(K)
FEV
(L)
our
Study

(L)
FEV
(L)
Equation
ERS-93

(M)
Delta
%

[3.1; 3.5]

3.28

3.96*

+20.78

[2.5; 2.9]

2.72

3.40*

+24.98

[169.4; 176.0] 172.7

[2.9; 3.6]

3.21

5.13*

+59.79

[2.0; 2.8]

2.43

4.40*

+81.17

19.4

[168.1; 172.9] 170.5

[3.2; 3.6]

3.37

4.98*

+47.67

[2.4; 2.9]

2.67

4.28*

+60.26

Boys [20.4; 20.6]

20.5

[168.3; 174.1] 171.2

[3.2; 3.6]

3.43

4.99*

+45.43

[2.6; 2.9]

2.77

4.28*

+54.41

17 yrs

Girls [17.4; 17.9]

17.6

[157.6; 166.1] 161.9

[2.0; 3.1]

2.57

3.15*

+22.67

[1.4; 2.6]

2.02

2.86*

+41.35

18 yrs

Girls [18.1; 18.2]

18.2

[158.2; 166.7] 162.4

[1.9; 2.8]

2.37

3.83*

+61.65

[1.6; 2.5]

2.06

3.36*

+63.10

19 yrs

Girls [19.3; 19.6]

19.4

[154.0; 164.3] 159.2

[2.0; 2.8]

2.44

3.66*

+49.92

[2.4; 2.9]

1.92

3.20*

+66.84

20 yrs

Girls [20.4; 20.6]

20.5

[156.1; 165.0] 160.5

[1.9; 2.8]

2.37

3.69*

+55.58

[1.7; 2.4]

1.97

3.23*

+63.82

(C)
Age
our
Study

(D)
IC_
Height

(F)
(E)
Height IC_FVC
(L)
(cm)
our
our
Study
Study

(A)
Age
Year

Sex

17 yrs

Boys [17.5; 17.9]

17.7

[165.0; 168.5] 166.8

18 yrs

Boys [18.3; 18.6]

18.4

19 yrs

Boys [19.4; 19.7]

20 yrs

(B)
IC_Age

(A): different categories of age, year, and sex; (B): confidence intervals (CI) of age; (C): reference values of age compatible with IC; (D): IC of height; (E):
reference values of height compatible with IC; (F): confidence intervals (CI) of FVC; (G) standard values of FVC according to IC; (H): FVC values obtained
after introducing of the referential height in ERS/93 equation; (I: Delta % = (F*100/E) − 100; (J): CI of FEV1; (K): standard values of FEV1 according to IC;
(L): FEV1 values obtained after introducing of the referential height in ERS-93 equation; (M Delta % = (J*100/I) − 100; *ERS-93 values significantly different
(P < 0.05) from standard values in our study.

Table 4. Correction ethnic factors suggested by our study in Beninese children after using the micro Quark Spirometer (Cosmed,
Italy) with “African origin” option.
(A)
Age
Year

Sex

(B)
IC_age
(year)

(C)
IC_height
(cm)

(D)
Correction ethnic of
FVC (%)

(E)
Correction ethnic of
FEV (%)

17 yrs

Boys

[17.5; 17.9]

[165.0; 168.5]

−20.78

−24.98

18 yrs

Boys

[18.3; 18.6]

[169.4; 176.0]

−59.79

−81.17

19 yrs

Boys

[19.4; 19.7]

[168.1; 172.9]

−47.67

−60.26

20 yrs

Boys

[20.4; 20.6]

[168.3; 174.1]

−45.43

−54.41

17 yrs

Girls

[17.4; 17.9]

[157.6; 166.1]

−22.67

−41.35

18 yrs

Girls

[18.1; 18.2]

[158.2; 166.7]

−61.65

−63.10

19 yrs

Girls

[19.3; 19.6]

[154.0; 164.3]

−49.92

−66.84

20 yrs

Girls

[20.4; 20.6]

[156.1; 165.0]

−55.58

−63.82

(A): different categories of age, year, and sex, (B): confidence intervals (CI) of age, (C): confidence intervals (CI) of height, (D) and (E): correction ethnic
values of FVC and FEV observed respectively, with the micro Quark Spirometer.

