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R E S E A R C H  A R T I C L E

Regular aeromedical examinations are performed to pre-
vent—to the highest degree possible—in-flight medical 
events.22 An in-flight medical event, when severe 

enough, may lead to pilot incapacitation and jeopardize flight 
safety.11 Studies show annual incapacitation rates from 0.25% in 
general commercial aviation to 1.5% in fatal aviation accidents.7,17 
The most common categories of in-flight medical incapacitat-
ing events are of cardiovascular and neurological origin.3,17,24 
Other causes of in-flight medical events are gastro-intestinal 
complaints, psychiatry, and pulmonary problems.4,7

All military aeromedical examinations in the Royal Nether-
lands Air Force (RNLAF) are performed at the Center for Man 
in Aviation (CMA). The Military Aviation Regulations (MAR-
FCL) are based upon the regulations imposed by the European 
Aviation Safety Agency, although they are more stringent in 
some respects.5,14 According to both sets of regulations, appli-
cants with significant impairment of pulmonary function shall 
be assessed as unfit. They state that a pulmonary function test 

(PFT) must be performed and an FEV1/FVC ratio , 0.7 requires 
evaluation by a pulmonary specialist.6,14 This commonly used 
fixed cutoff value for the FEV1/FVC ratio was introduced by the 
Global Initiative for Chronic Obstructive Lung Disease guide-
lines in the early nineties as a “rule of thumb.”8 However, many 
studies have shown that defining the lower limit of normal 
(LLN) as this fixed ratio leads to extensive under- and over 
diagnosing in, respectively, younger and older adults.2,10,23 This 
implies that using the fixed FEV1/FVC ratio can lead to 
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 INTRODUCTION:  Many regulations for aeromedical assessments state that a ratio between forced expiratory volume in one second (FEV1) 
and forced vital capacity (FVC) of , 0.7 should be evaluated by a pulmonary specialist. The Global Lung Initiative (GLI) 
reference values introduced the lower limit of normal (LLN 2.5), in which the lowest 2.5% of the population is regarded 
as abnormal, instead of a fixed ratio. This study assesses the impact of adopting GLI reference values on aeromedical 
evaluation and referrals.

 METHODS:  The Royal Netherlands Air Force performed 7492 aeromedical assessments between February 2012 and April 2017. 
Cases with FEV1/FVC , 0.7 from three groups were selected: 1) men , 25 yr; 2) men . 40 yr; and 3) women, with twice 
as many matched controls. Pearson's Chi-squared and Fisher’s exact tests were used to analyze the data.

 RESULTS:  From the database, 23 (group 1), 62 (group 2), and 7 (group 3) cases were selected, with 184 controls. Respectively, 17%, 
84%, and 29% would not be referred using the GLI. In the controls, this would lead to one additional referral (group 1). 
Qualitative analysis of the cases who would not be referred using the GLI showed that no significant diagnoses would 
have been missed.

 DISCUSSION:  Using the GLI LLN 2.5 reference values for pulmonary function tests leads to significantly fewer referrals to a pulmonary 
specialist without missing relevant pulmonary pathology in our aircrew. This would reduce resources spent on the 
assessment of aircrew without compromising flight safety.

 KEYWORDS: pulmonary function tests, reference values, flight safety, aircrew, fitness to fly.

Wingelaar-Jagt YQ, Wingelaar TT, Bülbül M, vd Bergh PP, Frijters E, Staudt E. The effect of using the lower limit of normal 2.5 in pulmonary 
aeromedical assessments. Aerosp Med Hum Perform. 2020; 91(8):636–640.

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-14 via free access

mailto:yq.wingelaar.jagt@mindef.nl


AerospAce Medicine And HuMAn perforMAnce Vol. 91, no. 8 August 2020  637

HiGHer efficAcY in spiroMeTrY—Wingelaar-Jagt et al.

false-negative and false-positive conclusions when assessing 
PFTs in pilots.

