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The influence of the criterion of abnormal DLco value on the prediction
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ABSTRACT

Aim. To predict impaired lung diffusion capacity after SARS-CoV-2 infection depending on the criteria of
pathological deviation of DLco value (carbon monoxide transfer factor).

Materials and methods The retrospective study included 341 patients (median age was 48 years, 76.8% of the
participants were men) after SARS-CoV-2-associated lung injury. The median volume of lung injury during the
acute phase of COVID-19 was 50%. All patients underwent a diffusion test. Descriptive statistics, logistic regression
analysis were applied, taking into account the previously obtained model for prognosis of abnormal DLco (<80% of
the predicted value (%pred.)) [11]. In the present study on the same sample of patients, the prognosis of abnormal
DLco was studied depending on the criterion 1: DLco < 80%pred. or criterion 2: DLco < predicted — 1.645SD
(SD - standard deviation). ROC analysis was used to assess the quality of the binary classifier models.

Results. The coefficients of the logistic regression equations were obtained on the training sample with regard to
the chosen criterion of pathological deviation of DLco. The ROC analysis procedure showed that, when applying
criterion 1, area under curve (AUC) was 0.776, p < 0.001 (0.707-0.824 95% confidence interval (CI)), sensitivity
and specificity of the training model were 81 and 66%, respectively. When applying criterion 2, AUC was 0.759,
p<0.001(0.701-0.817 95% CI), sensitivity and specificity of the training model were 83.4 and 59%, respectively.

Conclusion. The criterion for determining the lower limit of normal DLco (LLN, ) does not significantly affect
the quality of the model for impaired lung diffusion capacity prognosis after SARS-CoV-2-associated lung injury.
It is advisable to give preference to a method that is easier to apply in practice.
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BnnaHmne Kputepuna naTtonornyecKoro oTkiioHeHus nokasarens DLco
Ha NPOrHo3npoBaHne HapyweHua aAndpPy3noHHON CNOCOBHOCTU Nerknx
nocne nepeHeceHHon nHpexkuymm SARS-CoV-2
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PE3IOME

Henw. [IporHozupoBanue HapyiieHus T} Y3MOHHOH CIOCOOHOCTH JIETKHMX MOCIE MEPeHECEHHONW HH(EKINH
SARS-CoV-2 B 3aBUCUMOCTH OT BEIOPaHHOTO KPUTEPUS MATOJIOTHYECKOr0 OTKIIOHeHHs noka3aTernst DLco (TpaHc-
(dep-dakTopa MOHOOKCHIA YTIIEPOAA).

Marepuajbl 1 MeToIbI. B peTpocriekTHBHOE HccieqoBaHue BKIOUeH 341 mamueHT (MequaHa Bo3pacTa 48 e,
76,8% myxurH) niociie nepeaeceHHoro SARS-CoV-2-acconupoBaHHOTO MOpaKeHHs JerkuX. Meauana oobemMa
MOpa)keHMs! JIETOYHOM TKaHH B OCTPHII mepuox 3aboieBanns cocrasmia 50%. Becem manmenTam ObUT BEITIONHEH
1 dy3nonnsnii Tect. AHamM3 DLco mpoBezieH ¢ TOMONIBI0 ONUCATETBHON CTATUCTUKY M JIOTHCTHYECKOTO perpec-
CHOHHOTI'0O aHaJIM3a C y4eTOM IOJIy4YeHHOH paHee MOJEIH NPOorHo3uposanus cHwkeHus DLco [11], B koTopoii 3a
HIDKHIOIO TpaHuIly HopMbI DLco Guto puHATO uKcupoBanHoe 3HaYeHHe 80% OT T0KHOTO 3HaYeHUS (Yo I0IDK. ).
B HacrosmeM uccire1oBaHuN Ha TOH ke BEIOOPKE IAIlMeHTOB POBEICH CPAaBHUTEIBHBII aHaIN3 Ka4ecTBa MOJIeeH
MIPOTHO3UPOBAHMS CHIDKeHHsT DLco B 3aBHCHMOCTH OT KPHTEPHEB €T0 MAaTOJI0TNIECKOT0 OTKIOHEHHUS (KpUTepHi 1:
DLco < 80%gomx.; kpurepuit 2: DLco < gomxzoe — 1,6455SD, SD — crannapTHOe KBaJpaTUYHOE OTKIOHEHUE OT
cpenHero). [l olleHKH KadecTBa MoJieniel OMHapHOTo KitaccugukaTopa ncroib3oBaics ROC-anamms.

