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ABSTRACT

Background and objective: Publicly funded therapy for
idiopathic pulmonary fibrosis (IPF) relies on percentage
predicted values from pulmonary function testing, for
example Australian patients must have a forced vital
capacity ≥50% (%FVC), transfer factor of the lung for car-
bon monoxide ≥ 30% (%TLco) and forced expiratory vol-
ume in 1 s (FEV1)/FVC ratio > 0.7. Despite defined cut-off
values, no jurisdiction prescribes a reference equation for
use; multiple equations exist. We hypothesized that access
to subsidized treatment varies depending on the chosen
equation. The %FVC and %TLco from different com-
monly used reference equations across general respira-
tory patients, and IPF-specific patients, were compared.
Methods: FVC and TLco measurements from a large
general respiratory laboratory and the Australian Idio-
pathic Pulmonary Fibrosis Registry (AIPFR) database
were analysed using multiple equations. Differences
between %FVC and %TLco for each equation were cal-
culated, with particular interest in classification of
patients (%) at the threshold for subsidized treatment.

Results: A total of 20 378 general respiratory database
results were analysed. The %FVC ≥ 50% increased from
86% with the Roca equation to 96% with Quanjer
(European Coal and Steal Community, ECSC) and %
TLco≥30% increased from 91% with Paoletti to 98% with
Thompson. However, overall increase in eligibility for
subsidized treatment was modest, varying from 48.2%
to 49.2%. A total of 545 AIPFR database results were
analysed. The %FVC ≥ 50% increased from 73% with
Roca to 94% with Quanjer (ECSC) and %TLco≥30%
increased from 87% with Paoletti to 96% with Miller.
Overall eligibility for subsidized treatment in the AIPFR
group varied from 73.6% to 82.8% between surveyed
interstitial lung disease (ILD) centres based entirely on
the equation used.
Conclusion: Substantial variability exists between refer-
ence equations, impacting access to subsidized treat-
ment. Treating clinicians should be aware of this when
assessing patients around public funding thresholds.
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SUMMARY AT A GLANCE

There is a significant discrepancy in the calculated
%FVC (forced vital capacity) and %TLco (transfer
factor of the lung for carbon monoxide) depending
on which reference equation is used, which differ
between interstitial lung disease centres. This vari-
ability may impact a patient’s access to subsidized
treatment creating inequality of access.
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INTRODUCTION

Pulmonary function test (PFT) is vital for the diagnosis
and monitoring of cardiopulmonary disease.1,2 Raw
data obtained from testing are commonly expressed as
a percentage of a predicted (%predicted) ‘normal’ value
for that individual based on reference equations
derived from cross-sectional studies of healthy, typi-
cally non-smoking volunteers of similar ethnic origin.3

Each equation contains coefficients that correct for a
patient’s sex, age, height, weight and ethnicity and in
newer equations, smoking status may be included.4

There is an established variability in both spirometry
and transfer factor of the lung for carbon monoxide
(TLco) testing; technical factors, population and cohort
effects, as well as biological variation within patients
contribute to these discrepancies.5,6 A lesser-appreciated
contributor to variability when comparing PFT results is
the choice of reference equation selected to interpret
the data.7 Many guidelines use ‘percentage predicted’
(%predicted) values to define health and disease states,
as well as disease severity; however, these percentage
values vary depending on the reference equation. More
recently, treatments for lung disease have been rec-
ommended, and in some cases funded by governments,
based on whether an individual patient is above or
below a particular %predicted threshold; hence, a
patient’s eligibility for treatment could vary according to
the reference equation applied. In broader terms, future
use of large data sets in medicine requires an adequate
definition of normal and degree of abnormality in order
for useful conclusions to be drawn.
Idiopathic pulmonary fibrosis (IPF) is one disease that

