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Utility of Z Scores for Defining Progressive
Pulmonary Fibrosis in Interstitial Lung Disease

To the Editor,

Interstitial lung diseases (ILDs) comprise a heterogeneous group
of disorders characterized by inflammation and/or fibrosis of the
alveolar interstitium. A subset of patients develops progressive pul-
monary fibrosis (PPF), defined by the presence of at least two of the
following criteria: (1) worsening respiratory symptoms, (2) physi-
ologic evidence of disease progression, or (3) radiologic evidence of
disease progression. Physiologic progression is defined as a decline
in forced vital capacity (FVC) of >5% predicted or a decrease in dif-
fusing capacity of the lung for carbon monoxide (DLCO) of >10%
predicted within 1 year or over the follow-up period [1].

According to ERS/ATS (2022) recommendations for interpret-
ing pulmonary function tests, Global Lung Function Initiative (GLI)
reference equations should be used for spirometry, lung volumes,
and DLCO. These clinical practice guidelines emphasize the use of
z-scores rather than percent predicted (PP) values to classify the
severity of lung function impairment [2]. This shift reflects evidence
that pp PP miscategorize disease severity. For example, in a cohort
of more than 11,000 patients with chronic obstructive pulmonary
disease (COPD), Miller et al. reported that PP values miscategorized
severity in approximately 24% of patients, while 10% of individuals
with normal lung function were incorrectly categorized as being
impaired [3].

In ILD population, applying the GLI equations leads to 4.9%
higher DLCO PP (58.5% vs 63.4%; p<0.01) and 8.8% lower FVC PP
(87.7% vs 78.9%; p<0.01), decreasing the number of patients that
met the clinical trial criteria for antifibrotic treatment [4]. Boros
et al. reported that the z-score-based system recategorized lung
function severity in FVC. A total of 24.6% of patients were reallo-
cated to less severe categories, whereas 28.1% were reclassified into
more severe categories based on TLCO. When predicting mortality
risk, z-score-based thresholds showed a stronger association with
mortality than the traditional PP system [5]. In this context, we eval-
uated the relationship between z-score changes and PP changes in
FVC and DLCO using GLI Caucasian reference equations in patients
with ILD, and examined the applicability of z-scores for defining
physiologic progression in PPF.

We conducted a retrospective and observational study across
two centers in Latin America (the National Institute of Respiratory
Diseases, México City, and the Colombian Pneumonological Foun-
dation, Bogotd). Patients aged >18 years with baseline and 1-year
follow-up (43 months) pulmonary function testing and chest com-
puted tomography were eligible for inclusion, provided they had
a multidisciplinary team-confirmed diagnosis of ILD due to con-
nective tissue disease (CTD), hypersensitivity pneumonitis (HP), or
idiopathic pulmonary fibrosis (IPF).

https://doi.org/10.1016/j.arbres.2026.01.021

Absolute volumes of FEV1, FVC, and DLCO were collected using
the GLI calculator (Version 2.0), available online [6], from which
the z-score and PP values were obtained. Demographic data, includ-
ing age, height, sex, ethnicity, tomographic patterns, diagnosis, and
treatment, were also collected.

We analyzed the categorical variables using percentages and
frequencies, and the continuous variables using means and stan-
dard deviations. The Mann-Whitney U test, chi-square test, and
Fisher's exact test were used to compare the FPP and non-FPP
groups. A simple linear regression analysis was conducted to assess
the association between the dependent variable, z-score, and the
independent variable, PP. Because Q-Q plots and Shapiro-Wilk test
showed non-normal distributions and heteroscedastic residuals, a
Yeo-Johnson transformation was applied for both variables prior
to lineal modeling. As heteroscedasticity persisted (Breusch-Pagan
test and Shapiro-Wilk test for residuals, both p<0.01), the model
was fitted using SE HC3 (heteroscedasticity-consistent standard
errors, version HC3) which provide bias-reduced and leverage-
adjusted variance estimates that are particularly robust in the
presence of heteroscedasticity and influential observations. Robust
p-values were therefore reported. For clinical interpretation, esti-
mates were back-transformed to the original PP and z-score scales.
Agreement between classifications was assessed using Cohen'’s
kappa coefficient and 2 x 2 contingency tables; sensitivity and
specificity were also calculated. A p-value <0.05 was considered
statistically significant. Statistical analysis was performed with
the IBM SPSS Statistics Version 26 software package and RStudio:
Integrated Development Environment for R. Posit Software, PBC,
Boston, MA.

We evaluated a total of 254 patients, 135 (53%) from México and
119 (47%) from Colombia. Predominantly, the population included
women, 161 (64%), with a mean age of 63 years. Most patients were
diagnosed with CTD (137; 54%), HP (60, 24%), and IPF (57; 22%).

In the PPF group, there was a higher proportion of patients with
IPF (30% vs 19%) and HP (30% vs 21%), as well as a significantly
greater use of antifibrotic therapy, particularly nintedanib (29% vs
8%).

