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Smoking, shown to be detrimental to health for many years [1-4], has an 

adverse effect on the first second forced expiratory volume (FEV1) throughout a 

lifetime, reducing the maximal FEV1 achieved, bringing forward the age of onset of 

decline in FEV1, and hastening the rate of decline [5]. The single most useful 

intervention to improve lung function in smokers with or without chronic obstructive 

pulmonary disease (COPD) is smoking cessation. One way to increase the quit rate 

in smokers could be to communicate lung function results in a manner that is easily 

understood and stimulates the desire to quit. 

Estimated lung age (ELA) is an estimate that uses the observed spirometric 

variable (often FEV1) of a smoker to calculate the approximate age of a healthy 

nonsmoker with the same spirometric variable based on predicted values, and can 

be a “potent motivator” in smoking cessation counseling [6]. ELA reference equations 

were developed as an aid for smoking cessation counseling [7-10] and the concept 

has been explored in several recent publications. One qualitative study explored 

acceptance of a graphical means to communicate lung function decline caused by 

smoking using a bar graph that compared chronological lung age (CLA) and ELA, 

and found acceptance and better understanding of the concept of the greater rate of 

decline of FEV1 in smokers in this simple depiction [11]. 

Interpretation of “lung age” data relies upon comparison of the CLA values 

with ELA predicted from available published ELA reference equations [7-10]. At our 

knowledge, only four studies have published equations predicting ELA [7-10]. 

Equations predicting ELA were first developed by Morris and Temple in 1985 for USA 

population [7] using earlier American predictive equations for spirometry published in 

1971 [12]. Four models of reference equations determining the ELA were developed 

[7]. The most relevant of the forced expiratory measures to determine ELA values 

was deemed to be FEV1 [7]. In 2010, two other reference equations that predict ELA 

were developed by Newbury et al. [8] for south Australian population and by Hansen 

et al. [9] for USA populations. In 2012, Yamaguchi et al. [10] have developed for 

Japanese population, a novel regression equations predicting lung age from varied 

spirometric parameters.  

These four studies used limited methodology: low sample size (i.e. only 125 

subjects were included in the south Australian study [8]), sample representation 

(i.e. 79% of Morris and Temple [7] subjects were from 2 church groups in rural USA, 
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subjects of the South Australian study [8] maintain a high level of fitness and have 

occasional occupational exposures to smoke when attending fires), use of old data 

(i.e. predictive equations [12] for Morris and Temple study [7] that are the basis of 

the Morris lung age equations are 41 years old. The third National Health and 

Nutrition Evaluation Survey (NHANES-3) [13, 14] data that Hansen et al. [9] 

equations are based on were collected between 1988 and 1994, and are also now 

approximately 20 years old), skewed age distribution (i.e. results of Morris and 

Temple study [7] are biased towards younger ages and the age distribution is 

strongly skewed to the right with over 30% of subjects aged between 20 and 30 

years), use of old equipment and application of old spirometric methods (i.e. 

Morris and Temple [7] and Hansen et al. [9] results were calculated using equipment 

(respectively, stead-wells spirometer and dry rolling-seal spirometer) and methods 

that give lower results than those currently recommended by the ATS [15]. The study 

of Newbury et al. [8] predates the first ATS guidelines on spirometry [16] and not the 

last one of 2005 [17-19]), mathematical and statistical flaws (i.e. the original 

method proposed by Morris and Temple [7] has a couple of mathematical and 

statistical flaws. In addition, in the south Australian study [8], lung age was an 

estimated value based on the population mean. Hansen et al. [9] have applied a 

circular argument: equations predict the actual mean age of the subjects from whom 

they were derived), different models of ELA reference equations (i.e. different 

spirometric parameters were included in the reference equations for ELA: only FEV1 

[7, 8] or FEV1/FVC ratio [9], or various spirometric parameters such as FVC, FEV1, 

FEV1FVC,·PEF, FEF25-75%, FEF50% and·FEF25% [10]), linear function and ageing 

(i.e. no reliable grounds for supporting the idea that the relationship between lung 

ageing and various spirometric parameters can be approximated by the linear 

function [4]), wide variation in ELA (i.e. the variability of south Australian spirometry 

results of normal healthy subjects was quite wide (80-120% predicted) and 

consequently wide variation in ELA exists [8]), and data interpretation (i.e. only two 

authors [7, 10] have proposed an Algorithm for judging the abnormality from 

spirometry ELA with presentation of a recommended sequence to interpret ELA [7] 

or a recommendation to use the upper limit and lower limit of normal (ULN, LLN, 

respectively) [10], as recommended for spirometry [15]).  
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  These methodological shortcomings explain some discrepancies in the 

findings. Indeed, Newbury et al. [8] have shown that Morris and Temple [7] 

equations significantly underestimate CLA in both Australian never-smokers and 

smokers and that ELA new Australian equations [8] produce ELAs that are 

approximately 20 years greater than does the Morris and Temple [7] equation, for 

Australian never-smoking and current smoking males. Of greater concern is that, in 

the smoker subgroup of Newbury et al. [8], the ELA mean by the Morris and Temple 

[7] equations was 12 years lower than the CLA mean, indicating a ‘protective’ effect 

of tobacco smoking. A couple of authors, however, questioned whether the lung age 

was truly useful as a tool for motivating the cessation of smoking [20, 21]. They 

asserted that the lung age calculated from the method of Morris and Temple [7] 

entirely disregarded the variability of FEV1 in normal subjects, thus causing a 

physiologically serious flaw, i.e., the lung age of a normal person whose FEV1 is 

below the reference value but above the lower limit of normal (LLN) is forcibly 

estimated to be older than his (her) CLA, though the ELA of this person should be 

equal to the CLA. This happens because the lung age is calculated by counting back 

the regression equation predicting the reference value, but not the LLN, of FEV1. 

How to evaluate "spirometric" ELA and what method is approvable? This 

question, asked by some authors in 2011 [22], should promote the development of 

ethnic-specific regression equations allowing prediction of ELA in various races. The 

need for normal values specific to North African or Mediterranean populations has 

been demonstrated for several physiological parameters [23-29]. The applicability 

and the reliability of published ELA reference equations [7-10] should be assessed 

as regards North African adult’s population, in order to avoid erroneous clinical 

interpretation of ELA data in this population.  

The aim of the present paper is to test the applicability and reliability of the 

previously published ELA reference equations [7-10] in adult healthy Mediterranean 

population, represented by Tunisian subjects (the null hypothesis is that there will be 

no difference between CLA and ELA mean values). 
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II.1. Study design 

We performed this cross-sectional study over one year period (February 2011-

January 2012) in the two Functional Exploration Laboratories at the Occupational 

Medicine Group of Sousse and at the Department of Farhat HACHED Hospital of 

Sousse (altitude < 100 m), Tunisia.  

 Approval for the study was obtained from the hospital Ethics Committee, and 

written informed consent was obtained from all study participants. 

Anthropometric data, history of cigarettes smoking or narghile use, current 

medications, mains illness and spirometry data were recorded for all subjects.  

II.2. Study population 

II.2.1. Target population 

It consists of a sample of subjects aged 19 years and more, living in Sousse. 

 II.2.2. Population source 

Subjects were recruited from local workers visiting the Functional Exploration 

Laboratory at the Occupational Medicine Group of Sousse, from the staff of the 

Faculty of Medicine and the Farhat HACHED Hospital in Sousse, as well as 

acquaintances of people involved in the study.  

The Functional Exploration Laboratory at the Occupational Medicine Group of 

Sousse offers several explorations (electrocardiogram, visual test, audiogram and 

spirometry) as a routine service to local workers (subjects or patients). Approximately 

4000 spirometry procedures are performed annually and workers are addressed by 

occupational physicians for several reasons: record review of employment, working in 

a risk position (i.e., dust, glue,...), further investigation of a complaint (i.e., dyspnea, 

cough ...), control of a known respiratory illness, cigarettes or narghile smoking. The 

main raison of performing spirometry was undergoing the general health screening 

examination. 

The Functional Exploration Department of Farhat HACHED hospital of Sousse 

offers several explorations (spirometry, plethysmographie, hyperreactivity bronchial 

test, exercise testing,…. ) as a specialized service to local subjects or patients. 

