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Abstract
Aims/Background The resolution of non-tuberculous mycobacterial (NTM) lung disease is associated
with the extent of pulmonary lesions and the presence of lung cavities. This study aims to identify
factors influencing the development of extensive lung lesions and cavities in patients with NTM lung
disease, thereby generating valuable insights for the management and treatment of NTM lung disease.
Methods Retrospective analysis was conducted on clinical data from 198 hospitalized patients with
NTM lung disease at the Department of Tuberculosis, The Second Hospital of Nanjing, between 2022
and 2023. Patient data like age, gender, past medical history, nutritional risk screening 2002 (NRS-2002)
score, lymphocyte count, peripheral blood neutrophil-to-lymphocyte ratio (NLR), pulmonary computed
tomography (CT) imaging findings (including extent of lung lesions and presence of cavities), and T
cell subsets count were gathered through electronic medical records and hospital information system
(HIS) system. Univariate and multivariate logistic regression analyses were carried out with extensive
lung lesions and cavities as dependent variables and other factors as independent variables.
Results Among the 198 patients, 138 (69.7%) exhibited extensive lung lesions, while cavities were
observed in 76 individuals (38.4%). Based on the results of logistic regression analysis, a high NLR
(OR = 4.685 [1.176–18.663], p = 0.029) and an NRS-2002 score ≥3 (OR = 12.082 [3.726–39.183], p
< 0.001) were identified as risk factors for the development of extensive lung lesions in patients with
NTM lung disease. Furthermore, elevated NLR (OR = 3.454 [1.483–8.047], p = 0.004) was associated
with an increased risk of cavities in patients with NTM lung disease.
Conclusion In patients with NTM lung disease, high NLR is the risk factor for extensive lung lesions
and formation of pulmonary cavities, whereas malnutrition elevates the risk for prevalent lung lesions.
Early intervention and active monitoring of these related indicators are necessary to prevent disease
progression and enhance overall cure rates.
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Introduction
Non-tuberculous mycobacterial (NTM) lung disease refers to a pulmonary in-

fection caused by mycobacteria other than Mycobacterium tuberculosis complex
and Mycobacterium leprae, leading to the development of pulmonary tissue le-
sions and presenting a range of symptoms including fatigue, weight loss, cough
with expectoration, chest tightness, and asthma (Cowman et al, 2019; Kumar and
Loebinger, 2022). Due to the overlapping clinical manifestations of NTM lung
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disease with tuberculosis, bronchiectasis with infection, chronic obstructive pul-
monary disease (COPD), and other diseases, as well as the co-occurrence with these
conditions with a rather high frequency, accurate diagnosis of NTM lung disease
poses a significant challenge (Hendrix et al, 2022; Ku et al, 2023). However, in
recent years, the advancement of molecular biology technologies has led to an in-
creased identification of NTM lung infections. Previous studies have demonstrated
that the prevalence of NTM lung disease in the United States is approximately 8.6
cases per 100,000 individuals, while in Japan, it ranges from 33 to 65 cases per
100,000 individuals; both regions exhibit a gradual upward trend (Dahl et al, 2022;
Morimoto et al, 2014; Prevots and Marras, 2015; Winthrop et al, 2010). Currently,
there is a dearth of epidemiological data on NTM lung disease in China. But re-
cent study has shown that the incidence of NTM lung disease in Mainland China
is about 6% (Liu et al, 2021). NTM lung disease has become a major public health
problem threatening human health. In the management of NTM lung disease, the
extent of pulmonary lesions and the presence of cavities are pivotal determinants
influencing its successful resolution (Hwang et al, 2023; Yagi et al, 2021). The
number of lung fields involved in the lesion is an indicator to evaluate the extent
of the lesion (Nguyen et al, 2024). Therefore, in this study, we consider lung le-
sions are extensive when the number of lesions involved was≥3. Previous studies
have proved that the range of lesions and the number of cavities affect the sputum
turning negative; the severity of the lesion and the cavity affect the prognosis of
the disease and are the risk factors leading to treatment failure. It has also been
reported that both the NTM lung disease and tuberculosis share similar imaging
features. Patients with diabetes are more vulnerable to the formation of pulmonary
lesions and cavities, while patients with bronchiectasis are more likely to develop
NTM infection (Gopalaswamy et al, 2020). The cavities caused by NTM lung dis-
ease are smaller, with thinner walls and more uniform sizes. A study has shown
that concomitant bronchiectasis, COPD, and gastroesophageal reflux are risk fac-
tors for NTM lung disease (Tan et al, 2021) but studies on the risk factors causing
extensive lung lesions and cavities in NTM lung disease remain scarce.