Regarding tomographic patterns, both groups showed a similar
distribution of UIP (31% vs 33%); however, fibrotic patterns such as
f-NSIP (24% vs 18%), f-HP (27% vs 8%), and CPFE (8% vs 3%) were
more common in the PPF group. In contrast, non-fibrotic patterns
- including nf-HP, c-NSIP, and OP — were more frequent in the non-
PPF group.

Regarding lung function, only DLCO differed significantly
between the two groups at baseline. At the 1-year follow-up,
patients with PPF showed lower FVC, FEV and DLCO values, which
is consistent with a more fibrotic and progressive behavior. The
baseline and 1-year follow-up lung function data for one year are
shown in Table 1.
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Table 1
Characteristics of the study population.
Variable n=254 PPF Non-PPF p
n=74 n=180

México 135(53) 27 (36) 108 (60) <0.01

Colombia 119 (47) 47 (63) 72 (40)

Female 161 (64) 41 (55) 120 (66) 0.1

Age 63+12 65+12 63+12 0.1

Diagnosis
Due to CTD 137 (54) 30 (40) 107 (60) 0.02
HP 60 (24) 22 (30) 38(21)
IPF 57 (22) 22 (30) 35(19)

Treatment
PDN 99 (39) 33 (45) 65 (36) 0.2
MMF 16 (6) 25(33) 88 (48) 0.03
MTX 13(5) 3(4) 9(5) 1
Nintedanib 38(15) 22 (29) 16 (8) <0.001
Pirfenidone 40 (16) 13(17) 27 (15) 0.7

Tomographic patten
uIp 84 (33) 23(31) 60 (33) <0.001#
f-NSIP 50 (20) 18 (24) 33(18)
f-HP 36 (14) 20(27) 16 (8)
nf-HP 26 (10) 3(4) 23(12)
c-NSIP 17 (7) 2(2) 15(8)
oP 19(8) 19(10)
CPFE 12 (5) 6(8) 6(3)
LIP 4(2) 1(1) 3(1)

Lung function test

Baseline
FVC, 1 24+0.8 22+0.7 24+09 0.08
FVC, pp 79+22 76+£23 8022 0.1
FVC, z-score -14+1.6 -1.7+1.7 -13+15 0.1
FEV1, 1 1.9+0.6 1.8+1.5 19+14 0.2
FEV1, pp 80+22 78 +22 81+21 0.4
FEV1, z-score -13+14 -14+12 -1.2+15 0.5
DLCO, mL/min/mmHg 143 +6.2 12+5.1 15+6.5 <0.01
DLCO, pp 74 +31 64 +28 77 +£30 <0.01
DLCO, z-score -21+24 -29+23 -1.8+24 <0.01

1-Year follow-up
FVC, 1 22408 2.0+0.7 23408 <0.01
FVC, pp 76+22 68+21 78 £21 <0.01
FVC, z-score -1.6+1.6 -2.1+1.6 -14+15 <0.01
FEV1, 1 1.8+0.6 1.6+15 1.8+1.3 0.04
FEV1, pp 77+22 72+22 78 £20 0.04
FEV1, z-score -15+14 -1.7+1.5 -13+13 0.06
DLCO, mL/min/mmHg 129+6 9+4 14+6 <0.001
DLCO, pp 67+30 51+24 73+30 <0.001
DLCO, z-score -2.6+2.5 —-4+23 —2+2 <0.001

PP: progressive pulmonary fibrosis; PP: predicted percent; CTD: connective tissue disease; HP: hypersensitivity pneumonitis; IPF: idiopathic pulmonary fibrosis; PDN:
prednisone; MMF: mycophenolate mofetil; MTX: methotrexate; UIP: usual interstitial pneumonia; f-NSIP: fibrotic nonspecific pneumonia; f-HP: fibrotic hypersensitivity
pneumonitis; nf-HP: non fibrotic hypersensitivity pneumonitis; c-NSIP: cellular nonspecific pneumonia; OP: organized pneumonia; CPFE: combined pulmonary emphysema
fibrosis; LIP: lymphocytic interstitial pneumonia; FVC: forced vital capacity, FEV1: forced expiratory volume in 1 second, DLCO: diffusing capacity of the lungs for carbon
monoxide. All values are expressed as frequencies, percentages, means, and standard deviations (SD).

*# Fisher's exact test.

The cross-sectional relationship between z-scores and PP values
was found to deviate from linearity at the lower end of the pul-
monary function patients (Fig. 1A and B), particularly for DLCO. As
illustrated in Fig. 1B observations with markedly reduced PP DLCO
exhibit greater dispersion and a steeper curvature in the z-score
scale vs values in the mid-to-high physiological range. This pat-
tern reflects the inherent nonlinearity of the reference equations,
the compression of z-scores near the lower tails of the distribu-
tion, and the increased measurement variability known to occur
in individuals with more severe impairment. Consequently, small
absolute changes in PP DLCO at low baseline values may corre-
spond to disproportionately large shifts in z-scores, emphasizing
the importance of interpreting both metrics jointly rather than
interchangeably in this segment of the distribution.