tions, taking into account healthy children and adults based on their age, height,
body mass, sex, and sometimes, their ethnic origins. The equations of the European Coal and Steel Community (ECSC) [18] and the equations of the Third
National Health and Nutrition Examination Survey (NHANES III) were the
most used worldwide [17]. These two main predictive equations and those observed in the literature are multiple regressions that simultaneously integrate
several anthropometric variables. It is obvious that when the final value of an
equation is determined from several measured variables, the measurement error
is the sum of the errors for each variable. The sub-Saharan African countries,
particularly Benin, do not yet have authentic tools of reference in spirometry for
DOI: 10.4236/ojrd.2019.92005
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all age categories. Nevertheless, Messan et al. helped to fill this gap by establishing the first FVC and FEV baseline values for Beninese individuals aged 11 to 16
years [9]. The present study, as a continuation of the previous study, aims to develop standard FVC and FEV values with 95% confidence intervals for Beninese
people of each age group from 17 to 20 years.
Moreover, possible variability in the results of different studies of spirometric
reference values may be due to the nature of the studies. Indeed, Ware et al.
(1990) observed cohort and period effects in longitudinal studies [19], while
Guénard and Rouatbi (2004) highlighted the effects of selection specific to
cross-sectional studies [20]. As a general rule, reference equations are established
on cross-sectional samples obtained at the same time and in subjects of all ages.
The variability of lung function over time is often minimized because of the linear ages of the subjects in the study. To eliminate any significant difference between the reference equations, the number of study samples should be approximately 100 subjects [21], and from this point of view, our 148-subject sample
size responds well to this requirement. The criteria for non-inclusion were respected (Table 2). Although the criteria for defining “healthy” subjects have
been the subject of recommendations published by the ATS and the ERS [4], the
precise definition remains difficult to establish. However, to be considered as
such, the subject must be a non-smoker and free from any pathology or respiratory condition [22]. Therefore, smokers and subjects with respiratory diseases
were ruled out. The realization of spirometry requires the cooperation and effort
of the subject under examination. As recommended by the ATS/ERS [23], subjects who are unable to properly perform the required breathing manoeuvres after a few trials were not included in the study. The population studied mainly
comprised the “Goun” ethnic group. This dominance fits well and is observed in
the age categories of 17, 18 and 20 years for boys. In total, the “Goun”, “Yoruba”,
“Fon” and “Other” ethnic groups represent 47.29%, 23.64%, 16.89% and 12.16%,
respectively, of the sample studied. The sample studied can be representative of
the local population since 66% of the inhabitants of the city of Porto-Novo
mainly consist of the “Goun” and “Fon” ethnic groups.

Comparisons of Our Standard Values with Those of ERS-93
For both girls and boys in all age categories considered, the mean FVC and FEV
values observed on the basis of the ERS-93 [10] standards significantly exceeded
(p < 0.05) the standard values in our study (Table 3). In all, the FVC and FEV
variables observed in young Beninese individuals cannot be predicted by the
ERS-93 standards for the age categories considered (17 to 20 years old), regardless of the gender, and these results are consistent with those of Messan et al.
(2013) [9]. The partial explanations of these results come from a study by Jordan
[24], which revealed that Caucasians constitute a genetically superior compact
group that separates itself distinctly from African populations. Additionally,
Caucasians have a genetic heritage that is very different from that of black Africans. From this point of view, these results indicate explanatory paths that could
DOI: 10.4236/ojrd.2019.92005