Approximately 5000 spirometry procedures are performed annually and subjects are 

addressed by physicians for several reasons, especially cardiorespiratory complaints. 

Reasons for performing spirometry as well as other clinical details were not 

analyzed further.  
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II.2.3. Sample size 

It was calculated using the following predictive equation [30]: n = (Z².p.q)/∆². n: 

number of subjects necessary. Z: 95% confidence level (Z = 1.96). p: prevalence of 

healthy non-smoker adult population free from aged more than 19, which is of the 

order of 60% in Tunisia according to a recent study [31]. ∆ (precision) = 4.5%. 

According to this formula the number of subjects required was 455.  

II.2.4. Inclusion and non-inclusion criteria  

Only healthy subjects aged between 19 and 90 years, having complete records 

and having a technically acceptable and reproducible spirometry maneuvers were 

included in the study.  

Criteria to define subjects as ‘‘normal’’ or healthy have been discussed in 

previous statements [32, 33]: a healthy person is defined as one in whom there is: i) 

no presence of acute and no past chronic disease of the respiratory system; ii) no 

major respiratory disease, such as congenital anomalies, destructive type of 

pneumonia or thoracic surgery in past medical history; iii) no systemic disease which 

may directly or indirectly influence the respiratory system and general state of health 

(e.g. cardiovascular, neuromuscular, skeletal or renal disease); iv) no history of 

upper respiratory tract infection during 3 weeks prior to investigation; v) normal body 

composition (no underweight, no severe or massive obesity); vi) Lifelong non-

smokers (cigarettes and/or narghile) or no more than incidental smoking experience.  

Added non-inclusion criteria were an abnormal spirometric data (first second 

expiratory volume (FEV1) and/or forced vital capacity (FVC) and/or FEV1/FVC ratio 

lower than the lower limit of normal (LLN)). 

II.3. Collected data 

II.3.1. Dependent variable: CLA  

II.3.2. Independent variable: gender (men, women), anthropometric data 

(age, weight, height, body mass index (BMI)), parity, spirometric data (FVC, FEV1, 

peak expiratory flow (PEF), maximal midexpiratory flow (FEF25-75%), peak expiratory 

flow rate at the x% point of total volume (FVC) to be exhaled, FEF75%, FEF50%, and 

FEF25%), FEV1/FVC ratio, ELAs from the 4 published studies [7-10]. 

II.3.3. Study protocol: welcome and provision of an information sheet; 

completion of medical questionnaire, and anthropometric and spirometric measures. 

II.4. Data collection procedure  
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II.4.1. Medical questionnaire, tobacco use evaluation 

A medical questionnaire recommended for epidemiological research was used 

to assess subject characteristics (smoking, medical, surgical, and gynecologic-

obstetric histories and medication use) [34]. Data were collected using a simplified 

non-validated version of this questionnaire [34]. The last was composed of questions 

put to the subjects in local Arabic dialect. These questions were mainly closed 

questions, usually dichotomous. 

The following data were collected: cigarettes smoking (paquets-years, PY) and 

narghile (narghile-years, NY) use [35-37].  

II.5. Measurement technique and applied definition 

II.5.1. Anthropometric measurements 

The decimal age (accuracy to 0.1 years) was calculated from the date of 

measurement and the date of birth [38]. 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. 

Standing height and weight were measured using a stadiometer and 

expressed to the nearest centimeter and kilogram, respectively.  

BMI (kg.m-2) was calculated. Depending on BMI, we distinguished between 

[39]: underweight (BMI < 18.5), normal weight (18.5 ≤ BMI <25), overweight (25 ≤ 

BMI < 30) and obesity (BMI ≥ 30). The latter was either moderate (30 < BMI <35), or 

severe (35 ≤ BMI <40), or massive (BMI ≥ 40). 

II.5.2. Spirometry measurements  

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 [17], all 

tests were performed, between 9.00 am and 1.00 pm, by only two qualified person 

(one person at each site). 

All subjects performed spirometry on a dry rolling seal spirometer (Spida5; 

Micro Direct, Inc. 803 Webster Street Lewiston, ME 04240). The flow sensor of the 

spirometer, which was calibrated daily with a 3-liter syringe (to ensure performance), 

is a hot-wire anemometer, and the range of air flow linearity is 0.01-16.00 l/s with an 

accuracy of ±3% between 0.01 and 12.00 l/s. 

Spirometry was performed according to the international recommendations 

[17]. The subject was seated comfortably and he/she was instructed to take a full 
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breath in, then to close the lips around the mouth piece and blow out as hard and fast 

as possible. Inspiration should be full and unhurried, and expiration tested should be 

continued without pause. In order to obtain maximal FVC, subject was verbally 

encouraged to exhale as longer as possible. The FVC maneuver 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 objectives end of test criteria used to identify 

a reasonable FVC effort were [17]. i) The subject cannot continue further exhalation. 

ii) 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.  

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

FEF25%, FEF50%, FEF75%, FEF25-75% and PEF (l.s-1), FEV1/FVC ratio (absolute 

value). Spirometric data were expressed at “body temperature, barometric pressure 

saturated with water vapor” [17, 19]. A minimum of three reproducible FVC 

measurements were obtained [17]. FVC and FEV1 of the best 2 of the 3 selected 

measurements should not vary by more than 150 ml. The highest FVC and the 

highest FEV1 were computed, even if the 2 values did not come from the same curve 

[17]. 

LLN for spirometric data were calculated using lower 95% confidence limits 

derived from the local spirometric norms [26-28], and were computed as the 

difference between the predicted value and 1.645 times the standard error of 

estimate (SEE) or residual standard deviation (RSD) of the regression equation [32]. 

Any observed value for FEV1, FVC and FEV1/FVC ratio lower than its corresponding 

LLN was considered abnormal. 

II.6. Statistical analysis 

Expression modes of results 

The Kolmogorov–Smirnov test was used to analyze distribution of variables 

[30]. When the distribution is normal and the variances are equal, the results are 

expressed by their means±standards deviations (SD). If the distribution isn’t normal, 

the results are expressed by their medians (first–third quartiles). The chi-squared test 

was used to compare percentages. Preliminary descriptive analysis included 

frequencies for categorical variables (gender) and means±SD for continuous ones 

(anthropometric and spirometric data). 
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Published ELA reference equations 

 Morris and Temple [7] have developed six reference equations models for the 

USA population aged 20-84 years. 

Men 

ELA = 2.331 x Height (cm) - 40.000 x Observed FVC (l) - 169.640 

ELA = 1.130 x Height (cm) - 31.250 x Observed FEV1 (l) - 39.375 

ELA = 0.411 x Height (cm) - 22.222 x Observed FEF25-75% (l.s-1) + 55.844 

Women 

ELA = 1.887 x Height (cm) - 41.667 x Observed FVC (l) -118.833 

ELA = 1.401 x Height (cm) - 40.000 x Observed FEV1 (l) - 77.280 

ELA = 0.787 x Height (cm) - 33.333 x Observed FEF25-75% (l.s-1) + 18.367 

  Newbury et al. [8] have developed 2 reference equations models for the south 

Australian population aged 25-74 years. 

Men 

ELA = 1.56 x Height (cm) - 33.69 x Observed FEV1 (l) - 85.62 

Women 

ELA = 1.33 x Height (cm) - 31.98 x Observed FEV1 (l) - 74.65 

Hansen et al. [9] have developed one reference equation model for the USA 

population aged 20-80 years. 

ELA = CLA + 3 x (predicted - actual) FEV1/FVC ratio (percentage). 

FEV1/FVC (%) for normal never-smoking adults were independent of ethnicity 

and gender [40, 41] and equal to 98.8 - 0.25 x Age (years) -1.79 x FVC (l).  

Yamaguchi et al. [10] have developed two reference equations models for the 

Japan population aged 25-87 years. 

