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I. INTRODUCTION 

Spirometry fulfills a pivotal role in respiratory medicine [1-4]. It’s used to 

diagnose airways defects, assess their severity and prognosis, delineates risk 

factors (e.g. preoperative assessment), detects early lung diseases, and 

monitors for normal lung growth and lung function decline [1-4]. 

Unlike the majority of biological indices in medicine, spirometry data 

varies with age [1-4], height [5-7], sex and ethnicity [7-9]. Therefore, 

spirometry results need to be compared to reference equations (norms, 

predicted or reference values), and Lower Limit of Normal (LLN) and Upper 

Limit of Normal (ULN) that are appropriate for the individual being tested [1-

10]. Usually, spirometric norms are obtained from reference equations derived 

from studies on ‘‘normal’’ or ‘‘healthy’’ people [1-7, 11]. The first step in 

diagnosing abnormality of spirometry in individuals is to define whether they 

are within or outside the healthy subject’s normal range [below the LLN, 

normal or greater than the ULN] [1-3]. The second and more important step is 

to diagnose and evaluate the severity of the Obstructive Ventilatory Defect 

(OVD) or the Restrictive Ventilatory Defect (RVD) and airway obstruction 

reversibility if it is needed [10-13]. 

It is often recommended that pulmonary function laboratories should 

employ reference equations derived from subjects with similar characteristics 

(ethnic background, differences in body proportions, chest wall anatomy, 

mechanical properties of the thorax, parenchymal lung development, 

socioeconomic level and schooling level, parity, etc….) as the patients [1-7, 

14-26]. The problem gets compounded when computerized equipments used 

for spirometry provide a numeric output of results derived from a limited (and 

often only a single) set of reference equations incorporated into the software. 

Often these reference equations are totally alien to the patient population 

being investigated. For example, the numeric output of results from 

spirometers built in Europe in 1983 (European Respiratory Society/European 

Community for Steel and Coal; ERS/ECSC1983) [11], which are commonly 

used in North Africa (Tunisia, Algeria, Morroco, Libya and Egypt), is largely 

derived from Caucasian reference equations [11]. Though it is perhaps best to 
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use reference equations for patients from different ethnic backgrounds, it is 

usually not possible to do so because of the non-availability of spirometers 

with built-in local reference equations, and/or modification of existing software 

[1-3, 27, 28]. 

Many Tunisian pulmonary functional laboratories accept the default 

settings for reference equations for different age ranges offered by the 

manufacturer and are insufficiently aware of these problems [4]. Tunisian 

clinicians and researchers, rely on the results obtained from ERS/ECSC1983 

equations [11] incorporated into the software of spirometers, even though 

reference equations are available for several Tunisian populations (children 

[29], adults (Tunisian1995) [5] and older [6, 7] subjects).  

Recently, the ERS Global Lung Initiative (GLI) task force released 

spirometry reference equations (ERS/GLI2012) derived from data collected from 

72031 healthy individuals aged 3-95 years and spanning 26 countries 

including Tunisia and Algeria [4] (see the box 1). These global all-age 

reference equations, encouraged by users and the international respiratory 

societies, are now implemented by manufacturers of spirometric devices and 

will be very soon commercialized in North Africa. As recommended by the 

ERS/GLI2012 [4], more studies are required in non-Caucasians, particularly 

Arab population, since Caucasian reference equations [4, 11] may not be 

suitable for use in Tunisian adults' population. 

The present study is designed to assess the impact of applying 

commonly used Caucasian reference equations (ERS/ECSC1983; ERS/GLI2012) 

[4, 11] for the interpretation of results of routine spirometry performed in 

Tunisian adults’ population. Our objective is to compare the spirometric profile 

of Tunisian subjects, according to the three reference equations and to 

ascertain, in a healthy group, how well the recent ERS/GLI2012 reference 

equations fit contemporary Tunisian spirometric data. 
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Box 1. Information’s about the task force released spirometry reference equations 
ERS/GLI2012 

The final equations provided age-, height-, sex-, and ethnic-specific reference 
equations and lower limit of normal for spirometry.  

Tunisian [6, 7] (n=870) and Algerian [9] (n=273) subjects’ spirometric values 
were included in the Caucasian group (n=55428) including also the following 
countries and/or continents: Europe, Israel, Australia, USA, Canada, Mexican 
Americans, Brazil, Chile, Mexico, Uruguay and Venezuela. 

A major breakthrough was the application of a novel statistical technique 
(GAMLSS; www.lungfunction.org/files/GAMLSS-in-action.zip) [4, 30]. 

The American thoracic society and the European respiratory society [1, 4, 14, 
31] both recommend the use of the 5th centile to define the lower limit of normal (i.e. 
-1.64 Z-scores). Z-scores indicate how many standard deviations a measurement is 
from its predicted value. Unlike percentage predicted, they are free from bias due to 
age, height, sex and ethnic group, and are therefore particularly useful in defining 
the lower limit of normal and upper limit of normal; they also simplify uniform 
interpretation of test results [4]. 

These global all-age reference equations, encouraged by users and the 
international respiratory societies [American thoracic society, European respiratory 
society, Australian and New Zealand Society of Respiratory Science, Asian Pacific 
Society for Respirology, Thoracic Society of Australia and New Zealand, American 
College of Chest Physicians], are now implemented by manufacturers of spirometric 
devices and will be very soon commercialized in North Africa. 
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II. POPULATION & METHODS 

II.1. Study design  

We performed this cross-sectional study over a one-year period (february 

2011-january 2012) in the Functional Exploration Laboratory at the 

Occupational Medicine Group of Sousse (altitude < 100 m), Tunisia. 

Approval for the study, from a hospital Ethics Committee wasn’t needed, 

because the spirometry was done as a routine exam. 

 

II.2. Study population 

The target population consisted of a group of subjects aged 18 years old 

and more, working in Sousse. 

Subjects were recruited from local workers visiting the Functional 

Exploration Laboratory at the Occupational Medicine Group of Sousse. The 

aforementioned offers several medical tests (electrocardiogram, visual test, 

audiogram and spirometry) as a routine service to local workers (subjects or 

patients). Approximately 3500 spirometry procedures are performed annually 

and workers are addressed by occupational physicians for several reasons: 

record review of employment, working in a risk position or dangerous 

workplace (i.e., dust, glue,...), further investigation of a complaint (i.e., 

dyspnea, cough, ...), control of a known respiratory illness and cigarettes or 

narghile smoking [32, 33]. Reasons for performing spirometry, as well as other 

clinical details, were not analyzed further. 

For the total sample, the following inclusion criteria were applied: age 

between 18 and 60 years; complete records and technically acceptable and 

reproducible spirometry maneuvers. 

From the total sample, a “healthy group” was retained according 

international recommendations [14, 31]. A healthy person was defined as one 

in whom there was i. No presence of acute and no past chronic disease of the 

respiratory system, ii.  No heart disease which may influence the respiratory 

system, iii.  No more than incidental smoking experience or lifelong non-

smokers (cigarette or narghile), iv.  No Large Airway OVD (LAOVD) or Mixed 

Ventilatory Defect (MVD) according to Tunisian1995 reference equations [5]. 
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II.3. Collected data 

 The following medical and smoking data were collected: socioeconomic 

level, history of cigarettes or narghile smoking, main diseases and 

medications. 

The collected anthropometric data were: age, sex, weight, height and 

Body Mass Index (BMI). 

The following spirometric data were measured/calculated: Forced Vital 

Capacity (FVC), first second Forced Expiratory Volume (FEV1), FEV1/FVC 

ratio, Peak Expiratory Flow (PEF), Forced Expiratory Flow rate at the x% point 

of total volume to be exhaled (FEF75%, FEF50% and FEF25%), Maximal Mid-

Expiratory Flow (MMEF), Forced Expiratory Time (FET) and Z-score. 