54

Open Journal of Respiratory Diseases

F. Messan et al.

justify the differences in FVC and FEV values observed for both girls and boys in
all age groups combined with European ERS-93 standards [10]. Indeed, the calculated standards significantly overestimate the FVC and FEV values observed
by spirometry in young Beninese individuals. Similar results have been observed
by Aggarwal et al. (2005) on 6814 subjects declared as having normal spirometry
according to Indian references [25] showing that 53%, 40%, 14% and 10% of
these subjects are identified as having abnormal spirometry according to the references of NHANES III [17], Crapo et al. (1981) [26], Knudson et al. (1983) [27]
and European standards respectively [18]. Similarly, Olanrewaju (1991) showed
that Nigerian school children aged 5 to 20 years have average FVC, FEV and
DEP values significantly lower than their Caucasian counterparts [28] [29].
These results revealed average values for FVC and FEV calculated on the basis of
the ERS-93 [10] standards, which significantly exceed (p < 0.05) the Beninese
standard spirometric values. Hence, some authors emphasize the importance of
ethnic impact when interpreting lung function tests in children [9] [28]. As a
result, the interpretation of static volumes in black children is limited due to inappropriate reference equations. The reference equations can therefore only be
applied to populations if they have similar morphological, socio-economic and
ethnic characteristics. To minimize these biases, the ATS/ERS jointly recommended the application of ethnic correction factors to groups of subjects with no
specific equation [14]. However, since 1983, Quanjer et al. had emphasized the
inadequacy of a fixed correction or adjustment factors for Africans and Asians
[18]. In addition, the research of Hankinson et al. (1999) confirmed the doubt
related to the validity of these correction factors [30]. Indeed, in the context of
the present study, the “African” origin was taken into account by the software of
the Micro Quark spirometer (Cosmed, Italy) to correct the difference in morphotypes between black and Caucasian subjects. If so, then the measurement of
ventilatory variables using this spirometer should not be significantly different in
two black and Caucasian subjects of similar ages and sizes. Despite these corrective measures, the “corrected” European standards continue to significantly
overestimate the predictive ventilatory variables in Beninese subjects. Similarly,
Dufetel et al. (1990) showed in Africa that the total lung capacity among Togolese (in West Africa) men aged 25 to 55 years was lower by an average of 25%,
and the other lung volumes were also 22% lower than those men of the same age
and size [31] [32]. In this context, the authors concluded that it would be wrong
to use a proportionality factor to define the reference spirometric values for
black children based on the standards defined for Caucasian subjects [31] [32].
The question then arises to know why, despite the ethnic corrections integrated
into spirometers imported from Europe, the ventilatory variables measured in
black African subjects are higher than those of their Caucasian counterparts of
the same age, sex and height? The answer to this question is at several levels. Indeed, Dufetel et al. (1990) justified this difference by the fact that black children
have smaller chest cages and longer limbs than Caucasian children, confirming
that the rate of growth of physical characteristics is not the same from one ethnic
DOI: 10.4236/ojrd.2019.92005
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group to another, given the different socio-economic and environmental conditions [31] [32]. In Brazil, for example, this reality is taken into account, especially as there are spirometric reference values applicable to adult white Brazilians different from those of other ethnic groups [33]. In addition, Pellegrino et
al. (2005) justified these differences by the variability of criteria related to study
group characteristics, such as age, height, and sex. Among the populations studied, the equations are significantly different according to sex [14]. Indeed, for
each sex, there are age and size effects in young subjects related to maturation.
These effects are often masked by groups of subjects of different ages. To overcome the difficulties and bias in the context of this study, we opted for each age
category ranging from 17 to 20 years. At another level, Stanojevic et al. (2007)
explained this dissimilarity in the values incorporated into calculation software
that can vary significantly from one manufacturer to another or between research laboratories [34] [35]. Finally, the question of precise age has a great influence on the variability of referential spirometric data. Indeed, in the context
of the studies that resulted in predictive equations, the chronological ages of the
subjects often taken into account do not at all reflect the reality of the ages. As
proof, a subject will have the same chronological age according to whether the
analysis is conducted in January or December of the same year. From February
to November, for 10 months, the height and lung size of the subject did not
change. In these circumstances, is Marks (2012) right when he asks whether or
not the spirometric reference equations are truly appropriate for diagnosing lung
diseases [36]? It is precisely this bias that Quanjer et al. (2012) would like to
avoid by developing in “the framework of the Global Lung Function Initiative”,
a software tool that makes it possible to accurately determine the age of the subject on the basis of his date of birth and that of the day of the experiment [37].
Indeed, these ages are obtained with decimals. This precise age problem is more
crucial in Africa, especially since thousands of children do not have a birth certificate. Moreover, even if they do, the chronological age is usually inconsistent
with the biological age because of age exemptions made either by the children or
their parents. Under these conditions, the present study was based not only on
the chronological ages obtained from the identity documents but also on the
biological age through questions of curiosity to which the subjects answered. In
total, we noticed that the anthropological and environmental realities of African
countries differ from those of Northern countries. As a result, the different reference values obtained using the reference equations incorporated in the spirometers constructed in European countries significantly overestimate the actual
values observed by spirometry. Indeed, the ethnic correction factors considered in
the 1980s are taken by default.

5. Conclusion
In summary, the spirometric reference values are very useful in interpreting the
results of the examinations of respiratory function. The major results of this study
plied to African subjects through ethnic correction factors incorporated in the
DOI: 10.4236/ojrd.2019.92005
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spirometers. However, imported spirometers produce FVC and FEV parameters
that do not match the physical characteristics of young Beninese individuals. Discrepancies between the two assessment modalities should be used as new ethnic
correction factors. The new spirometric reference values could be used in countries of the sub-region that do not yet have them. Clearly, these standard values
would help paediatricians and clinicians detect lung diseases and early problems of
growth and malnutrition specifically in the African context.
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