uses percentage predicted values to determine eligibility
for publicly funded treatment with nintedanib or
pirfenidone, although exact thresholds and criteria vary
worldwide. In Australia as an example, publicly funded
treatment is based on the lung function inclusion criteria
from the INPULSIS and ASCEND trials that stipulate a %
FVC ≥ 50% (forced vital capacity) and a %TLco ≥ 30%, in
the absence of obstructive airways disease (forced expira-
tory volume in 1 s (FEV1)/FVC > 0.7).8–11 Similar criteria
apply in other countries (Table S1, S6 in Supplementary
Information), although none stipulate specific reference
equations despite the requirements of the trials;
INPULSIS specified Quanjer (European Coal and Steal
Community, ECSC) et al. reference equation be used for
%FVC; they did not stipulate an equation for %TLco, only
a requirement that measurements meet the 2005
standards as defined in the American Thoracic
Society/European Respiratory Society (ATS/ERS) guide-
line document. ASCEND stipulated Hankinson et al. for
%FVC and Crapo et al. equation for %TLco.8,9

We hypothesized that the number (%) of patients eligi-
ble for potentially life-prolonging subsidized therapy for
IPF would vary depending on the pulmonary function ref-
erence equation used, and the use of different equations
in different institutions would lead to treatment inequality.
In addition, we hypothesized that one reference equation

would perform ‘better’ than others for mortality prediction
in IPF. We therefore determined which reference equa-
tions were in use at major interstitial lung disease (ILD)
centres in Australia and then applied these equations and
the new Global Lung Initiative (GLI) equations12,13 to two
pulmonary function data sets. We chose a general respira-
tory data set comprising 20 378 tests from a single institu-
tion, and secondly, 545 patients in the Australian
Idiopathic Pulmonary Fibrosis Registry (AIPFR) to see if
predictive equations would perform differently in disease-
specific group as opposed to a general respiratory cohorts.

METHODS

Major Australian ILD centres were surveyed to identify
reference equations in use; in addition, other published
equations applicable to a Caucasian population were
studied (Table 1; Appendix S2-4, Table S2-3 in Supple-
mentary Information). A retrospective cross-sectional
analysis of reference equation variability was performed
by calculating %predicted results from all PFT for patients
aged over 18 years at a single institution (John Hunter
Hospital, JHH) from April 2005 to April 2017 (20 378
tests) (Appendix S5 in Supplementary Information). A
second similar analysis was performed on 545 tests from
the AIPFR, a national registry collating longitudinal data
from patients with IPF since 2012.21,22 All patient records
were de-identified. Ethical approval and waiver and con-
sent were obtained from Hunter New England and Syd-
ney Local Health District Ethics Review Committee
(RPAH Zone); approval numbers X17-0255 and LNR/17/
RPAH/378, LNRSSA/17/RPAH/430.
Seven equations were used to calculate %FVC; vari-

ables including gender (male/female), height in cm
and age at test were included. Similarly, eight equa-
tions were used to calculate %TLco when gender (mal-
e/female), height in cm, age at test, smoking status and
weight were considered. Original studies were exam-
ined to validate reference equations.
We additionally extracted mortality data from the

AIPFR in conjunction with lung function parameters
described above. Time to death or last follow-up
(if alive) from the date of PFT was used to calculate
survival predictions.

Statistical analysis
Demographics, anthropomorphics, (pre-bronchodila-
tor) FVC and (pre-bronchodilator) FEV1 values and
measured TLco are presented as count (%) for categori-
cal and mean (SD) for continuous variables. For each
equation, mean (SD) for expected FVC and TLco was
calculated for all PFT, and the mean (SD) percentage
of expected (measured/expected × 100) was calculated
for PFT with measured FVC or TLco value (Appendix
S8-9 in Supplementary Information).
The number (%) of tests with each of the three

Australian Pharmaceutical Benefit scheme (PBS) eligi-
ble criteria (FVC ≥ 50%, TLco ≥ 30% and FEV1/FVC >
0.7) was calculated. The number (%) of patients who
were eligible (using any of the algorithms for FVC and
TLco) was also calculated. For tests with values for
FVC, TLco and FEV1, the number (%) of patients who
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qualified using all three eligibility criteria was calcu-
lated (also shown using Venn diagrams; Appendix S7,
Figure S1-4 in Supplementary Information).23 Patients’
results were also examined for the United Kingdom
upper threshold %FVC criteria where government-
subsidized therapy is available only to patients with %
FVC < 80% predicted. Eligibility (per PFT and per
patient) was also examined using the equations utilized
by each hospital surveyed.
Details of statistical analysis of agreement between equa-

tions and methods determining predictive ability of the
equations for all-cause survival are shown in Appendix S9
and S10 in Supplementary Information. Statistical analyses
were programmed using Statistical Analysis Software (SAS
Institute, Cary, North Carolina, USA) v9.4.24 A priori, P < 0.05
(two-tailed) was used to indicate statistical significance.