 

II.4. Data collection procedures 

II.4.1. Medical questionnaire (Appendix 1) 

Medical data were collected using a simplified medical questionnaire 

composed of questions put to the subjects in local-Arabic dialect. These 

questions were mainly closed ones, usually, dichotomous. Medical questions 

were about the following main diseases (heart, pulmonary, diabetes, anemia 

and rheumatologic) and current medications. 

Smoking habits were evaluated and data were collected relating to 

cigarette (packets-years) and narghile (narghiles-years) use [32-34]. 

II.4.2. Anthropometric data  

The decimal age (accuracy to 0.10 years) was calculated from the date 

of measurement and the date of birth. Due to the failure of software to 

compute decimal age as the difference between test date and birth date, age 

was taken as the number of complete years from birth to the date of the study 

[35]. 

Standing height and weight were measured using a stadiometer and 

expressed to the nearest centimeter and kilogram, respectively. BMI (kg.m-2) 

was calculated. 
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II.4.3. Spirometric data  

Spirometry was carried out in the sitting position, and a nose clip was 

applied. To avoid the problem of variability due to different technicians and 

devices [3], all tests were performed between 9.00 am and 1.00 pm by only 

one qualified person. 

All subjects performed spirometry on a modern equipment [gold 

standard uni-directional digital volume transducer (Micro Medical Limited. PO 

Box 6, Rochester. Kent ME1 2AZ England)]. The Spida 5 software was used. 

The flow sensor of the spirometer was calibrated daily with a 3-liter syringe, to 

ensure performance. Spirometric data were expressed at “body temperature, 

barometric pressure saturated with water vapor” [1-3, 36]. 

Spirometry was performed according to the international lung function 

testing guidelines [3]. The subject was seated comfortably and he/she was 

instructed to take a full breath in, then to close the lips around the mouth piece 

and blow out as hard and as fast as possible. Inspiration should be full and 

unhurried, and expiration tested should be continued without pause. In order to 

obtain maximal FVC, the subject was verbally encouraged to exhale for as 

long as possible. The FVC manoeuvre was considered well-done if there was 

transient, maximal respiratory effort with no artefacts during the first second of 

the forced expiration, and if there was no premature termination (sharp 

decrease of expiratory flow). The three objectives end of test criteria used to 

identify a reasonable FVC effort were [3]: the subject could not continue 

further exhalation and the volume-time curve shows no change in volume 

(<0.025 L) for ≥1 s and the subject has tried to exhale for ≥6 s.  

A minimum of three reproducible FVC measurements were obtained [3]. 

FVC and FEV1 of the best two of the three selected measurements should not 

vary by more than 150 ml or 3%. The highest FVC and the highest FEV1 were 

computed, even if the two values did not come from the same curve [3]. 

The following spirometric data were measured/calculated: FVC (l); FEV1 

(l); FEF25%, FEF50%, FEF75%, MMEF and PEF (l.s-1), FEV1/FVC ratio (absolute 

value), FET (s) and Z-scores (without unit). 
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II.5. Applied definitions and reference equations  

II.5.1. Medical and smoking definitions 

Two socioeconomic levels were defined according to occupational 

status [37]: low (e.g. unskilled worker) and high (e.g. skilled worker, farmer, 

manager). 

The subject was qualified as a lifelong non-smoker when the cigarette or 

narghile use were < five packets-years or < five narghiles-years, respectively, 

or when the sum of used cigarette and narghile was lower than five [32-34]. 

II.5.2. Obesity definition 

Depending on BMI, we distinguished between [38]: underweight (BMI < 

18.5 kg.m-2), normal weight (18.5 kg.m-2 ≤ BMI < 25 kg.m-2), overweight (25 

kg.m-2≤ BMI < 30 kg.m-2) and obesity (BMI ≥ 30 kg.m-2). 

II.5.3. Applied reference equations 

Reference values for spirometric data were generated using three 

reference equations: Tunisian1995 [5], ERS/ECSC1983 [11] and ERS/GLI2012 [4]. 

More information about Tunisian1995 [5] and ERS/ECSC1983 [11] reference 

equations are exposed in Appendix 2. 

II.5.3.1. Tunisian1995 reference equations 

Reference equations previously derived for adults’ Tunisian population 

[5] were considered as the gold standard. They were generated from 

spirometry studies performed on 977 healthy non smoking Tunisian adults, 

aged 18-70 years, using a plethysmograph (GOULD 2800 Autobox). Old 

spirometric recommendations’ were applied [11, 39, 40]. 

II.5.3.2. ERS/ECSC1983 reference equations 

Spirometric values were derived from reference equations commonly 

used in Caucasian subjects (ERS/ECSC1983 [11]) and routinely used at the 

Tunisian pulmonary function laboratories. These ERS/ECSC1983 equations 

were derived for Caucasian subjects aged 5-70 years from previously 

published reference equations [41]. In addition, it has been suggested by the 

ERS that reducing corresponding Caucasian values by 0.45 l and 0.40 l 

(respectively for males and females) and by 0.70 l and 0.60 l (respectively for 
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males and females) might approximate predicted values for respectively FEV1 

and FVC in the North African population [11, 42]. 

II.5.3.3. ERS/GLI2012 reference equations 

The aim of the ERS/GLI2012 [4] was to derive continuous reference 

equations and their LLN for spirometric indices, which are applicable globally. 

Over 160000 data points from 72 centers in 33 countries (including Tunisia 

and Algeria) [6, 7, 9] were shared with the ERS/GLI2012. 

Eliminating data that could not be used (mostly missing ethnic groups 

and some outliers) left 97759 records of healthy non-smokers (55.3% females) 

aged 2.5-95.0 years. Spirometry data were collated and reference equations 

derived using the LMS method, which allows simultaneous modelling of the 

mean (mu, M, the reference value of FEV1, FVC or FEV1/FVC), the coefficient 

of variation (Sigma, Scatter; S) and skewness (Lambda, Location; L) of a 

distribution family. L, M and S are functions of sex, age, height and ethnicity. 

After discarding 23572 records, mostly because they could not be combined 

with other ethnic or geographic groups, reference equations were derived for 

healthy individuals aged 3.0-95.0 years for Caucasians (n=57395), African-

Americans (n=3545), and North (n=4992) and South East Asians (n=8255). 

For individuals not represented by these four groups, or of mixed ethnic 

origins, a composite equation taken as the average of the above equations is 

provided to facilitate interpretation until a more appropriate solution is 

developed (Appendix 3). Algorithms and stand-alone software for the 

ERS/GLI2012 equations are freely available from www.lungfunction.org. The 

LLN and the Z-score are calculated from L, M and S as shown in box 2. 
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Box 2 . Lower limit of normal and Z-score calculated from the ERS/GLI2012 reference 
equations 

Reference value = M 
LLN (5th centile) = exp(ln(1 - 1.644·L·S)/L + ln(M)) 
Z-score = ((measured/M)L - 1)/(L·S) (for L ≠ 0) 
% reference = (measured/M)·100 
The LMS (Lamda, Mu, Sigma) equations for Caucasians are of this form, with 

volumes in litres, age in years, and height in cm: 
L = q0 + q1·ln(Age) + Lspline 
M = exp(a0 + a1·ln(Height) + a2·ln(Age) + Mspline) 
S = exp(p0 + p1·ln(Age) + Sspline) 
where 
ln () natural log transformation 
coefficients L0 … q depend on the measurement and sex 
Mspline, Sspline, Lspline: age-varying coefficients 
 

II.5.4. Spirometric data expression  

Spirometric data were expressed in absolute values and as a percent of 

reference values (100 x measured value/reference value) according to 

Tunisian1995 (%Ref Tunisian1995), to ERS/ECSC1983 (%Ref ERS/ECSC1983) and 

to ERS/GLI2012 (%Ref ERS/GLI2012) reference equations [4, 5, 11].  

