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1. Introduction

The respiratory functional defects can be evaluated
by some tests exploring the ventilatory mechanics,
such as spirometry and plethysmography, which
determine airflows, dynamic lung volumes, and sta-
tic lung volumes (SLVs) [1-4] (Figure 1). Indeed, the
decrease in some spirometric [e.g.; ratio between
the forced expiratory volume in the first second
and the forced vital capacity (FEV,/FVC)] or SLV
[e.g.; total lung capacity (TLC)] parameters allow to
diagnose, respectively, obstructive ventilatory
(OVD) and restrictive ventilatory (RVD) defects, and
to assess their severities [1-4]. Inversely, the
increase of other parameters [e.g.; residual volume
(RV), functional residual capacity (FRC)] retains the
diagnosis of lung-hyperinflation [1-3]. According to
some scholarly societies [1-5], the interpretation of
the spirometric/SLV parameters requires a series of
four steps [6]. The first is a comparison of the para-
meters measured/calculated with these of reference
predicted using norms (i.e.; reference equations)
[1,2]. These norms are derived from tests carried
out within a representative sample of the general
population (i.e; “healthy/normal’ subjects), having
similar anthropometric, ethnic, socio-economic and
environmental characteristics as the patient tested
[1-3]. According to the American thoracic society
(ATS), a ‘healthy’ person is defined as one in whom
there is: i) no presence of acute and no past chronic
condition of the pulmonary system; i) no major
pulmonary condition in past medical history; iii) no
systemic condition which may impact the pulmon-
ary system and general state of well-being; iv) no
history of upper respiratory tract infection during
three weeks prior to exploration, and v) normal
body composition taking into account ethnic
group, vi) no more than incidental smoking

experience (in children), vii) gestational age at
least 37 weeks, and birthweight at least 2.5 kg (in
infants), viii) no history of other than transient
respiratory problems during the neonatal period
(in infants), and ix) lifelong nonsmokers, or no
more than incidental smoking experience (in adults)
[7]. Some authors have suggested more stringent
criteria for defining ‘health’ [8]. In the absence of
specific intra-individual norms, the interpretation of
spirometric/SLV parameters often encounters diffi-
culties [6]. Indeed, trustworthy interpretation of
spirometric/plethysmographic results relies on the
availability of appropriate norms to help differenti-
ate between ‘health’ and ‘disease’ and to evaluate
the severity and nature of any ventilatory defect
[4,59]. Among the five countries of the GAM
(namely Tunisia, Algeria, Libya, Morocco, and
Mauritania), only Mauritania has not established
any spirometric/SLVs norms. Tunisia, Libya, Algeria,
and Morocco has some spirometric and/or SLVs
norms [10-21]. The second step is a comparison of
the determined parameter’ value with the distinc-
tive thresholds of the main ventilatory defects (VDs)
noted during chronic diseases [e.g.;, OVD, RVD,
mixed VD, non-specific VD, lung-hyperinflation)
[1,2,4]. In this context, norms are useful for classify-
ing a spirometric/SLV parameter as decreased, nor-
mal or increased based on fixed thresholds (e.g.;
0.70, 70% or 80%) [22], or more better on the 95%
confidence interval (e.g.; lower limit of normal (LLN),
upper limit of normal (ULN)) [1,2]. It is worth noting
that the method based on a fixed threshold has
major limitations [23-25]. First, it is documented
that the FEV,/FVC ratio declines with increasing
age and height, even in healthy lifelong non-
smokers, in whom the LLN drops below a ratio of
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Figure 1. Lung function test parameters. A. Flow-volume curve. The following parameters can be extracted: TLC: represented by
the left-most end of the curve (cannot be measured by spirometry); RV: represented by the right-most end of the curve (cannot
be measured by spirometry); FVC: represented by the width of the curve; PEF: represented by the height of the curve; FEV;: the
distance from TLC to the 1% second mark. B. Flow-volume curve demonstrating the effort-dependent (PEF and FEF;5%) and the
effort-independent (FEFsqq, and FEF,s0,) parameters. Instantaneous FEF, are directly determined from the curve by dividing the
FVC into 4 quarters and getting the corresponding flow for the 1%, 2", and 3™ quarters representing FEF,se, FEFsgs, and
FEF;s0,, respectively. C. Different static lung volumes (on the left) and capacities (on the right).