RESULTS

Demographics and anthropomorphic measures were
collected for 20 378 individual PFT measurements in
12 672 patients from the JHH pulmonary function lab
database (average 1.5 PFT per patient; Table S2 in Sup-
plementary Information). FVC and FEV1 were mea-
sured in 86% and 86.1% of patients (n = 17 526 and
17 550) and TLco was measured in 61% (n = 12 519).
The same measures were collected from the AIPFR for
545 patients (1 PFT per patient; Table 2). TLco was
measured for all patients; FVC and FEV1 were mea-
sured for 99.3% (n = 541) of patients.
The %predicted FVC and TLco was calculated for

each algorithm (Tables 3–4), and eligibility for PBS-
subsidized treatment based on %FVC, %TLco and

Table 1 Predicted equations in use at major Australian hospitals treating interstitial lung disease (prior to the

introduction of GLI 2012, 2017)

State Hospital Prediction equation FVC

Predicted equation

for TLco

NSW John Hunter Hospital Hankinson (NHANES III)14 Roca15

Royal Prince Alfred Hospital Quanjer (ESCS)16 Miller17

St Vincent’s Hospital Quanjer (ECSC) 17–70 y/

o Crapo >70 y/o16,18

Roca, Crapo >7015,18

QLD Prince Charles Hospital Hankinson (NHANES III)14 Miller17

Royal Brisbane and

Women’s Hospital

Quanjer (ECSC)16 Cotes (ECSC)19

Princess Alexandra Hospital Hankinson (NHANES III)14 Miller17

VIC Alfred Hospital Hankinson (NHANES III)14 Miller <45 y/o,

Thompson >45 y/o7,17

Austin Hospital Knudson20 Roca15

SA Royal Adelaide Hospital Hankinson (NHANES III)14 Cotes (ECSC)19

WA Fiona Stanley Hospital Hankinson (NHANES III)14 Cotes (ECSC)19

TAS Royal Hobart Hospital Quanjer (ECSC)16 Cotes (ECSC)19

ECSC, European Coal and Steal Community; FVC, forced vital capacity; GLI, Global Lung Initiative; NHANES, National Health and

Nutrition Examination Survey III; NSW, New South Wales; QLD, Queensland; SA, South Australia; TAS, Tasmania; TLco, transfer factor

of the lung for carbon monoxide; VIC, Victoria; WA, Western Australia; y/o years old.

Table 2 Patient demographics and measured TLco, FVC and FEV1; mean (SD) or number (%)

John Hunter Hospital pulmonary function data AIPFR pulmonary function data

P-valueCharacteristics PFT (n = 20 378) Characteristics PFT (n = 545)

Age (years) 61 (�16) Age (years) 72 (�8) <0.0001

Female 10 829 (53%) Female 168 (31%) <0.0001

Smoker (ever) 11 499 (56%) Smoker (ever) 354 (69%) <0.0001

Caucasian 20 093 (99%) Caucasian 461 (85%) 0.0003

Height (cm) 166.5 (�10.1) Height (cm) 168.1 (�9.1) 0.4634

Weight (kg) 82.2 (�24.4) Weight (kg) 81.4 (�15.4) <0.0001

TLco/Hb (n = 12 519) 16.5 (�6.6) TLco/Hb (n = 545) 15.0 (�6.5) <0.0001

PreFVC (n = 17 526) 3.1 (�1.1) PreFVC (n = 541) 2.6 (�0.8) <0.0001

PreFEV1 (n = 17 550) 2.1 (�0.9) PreFEV1 (n = 541) 2.1 (�0.6) 0.8721

FEV1/FVC (n = 17 509) 0.7 (�0.1) FEV1/FVC (n = 541) 0.8 (�0.1) <0.0001

Data are presented as mean (�SD) or number (%).