PesyabTathl. Ha o0y4atonieii BHIOOpKe MOMydeHBI KOAQPHUIUESHTH YPaBHEHUI JIOTUCTUIECKON PErPecCHH ¢ yue-
TOM BBIOPaHHBIX KpUTEPHEB maTonoruueckoro otkiaoHenuss DLco. [Iponenypa ROC-ananu3a mokasana, 4To npu
npuMmeHeHnn kputepus 1 3Hauerne AUC (mmomans mof kpuBoif) coctasuio 0,776; p < 0,001 (95%-i noBepurens-
ubIit naTepsan (AW) 0,707-0,824), ayBCTBUTENBHOCTS U CHENU(HUIHOCTS 00ydaromeil mogemu — 81 n 66% coot-
BETCTBEHHO, ITpU npruMeHeHnH kpurepus 2 3Havenne AUC cocrasuio 0,759; p < 0,001 (95%-it AN 0,701-0,817),
qyBCTBHTENIBHOCTH U cHelu(uaHOCTs 00y4atomei Moaenu — 83,4 u 59% COOTBETCTBEHHO.

3akmiouenne. BoiGop KpHTEpHs OIpeelIeH s HIDKHEl rpaHuisl Hopmsl mokasarens DICO He okassiBaer cy-
[IECTBCHHOTO BIMSHUS Ha KAUECTBO MOJICITH ITPOTHO3UPOBAHNUS HAPYIICHUS TUPPY3UOHHON CITOCOOHOCTH JIETKUX
nociie nepeHeceHHOro SARS-CoV-2-accounupoBanHoro nopaxxeHus Jierkux. LlenecooOpasHo oTaaBath npearno-
YTEHHE METOY, KOTOPBIH MpPOIle MPUMEHSITh Ha IPAKTHKE.

KiroueBble ciioBa: KpUTEPUH MATOIOTHIECKOro OTKIoOHeHHss DLco, Moens OunapHoro kinaccudukaropa, HHpeK-
musa SARS-CoV-2

KOHq)JIPlKT HHTEPECOB. ABTOpBI JCKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOH(l)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6HI/IKaHI/ICﬁ HaCTOHU.Ieﬁ CTaTbHu.

Hcrounuk (bﬂHaHCPlpOBaHl/lﬂ. HccnenoBanne BBIIIOJIHEHO 0e3 ydacTusd CliIOHCOPOB.

CooTBeTcTBHE NMPHHIMIIAM 3THKH. Bce marueHTsl noamucany 100poBoJIbHOE MHOOPMHUPOBAHHOE COTJIAcHE
Ha ydacTue B uccienoBaHud. MccnemoBanue omoOpeHo He3aBUCHUMBIM dTHYecKUM KomuTeToM PI'BY «I'BKIT
um. H.H. Bypneaxo» Muno6opons! P® (mpotokon Ne 254 ot 20.04.2022).
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Jns untupoBanus: Casymxkunaa O.U., Mypassea E.C., JlaBeinos /1.B., Kprokos E.B. Bausaue kpurepus mato-
JIOTMYECKOT0 OTKJIOHEHH 1oka3aTtens DLco Ha mporHo3upoBanue HapymeHust AuQQy3HoHHOIT CTIOCOOHOCTH JIeT-
KuX ociie nepereceHHor nHpexmu SARS-CoV-2. bronremens cubupcroil meouyunst. 2025;24(1):69-76. https://

doi.org/10.20538/1682-0363-2025-1-69-76.

INTRODUCTION

Pulmonary function tests (PFTs) reflect the
physiological properties of the lungs and are used
to diagnose lung diseases, determine the cause of
shortness of breath, monitor disease progression
and response to treatment. The key aspect of
interpreting PFT results that are accurate from a
technical perspective is the classification of observed
values — understanding whether they are within the
normal range in relation to the healthy population.
It was previously found that values of lung function
parameters depend on the patient’s age, height, and
gender [1]. Currently, it is also considered important
to take into account the patient’s race [2, 3]. Taking
all these factors into consideration, reference equations
were created to calculate the predicted values of lung
function parameters in a particular patient. Thus, the
evaluation criterion for lung function parameters is to
compare the actual obtained value with the predicted
value.

Additionally, in a population of healthy subjects,
there is a range of normal values, the lower limit of
which is defined either as a fixed value equal to 80%
of predicted (80%pred.) [2, 4] or as the difference
between the predicted value and 1.654 SD (SD —
standard deviation) [3, 5]. Initially, it was decided
to determine the range of normal values of the lung
function parameters within the 95% confidence
interval (CI). However, A.O. Navakatikyan [6] took
into account the unidirectionality of pathological
changesinlung function parameters and recommended
using a one-sided criterion for assessing the limits of
the norm. Thus, values that deviate from the limits
of the norm by more than 1.645 SD were proposed
to be considered pathology. This concept was later
adopted by other Russian scientists [1].