Men 

ELA = 209.195 - 0.455 x Height (cm) - 11.521 x FEV1 (l) - 0.602 x FEV1/FVC (%) + 

1.956 x FEF50% (l/s) 

Women 

ELA = 234.441 - 0.792 x Height (cm) - 7.295 x FEV1 (l) - 0.610 x·FEV1/FVC  (%) + 

0.301 x PEF (l/s) + 2.647 x FEF50% (l/s) 

Comparison of ELA data of the total sample 

The dependent variable (CLA) was normally distributed. Student’s t-test was 

used to compare CLA versus ELA. 
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We have determined, for each ELA reference equations [7-10] the number (%) 

of healthy subjects with ELA clinically and significantly higher than the CLA. 

According to Yamaguchi et al. [10], ELA is considered clinically and significantly 

higher than the CLA, when the difference (ELA – CLA) is higher than the upper limit 

of normal (ULN): 13.4 years in men or 15.0 in women.  

Comparison with published ELA reference equations  

CLAs were compared with ELAs calculated from the three published reference 

equations [7-10] for the same age range as in the corresponding study, in several 

ways.  

First, as proposed by Bland and Altman [42], comparisons between CLA and 

ELA were performed by means of the limits of agreement, where individual 

differences (CLA minus ELA) were plotted against the corresponding mean value. 

From these data, limits of agreement were then calculated (mean difference between 

CLA and ELA±1.96 SD) [42]. The reference equation that provides the LOA closest 

to zero will be the most appropriate for our population. 

Second, our CLA values were compared with ELA calculated with those 

calculated from published reference equations [7-10] using scatter plots and paired t 

tests.  

Analyses were carried out using Statistica software (Statistica Kernel version 

6; StatSoft, Paris, France). Significance was set at the 0.05 level. 
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III.1. Descriptive data 

 III.1.1. Non-inclusion criteria 

An initial sample of 667 volunteer adults was examined. Non-inclusion criteria, 

presented in detail in Table 1, were found in 127 subjects.  

Table 1. Non-inclusion criteria  
Description  Number  

Acute or past chronic disease of the respiratory system 10 
Major respiratory disease (congenital anomalies, destructive type of 
pneumonia or thoracic surgery in past medical history) 

13 

Systemic disease which may directly or indirectly influence the respiratory 
system and general state of health (e.g. cardiovascular, neuromuscular, 
skeletal, metabolic or renal disease) 

19 

History of upper respiratory tract infection during 3 weeks prior to 
investigation 

9 

Current or past cigarettes or narghile smokers 30 
Abnormal body composition: Underweight 5 

Severe or massive obesity 8 
Abnormal spirometric data FEV1 < LLN 12 

FVC < LLN 10 
FEV1/FVC ratio < LLN  13 

For abbreviations, see abbreviations list. 

III.1.2. Anthropometric data 

Figure 1  shows the age and gender distribution of the 540 healthy subjects 

(176 men). We note a significant large numbers of women included in the age ranges 

between 19.0 and 60.0 years. 

Table 2  exposes the anthropometric data of the included healthy subjects. 

When compared with men, women were significantly more aged, significantly shorter 

and have a significantly higher BMI.  

III.1.3. Spirometric data 

Table 3  exposes the spirometric data of the 540 healthy subjects. Expressed 

in percent of local predicted values, all women measured spirometric data are 

significantly higher than these of men, exception for the FEV1/FVC ratio and FEF50% 

variables. 
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Figure 1. Distribution of the total sample by gender and age ranges. * p < 0.05: men 

vs. women. 

 

Table 2. Anthropometric data 
 Men  

(n=176) 
Women  
 (n=364) 

Total sample 
(n=540) 

Data are mean±SD (95% IC)  
Age  (Year) 45.4±15.5  

(43.1-47.8) 
50.5±11.4*  
(49.3-51.6) 

48.8±13.1 
(47.7-49.9) 

Height  (cm) 166±8  
(165-167) 

163±11* 
(162-164) 

164±10 
(163-165) 

Weight  (kg) 74±12  
(72-76) 

73±12 
(72-74) 

73±12 
(72-74) 

Body mass index   (kg.m-2) 26.8±3.8  
(26.2-27.4) 

27.5±3.5* 
(27.1-27.9) 

27.3±3.6 
(27.0-27.6) 

Parity       (numerical)  5±3 
(4-5) 

 

Data are number (%)  
Normal weight  58 (33%) 88 (24%) 146 (27%) 
Overweight  81 (46%) 178 (49%) 259 (48%) 
Moderate obesity 37 (21%) 98 (27%) 135 (25%) 
*p < 0.05 (student-test): men vs. women. µp < 0.05 (chi-two): men vs. women. 
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Table 3. Spirometric data 
 Men  

(n=176) 
Women  
 (n=364) 

Total sample  
(n=540) 

FEV1 (l) 3.22±0.62  
(3.13-3.32) 

2.97±1.00 
(2.87-3.07)* 

3.05±0.90 
(2.98-3.13) 

(% predicted) 97±11 
(96-99) 

114±21 
(112-116)* 

109±20 
(107-110) 

FVC (l) 3.81± 0.72 
(3.70-3.92) 

3.51±1.19 
(3.38-3.63)* 

3.61±1.07 
(3.52-3.70) 

(% predicted) 95±11 
(93-96) 

114±22 
(112-117)* 

108±21 
(106-110) 

FEV1/FVC (absolute value) 0.85±0.06 
(0.84-0.86) 

0.85±0.06 
(0.84-0.86) 

0.85±0.06 
(0.84-0.85) 

PEF (l.s-1) 7.32±1.58 
(7.08-7.56) 

6.45±2.23 
(6.22-6.68)* 

6.73±2.08 
(6.56-6.91) 

(% predicted) 88±19 
(85-91) 

100±27 
(97-103)* 

96±25 
(94-98) 

FEF25% (l.s-1) 1.99±0.74 
(1.88-2.10) 

1.93±1.16 
(1.81-2.05) 

1.95±1.04 
(1.86-2.04) 

(% predicted) 111±36 
(106-116) 

123±71 
(116-130)* 

119±62 
(114-124) 

FEF50% (l.s-1) 4.69±1.37 
(4.48-4.89) 

4.28±1.54 
(4.12-4.44)* 

4.41±1.50 
(4.28-4.54) 

(% predicted) 103±27 
(99-107) 

108±30 
(105-111) 

107±29 
(104-109) 

FEF75% (l.s-1) 6.68±1.55 
(6.45-6.91) 

5.80±2.42 
(5.55-6.05)* 

6.09±2.21 
(5.90-6.27) 

(% predicted) 92±20 
(89-95) 

102±37 
(98-106)* 

99±33 
(96-102) 

FEF25-75% (l.s-1) 4.04±1.13 
(3.87-4.21) 

3.75±1.60* 
(3.58-3.91) 

3.84±1.47 
(3.72-3.97) 

(% predicted) 102±24 
(98-105) 

113±40 
(109-117)* 

110±36 
(107-113) 

Data are mean±SD (95% IC). *p < 0.05 (student-test): men vs. women.  
 

III.2. Analytical data 

III.2.1. Estimated lung age data 

Table 4  exposes the comparison between CLA and estimated ELA from 

published reference equations.  

Comparison with Newbury et al. reference equation [8] 

As can be noted, ELAs from Newbury et al. reference equation [8]  are 

significantly different from the CLAs (overestimated by 19 years in men, 

underestimated by 4 years in women and overestimated by 4 years in the total 

sample).  

Comparison with Hansen et al. reference equation [9] 
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ELAs from Hansen et al. reference equation [9]  are significantly lower than the 

CLAs (underestimated by 17 years, 16 years and 16 years, respectively for men, 

women and the total sample). 

Comparison with Yamaguchi et al. reference equation [10] 

ELAs from Yamaguchi et al. reference equation [10]  are significantly different 

than CLAs for men and women (respectively overestimated by 9 years and 

underestimated by 5 years). However, the total sample ELA wasn’t statistical different 

from the CLA. 

Comparison with Morris and Temple reference equations [7] 

ELAs from Morris and Temple reference equation model using FEV1 [7]  are 

significantly lower than the CLAs for women and total sample (underestimated by 18 

years and 11 years, respectively). However, the men ELA wasn’t statistical different 

from the CLA. 

ELAs from Morris and Temple reference equation model using FVC [7]  are 

significantly different than CLAs for men and women (respectively overestimated by 

19 years and underestimated by 8 years). However, the total sample ELA wasn’t 

statistical different from the CLA. 