II.5.5. Ventilatory defects definitions  

For Tunisian1995 and ERS/ECSC1983 reference equations [5, 11]), 

spirometric data LLN were calculated using lower 95% confidence limits 

derived from the regression equation being used (Appendixes 2, 4 and 5).  

For ERS/GLI2012 [4], a software calculated reference values, their LLN 

(5th  centiles) and Z-scores for FEV1, FVC, FEV1/FVC, FEF75%, MMEF 

(Appendix 3) and exported the results to a .csv file for manipulation in a 

spreadsheet (Appendix 6) [43].  

Any observed value lower than its corresponding LLN was considered 

abnormal. The definitions used were based on the identification of a LLN for 

the spirometric parameter in question [1]. For simplicity in this thesis, we have 

defined ventilatory abnormalities as above Normal (≥N) or below Normal (<N); 

with the normal corresponding to the 95% confidence interval (95% IC). 

LAOVD was defined as a "FEV1/FVC ratio <N" [1].  

Small Airway OVD (SAOVD) was defined as the association of a 

“FEV1/FVC ratio ≥N" and a “FVC ≥N" with a “MMEF <N” [31].  
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Although a true RVD can be diagnosed only on demonstration of a 

reduced total lung capacity, a Tendency through RVD (TRVD) was inferred 

from spirometry results for categorical comparison purposes only. A record 

with "FEV1 <N" and "FVC <N" and "FEV1/FVC ≥N" was categorized as having 

a TRVD [1]. 

A MVD was defined as the association of a "FEV1/FVC ratio <N" and a 

“FVC <N” and a “FEV1<N” [1]. 

 

II.6. Study protocol 

Welcome and provision of an information sheet, completion of medical 

questionnaire, and anthropometric and spirometric measures. 

 

II.7. Statistical analysis   

II.7.1. Data distribution 

The Kolmogorov-Smirnov test was used to analyse variables distribution 

[44]. When the distribution was normal and the variances were equal, the 

results were expressed by their means±SDs and 95% IC. If the distribution 

wasn’t normal, the results were expressed by their medians (1st-3rd quartiles). 

II.7.2. Data comparison 

The chi-2 test was used to compare percentages. The Student t-test 

was used to compare anthropometric and spirometric data from the total 

sample and healthy groups. 

A non parametric test (Wilcoxon matched pairs test) [44] was used to 

compare %Ref calculated from three reference equations [4, 5, 11]. 

II.7.3. Spirometry profiles 

Spirometry was interpreted for each subject using each of the three 

schemes for defining LLN. 

Spirometry results (normal, LAOVD, SAOVD, TRVD, MVD) obtained 

using Tunisian1995 [5] and Caucasian equations [4, 11] were compared after 

construction of contingency tables. 
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Agreement between classification of spirometry results using 

Tunisian1995 [5] and Caucasians equations [4, 11] were calculated using the 

Kappa estimate [45]. 

The proportion of subjects having different interpretations using 

Tunisian1995 [5] and Caucasians equations [4, 11] was calculated for all 

combinations of prediction strategies as a measure of discordance. This group 

represented individuals whose interpretation changed if another scheme for 

calculating LLN was used in place of the gold standard Tunisian1995 equations 

[5]. 

To assess how closely the LLNs obtained by Caucasian reference 

equations [4, 11] matched those obtained by the Tunisian1995 reference 

equations [5], we calculated the difference between values estimated by the 

Tunisian1995 and each of the Caucasian equations [4, 11]. 

In order to assess if the values determined by the different reference 

equations [4, 5, 11] could be used interchangeably, we calculated the limits of 

agreement for each set of Tunisian1995 [5] and Caucasians equations [4, 11], 

by using the Bland and Altman method [46]. Limits of agreement were used 

for comparison, with individual difference (measured value minus LLN 

reference value for FEV1 or FVC) plotted against the corresponding mean 

value [46]. From these data, limits of agreement were then calculated [mean 

difference between measured and LLN (FEV1 or FVC) ± 1.96 SD]. 

II.7.4. Comparison after FVC and FEV 1 values adjustment according 

to ERS 

Comparisons between FVC and FEV1 predicted from Tunisian1995 and 

ERS/ECSC1983 reference equations [5, 11] were also made after adjustment 

recommended by the ERS [42]. 

II.7.5. How well did the recent ERS/GLI 2012 reference equations fit 

contemporary Tunisian spirometric data?  

Height-, age- and sex-specific Z-scores for spirometric data were 

calculated using the ERS/GLI2012 reference equations [4] (Appendixes 3 and 

6). Z‐scores were calculated as (measured - predicted) divided by the SD of 

the reference value. If there was an offset between the ERS/GLI2012 reference 
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equations [4] and test populations (measured spirometric data), the expected 

Z-scores of the test population would have a mean of > 0 and a SD of > 1 and 

would therefore be considered as statistically significant. As done in some 

studies [4, 47, 48] and after consensus with the GLI scientific advisory panel 

(http://www.lungfunction.org), a Z-score of >0.5 was arbitrarily considered to 

be clinically significant (and so the minimum physiologically) and equated to 

a change in %Ref of approximately 6%. 

The associations between the Z-score and categorical variable (sex) 

and continuous measures (age, height) were evaluated, respectively, by t-tests 

and Pearson’s product-moment correlation and determination (r2) coefficients 

[46, 47]. 

All mathematical computations and statistical procedures were 

performed using Statistica statistical software (Statistica Kernel version 6; Stat 

Software. France). Significance was set at the 0.05 level. 
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III. RESULTS 

III.1. DESCRIPTIVE DATA 

Among the 3010 explored subjects, only 1192 (40%) are retained for 

analysis. Table 1 exposes the reasons of non-inclusion. 

 
Table 1. Non-inclusion criteria (n=1818)  

Brief description  Number Percentage  

Age < 18 years or > 60 years 128 7 

Incomplete records  291 16 

Technically inacceptable spirometry maneuvers 691 38 

Non-reproducible spirometry maneuvers 708 39 

 
III.1.1. Anthropometric data 

Table 2 exposes the anthropometric data, socioeconomic level, obesity and 

smoking status of the total sample and the healthy group. Compared to the healthy 

group, the total sample is significantly older and taller. The total sample group 

includes a higher percentage of smokers. The two groups include significantly 

fewer females and obese subjects and higher percentages of subjects having low 

socioeconomic levels’. 

Figure 1  exposes the distribution of the total sample according to sex, age 

and height ranges. Fewer subjects aged < 25 years or ≥ 55 years are included, 

respectively, 5.9% and 5.4%. Fewer subjects (2.3%) having a height range of 1.43-

1.55 cm are included. 

III.1.2. Spirometric data  

Table 3 exposes the spirometric data of the total sample and the healthy 

group. Compared to the total sample, the healthy group, have a significantly higher 

FEV1, FEV1/FVC ratio, MMEF, FEF25% and FEF50% and they also have a significantly 

lower FET. 
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Table 2. Subjects’ descriptive data of the local wo rkers visiting the 

Functional Exploration Laboratory at the Occupation al Medicine Group of 

Sousse. 