By analyzing the pertinent clinical data, this study aims to investigate the con-
tributing factors associated with the development of extensive lung lesions and cav-
ities in patients diagnosed with NTM lung disease. The findings from this research
can serve as a valuable reference for the management and treatment of individuals
affected by NTM lung disease, emphasizing the importance of early intervention
and prompt medical care.

Methods
Study Participants

A retrospective study was conducted to collect the clinical data of patients with
NTM lung disease who were hospitalized in the Department of Tuberculosis, The
Second Hospital of Nanjing from January 2022 to December 2023 (Fig. 1).
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Fig. 1. Flowchart depicting the inclusion and exclusion of study participants. NTM, non-
tuberculous mycobacterial.

Inclusion and Exclusion Criteria
Inclusion criteria of this study are as follows: (1) participants who fulfilled

the diagnostic criteria for NTM lung disease, which are based on the 2020 clinical
practice guideline for the treatment of non-tuberculous mycobacterial pulmonary
disease (NTM-PD) by the American Thoracic Society (Lange et al, 2022); (2) par-
ticipants who had not started any relevant treatment prior to admission; (3) partici-
pants who exhibited positive sputum or alveolar lavage fluid cultures with identifi-
cation of NTM strains; and (4) participants aged ≥18 years old.

Individuals with the following conditions were excluded: (1) patients with im-
munodeficiency disorders or undergoing immunosuppressive therapy; (2) individ-
uals complicated by severe respiratory, cardiac, hepatic, or renal failure; (3) indi-
viduals with concurrent malignancies; (4) pregnant individuals; (5) patients with
incomplete data; and (6) patients with cavity and extensive lesions caused by other
pulmonary diseases.

Study Methods
This retrospective study was carried out using the opt-out method for the case

series in our hospital. The study was approved by the Medical Ethics Committee
of The Second Hospital of Nanjing (number: 2024-LS-ky070) and was conducted
in accordance with the 1964 Declaration of Helsinki and its later amendments or
comparable ethical standards.

The clinical data of the subjects were collected while they were hospitalized
through the electronic medical record and the hospital information management
system. This comprehensive data set included age, gender, past medical history,
and nutritional risk screening 2002 (NRS-2002) score. NRS-2002 is a nutritional
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risk screening tool developed by the European Society for Nutrition and the Eu-
ropean Society for Clinical Nutrition and Metabolism (Kondrup et al, 2003). The
patients were scored by a professionally trained nurse at admission. The score,
ranging from 0 to 10, factors in age, nutritional status, and disease severity. A
score of ≥3 indicates nutritional risk in the tested patient. Lymphocyte count,
peripheral blood neutrophil-to-lymphocyte ratio (NLR), pulmonary computed to-
mography (CT) imaging findings (including extent of lung lesions and presence
of cavities), T cell subsets count, and nutritional status assessment (according to
NRS-2002 score) were collected.

The subjects included were divided into groups according to extent of pul-
monary lesions, which was determined according to the number of lung fields in-
volved, and the presence of lung cavities. There were 138 patients in the group with
pulmonary lesions≥3 and 60 patients in the group with pulmonary lesions<3. On
the other hand, there were 76 patients in the group with cavities and 122 patients in
the group without cavities.

Statistical Analysis
The statistical analysis was performed using SPSS 20.0 software (SPSS Inc.,

Chicago, IL, USA). The Kolmogorov-Smirnov test was employed to assess the nor-
mality of data distribution. For variables that followed a normal distribution, data
are expressed as mean ± standard deviation, and group comparisons were con-
ducted using independent sample t-tests. For non-normally distributed variables,
data are presented as median (interquartile range), and the Mann-Whitney U test
was used for comparisons. Categorical variables are expressed as counts and per-
centages, and group differences were analyzed using the chi-square test or Fisher’s
exact test as appropriate.