AIPFR, Australian Idiopathic Pulmonary Fibrosis Registry; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; PFT, pul-

monary function test; PreFEV1, pre-bronchodilator FEV1; PreFVC, pre-bronchodilator FVC; TLco/Hb, transfer factor of the lung for car-

bon monoxide corrected for haemoglobin.
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FEV1/FVC ratio for each PFT, and per patient, was
examined (Table 5). When the percentage of patients
eligible for PBS-subsidized therapy for IPF was
assessed, there was little difference between the equa-
tions in a general respiratory population; the percent-
age of patients eligible varied from 48.2% to 49.2% in
the JHH data set. When the AIPFR data were examined,
however, there was a much greater variation, from
73.6% to 82.8% of patients in the registry, depending
on the equation used (Table 6). Having found this dis-
crepancy between eligibility in the AIPFR data, but not
in the general respiratory data, we reanalysed the data
looking at eligibility in both data sets stratified by the
four major characteristics that are included in the pre-
dictive equations: gender, age (quartiles), smoking or
ethnicity (each separately). When these analyses were

performed, the variability in the ‘performance’ of the
equations was still seen (Tables S10, S11 in Supple-
mentary Information).

Relationship of predictive equation to

survival
Having determined that the predictive equations are differ-
ent with regards to access to therapy in IPF, this raised the
question of which equation was ‘best’ in this population.
One assessment of ‘best’ was determined by assessing
each equation for its utility in predicting mortality.
Although all PFT measures were significantly associated
with all-cause survival, there was no major difference
between any of the predictive equations (Appendix S10-16,
Figures S5-12, Tables S5-9 in Supplementary Information).

Table 3 Expected FVC, mean (SD) expected value, mean (SD) percentage of expected and number (%) ≥50% of

predicted

John Hunter Hospital

pulmonary function data

AIPFR pulmonary

function data

All PFT

(n = 20 378)

PFT with measured

FVC (n = 17 526)

All PFT

(n = 545)

Patients with

measured FVC

(n = 541)

Equation

Expected

FVC % of Expected ≥50%
50–80%

(UK)

Expected

FVC

% of

Expected ≥50%
50–80%

(UK)

Crapo25 3.7 (�1.0) 84.7% (21.3%) 16 508 (94%) 5783 (33%) 3.7 (�0.8) 70.6% (17.3%) 480 (89%) 332 (61%)

Quanjer

(GLI)12
3.6 (�0.9) 85.4% (20.7%) 16 559 (94%) 5543 (32%) 3.5 (�0.8) 74.6% (18.3%) 498 (92%) 301 (56%)

Knudson20 3.4 (�0.9) 90.2% (22.8%) 16 717 (95%) 4606 (26%) 3.3 (�0.8) 78.6% (20.1%) 503 (93%) 262 (48%)

Hankinson14 3.7 (�0.9) 83.7% (20.5%) 16 488 (94%) 6052 (35%) 3.6 (�0.8) 72.4% (18.2%) 484 (89%) 315 (58%)

Paoletti26 3.9 (�0.9) 79.0% (20.1%) 16 083 (92%) 7300 (42%) 3.8 (�0.7) 67.6% (16.6%) 466 (86%) 338 (62%)

Quanjer

(ECSC)16
3.3 (�1.0) 94.7% (23.6%) 16 852 (96%) 3724 (21%) 3.3 (�0.8) 80.4% (20.6%) 506 (94%) 238 (44%)

Roca27 4.3 (�0.8) 70.5% (19.5%) 15 015 (86%) 9554 (55%) 4.3 (�0.7) 59.8% (14.6%) 395 (73%) 346 (64%)

Data are presented as mean (�SD) or number (%).

AIPFR, Australian Idiopathic Pulmonary Fibrosis Registry; ECSC, European Coal and Steal Community; FVC, forced vital capacity;

GLI, Global Lung Initiative; PFT, pulmonary function test.