 Total sample 

(n=1192) 

Healthy group 

(n=489) 

Quantitative data (data are mean±SD (95% IC)) 
Age (year) 39.57±9.51  

   (24.62-55.12) 

36.77±9.18  

    (22.98-52.81)a 

Height (m)   1.72±0.07 

  (1.60-1.84) 

 1.71±0.08  

   (1.56-1.84)a 

Weight (kg)  78±14  

    (58-102) 

 78±14  

    (57-100) 

Body mass index (kg.m-2)         26.3±4.2  

  (20.2-33.7) 

        26.5±4.2  

  (20.2-34.4) 

Qualitative data (data are numbers (%)) 
Sex Female     104 (8.7)         96 (19.6) 

Male        1088 (91.3)b        393 (80.4)b 

SEL High       197 (19.2)       153 (31.3) 

Low         824 (80.8)b        336 (68.7)b 

Obesity status Underweight        15 (1.3)        8 (1.6) 

Normal weight       468 (39.3)      175 (35.8) 

Overweight        484 (40.6)      207 (42.3) 

Obesity        225 (18.8)c         99 (20.3)c 

Smoking status Smoker       640 (53.7)        0 (0.0) 

Non-smoker        552 (46.3)b      489 (100)b 

SEL (socioeconomic level) was determined in only 86% of the subjects. 
ap < 0.05 (student-test): “total sample” vs. “healthy group”.  
bp < 0.05 (chi-2): qualitative data for the same group. 
cp < 0.05 (chi-2): “underweight, normal weight and overweight” vs. “obesity” for the same 
group. 
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Figure 1. Distribution of the total sample (n=1192) according to sex, 
age and height ranges. n: number. Numbers between brackets (=x/y) refer to 

the number of females (x) and males (y). 
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Table 3. Subjects’ spirometric data of the local wo rkers visiting the 

Functional Exploration Laboratory at the Occupation al Medicine Group 

of Sousse. 

 Total sample (n=1192) Healthy group  (n=489) 

Data are mean±SD (95% IC) 
FVC  (l) 4.38±0.80  

 (3.04-5.75) 

4.37±0.85  

  (2.92-5.73) 

FEV1
 (l) 3.53±0.70  

 (2.34-4.70)  

3.61±0.72  

   (2.37-4.72)a 

MMEF (l.s-1) 3.82±1.19  

(1.95-5.87)  

            4.06±1.14  

  (2.29-6.00)a 

PEF (l.s-1) 8.58±1.83  

   (5.57-11.64)  

            8.59±1.88  

  (5.49-11.68)  

FEF50%
  (l.s-1)            4.43±1.36  

(2.20-6.63)  

            4.69±1.25  

(2.70-6.76)a 

FEF75%
 (l.s-1)            7.39±1.86  

  (4.32-10.48)  

           7.55±1.75  

           (4.67-10.64)  

Data are median (1st-3rd quartiles) 

FEV1/FVC  

(absolute value) 

0.81  

(0.77-0.85) 

0.83  

(0.79-0.86)a  

FEF25%
 (l.s-1) 1.57  

           (1.17-2.01) 

1.76  

(1.37-2.21)a 

FET  (s) 4.99  

           (4.18-5.95) 

                4.73  

          (3.90-5.50)a 

For abbreviations, see abbreviations’ list.  
ap < 0.05 (student-test): “total sample” vs. “healthy group” 
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III.2. ANALYTICAL DATA 

III.2.1. Comparison of measured ventilatory variables expres sed as a 

reference percent from the three reference equation s 

Table 4 exposes the comparison of measured ventilatory variables 

expressed as a reference percent from the three reference equations. The main 

conclusions of this table are: i. All measured spirometric data expressed as a 

predict percent of ERS/ECSC1983 reference values [11] are significantly higher than 

those expressed as a reference percent of Tunisian1995 reference values [5]. ii.  All 

measured spirometric data (except for FVC) expressed as a predict percent of 

ERS/GLI2012 reference values [4] are significantly higher than those expressed as a 

predict percent of Tunisian1995 reference values [5]. 

 
Table 4. Measured spirometric data of Tunisian population (n=1192), 

expressed as a percentage of reference values (%Ref) calculated from 

the three reference equations. 

 %Ref  

Tunisian1995 

%Ref 

ERS/ECSC1983 

%Ref  

ERS/GLI2012 

FEV1 85±12 (85-86) 95±13 (94-95)a     90±12  (89-91)bc 

FVC 91±11 (90-92)  101±12 (100-101)a     91±11  (90-92)c 

FEV1/FVC     98±8   (98-99)   100±8   (100-101)a     99±8    (98-99)bc 

MMEF     70±20 (69-71)     89±26 (87-90)a     99±31  (98-101)bc 

FEF75%     92±21 (91-93)     96±22 (95-98)a  511±153 (502-520)bc 

For abbreviations, see abbreviations’ list. Data are mean±SD (95% IC). 
ap<0.05 (Wilcoxon matched pairs test): “%Ref Tunisian1995

” vs. “%Ref ERS/ECSC1983”. 
bp<0.05 (Wilcoxon matched pairs test): “%Ref Tunisian1995

” vs. “%Ref ERS/GLI2012
”. 

cp<0.05 (Wilcoxon matched pairs test): “%Ref ERS/ECSC1983
” vs. “%Ref ERS/GLI2012

”. 
Tunisian1995 [5], ERS/ECSC1983 [11], ERS/GLI2012 [4] 
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III.2.2. Comparison of the percentages of subjects with vent ilatory 

variables lower than the LLN range according to the  three reference 

equations 

Table 5 exposes the comparison of the percentages of subjects with 

ventilatory variables lower than the LLN range according to the three reference 

equations. The main conclusion of this table is that the percentages of Tunisian 

subjects having measured ventilatory variables lower than the LLN ranges are 

significantly lower with the ERS/ECSC1983 and ERS/GLI2012 reference equations [4, 

11] when compared with Tunisian1995 reference equations [5].  

Table 5. Comparison of the percentages of Tunisian subjects with 

ventilatory variables lower than the lower limit of normal range 

according to the three reference equations (n=1192). 

 Tunisian1995 ERS/ECSC1983 ERS/GLI2012 

FEV1 514 (43)    109 (9)a         199 (17)bc 

FVC 267 (22)      29 (2)a         172 (14)bc 

FEV1/FVC 117 (10)      48 (4)a           70 (6)bc 

MMEF 700 (59)    152 (13)a           81 (7)bc 

FEF75% 199 (17)      86 (7)a             0 (0)bc 

For abbreviations, see abbreviations’ list.  
Data are number (%).  
ap<0.05 (chi-2): “Tunisian1995

” vs. “ERS/ECSC1983
”
  

bp<0.05 (chi-2): “Tunisian1995
” vs. “ERS/GLI2012

” 
cp<0.05 (chi-2): “ERS/ECSC1983

” vs. “ERS/GLI2012
” 

Tunisian1995 [5], ERS/ECSC1983 [11], ERS/GLI2012 [4] 
 

Table 6 exposes the mean bias and limits of agreement [46] for LLN, for FVC 

and FEV1 on comparison of Caucasian (ERS/ECSC1983 [11], ERS/GLI2012 [4]) with 

Tunisian1995 reference equations [5]. The conclusion of this table is that both 

ERS/ECSC1983 and ERS/GLI2012 reference equations [4, 11] consistently over-

predicted LLN for FVC and FEV1 for males, females and the total sample. 
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 III.2.3. Comparison of spirometry interpretation by  Caucasian 

(ERS/ECSC1983], ERS/GLI 2012) and Tunisian 1995 reference equations 

Table 7 exposes the comparison of spirometry interpretation by Caucasian 

(ERS/ECSC1983 [11], ERS/GLI2012 [4]) and Tunisian1995 [5] reference equations. The 

main conclusions of this table are: 

i. Using Tunisian1995 reference equations, 80 (6.71%), 439 (36.83%), 227 (19.04%) 

and 35 (2.94%) spirometry records are interpreted as having, LAOVD, SAOVD, 

TRVD and MVD, respectively. 

ii.  Among the 411 normal records according Tunisian1995 reference equations [5], 

no one is classified as being abnormal using the ERS/ECSC1983 reference 

equations [11] and only one (0.24%) is classified as being abnormal using the 

ERS/GLI2012 reference equations. 

iii.  Using the ERS/ECSC1983 reference equations [11], misclassification is worse for 

LAOVD, for SAOVD, for TRVD, and for MVD, respectively, 67.50%, 94.31%, 

88.55% and 80.00%. 

iv.  Using the ERS/GLI2012 reference equations [4], misclassification is worse for 

LAOVD, for SAOVD, for TRVD, and for MVD, respectively, 43.75%, 98.86%, 

59.47% and 48.57%. 

v. Overall, the ERS/ECSC1983 and ERS/GLI2012 reference equations misclassify 

results in 58.47% and 52.18% subjects, respectively. 