ELAs from Morris and Temple reference equation model using FEF25-75% [7]  

are significantly lower than the CLAs (underestimated by 11 years, 29 years and 23 

years, respectively for men, women and the total sample). 

ELAs from Morris and Temple reference equation model using the mean of the 

three above models [7]  are significantly different than CLAs for men, women and 

total sample (respectively, overestimated by 3 years, underestimated by 18 years 

and underestimated by 11 years). 

Number of healthy subjects with ELA higher than the CLA 

Table 5  presents, according the published ELA reference equations [7-10] , 

the number (%) of healthy subjects with ELA clinically and significantly higher than 

the CLA. The percentages of North African healthy subjects with a clinically and 

significantly ELA higher than the CLA varied from 1% (Newbury et al. [8] ) to 64% 

(Hansen et al. [9] ), from 20% (Yamaguchi et al. [10] ) to 51% (Hansen et al. [9]  and 

Morris and Temple (model using FEF25-75% [7] ), respectively for men and women. For 

the total sample the lowest percentages are seen with Yamaguchi et al. [10]  and 

Newbury et al. [8] , respectively, 14% and 16%. 
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Table 4. Comparison between chronological lung age (CLA) and estimated lung age (ELA) from published reference 
equations. 
 Men 

(n=176) 
Women  
(n=364) 

Total sample  
(n=540) 

CLA  (Year) 45.4±15.5  
(43.1-47.8) 

50.5±11.4  
(49.3-51.6) 

48.8±13.1 
(47.7-49.9) 

ELA from Newbury et al. reference equation  (Year) 64.4±17.9 
(61.8-67.1) µ 

46.8±21.8 
(44.6-49.1) µ 

52.6±22.2 
(50.7-54.4) µ  

ELA from Hansen et al. reference equation  (Year) 28.4±20.6 
(25.3-31.5) µ 

34.0±18.8 
(32.0-35.9) µ 

32.2±19.5 
(30.5-33.8) µ 

ELA from Yamaguchi et al. reference equation  (Year) 54.8±9.2 
(53.4-56.2) µ 

45.1±12.1 
(43.8-46.3) µ 

48.2±12.1 
(47.2-49.3) 

 
 
ELA from Morris and Temple 
reference equations models 
using 

FEV1 (Year) 47.2±16.6 
(44.8-49.7)  

32.2±28.9 
(29.2-35.2) µ 

37.1±26.5 
(34.9-39.3) µ 

FVC (Year) 64.4±24.2 
(60.8-68.0) µ 

42.7±34.3 
(39.2-46.2) µ 

49.8±33.0 
(47.0-52.6) 

FEF25-75% (Year) 34.2±24.4 
(30.6-37.9) µ 

21.7±47.4 
(16.8-26.6) µ 

25.8±41.7 
(22.3-29.3) µ 

The mean of the 3 above models (Year) 48.6±19.1 
(45.8-51.5) µ 

32.2±34.7 
(28.6-35.8) µ 

37.6±31.5 
(34.9-40.2) µ 

Data are mean±SD (95% IC) 

µp < 0.05 (paired-test): CLA vs. ELA from published reference equations (Newbury et al. [8] , Hansen et al. [9] , Yamaguchi et al. [10] , 
Morris and Temple [7] ). 
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Table 5. Number (%) of healthy subjects with ELA higher than the CLA . 
ELA determined from Men (n=176) Women (n=364)  Total sample (n=540) 
Newbury et al. reference equation  2 (1%) 85 (23%) 87 (16%) 
Hansen et al. reference equation  113 (64%) 185 (51%) 298 (55%) 
Yamaguchi et al. reference equation  4 (2%) 74 (20%) 78 (14%) 
Morris and Temple 
reference equations 
models using 

FEV1 17 (10%) 175 (48%) 192 (36%) 
FVC 6 (3%) 139 (38%) 145 (27%) 
FEF25-75% 75 (43%) 186 (51%) 261 (48%) 
The mean of the 3 above models 18 (10%) 154 (42%) 172 (32%) 

Newbury et al. [8], Hansen et al. [9], Yamaguchi et al. [10], Morris and Temple [7]. 
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III.2.2. Graphical comparison with published regression equations 

Figures 2  and 3  show, for the same age range, individually CLA plotted 

against the corresponding ELA value predicted from Morris and Temple [7]  reference 

equations [models using FEV1 (figure 2.A ) or FVC (figure 2.B ) or FEF25-75% (figure 

2.C) or the mean of FEV1 and FVC and FEF25-75% (figure D )], from Hansen et al. [9]  

reference equation (figure 3.A ), from Newbury et al. [8]  reference equation (figure 

3.B) and from Yamaguchi et al. [10]  reference equation (figure 3.C) . As can be seen, 

the data showed wide disparity compared with the identity line.  

Figures 4  and 5  show, for the same age range, the Bland and Altman [42]  

comparisons between CLA and ELA from the published reference equations [7-10] . 

There was a systematic bias between the CLA and ELA values for most of these 

equations; that is to say, the difference with CLA increased as the ELA increased. 

This was particularly evident for the equations from Morris and Temple [7]  (models 

using FEV1, or using FEF25-75%, or using the mean of FEV1, FVC and FEF25-75%) 

(Figures 4.A, 4.C and 4.D, respectively), or from Hansen et al. [9] (Figure 5.A ). The 

correlation between mean differences and mean values was also significant for the 

Morris and Temple equation using FVC as spirometric variable [7] (p<0.001, Figure 

4.B), Newbury et al. [8] (p=0.001, Figure 5.B ). On the other hand, the correlation 

between mean differences and mean values wasn’t significant for the Yamaguchi et 

al. [10]  reference equation (p=0.16, Figure 5.C ). 

Second, as can be deduced from Figures 4 and 5 , there was a difference 

between CLA and ELA determined from these published reference equations, which 

was often statistically significant. Indeed, mean±SD ELA was significantly 

underestimated by 23.0±37.3 years (p<0.001), 16.6±18.7 years (p<0.001), by 

11.8±22.8 years (p<0.001), by 11.4±27.1 years (p<0.001), by 1.9±13.1 years 

(p=0.009), respectively, with the reference equations from Morris and Temple [10]  

model using FEF25-75%, (Figure 4.C) ; from Hansen et al. [9]  (Figure 5.A) ; from Morris 

and Temple [7]  model using FEV1 (Figure 4.A) ; from Morris and Temple [7]  model 

using the mean of FEV1, FVC and FEF25-75%, (Figure 4.D) ; and from Yamaguchi et 

al. [10]  (Figure 5.C ). ELA was significantly was slightly but significantly 

overestimated by 2.8±19.3 years (p<0.01) with the reference equations from 

Newbury et al. [8]  (Figure 5.B) . However, for the total sample data, mean±SD ELA 

derived from Morris and Temple [7]  model using FVC (Figure 4.B)  wasn’t 
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significantly different from CLA (mean±SD = -0.7±29.0 years; p=0.673). When 

examined separately, ELA derived from Morris and Temple [7]  model using FVC was 

significantly underestimated by 7.8±29.1 years (p<0.001) and overestimated by 

18.8±18.7 years (p<0.001), respectively in men and women. 