Receiver operating characteristic (ROC) curve analysis was utilized to evalu-
ate the predictive performance of logistic regression models for the extent of lung
lesions and cavity formation in patients. The area under the curve (AUC) was calcu-
lated to determine the discriminative ability of themodels. Sensitivity (true positive
rate) and specificity (true negative rate) were derived based on the optimal cut-off
values determined using the Youden Index. Sensitivity was defined as the propor-
tion of correctly identified positive cases (e.g., patients with extensive lung lesions
or cavities), while specificity was the proportion of correctly identified negative
cases (e.g., patients without extensive lesions or cavities). Additionally, the posi-
tive predictive value (PPV) and negative predictive value (NPV) were calculated
to further assess model performance. The discriminative ability of the models was
interpreted using the AUC as follows: 0.5 indicates no discrimination, 0.7–0.8 ac-
ceptable, 0.8–0.9 excellent, and >0.9 outstanding.

Results
Comparison of Clinical Characteristics

A total of 198 patients were enrolled, comprising 86 males (43.4%) and 112 fe-
males (56.6%). The age range was between 22 and 91 years, with a mean age of 62
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years. There were 138 patients (69.7%) with extensive lesions and 76 patients with
cavities (38.4%). The mean lymphocyte count of all patients was 1.43 × 109/L,
the mean cluster of differentiation (CD) 4+ T cells was 538 cells/µL, and the mean
CD8+ T cells was 376 cells/µL. Among them, there were 12 patients with diabetes,
112 patients with bronchiectasis, 41 patients had a history of tuberculosis, and 77
patients had a history of smoking. Tables 1,2 present the detailed characteristics of
the study population. The comparison of the collected data revealed no statistically
significant differences in gender, history of diabetes, history of tuberculosis, and
bacterial type between patients with extensive lung lesions and non-extensive lung
lesions (all p > 0.05, Table 1). However, significant differences were observed
in age, lymphocyte count, CD4+ T cells, CD8+ T cells, NLR, CD4+/CD8+ ratio,
smoking history, history of bronchiectasis, and nutritional risk screening score (all
p < 0.05, Table 1). Similarly, there were no significant differences in age, history
of diabetes, history of bronchiectasis, history of pulmonary tuberculosis, and bac-
terial type between the groups with and without cavities (all p > 0.05, Table 2).
However, statistical differences were found in gender, lymphocyte count, CD4+
T cells, CD8+ T cells, NLR, CD4+/CD8+ ratio, smoking history, and nutritional
risk screening scores (all p < 0.05, Table 2). Regarding the species composition,
Mycobacterium avium intracellular complex constituted the predominant species
type, accounting for 76.3% of the total isolates, followed by Mycobacterium ab-
scessus, Mycobacterium kansasii, and Mycobacterium chelonae, representing pro-
portions of 9.6%, 7.6%, and 4%, respectively. The remaining isolates belonged to
rare species types.

Analysis of Influencing Factors
In the multivariate logistic regression analysis, variables that showed statisti-

cally significant differences in univariate analysis were used as independent vari-
ables to minimize the confounding effects of various clinical factors. The depen-
dent variables were the extensiveness of lung lesions and the presence of cavities,
while relevant clinical characteristics were assigned accordingly (Table 3).

Based on the results of univariate analysis, a multivariate logistic regression
analysis was conducted on age, lymphocyte levels, CD4+ T cells, CD8+ T cells,
NLR, CD4+/CD8+ ratio, presence of bronchiectasis, smoking history, and nutri-
tional risk screening score to evaluate their contributions to the extensiveness of
pulmonary lesions in patients with NLM lung disease. The final results showed
that NLR (OR = 4.685 [1.176–18.663], p = 0.029) and nutritional risk screening
score (OR = 12.082 [3.726–39.183], p < 0.001) were still statistically significant.
Among them, NLR and NRS-2002 score ≥3 were risk factors for extensive lung
lesions in patients with NTM lung disease (Table 4). In this study, ROC curve
was used to judge the effectiveness of the model. The AUC (area under the ROC
curve) of this model was 0.889 (95%CI: 0.844–0.933, p< 0.001), the cut-off value
was 0.671, and the sensitivity and specificity were 0.804 and 0.917, respectively
(Fig. 2).

Based on the results of the univariate analysis, a multivariate logistic regres-
sion analysis was conducted on gender, lymphocyte level, CD4+ T cells, CD8+ T
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Table 1. Comparison of clinical characteristics between the group with extensive lung lesions
and the group with non-extensive lung lesions.