Table 8 exposes the Kappa estimate of agreement, and percentage of 

misclassified results, for spirometry interpretation between Tunisian1995 and 

Caucasian reference equations [4, 11]. Both Caucasian reference equations [4, 11] 

demonstrate poor agreement (in females, males and total sample), with high 

misclassification rates (58.47% for ERS/ECSC1983 [11] and 52.18% for ERS/GLI2012 

[4]). For males, females and the total sample, corresponding Kappa estimates of 

agreement are the best for the ERS/GLI2012 equations [4]. 
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III.2.4. Comparison after FVC and FEV 1 values adjustment according to ERS 
 Measured FEV1 and FVC expressed as predicted percentage of 

ERS/ECSC1983 and adjusted reference values [11] are significantly higher than 

these expressed as a predicted percentage of Tunisian1995 reference values [5] 

(respectively, 108±15% vs. 85±12% and 120±15% vs. 91±11%).  

 The percentages of Tunisian subjects having a measured FEV1 and FVC 

lower than the LLN ranges are significantly lower with the ERS/ECSC1983 reference 

equations [11] when compared with Tunisian1995 reference equations [5] 

(respectively, 2% vs. 43% and 0.3% vs. 22%).  

III.2.5. How well did the recent ERS/GLI 2012 reference equations fit 

contemporary Tunisian spirometric data?  

Mean±SD Z-scores for the contemporary healthy Tunisian group data 

(n=489) are -0.55±0.87 for FEV1, -0.62±0.86 for FVC, 0.10±0.73 for FEV1/FVC, 

4.43±0.69 for FEF75% and 0.07±0.93 for MMEF. Only FEV1/FVC ratio and MMEF 

are well within range considered to be physiologically irrelevant. The mean Z-score 

differences equate to absolute and percent predicted differences of -270 mL and 

6.95%, respectively, for FEV1, -370 mL and 7.73% for FVC, 5970 mL/s, and 400% 

for FEF75%, 140 mL/s, and 4.37% for MMEF and a difference in FEV1/FVC of 

0.59%. 

There are some weak significant associations between the spirometry Z-

scores and age (r2= 2% for FEV1/FVC and for MMEF) and height (r2= 0.9% for FVC 

and for MMEF). The spirometry Z-scores are not related to sex. 



 

 
 

Table 6. Mean differences’ and limits of agreement for the lower limit of normal for forced vital capa city (FVC) and 

first second forced expiratory volume (FEV 1) on comparison of Caucasian with Tunisian 1995 reference equations. 

 

 

Reference Equations 

Males Females Total sample 

FVC (l) FEV1 (l) FVC (l) FEV 1 (l) FVC (l) FEV 1 (l) 

Tunisian1995  

 

0.43 

   (-0.67 to 1.53) 

0.06 

   (-0.92 to 1.04) 

0.46 

  (-0.34 to 1.26) 

0.23 

  (-0.46 to 0.92) 

0.43 

  (-0.65 to 1.51) 

0.08 

  (-0.88 to 1.04) 

ERS/ECSC1983  

 

1.02 

(-0.06 to 2.10)b 

0.62 

(-0.34 to 1.58)b 

0.84 

(0.06 to 1.62)b 

0.57 

  (-0.14 to 1.28)b 

1.00 

  (-0.06 to 2.06)b 

0.62 

  (-0.32 to 1.56)b 

ERS/GLI2012  

 

0.56 

(-0.52 to 1.64)a,c 

0.43 

(-0.53 to 1.39)a,c 

0.45 

(-0.31 to 1.21)a,c 

0.36 

(-0.31 to 1.03)a,c 

0.55 

(-0.51 to 1.61)a,c 

0.43 

(-0.51 to 1.37)a,c 

For abbreviations, see abbreviations’ list.  
Data are mean difference (limits of agreement). Ventilatory variable mean difference (l) = measured value – lower limit of normal value. Limits of 
agreement = (mean difference - 1.96 SD to mean difference + 1.96 SD). 
ap<0.05 (Wilcoxon matched pairs test): “Tunisia1995

” vs. “ERS/ECSC1983
”
 

bp<0.05 (Wilcoxon matched pairs test): “Tunisia1995
” vs. “ERS/GLI2012

”.  
cp<0.05 (Wilcoxon matched pairs test): “ERS/ECSC1983

” vs. “ERS/GLI2012
”. 

Tunisian1995 [5] , ERS/ECSC1983 [11] , ERS/GLI2012 [4]  
 



 

              

     

Table 7. Comparison of spirometry interpretation by  Caucasian and Tunisian 1995 reference equations.  

 Tunisian1995 

 

Normal 

(n=411) 

LAOVD 

(n=80) 

SAOVD 

(n=439) 

TRVD 

(n=227) 

MVD 

(n=35) 

 

 

ERS/ECSC1983 

 

Normal  411 (100.00) 17 (21.25) 414 (94.31) 170 (74.89) 3 (8.57) 

LAOVD 0 (0.00) 26 (32.50) 0 (0.00) 2 (0.88) 10 (28.57) 

SAOVD 0 (0.00) 37 (46.25) 25 (5.69) 29 (12.78) 13 (37.14) 

TRVD 0 (0.00) 0 (0.00) 0 (0.00) 26 (11.45) 2 (5.71) 

MVD 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 7 (20.00) 

 

 

 

ERS/GLI2012 

 

Normal   410 (99.76) 28 (35.00) 432 (98.41) 130 (57.27) 3 (8.57) 

LAOVD 0 (0.00) 45 (56.25) 0 (0.00) 1 (0.44) 4 (11.43) 

SAOVD 0 (0.00) 5 (6.25) 5 (1.14) 4 (1.76) 4 (11.43) 

TRVD 1 (0.24) 1 (1.25) 2 (0.46) 92 (40.53) 6 (17.14) 

MVD 0 (0.00) 1 (1.25) 0 (0.00) 0 (0.00) 18 (51.43) 

For abbreviations, see abbreviations’ list. Data are number (%) of subjects. Percentage is calculated as following: number of 
subjects/total of subjects for each spirometry interpretation.  
Tunisian1995 [5] , ERS/ECSC1983 [11] , ERS/GLI2012 [4]  



 

 

Tunisian1995 [5] , ERS/ECSC1983 [11] , ERS/GLI2012 [4]  

Table 8. Kappa estimate of agreement, and percentag e of misclassified results, for spirometry interpre tation 

between Tunisian 1995 and Caucasian reference equations. 

Reference  

equations 

Kappa estimate of agreement 

(95% confidence limits) 

Percentage of misclassified 

results 

 Males Females Total sample Males Females Total sample 

 

ERS/ECSC1983 0.144 

(0.090 to 0.137)a 

0.296 

(0.173 to 0.410)a 

0.124 

(0.100 to 0.147)a 

 

61.12 30.76 58.47 

ERS/GLI2012 0.227 

(0.206 to 0.248)a 

0.419 

(0.310 to 0.527)a 

0.238 

(0.217 to 0.259)a 

54.69 27.88 52.18 

For abbreviations, see abbreviations’ list. 
ap < 0.05 (Kappa estimate). 
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IV. DISCUSSION 

The main result of the present thesis conducted on 1192 subjects was 

that the use of either the older Caucasian ERS/ECSC1983 reference equations 

or the recent multhi-ethnic reference equations (ERS/GLI2012) leads to 

misinterpretation of spirometry data in a significant proportion of subjects. Our 

results don’t support the use of the ERS/GLI2012 reference equations to 

interpret spirometry in Tunisian population. 

