
Avoiding ageism and promoting
independence from reference equations
in lung function testing of older adults

To the Editor:

We read with great interest the paper on relative and absolute lung function change in a general
population aged 62–102 years in the region of Skåne, Sweden [1], since lung function research in the
growing age group of older adults, especially those ⩾80 years old, is indeed limited [2, 3].

In the description of spirometry, the authors of that paper state that only one acceptable manoeuvre was
required for inclusion to avoid “selection bias among the very old, who may not be able to perform
multiple manoeuvres” [1]. The review paper cited by the authors to support this statement refers to a
study of 80 participants (75–98 years old) who were current or recent inpatients in rehabilitation wards
and referred to as “frail” [4]. While this was clearly not a population-based sample of older adults, even in
this small sample of frail older adults, “all patients made at least three attempts, and up to eight attempts
were encouraged, if necessary” [4]. Previous research in community-dwelling older adults (including those
aged ⩾80 years) has shown that quality spirometry, including both acceptability and repeatability criteria,
can be achieved and should be attempted [5, 6]. Even cognitive impairment assessed with a Mini Mental
Status Examination may not be a reliable predictor of poor-quality spirometry in very old adults [6]. We
think that more details on the quality of spirometry in this large population-based cohort of adults 60–
100 years old in the region of Skåne would have been helpful for the reader and provided further support
against ageism in the application of spirometry. Additionally, a flowchart displaying the attrition of
participants through the different spirometry measurements would have made it easier for the reader to
follow through and appreciate the representativeness of the study population.

Although not a stated aim of their study, the authors conclude in their discussion that “NHANES III may
offer better reference equations for elderly compared to GLI-2012” as in their study “NHANES III z-scores
were generally closer to zero compared with GLI-2012 z-scores” [1]. Unfortunately, the discussion
paragraph on this topic lacks references to previous published studies. Indeed, a previous European
Respiratory Journal article on survival analysis in a Danish sample of adults aged ⩾90 years has suggested
that the third National Health and Nutrition Examination Survey (NHANES III) reference equations
might be better than the 2012 Global Lung Function Initiative (GLI-2012) equations, although the
C-statistics were very similar and <0.60 for both [7]. The comparison between NHANES III and GLI-2012
is problematic first from a methodological aspect as the NHANES III dataset is part of the GLI-2012
dataset, and because both have an age limit (NHANES III, ⩽80 years; GLI-2012, ⩽95 years) beyond which
extrapolation is applied against the recommendation of international guidelines on spirometry
interpretation [8]. While the best approach would be to collect more spirometry data from healthy
nonsmokers who are ⩾80 years old, it is challenging to include a large enough sample of very old adults
who are free of any disease that influences lung function, as well as to avoid selection bias by including
only the cognitively and physically fittest who participate in research [7]. Hence, there needs to be more
consideration of and research on ways to assess lung function without depending on reference equations
[9]. Forced expiratory volume in 1 s (FEV1) expressions that are independent of reference values, such as
FEV1/height

3 (FEV1/Ht3) and FEV1 quotient (FEV1Q) (although FEV1Q still depends on the externally
derived lowest sex-specific percentile, which could differ in different populations [9]), have performed as
well as or even better than those dependent on reference values (FEV1 percentage of predicted value and
FEV1 z-score) in predicting all-cause mortality, first hospitalisation, and physical and cognitive decline in a
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cohort of community-dwelling adults aged ⩾80 years [2]. Short-term relative decline of FEV1/Ht3 has also
been reported to be independently associated with adverse outcomes [3]. We suggest that FEV1

expressions such as FEV1/Ht3 that are independent of reference values, but still account for some sex and
size differences, should be studied in larger cohorts of older adults, and their performance assessed and
compared based on their ability to predict relevant adverse outcomes.
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From the authors:

We thank E. Hegendörfer and J-M. Degryse for their interest and request for clarification regarding the
spirometry inclusion criteria of our study as well your suggestions on avenues for future research. As
stated in our paper, up to a maximum of eight consecutive breathing manoeuvres were performed with the
goal of completing at least three acceptable spirograms [1]. However, there was a minority of subjects who
did not manage to perform more than one or two acceptable curves. After closer inspection and
communication with the nurses responsible for the spirometries, it became clear that this was mostly an
issue for the frail elderly. The reasoning for not discarding these spirometries was that these subjects
performed their very best and did produce at least one acceptable curve. Since spirometric data in this age
group are very rare, we decided to keep the data and present it to the reader. However, we did not present
the proportion of examinations with fewer than three manoeuvres or how these influenced our
results. E. Hegendörfer and J-M. Degryse’s question is therefore merited.

@ERSpublications
The proportion of examinations with less than three manoeuvres or how this influenced the results
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To illustrate, the proportion of subjects with less than three acceptable manoeuvres was small: for forced
vital capacity (FVC), 1.9% of all subjects had only one acceptable manoeuvre and 2.2% had two acceptable
manoeuvres, while the remaining 96% had three or more acceptable manoeuvres. To illustrate the impact
of inclusion of patients with fewer than three acceptable manoeuvres, we present separate summaries of
FVC measurements for all available data and data for which examinations with fewer than three acceptable
manoeuvres have been removed (table 1). As you can see, there was little or no difference in outcome.

Finally, we agree that the clinical importance of metrics that do not rely on reference values (e.g. forced
expiratory volume in 1 s (FEV1) expressions such as FEV1/height

3 or even Emphysema Severity Index [2])
should be evaluated in large, population-based cohorts that include the very old.
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TABLE 1 Overview of differences in mean lung volumes depending on inclusion criteria

Sex FVC all/FVC <3 valid manoeuvres removed L

60–69 years of age 70–79 years of age 80–89 years of age 90–102 years of age

Male 4.13 (4.08–4.19)/4.12
(4.06–4.18)

3.60 (3.54–3.66)/3.59
(3.53–3.65)

2.97 (2.91–3.03)/2.94
(2.89–3.01)

2.62 (2.48–2.78)/2.61
(2.46–2.74)

Female 2.93 (2.90–2.97)/2.93
(2.90–2.97)

2.53 (2.49–2.57)/2.51
(2.47–2.55)

2.01 (1.97–2.04)/2.01
(1.97–2.04)

1.67 (1.60–1.73)/1.68
(1.61–1.74)

Data are presented as mean (95% CI). FVC: forced vital capacity.
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