Aside from this limitation of the fixed FEV1/FVC ratio, the 
reference set used can also be of great influence. Since 1960, 
more than 70 different spirometry reference sets have been 
published, which all have significant variability in the definition 
of “normal,” statistical approaches used, and included popula-
tion.18 This led to much debate worldwide and the Global Lung 
Initiative (GLI) was formed to generate a valid new dataset 
which could be used for all ages, both sexes, and included mul-
tiple ethnicities.21 In 2012, the task force introduced a new data-
set: the GLI 2012. This database is based on 74,187 records from 
healthy nonsmoking males and females between 3 and 95 yr of 
age from 26 countries across 5 continents.

Implementing this new dataset increases the validity for pul-
monary function testing as it represents a wider population. 
Additionally, the fixed cutoff point for the FEV1/FVC ratio was 
replaced by the Z-score, which indicates how many standard 
deviations a measurement lies from its predicted value.21 This 
Z-score is independent of age, height, sex, and ethnicity. The 
American Thoracic Society and the European Respiratory Soci-
ety (ERS) both recommend the use of the 5th percentile to 
define the LLN in a clinical setting. This equals a Z-score of 
21.64.18 To reduce the number of false-positives in asymptom-
atic individuals, the authors of the GLI 2012 recommend the 
use of the LLN 2.5 (Z-score 21.96) as the cutoff point for 
screening for pulmonary disease in a healthy population.

Before implementing this new cutoff point in our aeromedi-
cal examinations, an impact assessment on the number of refer-
rals and false-positive and false-negative results was needed. 
The general objective of this study was to illustrate what the 
effect will be of using the GLI 2012 on the number of referrals 
for evaluation by a pulmonary specialist when assessing past 
aeromedical examinations. Primarily, for patients who were 
referred using the ERS 1993, we wanted to compare if we would 
still refer them using the GLI 2012. For this specific group, we 
also wanted to study the clinical findings from the pulmonary 
specialist, so as to see what possible pulmonary diagnoses we 
might miss using the GLI 2012. Lastly, we wanted to investigate 
how many extra patients we would have referred had we used 
the LLN 2.5. Our hypothesis was that using the GLI 2012 would 
not lead to underdiagnosis of pulmonary disease. As a sec-
ondary outcome, we expected that use of the GLI 2012 would 
reduce the number of referrals for pulmonary evaluation in 
older applicants, but would slightly increase the number of 
referrals in young applicants.

METHODS

This study is a retrospective case-control analysis of routinely 
obtained data from annual medical assessments of pilots, air-
crew, and air traffic controllers in the CMA of the RNLAF. In 
this study, the number of referrals for pulmonary evaluation 
using the GLI 2012 and the European Community for Steel and 
Coal/ERS 1993 dataset with their respective cutoff values were 

compared quantitatively.19,21 In addition, in order to assess the 
pulmonary diagnoses that may be missed, we qualitatively ana-
lyzed the cases that would not be referred using the LLN 2.5, 
but were referred using the 0.7 FEV1/FVC ratio.

The Medical Ethics Committee affiliated with the University 
Medical Center Utrecht (Utrecht, Netherlands) decided that 
our study was exempt from ethical review as the data were col-
lected during regular aeromedical examinations and did not 
involve invasive interventions. Data were collected between 
February 2012 and April 2017. All data were obtained from the 
digital medical database which the CMA started to use in Feb-
ruary 2012. All aeromedical examinations entered were eligible 
for inclusion. All aeromedical examinations were performed 
according to the MAR-FCL 3 standards.9 All PFTs were con-
ducted in compliance with American Thoracic Society/ERS 
recommendations.15,18

To avoid confounding when analyzing the entire data-
base, we selected which groups would be most valuable to 
assess. Previous studies have shown that using the FEV1/
FVC ratio , 0.7 leads to significantly more misclassification 
in both older and younger patients.16 Additionally, to remove 
bias caused by gender, we have separated both sexes. As the 
number of women in our database proved to be too small to 
stratify appropriately, we have included all female applicants. 
To summarize, we have included all individuals with an 
FEV1/FVC ratio , 0.7 from 1) men under 25 yr, 2) men over 
40 yr, and 3) all women.

As a rule of thumb, twice as many subjects were selected, 
matched for age, sex, and ethnicity, for the control groups. 
When several matched options for controls were available, the 
controls were selected randomly.