 

IV.1. METHODOLOGY DISCUSSION 

 IV.1.1. Study design 

One of the main strong points of the present study is its prospective 

design. Hall et al. [46] study published in 2012, which had the same aims as 

our’s, was a retrospective one, and all spirometry tests were performed in the 

year 2000 or later.  

Some caution should be warranted when interpreting the results of 

cross-sectional studies in volunteers because of a possible selection bias and 

cohort effects [49]. Thus, longitudinal studies analysed by appropriate 

statistical models are necessary to properly choose the more adapted 

reference equations [1]. 

Although, no statistical methods have been used to choose subjects or 

to calculate their number, the fact that many private or government-owned 

firms in different areas of Sousse, Tunisia were included gives a reasonable 

degree of confidence in the data. The large number (n=1192) of spirometry 

records included for analysis ensured adequate representation of all 

categories of age and height (Figure 1) allowing confident identification of 

even small differences without any bias.  

One limit of our study is the fewer number of females (8.7% of the total 

sample, table 2). In fact, the percentage of Tunisian active females is low at 

almost 27.9% [50]. 
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IV.1.2. Population source 

The subjects studied herein represent a population that undergoes 

routine pulmonary function testing at our Functional Exploration Laboratory. 

The relatively higher proportion (34.5%, table 7) of normal spirometric records 

in this study is explained by the fact that they were included as a record review 

of employment. 

Our recruitment mode was similar to that of the retrospective Indian 

study [51]. The last, designed to assess the impact of applying commonly 

used Caucasian reference equations [11, 15, 52, 53] for the interpretation of 

results of routine spirometry performed in Indian patients, has been done for 

over 4 years. Spirometry was offered as a routine service to both outpatients 

and inpatients [51]. 

Our recruitment mode of healthy subjects was different from that of the 

retrospective Australian study [47], where clinical respiratory laboratories and 

epidemiological research groups were invited to submit spirometry data 

obtained from healthy Caucasian subjects. 

As recommended by some authors [51], though the results from this 

study can only be strictly applied to a similar population (Arab, Mediterranean 

or North African populations) tested with similar instruments and procedures, 

the conclusions can perhaps be generalized to other situations, as well, with 

minor differences. 

The absence of a large concurrent control group may be regarded as 

another limitation of our study. We preferred to use reference equations 

previously desired by us from asymptomatic non-smokers selected from the 

general population [5], rather than asymptomatic patients or a small healthy 

control group (n=489 in the present study). Moreover, it is not a standard 

procedure to derive reference equations for population use from patients 

attending hospitals. 

IV.1.3. Applied inclusion and non-inclusion criteri a 

Almost 60% of the subjects addressed for spirometry, during the year 

2011, weren’t included. In a study of adults carried out in a laboratory [54] that 

adhered to the quality assurance program, >30% of measurements were 
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discarded because they did not meet American thoracic society quality criteria 

[36]. The two main non-inclusion criteria were technically inacceptable and/or 

non-reproducible spirometry maneuvers (47%). These two criteria, not applied 

in the Indian study [51], are two noticeable points for our thesis. In fact, the 

obtained spirometric results depend on technical methods. The percentage of 

subjects excluded, because of incomplete records was higher than those of 

the Indian study [51] (respectively, 10% vs. 1%). 

The applied definition of a “healthy subject” was that recommended for 

epidemiological study, as defined by international guidelines [14, 31]. In Hall et 

al. study [47], including 2066 subjects, another definition of “healthy subject” 

was applied: lifetime non-smokers, no history of respiratory disease, persistent 

respiratory symptoms (wheeze, productive cough, exercise-related symptoms) 

or relevant treatment use.  

IV.1.4. Spirometry measurements  and definition  

 As recommended, we have applied the international guidelines for 

spirometry published in 2005 [1-3, 36]. In Hall et al. study [47], all spirometry 

data were reported to be acceptable and repeatable as per the international 

spirometry guidelines relevant at the time of data collection [3, 36]. 

In contrast to some studies [47, 51], where only FEV1, FVC, FEV1/FVC 

ratio [47, 51] or MMEF [47] were determined, we have also measured FEF75%, 

FEF50% and FEF25%. 

As in another study [51] having the same aim as our’s, we applied the 

international definitions based on 95% IC [1]. When interpreting the spirometry 

data, we compared the measured values with the reference values established 

in a "normal" population and thus standardized according to factors 

determining lung size [55]. Values outside the 95% IC were considered to be 

"abnormal" [55, 56]. 

Defining the LLN as a fixed percent of reference FEV1 or a fixed 

FEV1/FVC ratio leads to age-, height-, sex- and ethnic group-related bias [4]. 

According to the ERS/GLI2012 [4], such definitions should not be used. The 

used LLN should be appropriate for the purpose. Hence, if there is prior 

evidence of lung disease, a borderline value of FEV1/FVC, FEV1 or FVC is 
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more likely to be associated with disease, and a LLN at the 5th centile (LLN 

5%, z-score -1.64) is clinically acceptable. By contrast, in epidemiological 

studies and case findings of asymptomatic subjects, where the cost and 

consequences of false-positive and false-negative test results are over-riding, 

a LLN corresponding to the 2.5th centile (LLN 2.5%, z-score -1.96) is 

recommended as the decision limit. 

IV.1.5. Statistical analysis 

The same statistical type of analysis applied in other studies [47, 51] 

having the same aims as our’s were applied. 

 

IV.2. RESULTS DISCUSSION 

The accuracy with which lung function tests are interpreted hinges on 

the appropriateness of the selected reference dataset [1, 48]. Errors in 

interpretation, with respect both to overestimation and underestimation of lung 

function abnormalities, can occur if inappropriate reference equations are used 

[1, 48]. 

Tunisian clinicians and researchers, rely on the results obtained from 

ERS/ECSC1983 reference equations [11] incorporated into the software of 

spirometers, even though reference equations are available for several 

Tunisian populations [5-7, 29]. 

Recently, the ERS/GLI2012 task force released spirometry reference 

equations spanning 26 countries including Tunisia and Algeria [4]. These 

global all-age equations, encouraged by users and multiple international 

respiratory societies are now implemented by manufacturers of spirometric 

devices and will be very soon commercialized in North Africa.  

IV.2.1. Can the Caucasian spirometric reference equ ations be used 

interchangeably with the Tunisian spirometric refer ence equations?  

Our results, even adjusted according to ERS [42], revealed large 

difference and wide confidence limits between Caucasian [4, 11] and Tunisian 

spirometric reference equations, therefore indicating that the two cannot be 

used interchangeably.  
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What are the origins of differences? 

 

Differences in pulmonary function among various racial and ethnic 

groups are well-known; and differences in body proportions, chest wall 

anatomy, mechanical properties of the thorax, and parenchymal lung 

development have been postulated as contributory factors [1-7, 14-26].  

The ERS/ECSC1983 reference equations [11] imperfections are:  

i. The onset age of lung function variables decline with age is assumed a priori 

as the same for all lung function variable and equal to 25 years (Appendix 2); 

ii. Simple linear equations describing lung function variable dependences on 

age higher than 25 years can reflect nonlinearity of these dependences 

inaccurately; 

iii. LLNs are determined as equations for means minus 1.645 x SD of 

differences between observed and reference values of lung function variable;  

iv.  The equations are old, i.e. they have been prepared for previous 

generations and old procedures of examinations. 