These results mean that we can reject the null hypothesis that we would see 

no difference in the means of the CLA and ELA produced by the four published 

reference equations [7-10] . 
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Figure 2. Comparison, for the same age range, of chronological lung age 
(CLA) with estimated lung age (ELA) determined from reference equations of Morris 
and Temple [7] models using:  

First second forced expiratory volume (FEV1) (figure A )   
Forced vital capacity (FVC) (figure B )   
Maximal mid-expiratory flow (FEF25-75%) (figure C ) 
The mean of FEV1 and FVC and FEF25-75%. (figure D )  
n=number of subjects having the age range of the ELA study. r: correlation 

coefficient. p: probability. 
Solid line (                ): regression line. Dashed line (              ):  identity line.  
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Figure 3. Comparison, for the same age range, of chronological lung age 

(CLA) with estimated lung age (ELA) determined from reference equations of:  
Hansen et al. [9]  (figure A ) 
Newbury et al. [8]  (figure B ) 
Yamaguchi et al. [10]  (figure C ) 
n=number of subjects having the age range of the ELA study. r: correlation 

coefficient. p: probability. 
Solid line (                ): regression line. Dashed line (              ):  identity line.  
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Figure 4. The Bland and Altman representation, for the same age range, of 

chronological lung age (CLA) with estimated lung age (ELA) determined from 
reference equations of Morris and Temple [7]  models using:  

First second forced expiratory volume (FEV1) (figure A )   
Forced vital capacity (FVC) (figure B )   
Maximal mid-expiratory flow (FEF25-75%) (figure C ) 
The mean of FEV1 and FVC and FEF25-75%. (figure D )  
r: correlation coefficient; p: probability; n=number of subjects of the present 

study in the age range.  
 : Mean;               : mean ± 1.96±SD;                  : regression line. 
The correlation between mean difference (y-axis) and mean value (x-axis) is 

significant in all instances, indicating a proportional error of ELA determined from the 
corresponding reference equation. 
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Figure 5. The Bland and Altman representation, for the same age range, of 

chronological lung age (CLA) with estimated lung age (ELA) determined from 
reference equations of: 

Hansen et al. [9]  (figure A ) 
Newbury et al. [8]  (figure B ) 
Yamaguchi et al. [10]  (figure C ) 
r: correlation coefficient; p: probability; n=number of subjects of the present 

study in the age range.  
 : Mean;               : mean ± 1.96±SD;                  : regression line. 
The correlation between mean difference (y-axis) and mean value (x-axis) is 

significant in all instances, indicating a proportional error of ELA determined from the 
corresponding reference equation. 
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Published and locally applied spirometric reference equations for ELA did not 

reliably predict CLA data in 540 adult’s healthy subjects representing a sample of a 

Mediterranean population. These mean that we can reject the null hypothesis that we 

would see no difference in the means of the CLA and ELA produced by the four 

published reference equations. Our results strongly suggest that existing lung age 

equations [7-10] are in need of review. 

IV.1. Methodology discussion 

 IV.1. Study design 

As for the 4 studies aiming to publish ELA reference equations [7-10], ours 

was not a random population sample. Some caution should be warranted when 

interpreting the results of cross-sectional studies in volunteers, because of a possible 

selection bias and cohort effects [43]. Thus, longitudinal studies analysed by 

appropriate statistical models are necessary to correctly describe the functional 

changes associated with age [18].  This was recently demonstrated by Newbury et 

al. [44] who conclude that lung age estimates using six predictive equations 

spanning 50 years show differences attributable to cohort and period effects.  

Although no statistical methods were used to choose the subjects, the number 

of subjects studied and the fact that many private or government-owned firm in 

different areas of Sousse (Tunisia) were included give a reasonable degree of 

confidence in the data.  

IV.2. Population source 

Like the Japanese study [10], ours was a prospective study. The three other 

studies were retrospective’s types (table 6). Our recruitment mode was similar to 

these of the Japanese study [10] (table 6). The greater percentage (85%) of our 

participants was sorted from those undergoing the general health screening 

examination at the Functional Exploration Laboratory at the Occupational Medicine 

Group of Sousse. 

IV.3. Sample size and characteristics  

In a recent study [38] aiming to establish the number of local subjects required 

to validate published reference values, it was found that at least 150 men and 150 

women would be necessary to validate reference values to avoid spurious 

differences due to sampling error. Our calculated sample size (n=540) appears to be 

satisfactory since the calculated one is 455 subjects. It was higher than the sample 

size of Newbury et al. study [8] (n=125), but was smaller than in the three other 
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studies [n=988; n=7428 and n=8015, respectively for the studies of Morris and 

Temple [7] of Hansen et al. [9] and of Yamaguchi et al. [10] (table 6). 

Like in the Japanese study [10], our sample was dominated by women 

(respectively, 68.8% and 67.4%). In the three other studies, the percentage of 

included women were, 47.7%, 52.8% an 59.0%, respectively in the studies of Morris 

and Temple [7], of Newbury et al. [8] and of Hansen et al. [9] (table 6). 

Like the Australian sample [8], ours was evenly age-stratified (figure 1). The 

Morris and Temple [7] sample was strongly skewed to the right with over 30% of 

subjects in the youngest 10 year age bracket.  

IV.4. Applied inclusion and non-inclusion criteria 

 As it is recommended for such epidemiological study, we have included only 

health adults as defined by international guidelines [32, 33]. The applied inclusion 

and non-inclusion are different from one study to another (table 7). Only Yamaguchi 

et al. [10] have assessed smoking durations or habits or exposure to second-hand 

smoke or environmental exposures.  

IV.5. Spirometry measurements  

 As for the study of Yamaguchi et al. [10], and in contrast of the three other 

published studies [7-9] we have applied the recent international guidelines for 

spirometry published in 2005 [17-19]. 

 IV.6. Comparison with published reference equation 

At our knowledge, the present study is the first one who tested the reliability of 

the published reference equations for ELA [7-10] on healthy adult population having 

different race (Arab’s race) than the races explored in other studies (table 6). In 

addition, in our study, all Morris and Temple’s equations [7] are checked, which has 

been done at the first time in the literature. All previous studies [8-10] have focused 

on Morris’s and Temple‘s model using FEV1 [7]. 



Discussion 

23 
 

Table 6. Published spirometric reference equation for estimated lung age (ELA)  
Age, Age 

distribution, 
Race, Number, 

Gender 

Data source/ Date of 
data collection/Type of 

spirometer 

Statistical analysis ELA equation 
Mean height 

USA (year: 1985): Morris and Temple [7] 
20-84 years 
 
Age distribution 
strongly skewed 
to the right 
 
Caucasian 
 
All         : 988 
Men      : 517 
Women: 471 

Data collected from 
normal values 
published in 1971 [12]. 
Spirometer: Stead-
Wells spirometer  

Two methods: 
1. Rearrangement of the prediction 
equations to solve for lung age. The 
values for height and the observed 
test result are substituted in the 
appropriate test equations and 
solved for age. 
1. Nomogram: place a straight 
edge connecting the individual’s 
height and test value and read the 
intersecting value for age. 
 
To determine the relative validity of 
each spirometric test or 
combination of tests for the ELA, 
the SE for each test or combination 
was determined. The ELA for any 
test combination was the mean 
value of the individual lung ages for 
all the selected tests used in the 
combination. The SE was obtained 
by comparing the ELA for each 
spirometric test and combination of 
tests with the CLA. The smallest 
SE, representing the best value, 
was for the FEV1. 

Men 
(mean height: 178 cm) 

Model 1. 
ELA=2.331xH-40.000xObs FVC (l)-169.640 
ESE=0.74 
Model 2. 
ELA=1.130xH-31.250xObs FEV1 (l)-39.375 
ESE=0.55 
Model 3. 
ELA=0.411xH-22.222xObs FEF25-75% (l.s-

1)+55.844 
ESE=0.12 

Women 
(mean height: 163 cm) 

Model 1. 
ELA=1.887xH-41.667xObs FVC (l)-118.833 
ESE=0.52 
Model 2. 
ELA=1.401xH-40.000xObs FEV1 (l)-77.280 
ESE=? 
Model 3. 
ELA=0.787xH-33.333xObs FEF25-75% (l.s-

1)+18.367 
ESE=0.80 
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Table 6. Continued 
USA (year: 2010): Hansen et al. [9] 

20-80 years  
 
African-
American (black) 
European-
American (white) 
Mexican-
American (Latin) 
 
All: 7428 
Men 
Caucasian  : 898 
African-
Americain  :1027 
Mexican-
American  : 1116 
Women 
Caucasian: 1383 
African-
American  : 1481 
Mexican-
American  : 1523 

Data collected from the 
NHANES-3 [14, 45]. 
Selection (according 
ATS recommendation 
[46]) of 9353 self-
identified adults with 
satisfactory spirometry 
material). 
Spirometer: dry rolling-
seal spirometer. 