Abbreviations’ list: ERV: expiratory reserve volume. FEF,q,: forced expiratory volume when X% of the FVC remained to exhale. FEV,: forced
expiratory volume in the 1% second. FRC: functional residual capacity. FVC: forced vital capacity. IC: inspiratory capacity. IRV: inspiratory reserve
capacity. PEF. peak expiratory flow. RV: residual volume. SCV: slow vital capacity. TLC: total lung capacity. Vt: tidal volume.

0.70 from about 45 years of age [24]. Second, using
the fixed ratio of 0.70 may result in under-diagnosis
of OVD in young people and over-diagnosis in the
elderly due to an age-related decline in pulmonary
volumes, especially in FEV; [25]. This might lead to
unnecessary use of medications and increased risk
of adverse effects [24,25]. Since 2012, several vital
developments related to the spirometric/SLV para-
meters, have occurred including i) the development
by the GLI task force of multi-ethnic norms for
spirometry (GLI-2012) [5], and SLVs’ norms in indi-
viduals of ‘European’ ancestry” (GLI-2021) [9], and ji)
the application of more appropriate and novel sta-
tistical techniques for determining the LLN and ULN
[5,9]. The LMS [lambda (skewness), mu (median),
sigma (coefficient of variation)] method was applied
and the ‘generalized additive models of location
shape and scale’ was used [5,9]. In order to reflect
variations in spirometric/SLV parameters distribu-
tions as people grow and age, LMS change with
height and/or age [9]. Based on the LMS technique,
an additional method based on the determined
parameters’ z-scores, was proposed to interpret
spirometric/SLV parameters [5,9]. The LMS method
allows modelling the expected mean (p), the coeffi-
cient of variation (o), and skewness (\), and the
z-score of any LFT parameter (e.g.; Y) is calculated
as follows: z-score of Y = ((Y/u))‘ - 1)/(A x o) [26]. The
z-score is an index independent of height, age, sex
and ethnicity, which indicates by how many stan-
dard deviations a subject’” spirometric/SLV

parameter is deviated from its predicted value,
with only 5% of healthy subjects having a z-score
<—1.645 [5,9]. Unlike percentage predicted, z-scores
are free from bias due to age, height, sex and ethnic
group, and are therefore particularly useful in defin-
ing the LLN and ULN; they also simplify uniform
interpretation of spirometric/SLVs results [5,9].
Both the GLI- 2012 and 2021 norms [5,9] were
endorsed by several scholarly societies [e.g.;
European respiratory society (ERS), ATS, pan
African thoracic society].

Since the GLI- 2012 and 2021 norms [5,9] are now
implemented by manufacturers of spirometric/
plethysmographic devices and are commercialized in
the GAM, it is capital to perform an update related to
the possible application of the aforementioned norms
in this region. This update will help clinicians/
researchers from the GAM in interpreting spiro-
metric/SLV parameters.

1.1. What are the data collected during the
spirometric/plethysmographic tests?

Spirometry consists of performing vital capacity man-
euvers [1] (Figure 1). The first maneuver is the FVC,
which corresponds to the volume of air that can be
forcefully and maximally exhaled after a maximal
inspiration [1]. During this maneuver, the spirometry
measures dynamic lung volumes (I) [e.g.; FVC, FEV,],
instantaneous forced expiratory flow (FEF at x% of



FVC (FEF,o, I/s)), FEF between 25 and 75% of FVC
(FEF35.759,), and peak expiratory flow (I/s) [1]
(Figure 1). The second maneuver is the slow vital
capacity (SVC, I) where the exhalation is intentionally
slow. The SVC facilitates the determination of the
inspiratory capacity (IC, I) [1] (Figure 1). During the
plethysmography test, two SLVs (l) are measured (i.e.;
expiratory reserve volume (ERV) and FRC) [3]
(Figure 1). FRC is the volume of air that remains in
the lungs at the end of a tidal exhalation, when the
respiratory muscles are at rest [3]. The calculated SLVs
() are the RV (= FRC - ERV), and the TLC (= IC + FRC,
or = SVC + RV] [3] (Figure 1).