Regarding the recent COVID-19 pandemic
(COronaVlrus Disease 2019 — coronavirus infection
2019) caused by the SARS-CoV-2 virus (Severe
Acute Respiratory Syndrome-related COronaVirus
2), assessing lung function in patients with SARS-

CoV-2-associated lung injury plays an important role
in creating individual medical rehabilitation programs
for patients after hospital discharge. Additionally,
restoring lung function parameters to normal is one
of the criteria for recovery.

Impaired lung diffusion capacity is the most
common and long-lasting defect in lung function
associated with SARS-CoV-2-related lung injury,
as shown in various studies [7-9]. The criterion for
impaired lung diffusion capacity is a decreased DLco
(carbon monoxide transfer factor) [10].

In a previous study, a multifactorial logistic
regression analysis was used to determine a decision
rule for predicting decreased DLco using a fixed value
of the lower limit of normal equal to 80%pred. [11].
However, no convincing evidence of the advantage
of any proposed criteria for assessing pathological
changes of DLco has been found in the available
literature.

The aim of this study is to compare models for
predicting impaired lung diffusion capacity after
SARS-CoV-2-associated lung injury depending on
the selected criterion for pathological changes of
DLco.

MATERIALS AND METHODS

A retrospective study was conducted on
341 patients after COVID-19 with virus-associated
lung injury. The maximum volume of lung tissue
damage in the acute phase of COVID-19 according
to high-resolution computed tomography of
the chest (CT_ ) and DLco were analyzed. The
median age of the patients was 48 (41.5-57) years,
76.8% (262/341) were men. The median CT__was
50 (31-75)%.

A diffusion test (evaluation of DLco) was
conducted according to international standards [12].

Hauath ¢ It is worth noting that (221/341) of
patients — underwent diffusion test within 90 days,
23.5% (80/341) of patients between 90 and180 days,
and 11.7% (40/341) of patients — within more than
180 days from the onset of COVID-19.
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Pathological deviation of DLco (the lower limit of
the normal — LLN) was assessed using the following
criteria:

Criterion I: LLN .
of LLN) [2, 4];

Criterion 2: LLN ., = predicted — 1.645 SD
(SD — standard deviation) (the individual value of
LLN) [3, 5].

The predicted value of DLco was determined
according to the European Community of Coal and
Steel prediction equations (ECCS, 1993) [5].

Statistical analysis was performed via SPSS 21
and MS Excel 2016 programs. The results were
analyzed using descriptive statistics and multivariate
logistic regression analysis.

Quantitative data with a skewed distribution
were described using the median and interquartile
range Me (Q —Q,), where Q, is the lower quartile
and @, is the upper quartile. To compare three
independent samples, the Kruskal — Wallis
test and Mann — Whitney test with Bonferroni
correction were used. Differences were considered
statistically significant at p < 0.05, where p is the
significance level.

In the previous study [11], multivariate logistic
regression analysis was used to create a binary
classifier model to predict abnormal DLco.

The decision rule for predicting abnormal
DLco was built on a training sample. For this
purpose, via a random number generator, the
total sample was divided into a training and a test
(validation) sample in a 3:1 ratio. The coefficients
ofthe logistic regression equation Z were obtained
on the training sample.

Z is the regression equation, which has the
following form:

= 80%pred. (the fixed value

Z=o,toxt...tax,
where o, o, ... — are model parameters
(coefficients), and X .... X — are predictors.
P — represents the probability of abnormal
o1
DLco, where © 1 +e*

Logistic regression predicted a decrease in
DLco when the Z value was greater than or equal
to 0, while DLco was in the normal range if Z <0.

Using the above algorithm, a decision rule was
found to predict decreased DLco after SARS-
CoV-2-associated lung injury in patients without
underlying lung diseases . The logistic regression
equation included a single predictor of CT__ [11]:

Z= ot 0 XX, (1)
where Z is the regression equation, o, o, — are
model parameters (coefficients), and x, — is the
predictor of CT_ .

The decision rule described by equation (1)
was used in this study to compare the results
of the binary classifier model depending on the
selected LLN criterion of DLco.

To assess the quality of the binary classifier
model and find the optimal cut-off value for dividing
objects into classes, a ROC analysis was performed.
The criterion for choosing the cut-off value was the
requirement of the maximum sum of sensitivity
and specificity. The ability of the created model to
recognize the presence or absence of abnormal DLco
was assessed by the value of AUC (area under the
curve) and the difference between the ROC curve and
the diagonal reference line.