They calculated and graphed for 
each gender, mean values of all 
White Non-smokers (NS) of decade 
3 and current-smoker (CS) of 
decade 8. This allowed ascertaining 
the effect of aging and smoking on 
FEV1, FEV6, and FVC and thus the 
changes in %FEV1/FEV6 and 
%FEV1/FVC over 5 decades, i.e. 
from NS men and women at age 
25.2±3.0 years and from CS men 
and women at age 74.4±3.0 years. 
As the declines in %FEV1/FEV6 and 
%FEV1/FVC with age are quite 
linear, these differences of 49 
years/17% = 2.9 yrs/1% = ~ 3 yrs/% 
and 49/12% = 4.1 years/1% =~ 4 
years/%, respectively.  

Model 1. 
ELA=CLA+3x(predicted-actual) FEV1/FVC 
FEV1/FVC in percentage 
Model 2. 
ELA=CLA+4x(predicted-actual) FEV1/FEV6 
FEV1/FEV6 in percentage 
 
For normal NS adults, FEV1/FVC and 
FEV1/FEV6 are independent of ethnicity and 
gender [40, 41]. 
FEV1/FVC (%)=98.8-0.25xA-1.79xFVC (l) 
FEV1/FEV6 (%)=96.9-0.189xA-1.524xFEV6 (l) 

Australia (year: 2010): Newbury et al. [8] 
25-74 years. 
 
Australian 
sample age-
stratified. 
Caucasian  
All       : 125 

Predictive equations 
developed from a pilot 
study. 
Volunteers recruited 
from the broad semi-
rural community in 
South Australia by 

Same methods described by Morris 
et Temple [7] with the equations 
being solved for age. 

Men 
(mean height: 175.9 cm) 

ELA=1.56xH-33.69xObs FEV1 (l)-85.62 
Women 

(mean height: 164.5 cm) 
ELA=1.33xH-31.98xObs FEV1 (l)-74.65 
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Men      : 59 
Women: 66 
 

advertising in the local 
media and the snowball 
technique. 
Data collected in 2007. 
Spirometer: pneumo-
tachograp (jaeger)  

Japan (year: 2012): Yamaguchi et al. [10] 
25- 87 years 
Men: 54.2±11.5 
years 
Women: 
53.3±10.4 years  
 
Asian 
 
All         : 8015 
Men      : 2496 
Women: 5519 

Prospective study: 
participants sorted from 
those undergoing the 
general health 
screening examination 
at the Japanese Red 
Cross Kumamoto 
Health Care Center. 
 
Data collected during 2 
years (april 2008-march 
2010). 
 
Spirometer: electric 
spirometer (DISCOM-
21 FX, CHEST Co., 
Tokyo, Japan), 

Hypothesis: lung age (objective 
variable) would be predicted from a 
function including height and 
various spirometric parameters as 
explanatory variables and defined it 
as spirometry-derived lung age 
(SDL-age) equal to ELA; 
ELA = a0 + a1 x H + a2 x FVC + a3 
x·FEV1 + a4 x FEV1FVC + a5 x·PEF 
+ a6 x·FEF25-75% + a7 x·FEF50% + a8 
x·FEF25% 

 

ai (i = 1 to 8): partial regression 
coefficient for a particular 
explanatory variable. a0: invariable 
constant. 
 
Coefficients of ai are decided by 
applying the multiple regression 
analysis with the least-squares 
minimization to the data, in which 
ELA was replaced by CLA.  
 
Multicolinearity between variables 
was examined in cooperation with 

Men 
(mean height: 168.1±6.4 cm) 

 
ELA=209.195-0.455xH-11.521xFEV1-
0.602xFEV1/FVC+1.956xFEF50% 
 
Adjusted-R2:0.50 
 
ULN and LLN: ±13.4 years 
 

Women 
(mean height: 155.9±5.8 cm) 

 
ELA=234.441-0.792xH-7.295xFEV1-
0.610xFEV1/FVC+0.301xPEF+2.647xFEF50% 

 
Adjusted-R2: 0.42 
ULN and LLN: ±15.0 years 
 
FEV1/FVC in percentage. 
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the variance-inflation-factor analysis 
[47]. 
 
The overall agreement between 
ELA and CLA was judged by the 
coefficient of determination adjusted 
for degrees of freedom. 
 
The normal limits, i.e., ULN and 
LLN for the disparity between ELA 
and CLA, defined as ∆LA, was 
evaluated with the standardized 
residual called Z-score [47]. The 
ULN and LLN were assumed to be 
equal to 95th and 5th percentiles of 
Z distribution, corresponding to Z-
scores of ±1.64, respectively. The 
issue of whether ∆LA followed the 
normal distribution was examined 
by means of the Kolmogorov-
Smirnov and Shapiro-Wilk tests. 

H: height (cm). A: age (year). SE: standard error. ESE: standard error of estimated. CLA: chronological lung age. LLN: lower limit of 
predicted normal value. ULN: upper limit of predicted normal value. Obs: observed. NHANES-3: third national health and nutrition 
evaluation survey. For the rest of abbreviations, see abbreviation list. 
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Table 7. Limits, validity groups and interpretation methods of the published spirometric reference equation for estimated 
lung age (ELA). 

USA (year: 1985): Morris and Temple [7] 
Limits Inclusion/non-inclusion criteria, validity group and Interpretation 

method 
Old data: predictive equations [12] that are the basis of the 
Morris lung age equations are 41 years old.  
Old equipment and methods: respiratory testing 
equipment and procedures have been progressively refined 
over the last 41 years in line with recommendations that 
have been regularly updated by the ATS [17]. Morris et al. 
[12] results were calculated using equipment (Stead-Wells 
spirometer) and methods that give lower results than those 
currently recommended by the ATS [15].  
Not a representative sample: 
79% of subjects were from 2 church groups in rural USA. 
The doctrines of these churches forbid tobacco smoking, 
the intake of alcohol or caffeine as well as advocating a 
vegetarian diet.  This sample can’t be described as 
representative of a ‘normal’ current day population.  
Skewed age distribution: results are biased towards 
younger ages and the age distribution is strongly skewed to 
the right with over 30% of subjects aged between 20 and 
30 years. 

INCLUSION/NON-INCLUSION CRITERIA 
Not defined? 

VALIDITY GROUP 
A different population was examined (hospital employees and patients 
with a diversity of pulmonary function). Data from a retrospective 
study [303].  
Population was classified into a normal and abnormal group based on 
answers to a respiratory health questionnaire and spirometry results. 
Normal group: ELA = CLA. 
Abnormal group: ELA > CLA.  
 

INTERPRETATION METHOD 
It is desirable to combine tests to avoid reliance upon a single test. 
The ELA for any combination of the components of the FVC is the 
mean value of the individual lung ages for all the selected tests in the 
combination. 
 
Recommended sequence: identify a cigarette smoker, perform 
spirometry, if FEV1 is < LLN, determine the ELA.  

USA (year: 2010): Hansen et al. [9] 
Circular argument: Hansen equations predict the actual 
mean age of the subjects from whom they were derived. 
Old data: the NHANES-3 data that Hansen et al. [9] 
equations are based on are 20 years old (collected 
between 1988 and 1994).  
Statistical analysis: perhaps the selection of 4 years for 

INCLUSION/NON-INCLUSION CRITERIA 
Non-inclusion criteria: spirometry judged “unusable”, age > 80 years, 
race/ethnicity, cigarette, cigar, or pipe smokers, smoked cigarettes, 
cigars, and/or pipes during the 5 days prior to exam, asthma, chronic 
bronchitis, emphysema, lung cancer, whistling and/or wheezing in 
chest in last 12 months, whistling and/or wheezing in chest, apart 



Discussion 

28 
 

each % reduction in FEV1/FEV6 and 3 years for each % 
reduction of FEV1/FVC to assess ELA is imperfect.  
Possibly 5 or 2 years would be better multipliers. 

from colds, persistent cough, persistent phlegm production, moderate 
shortness of breath  

VALIDITY GROUP 
Two white groups: 5835 non-smoker (NS) and 3518 current-smoker 
(CS) 
NS group: ELA < CLA 
CS group: ELA > CLA  
For all decades, CSs differed from NSs by 7-28 years (p< 0.0001) 

INTERPRETATION METHOD 
Not defined  

Australia (year: 2010): Newbury et al. [8] 
Old guidelines: study predates the first ATS guidelines on 
spirometry [16]. 
Low sample size: 125 subjects. 
Not a representative sample: subjects aren’t 
representative of a normal population. They maintain a high 
level of fitness but contrarily have occasional occupational 
exposures to smoke when attending fires.  
Population mean data: lung age is an estimated value 
based on the population mean. This has potential 
difficulties when predicting values for individuals. 
Wide variation in ELA: the variability of spirometry results 
of normal healthy subjects is quite wide (80-120% 
predicted) and consequently wide variation in ELAs exists. 
LLN not mentioned: there continues to be considerable 
debate about use of LLN or percent predicted. 