Baseline characteristics, results of PFT, pulmonary his-
tory, result of the aeromedical examination, and (if appli-
cable) the results of the evaluation by a pulmonary specialist 
were obtained. All spirometry data used were baseline sta-
tus. The Z-scores were calculated using the equations pro-
vided by the GLI.9 These Z-scores were compared to the 
LLN 2.5 (a Z-score below 21.96).

Statistical analysis was performed using SPSS statistical soft-
ware (IBM Corp; Armonk, NY: 2015, version 23.0). Differences 
between groups and subgroups were tested using Pearson’s Chi-
squared test. In the case of null values, Fisher’s exact test was 
used. Statistical significance will be assumed with an a , 0.05.

RESULTS

Between February 2012 and April 2017, 7492 records were 
entered in the CMA database. This corresponds to 1873 indi-
viduals, i.e., the majority of the individuals were tested more 
than once. Of these 7492 records, 366 (4.8%) had an FEV1/FVC 
ratio below 0.7. Of these 366 records, 9 (2.5%) were women, the 
9 records representing 7 different subjects. Of the 357 male 
records, 40 (23 persons) were younger than 25 yr of age and 183 
records (62 individuals) were over 40 yr of age. See Fig. 1 for the 
database search results.
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For these 92 cases, 184 controls were selected, resulting in 
a total of 276 spirometry results for analysis. Of these 276 
persons, 7 (2.5%) were declared unfit for duty for reasons 
other than pulmonary pathology. Baseline characteristics 
are displayed in Table I.

Table II shows the results of the comparison of using the 
fixed value of 0.7 or the LLN 2.5 as the cutoff point on the num-
ber of referrals. Referrals are significantly reduced (with x2 5 
0.001 in a Pearson’s Chi-squared test) when using the LLN 2.5.

In a subgroup analysis of group 1 (men , 25) and group 
2 (men . 40), similar values were found (both x2 5 0.001). 
In the female analysis, a Fisher’s exact test was used (due to 
the null values) and a P-value of 0.001 was found. This leads 
to the conclusion that referrals were significantly reduced in 
the three subgroups when using the LLN 2.5 instead of the 
fixed cutoff value of 0.7.

Adopting the LLN 2.5 would lead to one additional referral 
in the control group to the pulmonary specialist (0.5%): a man 
, 25 yr old. As the FEV1/FVC ratio was . 0.7, he was not 
referred to a pulmonary specialist, so we do not know whether 
he had pulmonary pathology.

Using the LLN 2.5 as a cutoff point instead of using  
the fixed ratio of 0.7 will reduce the number of referrals  
by 58. Of these referrals, 52 (90%) were men in the group  
. 40 yr of age (group 2). Detailed analysis of their medical 
files shows that of these 58 persons, 34 (59%) had no pul-
monary pathology according to the pulmonary specialist. 
There were 14 (24%) who were not referred because of mitigat-
ing circumstances such as poor technique or recent upper 

respiratory tract infection. Only 10 (17%) subjects were 
diagnosed with mild pulmonary pathology. The pulmonary 
diagnoses can be found in Table III.

Of the 10 cases with mild pulmonary pathology, 3 used pulmo-
nary medication: corticosteroids with or without a long-acting 
beta-agonist. They had no pulmonary complaints and the medica-
tion did not seem to improve their pulmonary function. One of the 
three had already stopped using inhalation medication and in 
another case the pulmonologist considered stopping the medica-
tion. Two of the three had pulmonary complaints in childhood, so 
they could have been identified by a questionnaire.

DISCUSSION

Switching from the fixed cutoff value of 0.7 for the FEV1/FVC 
ratio to the LLN 2.5 leads to significantly fewer referrals for 
pulmonary evaluation without missing relevant diagnoses, 
thus increasing validity and reducing resources for a fitness-
to-fly assessment. This retrospective study was performed as 
part of an ongoing process to keep the aeromedical examina-
tions at the CMA evidence based. This study met the objec-
tive, which was to illustrate what the effect would be on the 
number of referrals to a pulmonary specialist of using the GLI 
2012 and the LLN 2.5 when looking at past aeromedical exami-
nations. The results confirmed our hypotheses that using the GLI 
2012 did not lead to underdiagnosis of pulmonary disease and 
did reduce the number of referrals in older applicants. To the best 
of our knowledge, no studies have been published studying the 
effect of switching from one reference set to another for pulmo-
nary screening in aeromedical examinations. Due to interna-
tional collaboration in NATO working groups, we know that 
there is no consensus as to what pulmonary screening for aircrew 
should include. Some countries only need a medical history, 
while others perform PFT examinations annually.