It has been generally suggested that lung volumes in North African 

subjects are smaller than corresponding values in Caucasians [11, 42]. 

Though such ‘ethnic discounting’, whose origin isn’t clear, has been widely 

recommended, there is no firm evidence that it provides accurate estimates 

[57]. 

Data on the utility of Caucasian reference equations in interpreting 

spirometry results in patients of other populations are sparse [51, 58, 59]. In a 

small study on 442 Spanish patients at a New Mexico hospital, local Hispanic 

reference equations were compared to three Caucasian reference equations in 

categorizing FVC and FEV1 as normal or abnormal [58]. In this report, 2-10% 

results were misclassified, depending on the reference equations used. In a 

large study on 14733 consecutive spirometry procedures in Indian adults, 

results showed that the use of Caucasian prediction equations, or a fixed 

percentage of their reference values, resulted in misinterpretation of 

spirometry data in a significant proportion of patients [51]. In a study done on 
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2745 adults, the main conclusion was that ERS/ECSC1983 cannot be applied in 

Poland [59]. 

What is the impact of applying commonly used Caucasian reference 

equations for the interpretation of results of routine spirometry performed in the 

Tunisian adult population? 

 

Our results highlighted some important facts about using Caucasian 

reference equations [4, 11] in other populations, such as Mediterranean, North 

African or Arab populations. It is quite evident that these reference equations 

led to misinterpretation of spirometry data in a significant proportion of subjects 

or patients and which could result in inappropriate diagnosis and/or 

management. For example (Table 7), when using the ERS/ECSC1983 [11] or 

ERS/GLI2012 [4] reference equations, misclassification was worse for LAOVD 

(respectively, 67.50% and 43.75%). 

The adjustment, according to ERS/ECSC1983 [42], of FVC and FEV1 

values, worsened the problem of interpretation. For example, measured FEV1 

expressed as percentage of ERS/ECSC1983 reference values [42], before and 

after adjustment [11], were respectively 95±13% and 108±15%. An important 

aspect brought out by our analysis was that reference Tunisian1995 FEV1 

values were much lower than Caucasian values [42]. Based solely on this 

observation, we would not recommend a reduction in reference values for both 

these lung volumes for approximation from Caucasian reference equations 

[11, 42]. 

We also attempted to quantify agreement between reference values of 

different spirometric parameters using Tunisian1995 [5] and different Caucasian 

equations [4, 11]. This approach had definite advantages over merely 

reporting correlation or regression coefficients, as it provided a numerical 

estimate of how similar are values obtained from two distributions, and 

whether results from the two approaches could be used interchangeably [46]. 

We observed wide variations in the mean bias for all spirometric parameters 

studied (Table 6). We also calculated the limits of agreement, which 

represented a numerical expression of range in which 95% of the bias values 
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were likely to be situated (Table 6). Our findings suggested a rather poor 

agreement between Caucasian [4, 11] and Tunisian1995 reference equations 

[5]. 

IV.2.2. How well did the recent ERS/GLI 2012 reference ranges fit 

contemporary Tunisian spirometric data?  

Making a clinical diagnosis is an art, where test results help to confirm or 

reject the diagnosis. A test result is regarded as compatible with disease if it is 

outside the normal range, usually defined by the mean±2 SD (strictly 1.96), 

which extends from the 2.5th to the 97.5th centile of the distribution [4]. The 

American thoracic society/ERS [1, 14, 31] recommend the use of the 5th 

centile to define the LLN (i.e. -1.64 z-scores). The ERS task force has recently 

noted that data from some regions such as Africa and the Arab World are 

urgently required [4]. 

Our results demonstrate that the recent ERS/GLI2012 spirometry 

reference equations [4] aren’t well matched to spirometry outcomes obtained 

in a contemporary Tunisian Arab and North-African population using modern 

equipment and in accordance with international lung function testing 

guidelines. As found by Hall et al. [47] (means Z-scores of FEV1, FVC, 

FEV1/FVC ratio and MMEF are respectively, 0.23±1.00, 0.23±1.00, -0.03±0.97 

and 0.07±0.95), the differences in the mean Z-scores for all our measured 

spirometric data were statistically significant, probably due to the large sample 

size of the ERS/GLI2012 study [4]. 

In contrast to the Hall et al. study data [47] (means Z-scores for 

measured spirometric data < 0.5), in our thesis data only means Z-scores for 

FEV1/FVC ratio and MMEF (respectively, 0.10±0.73 and 0.07±0.93) were too 

small to be of any physiological relevance and are less than the within test 

variation accepted in spirometry testing. Furthermore, the observed variability 

(SD of the Z-score) of all of the outcomes was too far from 1, indicating a bad 

overall fit. 

The Tunisian dataset exhibited a statistically significant offset compared 

with the ERS/GLI2012 reference equations [4], which may have lead to an 

underestimation of the LLN. In fact, using FEV1 as an example, the measured 
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offset of - 0.55 Z-scores equated to a mean difference of - 270 mL or 6.95% 

predicted, which was a clinically significant difference. The mean Z-score 

offsets for FVC and FEF75% are equally large and could also be considered as 

physiologically relevant. 

Z-scores indicate how many SDs a measurement is from its reference 

value [4]. Unlike %Ref, they are free from bias due to age, height, sex and 

ethnic group, and are therefore particularly useful in defining the LLN and 

ULN; they also simplify uniform interpretation of test results. In the present 

study there were some weak significant associations between the spirometry 

Z-scores and age for FEV1/FVC and for MMEF, and height for FVC and for 

MMEF. Our results didn’t support the use of the ERS/GLI2012 reference 

equations to interpret spirometry in the Tunisian population. 

Some other authors have tested this kind of association [47, 48]. Hall et 

al. [47] found some weak, but statistically significant, associations between the 

spirometry Z-scores and age, height and sex. In the mutually adjusted 

multivariable models for height, weight, age and sex, Thompson et al. [48] 

observed statistically significant but small relationships for each of the 

spirometry Z-score outcomes (FEV1 Z-scores declined with height and were 

lower in women, FVC Z-scores declined with height, FEV1/FVC Z-scores 

increased with age and were lower in women, MMEF Z-scores were lower in 

women, it decreased with height and increased with age). Hall et al. [47] and 

Thompson et al. [48] considered that the magnitude of any differences related 

to such associations were small and of no physiological importance. 

Thompson et al. [48] advanced two possible mechanisms for the observed 

association: increased variability of spirometry variables with age [60], or that 

the all-age reference equations [60, 61] did not have sufficient data in the 

older age range (i.e. >60 years) to accurately define the change in spirometry 

variable with age. 
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Why didn’t the recent ERS/GLI2012 reference equations fit contemporary 

Tunisian spirometric data? 

 

ERS/GLI2012 datasets were obtained from 72 centers in 33 countries, 

comprising different ethnic groups, including Tunisia [6, 7, 29] and Algeria [9]. 

Four ethnic groups were formed (Appendix 3): Caucasian (n=57395); Black 

(n=3545), South (n=8255) and North (n=4992) East Asian. Tunisian and 

Algerian data [6, 7, 9, 29] (n=1143) were included in the Caucasian group. We 

think that our local North African data (representing 2% of the Caucasian data) 

was diluted. In fact, we have previously demonstrated that the ventilatory 

variables measured in the North African population were significantly different 

from those established in the Caucasian population [6, 7, 9, 29]. 