INCLUSION/NON-INCLUSION CRITERIA 
Research methodology was described in the literature [48]. 
Inclusion criteria: Caucasian, age: 25-74 years. 
Non-inclusion criteria: current or previous history of asthma, chronic 
lung disease, current acute respiratory infection, current smokers, 
past smokers (> 10 cigarettes/day for more than 5 years). 

VALIDITY GROUP 
Two male groups of unpublished dataset  
Never-smokers (n=340) 
Australian equation [8]: 
(CLA-ELA) = +1.6 years, difference not statistically significant.  
Morris and Temple equation (model using FEV1) [7]: 
(CLA-ELA) = -18.1 years, difference statistically significant. 
Current smokers (n=50) 
Australian equation [8]: 
(CLA-ELA) = +7.5 years, difference not statistically significant.  
Morris and Temple equation (model using FEV1) [7]: 
(CLA-ELA) = -12.4 years, difference statistically significant. 

INTERPRETATION METHOD 
Not defined  

Japan (year: 2012): Yamaguchi et al. [10] 
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Linear function and ageing: no reliable grounds for 
supporting the idea that the relationship between lung 
ageing and various spirometric parameters can be 
approximated by the linear function. Kohansal et al. [4] 
demonstrated that, in the male, peak of FEV1 or FVC would 
be attained at an age between 20 and 25 years-old and 
then declined with age, but, in the female, full lung growth 
would be achieved earlier than the male. 

INCLUSION/NON-INCLUSION CRITERIA 
Inclusion criteria: healthy never-smokers, normal spirometric 
measurements 
Non-inclusion criteria: occupational history exposed to either biomass 
fuels or dusts, conspicuous respiratory symptom (dyspnea on 
exertion, nocturnal dyspnea, cough, sputum, or wheezing were 
selected), cardiovascular disease, respiratory disease (lung cancer, 
bronchial asthma, chronic obstructive pulmonary disease, interstitial 
lung disease, infiltrative lung disease, bronchiectasis) 

VALIDITY GROUP 
Groupe 1: 6398 participants (2074 men, 4324 women, aged between 
22 and 89 years-old). 
Acceptable agreement between ELA and CLA in either gender. 
Relationship between (CLA-ELA predicted) and CLA was 
Men: CLA = −0.25 + 0.97·x (CLA-ELA) 
Women: CLA = −3.59 + 1.06·x (CLA- ELA)  
Frequency of participants in whom (CLA-ELA) exceeded the ULN or 
LLN: 12.2% (men) and 11.4% (women). 
Groupe 2: 446 NS subjects (197 men, 249 women, aged between 20 
and 85 years-old, with a FEV1/FVC ratio < LLN, seemingly satisfying 
the criteria of airflow limitation).  
Three categories depending on FEV1%pred (measured 
FEV1/predicted FEV1): 

Grade, number FEV1 %pred Average (CLA-ELA)  
I (n=248) 80% ≤  +6.7 years 
II (n=170)      50%-80% +10.7 years 
III (n=28) 30%-50% +22.4 years 

INTERPRETATION METHOD 
Algorithm for judging the abnormality from spirometry-derived lung 
age was provided with Three-step procedure: 
Examine whether the disparity between ELA and CLA of a person in 
question (CLA-ELA) exists within normal limits formed by ULN and 
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LLN, i.e., ±13.4 years in men and ±15.0 years in women.  
(1) LLN < (CLA-ELA) < ULN: ELA is consistent with CLA  
(2) (CLA-ELA) > ULN: ELA is older than the CLA.  
(3) (CLA-ELA) < LLN: ELA is younger than the CLA. 

CLA: chronological lung age; LLN: lower limit of predicted normal value. ULN: upper limit of predicted normal value. For the rest of 
abbreviations, see abbreviation list. 
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IV.2. Results discussion 

There was a significant difference between CLA and ELA determined from the 

four published reference equations [7-10] (figures 4 and 5). Indeed, mean±SD ELA 

(in years) was significantly underestimated by 16.6±18.7, by 11.8±22.8, by 1.9±13.1, 

respectively, with the reference equations of Hansen et al. [9]; of Morris and Temple 

[7] model using FEV1; and of Yamaguchi et al. [10]. ELA was significantly but slightly 

overestimated by 2.8±19.3 years with the reference equations from Newbury et al. 

[8]. These results mean that we can reject the null hypothesis that we would see no 

difference in the means of the CLA and ELA produced by the four published 

reference equations [7-10].  

How can we explain these differences? There are several possible reasons for 

this significant result and it is possible that all play a role.  

IV.2.1. Methodological reasons 

Low sample size: according to a recent study [17] aiming to establish the 

number of local subjects required to validate published reference values, it was found 

that at least 150 men and 150 women would be necessary to validate reference 

values to avoid spurious differences due to sampling error. This condition wasn’t 

applied in the south Australian study [8] where only 125 subjects were included 

(table 6).  

Sample representation and race: 79% of subjects included in the Morris and 

Temple study [7] were from 2 church groups in rural USA. The doctrines of these 

churches forbid tobacco smoking, the intake of alcohol or caffeine as well as 

advocating a vegetarian diet. Subjects included in the South Australian study [8] 

maintain a high level of fitness but contrarily have occasional occupational exposures 

to smoke when attending fires. These samples [7, 8] can’t be described as 

representative of a ‘normal’ current day population and may not be representative of 

a normal population. The south Australian sample was drawn from the broad rural 

community, targeting non-smokers with no history of lung disease [8, 48]. In the 

Yamaguchi et al. [10] study, participants sorted from those undergoing the general 

health screening examination at the Japanese Red Cross Kumamoto Health Care 

Center. 

Several studies [17-19] have demonstrated ethnic differences in pulmonary 

function, and ELA reference equations based on American [7, 9], Australian [8], or 
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Japanese [10] populations may not perform well on Tunisian or Mediterranean 

population [26, 28].  

Use of old data: guidelines for spirometry [17] recommend that predictive 

equations should be derived from a ‘relevant’ population and should be updated at 

least every 10 years. These recommendations should equally apply to ELA 

equations. Predictive equations [12] for Morris and Temple study [7] that are the 

basis of the Morris lung age equations are 41 years old. The third National Health 

and Nutrition Evaluation Survey (NHANES-3) [13, 14] data that Hansen et al. [9] 

equations are based on were collected between 1988 and 1994, and are also now 

approximately 20 years old. The cohort effect suggests that a 40 year-old today will 

not be the same as someone of the same age 40 years ago due to demographic and 

environmental differences [32]. 

Skewed age distribution: results of Morris and Temple study [7] are biased 

towards younger ages and the age distribution is strongly skewed to the right with 

over 30% of subjects aged between 20 and 30 years. One of the strengths of the 

south Australian sample [8] was that it was evenly age-stratified, resulting in 

predictive equations that are equally relevant across the whole age range.  

Use of old equipment and application of old spirometric methods: 

respiratory testing equipment and procedures have been progressively refined over 

the last 41 years in line with recommendations that have been regularly updated by 

the American thoracic society and European respiratory society (ATS/ERS) [17-19]. 

Morris and Temple [7] and Hansen et al. [9] results were calculated using equipment 

(respectively, stead-wells spirometer and dry rolling-seal spirometer) and methods 

that give lower results than those currently recommended by the ATS [15]. The study 

of Newbury et al. [8] predates the first ATS guidelines on spirometry [16] and not the 

last one of 2005 [17-19]. Only the study of Yamaguchi et al. [10] predates recent 

ATS/ERS spirometry guidelines [17-19]. 