RESULTS
The analysis of the Dlco parameter in the study
sample is presented in Table 1.

Table 1

DLco parameter at different time intervals (days) from the COVID-19 onset, complicated by virus-associated lung injury,
in patients without underlying lung diseases, Me (Q,-0,)

Parameter

Total sample
n =341

Sample 1
<90 days
(n=221; 64.8%)

Sample 2
90-180 days
(n=280;23.5%)

Sample 3
>180 days
(n=40; 11.7%)

p-value:
pmm/plfz/pl,g/ng

DLco, Y%pred.

75 (61.7-88.3)

72 (54-84)

81 (67-93.5)

83 (75-95.5)

<0.001'/<0.001%/
<0.001%/0.45*

Note. The data are presented as median (lower quartile — upper quartile). p,_  — significance level between samples 1-3, p, , — significance level
between samples 1 and 2, p, , —significance level between samples 2 and 3, p, , — significance level between samples 1 and 3. 1 — Kruskal — Wallis
test, 2 — Mann — Whitney test with Bonferroni correction for multiple comparisons.
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Table 1 demonstrates that the median DLco in the
total sample was decreased. Depending on the time
interval between the onset of COVID-19 and the
diffusion test, the median DLco tended to increase.
Pairwise comparison revealed statistically significant
differences between samples 1 and 2, as well as
between samples 1 and 3. However, no statistically
significant differences in DLco medians were found
between samples 2 and 3.

To compare criteria 1 and 2 for determining
pathological deviation of DLco, the total sample on
which the decision rule was obtained in the previous
study [11] was re-divided via a random number
generator into a training (z = 262) sample and a
validation (n = 79) sample. Further research was
conducted in two stages.

Stage 1. Building a binary classifier model if
LLN,, = 80%pred.

Using equation (1), the coefficients of the logistic
regression equation were obtained from the training
sample:

Z=-1.793 + 0.044xx, 2)

The classification results are presented in Table 2.

Table 2

Classification results of DLco in the training sample
(CT,,.is the predictor)

0,
DL, > 80%pred. DL, < 80% Classified
Parameter Eoredicted) pred. correctly, %
p (predicted) Y, 70
0,
Dleo= 80%pred. 66 37 64.1
0,
nDLCO< 80%pred., 27 132 83.0
Overall 75.6
Table 2 demonstrates that the sensitivity,

specificity, and accuracy for the training sample using
equation 1 were 83, 64.1, and 75.6%, respectively,
respectively.

The quality of the model described by equation 2
was verified using the ROC analysis procedure. The
ROC curve for the training sample is presented in
Fig. 1.

Predicting decreased DLco (<80%pred.), the AUC
value was 0.776, p < 0.001 (95% CI 0.707-0.824),
with sensitivity and specificity (at a cut—off point of
0.165) being 81 and 66%, respectively. Testing the
binary classifier model obtained at this stage from a
validation sample yielded sensitivity and specificity
of 76.6 and 78%, respectively.

ROC curve
1.0 —.

0.8 A

o
o
Nl
1

Sensitivity

o
~
L

024/

0.0 T T
0.0 0.2 0.4 0.6 0.8 1.0

1 — Specificity

Diagonal segments are produced by ties

Fig. 1 — the ROC curve of the training sample (CT__ is the
predictor) to predict abnormal DLco (< 80%pred.), AUC 0.776
(95% CI1 0.707-0.824, p < 0.001). The cut—off point was 0.165

Stage 2. Building a binary classifier model if
LLN,, = predicted — 1.645 SD.

Similar to stage I, the coefficients of the logistic
regression equation were obtained on the training
sample using equation (1):

=-1.997 + 0.043xx, 3)

The classification results are presented in Table 3.

Table 3

Classification results of DLco in the training sample
(CT_, is the predictor)

Parameter DL,> .LLN, n | DL, < VLLN, n | Classified
(predicted) (predicted) correctly, %
DL ,>LLN, n 73 44 62.4
DL, <LLN, n 34 111 76.6
Overall 70.2

Note. LLN is lower limit of normal, equal to predicted — 1.645SD,
SD — standard deviation.

Table 3 demonstrates that the sensitivity,
specificity, and accuracy for the training sample
using equation 1 were 76.6, 62.4, and 70.2%,
respectively.