In conclusion, the results of the current study don’t support the use of 

the ERS/GLI2012 all-age reference equations to interpret clinical and research 

results in contemporary Tunisian subjects. As recommended by some authors 

[47, 48], the analysis presented here is limited to a comparison of Arab 

Tunisian or Mediterranean subjects and the conclusions should not be 

extended to different ethnic populations. 
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IInntteerrpprreettaattiioonn  IInn  TTuunniissiiaann  AAdduulltt  PPooppuullaattiioonn 

ABSTRACT 
Background. Tunisian pulmonary functional laboratories accept the default settings for 
reference equations (European Respiratory Society/European Community for Steel and 
Coal (ERS/ECSC) offered by the manufacturer even though adult Tunisian reference 
equations (Tunisian) are available. The applicability of the recent multi-ethnic reference 
equations derived by the ERS Global Lung Initiative (ERS/GLI) released spirometry 
reference equations in interpreting spirometry data in Tunisian subjects has not been 
studied.  
Objective. To compare the spirometric profile of Tunisian subjects, according to the three 
reference equations and to ascertain, in a healthy group, how well the recent ERS/GLI 
reference equations fit contemporary Tunisian spirometric data.  
Population and methods. Spirometric data were recorded from 1192 consecutive 
spirometry procedures in adults aged 18-60 years. Reference values and lower limits of 
normality (LLN) were calculated using the three reference equations. Applied definitions: 
large airway obstructive ventilatory defect (LAOVD): FEV1/FVC < LLN. Small AOVD 
(SAOVD): FEV1/FVC > LLN and FVC > LLN and MMEF < LLN. Tendency through a 
restrictive ventilatory defect (TRVD): FEV1 and FVC < LLN. The spirometric profile, 
according the three reference equations, was determined. Z-scores for spirometry from 
Tunisian healthy subjects (n=489) were calculated. If the average Z-score deviated by < 
±0.40 from the overall mean, the ERS/GLI reference equations would be considered as 
reflective of contemporary Tunisian spirometry.  
Results. Using Tunisian reference equations, 34%, 7%, 37% and 19% of spirometry 
records were interpreted as normal, and as having, LAOVD, SAOVD and TRVD, 
respectively. Using the ERS/ECSC reference equations, misclassification was worse for 
LAOVD, for SAOVD and for TRVD, respectively, 68%, 94% and 89%. Using the ERS/GLI 
reference equations, misclassification was worse for LAOVD, for SAOVD and for TRVD, 
respectively, 44%, 99% and 59%. The mean±SD Z-scores for the contemporary healthy 
Tunisian subject’s data were -0.55±0.87 for FEV1, -0.62±0.86 for FVC, 0.10±0.73 for 
FEV1/FVC, 4.43±0.69 for FEF75% and 0.07±0.93 for MMEF. Only FEV1/FVC ratio and 
MMEF were well within a range considered to be physiologically irrelevant.  
Conclusion. Our results showed that the use of Caucasian reference equations resulted 
in misinterpretation of spirometry data in a significant proportion of subjects. We also 
didn’t recommend the use of the recent ERS/GLI reference equations to interpret 
spirometry in Tunisian adult population. 
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Appendix 1. Medical questionnaire 

 
 

  



 

40 

 
Appendix 2. Published reference equations for European Community for Steel and 
Coal/European respiratory Society (ECSC/ERS) and for Tunisian populations in Males and 
Females. 
 

Males  Females 
Parameter 

(unit) 
Reference equation 1.64 

SEE 
 Parameter 

(unit) 
Reference equation 1.64 

SEE 
Tunisian reference equations 

Number : 533 
Age range : 18-70 years 
Height range : ? 

 

 Tunisian reference equations 
Number : 444 
Age range : 18-70 years 
Height range : ? 

 

FEV1 (l) =2.2099 x H - 0.0268 
x A + 1.4404 

0.67  FEV1 (l) =2.2099 x H - 0.0268 
x A + 0.6544 

0.67 

FVC (l) =3.4378 x H - 0.0284 
x A + 0.0683 

0.85  FVC (l) =3.4378 x H - 0.0284 
x A - 0.7121 

0.85 

FEV1/FVC 
(absolute 
value) 

=10-2 x (-0.1028 x A + 
85.8237) 

0.09  FEV1/FVC 
(absolute 
value) 

=10-2 x (-0.0938 x A + 
86.3261) 

0.10 

PEF (l.s-1) =1.7806 + 4.3217 x H 
- 0.4437 

2.16  PEF (l.s-1) =1.7806 + 4.3217 x H 
- 0.4437 

2.16 

FEF75% (l.s
-1) =1.4242+ 3.9219 x H 2.23  FEF75% (l.s

-1) = 3.9219 x H - 0.3094 2.23 
FEF50% (l.s

-1) =3.2543 x H - 0.0354 
x A + 1.6619 

1.82  FEF50% (l.s
-1) =3.2543 x H - 0.0354 

x A + 0.6924 

1.82 

FEF25% (l.s
-1) =-0.0214 x A – 

0.0428 x BMI + 
3.7775 

0.92  FEF25% (l.s
-1) =-0.0214 x A – 

0.0428 x BMI + 
3.5490 

0.92 

MMEF (l.s-1) =3.0499- 0.0363 x A 
+ 2.3106 x H 

1.43  MMEF (l.s-1) = - 0.0363 x A + 
2.3106 x H + 1.8066 

1.43 
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Appendix 2. Continued 

Males  Females 
Parameter 

(unit) 
Reference equation 1.64 

SEE 
 Parameter 

(unit) 
Reference equation 1.64 

SEE 
ERS/ECSC reference equations  

Number : ? 
Age range : 18-70 years 

Height range : 1.55 to 19831.95 m 

 ERS/ECSC reference equations 
 

Number : ? 
Age range : 18-70 years 
Height range : 1.45 to 1.80 m 

FEV1 
(l) 

= 4.30 x H – 0.029 x 
A – 2.49 

0.84  FEV1 (l) = 3.95 x H – 0.025 x 
A – 2.60 

0.62 

FVC 
(l) 

= 5.76 x H – 0.026 x 
A – 4.34 

1.00  FVC (l) = 4.43 x H – 0.026 x 
A – 2.89 

0.71 

FEV1/FVC 
(absolute 
value) 

= 10-2 x (- 0.18 x A + 
87.21) 

0.118  FEV1/FVC 
(absolute 
value) 

= 10-2 x (- 0.19 x A + 
89.10) 

0.107 

PEF (l.s-1) = 6.14 x H – 0.043 x 
A + 0.15 

1.99  PEF (l.s-1) = 5.50 x H – 0.030 x 
A - 1.11 

1.48 

FEF75% (l.s
-1) = 5.46 x H – 0.029 x 

A – 0.47 

2.81  FEF75% (l.s
-1) = 3.22 x H – 0.025 x 

A + 1.60 

2.22 

FEF50% (l.s
-1) = 3.79 x H – 0.031 x 

A – 0.35 

2.17  FEF50% (l.s
-1) = 2.45 x H – 0.025 x 

A + 1.16 

1.81 

FEF25% (l.s
-1) = 2.61 x H – 0.026 x 

A – 1.34 

1.28  FEF25% (l.s
-1) = 1.05 x H – 0.025 x 

A + 1.11 

1.13 

MMEF (l.s-1) = 1.94 x H – 0.043 x 
A + 2.70 

1.71  MMEF (l.s-1) = 1.25 x H – 0.034 x 
A + 2.92 

1.40 

For abbreviations, see abbreviations’ list.  
H: height (m); A: age (year); BMI: body mass index (kg.m-2). SEE: standard error of estimation. 
For Caucasians reference values, between 18 and 25 years, take age equal to 25 into the 
reference equations. 
Tunisian reference equations [5], ERS/ECSC reference equations [11]. 
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Appendix 3. Software recommended by the ERS/GLI2012 [4]. 
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Appendix 4. Copy of the spirometric report according to the Tunisian 
reference equations [5].  
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Appendix 5. Copy of the spirometric report according to the ERS/ECSC1983 
reference equations [11]. 
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Appendix 6. Copy of the spirometric report according to the ERS/GLI2012 
reference equations [4]. 

   

 