Other, not evaluated factors, known to influence lung function: other 

factors that also influence lung function throughout life (gestational age at birth [49], 

genetics [50], childhood infections [51], and environmental factors such as air quality 

and workplace exposures [52] weren’t evaluated. Also, act, the relationship ELA and 

parity, a particular factor in developing nations [4.3 in Tunisia [53]; 1.6 in Europe and 

North America [54]] has not been analyzed. In previous studies [26-28], some 

authors have demonstrated that high parity accelerates decline in pulmonary 
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function: FEV1 decreases by 84 ml when parity increased by one unit. For developing 

countries, estimating lung age for women should take in consideration parity level.  

IV.2.1. Statistical reasons 

Mathematical and statistical flaws: although the original method proposed 

by Morris and Temple [7] has undoubtedly contributed toward the smoking-cessation 

program [55], it has a couple of mathematical and statistical flaws. Since the ELA 

from spirometric measurements is absolutely important when considering the 

enlightenment concerning chronic obstructive pulmonary disease (COPD) and 

smoking cessation, it is indispensable to establish the reliable method allowing 

estimation of spirometric lung age [22, 56]. In addition, in the south Australian study 

[8], lung age was an estimated value based on the population mean. This has 

potential difficulties when predicting values for individuals. This was demonstrated by 

the large standard deviations of ELA for never-smokers (18.66 years) or current-

smokers (22.52 years) derived from the Australian ELA reference equation [8]. 

Hansen et al. [9] have applied a circular argument: equations predict the actual mean 

age of the subjects from whom they were derived.  

Different models of ELA reference equations: Morris and Temple [7] and 

Newbury et al. [8] have included FEV1 in their reference equations and have 

presented different models form men and women. Hansen et al. [9] have chosen to 

include only FEV1/FVC or FEV1/FEV6 ratios, that are independent of ethnicity and 

gender [40, 41]. Yamaguchi et al. [10] have included various spirometric parameters 

as explanatory variables such as FVC, FEV1, FEV1FVC,·PEF, FEF25-75%, FEF50% 

and·FEF25%. It is indistinct whether the lung age can be reliably predicted simply from 

one spirometric parameter, often FEV1 [56]. Furthermore, the backward calculation of 

age from the regression equation for the reference value of FEV1 may not be allowed 

in a statistical sense [22, 56, 57]. How to evaluate "spirometric" ELA and what 

method is approvable? This question was asked by some authors in 2011 [22]. 

Linear function and ageing: no reliable grounds for supporting the idea that 

the relationship between lung ageing and various spirometric parameters can be 

approximated by the linear function. Concerning this issue, however, Kohansal et al. 

[4] demonstrated that, in the male, peak of FEV1 or FVC would be attained at an age 

between 20 and 25 years-old and then declined with age, but, in the female, full lung 

growth would be achieved earlier than the male. 
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Wide variation in ELA: the variability of south Australian spirometry results of 

normal healthy subjects was quite wide (80-120% predicted) and consequently wide 

variation in ELA exists [8]. 

IV.2.3. Data interpretation ways 

Only two authors [7, 10] have proposed an Algorithm for judging the 

abnormality from spirometry ELA. Morris and Temple [7], have presented a 

recommended sequence to interpret ELA. Yamaguchi et al. [10] have recommended 

to use the upper limit and lower limit of normal (ULN, LLN, respectively) method 

recommended by ATS/ERS spiromeetry guideline [15].  

IV.3. How to evaluate "spirometric" ELA for Mediterranean population? What 

method is approvable?  

First of all, our results strongly suggest that existing equations for ELA [7-10] 

are in need of review. These results further confirm the need to use modern lung age 

equations which will provide a stronger message in smoking cessation 

counselling.That is to say that their use in Mediterranean population induces 

erroneous clinical interpretation of ELA. So, and as it is recommended by 

international guidelines [18] that encourage investigators to develop and publish 

specific spirometric reference equations for healthy individual, it’s time to set the 

Mediterranean ELA reference equations.  

Second, from the four published reference equations [7-10], and waiting the 

establishment of reliable equation for Mediterranean population, we recommend the 

use of the equation presented by Yamaguchi et al. [10] for healthy subjects aged 

25-87 years. Our recommendation is based on the following four reasons: 

The Yamaguchi et al. [10] study, the only prospective one, concerns the 

biggest sample size (Table 6).  

The study methodology and the statistical approach to determine the best 

reference equation are very satisfying (Table 6).  

Since the prediction equations include FEV1/FVC and FEF50% as explanatory 

variables, they are expected to be sensitive to the functional abnormality caused by 

the interstitial lung pathology, as well [10]. 

Yamaguchi et al. [10], were the only authors who have presented a clear 

algorithm for judging the abnormality from spirometry-derived lung age (Table 7).    

When applied in our Mediterranean healthy adult’s population, the total sample 

CLA was equal to ELA determined from the Japanese equations [10] (Table 4). Also, 
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among the four published studies [7-10], Yamaguchi et al. [10] study’s gives the 

lowest percentage of subjects with ELA clinically and significantly higher than the 

CLA (Table 5). Moreover, the Japanese study [10] provides the lowest difference 

between CLA and ELA (1.9±13.1 years) (Figure 5.C). 

In practice, we would recommend the five-step procedure when judging the 

abnormality in ELA (Figure 6), 

1. Identify a cigarette smoker 

2. Perform spirometry 

3. Determine the ELA according the following equations published by Yamaguchi et 

al. [10]: 

Men: ELA = 209.195 - 0.455 x Height (cm) - 11.521 x FEV1 (l) - 0.602 x FEV1/FVC 

(%) + 1.956 x FEF50% (l/s) 

Women: ELA = 234.441 - 0.792 x Height (cm) - 7.295 x FEV1 (l) - 0.610 x·FEV1/FVC 

(%) + 0.301 x PEF (l/s) + 2.647 x FEF50% (l/s) 

4. Calculate the LLN (subtract 13.4 years in men or 15.0 years in women from the 

ELA) and the ULN (add 13.4 years in men or 15.0 years in women to the ELA) values 

of the ELA 

5. Three situations are possible: 

A. LLN < (CLA-ELA) < ULN: ELA is consistent with CLA  

B. (CLA-ELA) > ULN: ELA is older than the CLA.  

C. (CLA-ELA) < LLN: ELA is younger than the CLA. 
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Figure 6. Five-step procedure for judging the abnormality of estimated lung age 

(ELA). See abbreviations list for the abbreviations.  
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ABSTRACT 
Introduction.  Interpretation of “lung age” data relies upon comparison of the 
chronological lung age (CLA) with the estimated lung age (ELA) predicted from 
published reference equations (Morris and Temple1985, Newbury2010, 
Hansen2010, Yamaguchi2012).  
Aim.  To test the applicability of the published reference equations in healthy 
non-smoker Tunisian aged 19-90 years.  
Population and Methods.  Published reference equations were applied to the 
spirometry results of 540 adults (364 women). Two methods of comparison were 
applied: i) Determination, according each equation, of the percentages of 
subjects having a deltaLungAge (=ELA-CLA) > upper-limit-of-normal (ULN). ii) 
Bland and Altman comparison, for the same age range as in the corresponding 
study, between CLA and ELA.  
Results.  The mean±SD (95% confidence interval) of the total sample CLA and 
height were 48.8±13.1 (47.7-49.9) years and 164±10 (163-165) cm. i) The 
percentages of healthy subjects with a deltaLungAge > ULN varied from 1% 
(Newbury) to 64% (Hansen) in men, and from 20% (Yamaguchi) to 51% 
(Hansen, Morris and Temple) for women. ii) Mean±SD ELA was significantly 
underestimated by 17±19 years (Hansen), by 12±23 years (Morris and Temple) 
and was significantly overestimated by 4±19 years (Newbury). Mean�SD ELA 
from Yamaguchi2012 wasn’t statistical different from the CLA (1±14 years). 
Conclusion.  The published reference equations didn’t reliably predict CLA data 
in Tunisian population. Waiting the establishment of reliable equation proper to 
North African population, we recommend the use of the Yamaguchi2012 
reference equations. 
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