1.2. What are the spirometric and SLVs norms
available in the GAM?

Table 1 exposes the spirometric/SLVs norms available
in the GAM. Tunisia has some spirometric/SLVs norms
for children [13], adults [12]; females aged > 45 years
[11]; and elderly [10]. Algeria has spirometric/SLVs
norms for children [19] and adults [18]. Libya has
spirometric norms for children [17] and adult males
[16], and peak expiratory flow rate norms for school-
children [15] and adolescents [14]. Morocco has spiro-
metric norms for children [20] and adults [21].

Some remarks related to the aforementioned
norms should be noted. First, there is no single
norms across all ages. Second, some norms are
old, such as Tunisian adults’ SLVs norms, which
were published almost 27 years ago [12], and
some Libyan spirometric norms, which were estab-
lished 33 years ago [14,16,17]. Third, the Algerian
SLVs" norms generated from adults living in
Constantine [18] are not applicable in adult natives
of Northern Algeria [27]. Fourth, Libya and
Morocco do not have SLVs' norms.

1.3. Should the GLI-2012 spirometric norms be
applied in the GAM?

In 2012, the GLI task force released the GLI-2012
spirometric norms from data collected from 72,031
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healthy individuals (26 countries) aged 3-95 years
[5]. The GLI-2012 norms provided age-, height- sex-,
and ethnic-specific norms and LLN/ULN for spirome-
try. Among the countries of the GAM, only Tunisia and
Algeria have participated in the above-cited study.
The spirometric values of 870 Tunisian aged
>45 years and 273 Algerian aged 19 to 73 years
were included in the Caucasian group (n = 55,428),
and therefore the Tunisian and Algerian sample repre-
sents 2.06% of the Caucasian data.

In the GAM, the applicability of the GLI-2012 spiro-
metric norms [5] were evaluated only in Tunisia [28]
and Algeria [29]. In Tunisia, the use of the GLI-2012
spirometric norms [5] is controversial. On the one
hand, a study including 1192 (104 females) adults
aged 18 to 60 years, and where 489 adults (96
females) were healthy, advised against the use of
the GLI-2012 spirometric norms (Caucasian group) in
Tunisia [28]. Indeed, using the Tunisian adults’ spiro-
metric norms [12], 71%, 19%, and 7% of the spiro-
metric records were interpreted, respectively, as
normal, as having a tendency through a RVD, and as
having an OVD [28]. Using the GLI-2012 spirometric
norms [5], these percentages became 86%, 8%, and
4%, respectively. In addition, the mean z-scores of
healthy Tunisians were out of the normal range (i.e;
z-score between -0.5 and +0.5 [5]) for FEV,
(-0.55 + 0.87), and FVC (-0.62 = 0.86), and only
mean z-score FEV,;/FVC (=0.10 + 0.73) was well within
physiologically range considered to be irrelevant [28].
On the other hand, a multicenter African study recom-
mended the use of the GLI-2012 spirometric norms
(Caucasian group) in Tunisia [30]. In this study, Tunisia
was represented by 2362 healthy subjects [1266
females, age median (IQR): 38.3 (12.0-50.0) years] [30].
FEV,, FVC, and FEV,/FVC z-scores were within the
normal range, respectively, -0.12 + 137,
—0.26 + 1.36, and 0.25 = 1.11 [30]. In Algeria, the use
of the GLI-2012 spirometric norms is ‘recommended’
by the authors of a study including a convenience
sample of 300 healthy non-smoker adults (150
females, age range: 18-85 years) recruited from the
Algiers region general population [29]. The total

Table 1. Spirometric and static lung volumes (SLVs) norms available in the Great Arab Maghreb.