A 5% drop predicted in FVC corresponded, on average, to
a decline of approximately 0.37 units in the FVC z-score. This

equivalence was supported by a high level of agreement in clas-
sifying patients with functional decline (Cohen’s kappa=0.89,
p<0.001), with sensitivity and specificity of 0.99 and 0.94, respec-
tively (Fig. 1C). These findings indicate that z-scores can be used to
define functional progression in a manner consistent with widely
used PP thresholds.

In the regression analysis, each 1-unit increase in FVC PP
(Yeo-Johnson transformed) was associated with an expected
increase of 0.992 units in the FVC z-score (Yeo-Johnson trans-
formed) (95%Cl, 0.968-1.017; robust SE, 0.012; p <0.001). Although
residual heteroskedasticity was present, we estimated the model
using HC3 heteroscedasticity-consistent standard errors, which
provide unbiased inference under these conditions. Thus, the statis-
tical significance and confidence intervals reported are valid even
in the presence of persistent heteroskedasticity. Back-transformed
estimates are reported to facilitate clinical interpretation.
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Predicted vs Observed FVC Values (Back-Transformed)
Model predictions with 95% confidence interval (Yeo-Johnson inverse transformation)
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C Concordance between FVC% predicted and FVC z-score decline after 1 year
Red dashed line: 25% decline | Blue dashed line: 20.37-unit decline

]
5
NSy e ey e P SRR
5 1
o /
z g \
&
&2 L3 1
c
5
5 1
& n=76 - n=1
I
1
I
50 25 0 25
Change in FVC% predicted
>5% decline (FVC_PP) 0 1

Archivos de Bronconeumologia Xxx (XXXX) XXX—-XXX

B Predicted vs Observed DLCO Values (Back-Transformed)

Model predictions with 95% confidence interval (Yeo-Johnson inverse transformation)
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Fig. 1. (A and B) Scatter plot of predicted vs observed values (Yeo-Johnson inverse transformation) predicted percent vs z-score for FVC (A) and DLCO (B). (C and D)
Concordance between PP and z-score decline after 1 year. Each dot represents a patient. The red dashed line indicates a >5% drop in FVC% predicted, and the blue dashed line
represents a >0.37-unit decline in FVC z-score (C). FVC: forced vital capacity; DLCO: diffusing capacity of the lungs for carbon monoxide; PP: predicted percent.

For DLCO, a 10% drop predicted in DLCO corresponded, on aver-
age, to a decline of approximately 0.77 units in DLCO z-score.
Agreement in classifying patients who experienced decline was
high (Cohen’s kappa 0.88, p<0.001), with a sensitivity of 0.99 and
a specificity of 0.94. The regression model show that every unit
of change in DLCO pp (Yeo-Johnson transformed) corresponds to
0.984 units in DLCO z-score (Yeo-Johnson transformed) (95%CI,
0.95-1.017; Robust SE, 0.017; p<0.001).

To our knowledge, this is the first study to introduce the use of
z-scores instead of PP to identify physiological criteria of PPF using
GLI reference equations and assess the agreement between them.

Z-score values of 0.37 for FVC and 0.77 for DLCO identifies
approximately a similar subset of patients with meaningful lung
function deterioration over time and would take place in the phys-
iological criteria of PPF instead of 5% predicted in FVC and 10%
predicted in DLCO.

Caution is advised when adopting this reference equation, as
Brazzale et al. demonstrate that DLCO can result in an altered
interpretation depending on the equation used, compared to other
equations such as Miller, NHANES-III, or Crapo [7]. In ILD patients,
the use of GLI reference equations has been limited; Li et al. con-
cluded that applying these reference equations in patients with ILD
leads to higher DLCO pp values, and fewer patients met the criteria
for antifibrotic agents [8]. The impact extends not only to treat-
ment but also to the inclusion of trials, where FVC and DLCO are
considered, as using the GLI reference equation could change the
eligibility status of these patients [4]. Recently, Boros et al. found
that a 1-unit decline in the FVC z-score was associated with a 10.3%

increase in the risk of death. In comparison, a one-unit decline in
DLCO z-score was associated with an over 30% increase in mortality
risk, highlighting the importance of z-score as a mortality predictor
[5].

One of this study limitations is that our entire population was
Hispanic, which limits the generalizability of the results. Although
the GLI equation is multiethnic and does not fully represent the
Hispanic population, it did include data from healthy adult individ-
uals from 6 Latin American countries that together represent the
mixed-race population characteristic of this region [9], as well as
information from the Mexican-American population [10]; indeed,
a global multiethnic study is crucial to validate the GLI equations
references in ILD patients.

Physiological measures of lung function are central to iden-
tifying disease progression and determining when to initiate
antifibrotic therapy. Our findings support the potential use of z-
scores to assess functional progression in ILD. However, larger and
prospective studies are needed to confirm the prognostic value of
z-score based thresholds and to determine how best to integrate
them into clinical decision making and treatment criteria.
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