Table 4 Expected TLco, mean (SD) expected value, mean (SD) percentage of expected and number (%) with ≥30% of

predicted

John Hunter Hospital pulmonary function data AIPFR pulmonary function data

All PFT (n = 20 378)

PFT with measured

TLco (n = 12 519) All PFT (n = 545)

Equation Expected TLco % of Expected ≥30% Expected TLco % of Expected ≥30%

Crapo18 28.1 (�5.7) 58.2% (17.9%) 11 691 (93%) 27.2 (�4.6) 55.3% (22.3) 488 (90%)

Miller17 21.5 (�4.9) 76.8% (23.3%) 12 314 (98%) 19.8 (�3.4) 76.1% (31.0%) 523 (96%)

Paoletti28 29.4 (�5.2) 55.5% (17.9%) 11 451 (91%) 29.0 (�4.2) 51.7% (20.9) 473 (87%)

Knudson29 28.9 (�6.2) 56.7% (17.5%) 11 594 (93%) 28.0 (�4.7) 53.7% (21.6%) 481 (88%)

Roca15 26.4 (�5.3) 61.9% (19.2%) 11 881 (93%) 25.5 (�4.2) 59.0% (23.8%) 488 (90%)

Cotes19 24.6 (�4.8) 66.4% (20.4%) 12 034 (96%) 23.5 (�3.7) 63.9% (25.7%) 508 (93%)

Thompson7 21.7 (�5.1) 75.5% (22.7%) 12 283 (98%) 20.6 (�4.1) 73.2% (28.9) 490 (90%)

Stanojevic (GLI)13 22.7 (�4.6) 72.3% (22.8%) 12 145 (97%) 22.4 (�3.6) 67.2% (27%) 509 (93%)

Data are presented as mean (�SD) or number (%).

AIPFR, Australian Idiopathic Pulmonary Fibrosis Registry; GLI, Global Lung Initiative; PFT, pulmonary function test; TLco, transfer

factor of the lung for carbon monoxide.
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The association between predicted equation and mortality
was not explored in the general respiratory data set.

DISCUSSION

The determination of normal versus abnormal is essen-
tial in medicine; a requirement likely to become more
fundamental and more difficult in the era of precision
medicine and big data.30 To personalize treatment,
specifically to personalize treatment with anti-fibrotic
agents for IPF, an individual should ideally be compared
to a similar population of ‘healthy’ individuals.

Determining what defines good respiratory health, as in
other branches of medicine, is extremely difficult espe-
cially as many of the commonly used predictive equa-
tions are only based on a small population (e.g. 251 in
the case of the Crapo et al. equation used for spirome-
try). We have shown a clinically important difference in
the number of patients eligible for subsidized treatment
with nintedanib or pirfenidone by reanalysing their lung
function data with a range of reference equations. The
difference is more pronounced in the disease-specific
IPF group, where the lowest and highest eligibilities
based on predictive equation used would lead to an
additional 9.2% of patients being eligible for treatment;
treatment now demonstrated to be life prolonging.31 It is
likely that such differences exist between major ILD cen-
tres in all countries, leading to clinically important dif-
ferences in access to therapy; current use of different
reference equations promotes care inequality. Ward
et al.32 have previously described a similar variation in
IPF patients at the upper threshold for treatment in the
United Kingdom of FVC < 80%. They described a 6.6%
difference in eligibility for treatment between the refer-
ence equations of NHANES (National Health and Nutri-
tion Examination Survey), GLI and ECSC.
The variation we demonstrated between equations is

more pronounced in the IPF group compared to the gen-
eral respiratory population. The explanation for the varia-
tion is not readily apparent, as analysis stratified by the
major determinants of the predictive equations did not
explain the differences seen. It may be that there is a
complex interaction between these variables and lung
function, implying that different lung function equations
are likely to perform differently in different diseases. In
the general respiratory data set, large numbers of patients
had obstructive airway disease as defined by a fixed ratio
of <0.7; there is a rationale for using the lower limit of
normal, rather than a fixed ratio to determine the
absence of obstructive airway disease, although this is not