The quality of the model described by equation 3
was verified using the ROC analysis procedure. The
ROC curve for the training sample is presented in
Fig. 2.
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Fig. 2. The ROC curve of the training sample (CT__ is the

predictor) to predict an abnormal DLco (< predicted —

1.645SD), AUC 0.759 (95% CI 0.701-0.817, p < 0.001). The
cut—off point was —0.191

Predicting decreased DLco (<predicted —
1.645SD), the AUC value was 0.759, p < 0.001
(95% CI 0.701-0.817), with sensitivity and
specificity (at a cut—off point of —0.191) being
83.4 and 59%, respectively. Testing the binary
classifier model obtained at this stage from
a validation sample yielded sensitivity and
specificity of 76.2 and 67.6%, respectively.

According to the literature, abnormal lung
function can be found in >50% of patients
during the follow-up after COVID-19-related
hospitalization. Lung diffusion capacity is the
most common COVID-19-related complication
[13]. M. Bellan et al. revealed that DLco was
decreased (<80%pred.) in 51.6% (113/219) of
patients and was less than 60%pred. in 15.5%
(34/219) of patients after severe COVID-19 [14].

The present study also demonstrated a decrease
in DLco within up to 90 days after the onset of
COVID-19 and a gradual improvement of lung
diffusion capacity as the period of time from the
disease onset increases, which is consistent with
data obtained in other patient populations [15,
16]. The issue of the lung function parameters

dynamics remains important to this day and is
being studied both in cases of mild/moderate and
severe/extremely severe COVID-19 [17, 18].

In many studies devoted to the lung function
after a SARS-CoV-2 infection, LLN of DLco
80%pred. was applied [19-21]. At the same
time, in 2022, the American Thoracic Society
and European Respiratory Society recommended
using the 5th percentile or 1.645SD from the
predicted value (Z-score =—1.645) as LLN for all
lung function parameters [3]. This is not a new
idea, as it was proposed and supported by Russian
researchers in the 1960-1980s [1, 6]. However,
the lack of appropriate software at that time did
not allow this approach to be widely used in
clinical practice. In turn, the approach proposed
by the American Thoracic Society to use a fixed
value of 80%pred. as LLN of the lung function
parameters [2] was easy to use and proved itself
well in clinical practice.

It should be noted that in a few studies
dedicated to the study of the lung function after
COVID-19, Z-score = —1.96 was taken as LLN
of the lung function parameters [22]. At the same
time, no justification was found in the literature
for the advantage of any of the proposed criteria
for LLN DLco and its effect on the accuracy of
diagnosing impaired lung diffusion capacity.

In the present study, via a binary classifier
model that includes a single predictor (CTmax),
the effect of the pathological DLco deviation
criterion on the prediction of lung diffusion
capacity was analyzed in an examined group of
patients. The study was conducted on a sample
of patients without underlying lung diseases
who had suffered SARS-CoV-2-associated lung
injury. There are no similar studies found in the
literature.

In the present study, the analysis of the
classification results of the obtained models
did not demonstrate significant differences in
predicting impaired lung diffusion capacity
depending on the criterion for LLN of DLco.
Thus, the accuracy of the obtained models was
75.6 and 70.2% for criterion 1 (LLN, = 80%
pred.) and criterion 2 (LLN_, ~ = predicted
—1.645SD), respectively. The ROC analysis on a
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training sample demonstrated that the sensitivity
of the model was slightly higher when using
criterion 2 in comparison with criterion 1 (83.4
and 81%, respectively).

However, the specificity was higher when
using criterion 1 in comparison with criterion
2 (66 and 59%, respectively). In the validation
sample, the sensitivity of the models was almost
the same (76.6 and 76.2% for criterion 1 and 2,
respectively), while the specificity was higher
when using criterion 1 (78 and 67.6% for criterion
1 and 2, respectively).

The limitations of this study include the
insufficient number of enrolled patients in the
period from 6 months to 1 year from COVID-19
onset. Additionally, the ECCS 1993 reference
value system was used to determine the predicted
value of DLco, while the GLI (Global Lung
Function Initiative) system is being widely
introduced into clinical practice [3]. However,
the effectiveness of the GLI system in clinical
practice, its consistency with the ECCS 1993
system, as well as the correspondence of DLco,
the predicted value of which is calculated using
the GLI system, clinical and X-ray data, has not
yet been studied in Russia.

CONCLUSION

For patients without underlying lung diseases,
it was shown that the choice of the criterion for
assessing LLN of DLco does not significantly
affect the sensitivity of the prediction model of
DLco decrease after suffering SARS-CoV-2-
associated lung injury. However, the specificity
of the prediction model was higher when using
a fixed value of LLN of DLco (LLN, = 80%
pred.). In this regard, the authors do not see
the advantages of determining LLN of DLco
according to any of the criteria considered. In
such cases, it is advisable to give preference to a
method that is easier to apply in practice.
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