Country Yr of publication [Ref] Age ranges (Yrs) Total sample % of girls/females Used material Town/MASL
Tunisia 1995 [12] Adults: 18-70 977 454 Plethysmograph Sousse (17)

2003 [10] Elderly: > 60 186 66.1 Spirometer Sousse (17)

2004 [13] Children: 6-16 1114 47.8 Spirometer Sousse (17)

2006 [11] Adults: 45-90 108 100.0 Plethysmograph Sousse (17)
Algeria 2008 [18] Adults: 19-73 273 44.0 Plethysmograph Constantine (574)

2012 [19] Children: 5-16 208 48.6 Spirometer Constantine (574)
Libya 1988 [17] Children: 6-19 769 533 Spirometer Benghazi (2)

1988 [16] Adults: 20-60 275 0.0 Spirometer Benghazi (2)

1989 [14] Adolescents: 12-21 1105 47.7 WPFMS Tripoli (21)

1999 [15] Children: 4.5-14.9 670 49.3 WPFMS Tripoli (21)
Morocco 2017 [20] Children: 3-13 222 45.0 Spirometer/WPFMS Tangier (20)

2017 [21] Adults: 18-70 313 543 Spirometer/WPFMS Tetouan (139)
Mauritania - - -

MASL: meters above sea level. Ref: reference. WPFMs: Wright peak flow meters. Yr: year.
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sample means + SDs z-scores were 0.22 *+ 0.87 for
FVC, 0.04 + 0.88 for FEV,, —0.34 + 0.67 for FEV,/FVC,
and 0.93 * 0.79 for FEF,5.750, [29]. The authors sup-
ported the applicability of the GLI-2012 norms to
interpret FEV,, FVC and FEV,/ FVC, but not the
FEF,5.750, [29]. Moreover, the above-cited multicenter
African study recommended the use of the GLI-2012
spirometric norms (Caucasian group) in Algeria [30]. In
this study, Algeria was represented by 409 healthy
subjects [245 females, age median (IQR): 47.0 (32.7-
60.4) years]. FEV;, FVC, and FEV,/FVC z-scores were
within the normal range, respectively, —0.07 + 0.90,
—0.17 £ 0.88, and —0.41 £ 0.73 [30].

External validation of the GLI-2012 spirometric
norms, especially in Libya, Morocco and Mauritian, is
recommended [5]. The author of this update recom-
mends the application of the GLI-2012 spirometric
norms (Caucasian group) in the GAM. In this case,
the old applied definitions retaining the diagnosis of
some VDs [2,22,28] should be updated by new ones
[4,5,9,31] (Table 2).

1.4. Should the GLI-2021 norms for SLVs be
applied in the GAM?

In 2021, the GLI task force released SLVs norms (GLI-
2021) including 7190 observations from healthy indi-
viduals between the ages of 5 and 80 years [9].
Observations were collected from 17 centers in 11
countries including Tunisia [9]. Indeed, Tunisia was
the only Arab and African country who participated
in the aforementioned study [9], and SLVs values of
615 Tunisians (341 females) aged 18 to 80 years
(8.55% of total data) were included in the retained

final sample from which the GLI-2021 norms were
derived [9]. Since Tunisian SLVs data were injected in
the GLI-2021 SLVs norms [9], the qualification of
included individuals as having a ‘European ancestry’
is a source of ethnical and historical confusion [32].
This point was largely discussed elsewhere [32]. The
GLI-2021 sex-specific norms [9], which include height
and age, were developed for TLC, FRC, RV, IC, SVC,
ERV, and RV/TLC. Further evaluations of the applic-
ability of the GLI-2021 SLVs' norms in the GAM are
required in order to verify their appropriateness in this
region [9]. The author of this update recommends the
application of the GLI-2021 SLVs norms in the GAM. In
this case, the old applied definitions to retain the
diagnosis of some VDs [2,22,28] should be updated
by new ones [5,9,31] (Table 2).

A 2021-ATS/ERS task force report [4] has consid-
ered the 2005-ATS/ERS recommendations [1-3], and
has incorporated evidence from subsequent literature
to establish new standard for LFT interpretation.

2. Where physicians/researchers can retrieve
the GLI- 2012 and 2021 norms?

For the GLI-2012 norms [5], a desktop individual cal-
culator software for personal computers is available to
generate predicted values, LLN and z-scores for each
spirometric parameters in one’s own laboratory
(https://www.ers-education.org/guidelines/global-
lung-function-initiative/spirometry-tools/desktop-
individual-calculator/).