Table 5 Eligibility for PBS, FVC and TLco (all

algorithms), FEV1/FVC and meeting all three criteria

JHH pulmonary

function data

AIPFR

pulmonary

function data

PBS criteria

PFT number

(%)

Number

of patients

(%)

Number of

patients (%)

FVC ≥ 50% 16 912 (96.5) 11 520 (97.9) 511 (94.5)

TLco ≥ 30% 12 356 (98.7) 8490 (99.3) 524 (96.1)

FEV1/FVC > 0.7 8802 (50.3) 6108 (51.9) 499 (92.2)

FVC 50–80% (UK) 11 480 (65.5) 7791 (66.2) 462 (85.4)

All criteria (AUS) 3971 (49.9) 453 (83.1)

All criteria (UK) 2638 (33.2) 420 (77.1)

Data are presented as number (%).

AIPFR, Australian Idiopathic Pulmonary Fibrosis Registry;

AUS, Australian eligibility criteria; FEV1, forced expiratory vol-

ume in 1 s; FVC, forced vital capacity; JHH, John Hunter Hospi-

tal; PBS, Pharmaceutical Benefit Scheme (Australia); PFT,

pulmonary function test; TLco, transfer factor of the lung for car-

bon monoxide; UK, United Kingdom eligibility criteria.

Table 6 Eligibility for PBS using FVC, TLco and FEV1/FVC by hospital (prior to the introduction of GLI 2012, 2017)

JHH data AIPFR

State Hospital Prediction equation FVC

Predicted equation

for TLco PFT n (%)

Patients

n (%)

Patients

n (%)

NSW JHH Hankinson (NHANES III)14 Roca15 5202 (47.7) 3774 (48.2) 401 (74.1)

Royal Prince Alfred Hospital Quanjer (ECSC)16 Miller17 5356 (49.2) 3854 (49.2) 448 (82.8)

St Vincent’s Hospital Quanjer 17–70 Crapo >7016,18 Roca, Crapo >7015,25 5211 (47.8) 3778 (48.3) 406 (75.0)

QLD Prince Charles Hospital Hankinson (NHANES III)14 Miller17 5283 (48.5) 3812 (48.7) 427 (78.9)

Royal Brisbane and

Women’s Hospital

Quanjer (ECSC)16 Cotes (ECSC)19 5311 (48.7) 3835 (49.0) 436 (80.6)

Princess Alexandra Hospital Hankinson (NHANES III)14 Miller17 5283 (48.5) 3812 (48.7) 427 (78.9)

VIC Alfred Hospital Hankinson (NHANES III)14 Miller <45,

Thompson >457,17

5284 (48.5) 3814 (48.7) 398 (73.6)

Austin Hospital Knudson20 Roca15 5239 (48.1) 3796 (48.5) 415 (76.7)

SA Royal Adelaide Hospital Hankinson (NHANES III)14 Cotes (ECSC)19 5243 (48.1) 3795 (48.5) 416 (76.9)

WA Fiona Stanley Hospital Hankinson (NHANES III)14 Cotes (ECSC)19 5243 (48.1) 3795 (48.5) 416 (76.9)

TAS Royal Hobart Hospital Quanjer (ECSC)16 Cotes (ECSC)19 5311 (48.7) 3835 (49.0) 436 (80.6)

AIPFR, Australian Idiopathic Pulmonary Fibrosis Registry; ECSC, European Coal and Steal Community; FEV1, forced expiratory vol-

ume in 1 s; FVC, forced vital capacity; GLI, Global Lung Initiative; JHH, John Hunter Hospital; NHANES, National Health and Nutrition

Examination Survey III; NSW, New South Wales; PBS, Pharmaceutical Benefit Scheme; PFT, pulmonary function test; QLD, Queens-

land; SA, South Australia; TAS, Tasmania; TLco, transfer factor of the lung for carbon monoxide; VIC, Victoria; WA, Western Australia;

y/o years old.