Both the Dutch MAR-FCL and the European Aviation 
Safety Agency regulations use the fixed cutoff value of 0.7 
for the FEV1/FVC ratio as an indication for referral. The 
present study shows that using a fixed cutoff value leads to 
over-diagnosing in aircrew . 40 yr. Using the LLN 2.5 would 
have reduced the number of referrals by 58, of which 90% 
were over the age of 40. We found limited evidence for the 
underdiagnosing in younger individuals when using the fixed 
cutoff value, as we only found one extra subject for referral.

Several studies have compared the consequences of 
adopting the GLI 2012 reference values to the reference values 
commonly used.13,20 Most studies show that the GLI 2012 equa-
tions adequately describe lung function in most populations, 

Fig. 1. database search results.

Table I. Baseline characteristics.

GROUP

NO. OF SUBJECTS

MEAN AGE

ETHNICITY SEX

CASES CONTROLS CAUCASIAN OTHER MALE FEMALE

1. Men , 25 yr 23 46 22.4 (18–24) 67 2 69 0
2. Men . 40 yr 62 124 49.0 (40–57) 186 0 186 0
3. Women 7 14 36.6 (26–51) 21 0 0 21
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although some populations might have different values.1,12 Fur-
thermore, the interpretation of results using the Z-score 
describes how much the measurement deviates from the mean 
predicted value and makes assessment less biased by age, sex, 
and ethnicity. As we are generally assessing healthy aircrew, we 
adopted the 2.5th percentile as the LLN. This would result in 
fewer referrals without missing relevant diagnoses. When 
using the LLN 5 instead of the LLN 2.5, this would lead to 
the additional referral of 10 persons instead of 1 (almost all 
of them men younger than 25). Also, using the LLN 5 would 
lead to 29 fewer referrals instead of the 58 fewer with the 
LLN 2.5. So, using the LLN 5 instead of the LLN 2.5 would 
mean more referrals to a pulmonary specialist without gen-
erating new, relevant pulmonary diagnoses.

Decreasing the number of (unnecessary) referrals as part of 
the aeromedical examinations has many advantages. For one, a 
referral slows down the process, which in the case of a renewal 
may lead to an applicant being grounded until the pulmonary 
analysis is completed. Secondly, an investigation by a pulmo-
nary specialist affects resources, both time and money, thus 
increasing medical cost.

The main limitation of this study is the small number of 
cases, particularly of female subjects. In the RNLAF, women are 
still a minority and therefore underrepresented in this study. 
Another limitation is that not all cases with an FEV1/FVC ratio 
, 0.7 were referred to a pulmonary specialist (despite regula-
tions saying that they should be referred). However, none of 
them declared pulmonary complaints and none were unfit to 
fly. Most of them had a one-time inadequate result due to recent 
upper respiratory tract infection.

The main strength of this study is that it looks at the pul-
monary standards used in aeromedical examinations and 
the consequences of implementing the GLI 2012 reference 
equations. There is no international consensus as to which 
pulmonary tests should be used, or what the criteria are. Pre-
vious studies have shown that the fixed cutoff value of 0.7 
has no association with respiratory disease, but it is part of 
many aviation regulations.5,14,16 As an aeromedical center, 
we always remain critical of the medical screening we per-
form and the standards used without making concessions to 
the safety of aircrew. We believe that herein lies the opportu-
nity to keep improving the field of aviation medicine.

In conclusion, using the GLI 2012 reference values with the 
LLN 2.5 for PFT analysis would have led to significantly fewer 
referrals to a pulmonary specialist without missing relevant 
pulmonary pathology in our aircrew. This study has provided 
the impact assessment required to implement the GLI 2012 ref-
erence values and the LLN 2.5 in the Dutch Military Aviation 
Regulations. From an aeromedical perspective, less referrals to 
a pulmonary specialist reduces resources (time and money) 
spent on the assessment of aircrew without compromising 
flight safety. We would recommend other aeromedical centers 
to remain critical of the reference set and cutoff value used in 
their aeromedical examinations.
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