For the GLI-2021 norms [9], an online calculator
was developed to calculate SLVs' values (http://gli-
calculator.ersnet.org/index.html). The calculator

Table 2. Old vs. new definitions/classifications of some ventilatory defects.

Old definition New definition
Ventilatory defects Criterion/criteria or classification [2,22,28] [5,9,31]
Spirometric data: dynamic lung volumes and bronchial flows
Proximal obstructive ventilatory defect FEV,/FVC <LLN z-score<-1.645
FEV,/SVC <LLN z-score<-1.645
Distal obstructive ventilatory defect FEV,/FVC and =LLN z-score=LLN
FVC and =LLN z-score=LLN
FEF,5.750, <LLN z-score<LLN
Tendency through a restrictive ventilatory defect FVC (or SVC) and <LLN z-score<LLN
FEV, and <LLN z-score<LLN
FEV,/FVC >LLN z-score>LLN
Classification of the proximal obstructive ventilatory defect Mild FEV, = 70% FEV, z-score>-2.0
Moderate 60%<FEV; < 69% —2.5< FEV, z-score<-2.0

Static and dynamic lung volumes
Restrictive ventilatory defect

Lung-hyperinflation

Non-specific ventilatory defect

Classification of the restrictive ventilatory defect

Moderately severe
Severe
Very severe

Total lung capacity
Residual volume
FEV; and

FVC and

Total lung capacity
Mild

Moderate
Moderately severe
Severe

50%<FEV; < 59%
35%=<FEV; < 49%
FEV, < 35%

<LLN

SULN
<LLN
<LLN

>LLN

FEV, > 70%

60%<FEV, < 69%
50%<FEV; < 59%
350%<FEV, < 49%

—3.0< FEV; z-score<-2.5
—4.0< FEV, z-score<-3.0
FEV, z-score<- 4.0

z-score<-1.645

z-score>+1.645
z-score<-1.645
z-score<-1.645

z-score>1.645

FEV, z-score>-2.0
—2.5< FEV, z-score<-2.0
—3.0< FEV, z-score<-2.5
—4.0< FEV; z-score<-3.0

FEF 35.750,: mean forced expiratory flow between 25% and 75% of FVC. FEV,: forced expiratory volume in the 1st second. FVC: forced vital capacity. LLN:

lower limit

vital capacity.

ULN: upper

limit of normal.
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https://www.ers-education.org/guidelines/global-lung-function-initiative/spirometry-tools/desktop-individual-calculator/
https://www.ers-education.org/guidelines/global-lung-function-initiative/spirometry-tools/desktop-individual-calculator/
http://gli-calculator.ersnet.org/index.html
http://gli-calculator.ersnet.org/index.html

generates predicted values,
and percent predicted.

An online calculator has been developed to incor-
porate both GLI- 2012 and 2021 norms [5,9], in addi-
tion to the GLI-2017 norms for transfer factor for
carbon monoxide [33] (http://gli-calculator.ersnet.
org/index.html).

For multiple records (e.g.; research studies), an Excel
file processing functionality should be used. Physicians/
scientists are asked to prepare an Excel file with the
mandatory and optional input values for their calculator
of interest and upload to the dedicated input field on
the left of the calculator page (http://gli-calculator.ers
net.org/index.html). The mandatory variables to include
in the Excel file are age, height, sex and ethnicity. The
optional input values are the lung function tests (LFTs)
parameters. For each LFT parameter, the software cal-
culated several outcomes (i.e,; predicted value, LLN,
ULN, and z-score). More details related to how obtain
multiple records are available via this link: http://gli-
calculator.ersnet.org/docs.html.

To conclude, the author of this update recom-
mends to ascertain how well do the GLI- 2012 and
2021 norms [5,9] fit to contemporary spirometric/SLVs
data in the GAM region, especially in Morocco, Libya
and Mauritania. Waiting for such studies, the author of
this update recommends the use of the aforemen-
tioned norms [5,9] in the GAM.

z-scores, LLN, ULN,
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