© 2019 Asian Pacific Society of Respirology Respirology (2019) 24, 988–995

992 A Burgess et al.



currently accepted by any funding body. This would bring
another definition of normality into the requirements for
prescribing. An additional limitation of the reference
equations is at extremes of age, our oldest patient was
99 years, beyond the scope of any known reference equa-
tion, including those of the GLI.12,13

The ATS/ERS TLco guidelines33 list several reference
equations, but provide no guidance on which equation is
most appropriate for a specific population; only two
equations mentioned are applicable to a Caucasian pop-
ulation: Thompson et al.7 for adult patients aged between
45 and 71 years, and Kim et al.34 for paediatric and ado-
lescent patients aged between 5 and 19 years.7,33,34 These
equations are limited by their age ranges; using the Kim
et al.’s equation in IPF is especially troublesome given
the average age of onset is >50 years. Since the publica-
tion of the ATS/ERS 2017 document, the combined GLI
TLco equations have been released for use. Despite
being the largest combined data set yet published for
TLco, covering an age range of 4.5–91 years, it was unfor-
tunately derived only from a Caucasian population, pro-
viding a different but related confounder.13

GLI reference equations for spirometry are more ver-
satile as they are multi-ethnic12 and their use has been
endorsed by the ATS and ERS.35 GLI equations for spi-
rometry were released in 2012, a year after data collec-
tion commenced for INPULSIS and ASCEND and were
not retrospectively adopted by either study, meaning
that their use for determining subsidized treatment is
no better supported than for any other equations. The
role of ethnicity in pulmonary function testing is
important and is likely another variable determining
eligibility for treatment, unfortunately our work was
unable to address this question as patients in the two
data sets analysed were overwhelmingly Caucasian
with the numbers of remaining participants not suffi-
cient for subgroup analysis. We could therefore not
explore reference equations for ethnic subgroups.
Variability in %predicted FVC and TLco has further

implications as both are accepted as markers of staging
and disease progression in IPF, as stand-alone markers
and as part of composite scoring systems for mortality.
The most common composite predictive scores for mor-
tality in IPF are the ‘composite physiological index
(CPI)’ and the ‘gender, age and physiology (GAP)
score’.36,37 These scores do not mandate a particular ref-
erence equation to derive %predicted values. The lowest
and highest percentage predicted values in the AIPFR
group for %FVC varies by 20.6% between Quanjer
(ECSC) and Roca equations; equally for %TLco there is
a difference of 21.5% between the Paoletti and Thomp-
son equations.7,16,27,28 This has clinical ramifications as a
patient may be up or down staged in the GAP index,
which affects their predicted 1-year mortality with
potential bearing on patient treatment, referral for
transplant assessment and psychosocial effects if these
scores are used to discuss prognosis.37

Treating clinicians may be hesitant to use different
predictive equations to alter %predicted values for an
individual patient in order to gain access to treatment.
However, no specific reference equation has been stipu-
lated for the provision of subsidized treatment in any
country. From our analysis, reference equations vary in
performance depending not only on age, sex, height and

ethnicity, but also on disease. This has implications for
patients not only with IPF, but also with other respira-
tory diseases that use %predicted reference cut-off
values, such as severity models in cystic fibrosis and
chronic obstructive pulmonary disease.38,39 The often
arbitrary percentage predicted value that divides ‘nor-
mal’ and ‘abnormal’ or stages of disease are now ques-
tionable as they can easily be altered by using a different
reference equation; it is highly likely that certain equa-
tions will show better and worse predicted values in one
disease and not another, leading to a question of which
equation is ‘best’. Despite the differences demonstrated
between equations, none performed substantially better
than any other in predicting mortality; however, we did
demonstrate that TLco better predicts all-cause survival
than FVC and FEV1/FVC.

22,40

As a result of this work, we developed an automated
reference table whereby a patient’s demographics can
be inserted and the %predicted values will be calcu-
lated for the reference equations included in this paper
(Supplementary Information). This is not an exhaustive
list; however, it may be useful for clinicians who treat
IPF in a Caucasian population.
In summary, there is a significant discrepancy in the

%FVC and %TLco depending on the reference equation
in use, which differ between ILD centres. This variabil-
ity may impact a patient’s access to subsidized treat-
ment creating inequality of access.
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