Clinical characteristics Pulmonary lesions ≥3
(n = 138)

Pulmonary lesions <3
(n = 60)

Test value p-value

Age 66.20 ± 10.96 54.05 ± 14.60 t = 6.456 <0.001
<40 4 (2.9%) 12 (20.0%) χ2 = 26.871 <0.001
40–59 32 (23.2%) 24 (40.0%)
≥60 102 (73.9%) 24 (40.0%)

Gender χ2 = 2.493 0.114
Male 65 (47.1%) 21 (35.0%)
Female 73 (52.9%) 39 (65.0%)

Lymphocyte count χ2 = 12.094 <0.001
<1.1 × 109/L 61 (44.2%) 11 (18.3%)
≥1.1 × 109/L 77 (55.8%) 49 (81.7%)

NLR χ2 = 31.896 <0.001
≥3.13 67 (48.6%) 4 (6.7%)
<3.13 71 (51.4%) 56 (93.3%)

CD4+ T cells 418.50 (283.25,
608.00)

646.50 (510.25,
804.25)

Z = –5.778 <0.001

CD8+ T cells 315.00 (197.00,
424.50)

366.50 (284.50,
474.00)

Z = –2.584 0.01

CD4+/CD8+ χ2 = 13.539 <0.001
<1 39 (28.3%) 3 (5.0%)
≥1 99 (71.7%) 57 (95.0%)

Smoking history χ2 = 5.411 0.020
Yes 61 (44.2%) 16 (26.7%)
No 77 (55.8%) 44 (73.3%)

NRS-2002 χ2 = 72.412 <0.001
≥3 102 (73.9%) 5 (8.3%)
<3 36 (26.1%) 55 (91.7%)

Diabetes χ2 = 1.917* 0.166*
Yes 11 (8.0%) 1 (1.7%)
No 127 (92.0%) 59 (98.3%)

Bronchiectasis χ2 = 11.648 <0.001
Yes 89 (64.5%) 23 (38.3%)
No 49 (35.5%) 37 (61.7%)

History of tuberculosis χ2 = 2.851 0.091
Yes 33 (23.9%) 8 (13.3%)
No 105 (76.1%) 52 (86.7%)

Strain type χ2 = 1.004 0.316
MAC 108 (78.3%) 43 (71.7%)
Other types 30 (21.7%) 17 (28.3%)

*Tested with continuous correction.
Abbreviations: NLR, neutrophil-to-lymphocyte ratio; MAC, Mycobacterium avium intracellular com-
plex; NRS, nutritional risk screening.
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Table 2. Comparison of clinical characteristics between the group with cavities and the
group without cavities.

Clinical characteristics With cavities (n = 76) Without cavities (n = 122) Test value p-value

Age 63.72 ± 14.45 61.77 ± 12.65 t = 1.000 0.391
<40 7 (9.2%) 9 (7.4%) χ2 = 4.446 0.108
40–59 15 (19.7%) 41 (33.6%)
≥60 54 (71.1%) 72 (59.0%)

Gender χ2 = 12.495 <0.001
Male 45 (59.2%) 41 (33.6%)
Female 31 (40.8%) 81 (66.4%)

Lymphocyte count χ2 = 11.917 <0.001
<1.1 × 109/L 39 (51.3%) 33 (27.0%)
≥1.1 × 109/L 37 (48.7%) 89 (73.0%)

NLR χ2 = 36.206 <0.001
≥3.13 47 (61.8%) 24 (19.7%)
<3.13 29 (38.2%) 98 (80.3%)

CD4+ T cells 380.50 (256.50, 565.50) 564.00 (429.00, 743.25) Z = –4.826 <0.001
CD8+ T cells 301.50 (174.75, 416.75) 353.50 (259.25, 452.00) Z = –2.404 0.016
CD4+/CD8+ χ2 = 6.046 0.014
<1 23 (30.3%) 19 (15.6%)
≥1 53 (69.7%) 103 (84.4%)

Smoking history χ2 = 13.915 <0.001
Yes 42 (55.3%) 35 (28.7%)
No 34 (44.7%) 87 (71.3%)

NRS-2002 χ2 = 24.642 <0.001
≥3 58 (76.3%) 49 (40.2%)
<3 18 (23.7%) 73 (59.8%)

Diabetes χ2 = 0.300* 0.584*
Yes 6 (7.9%) 6 (4.9%)
No 70 (92.1%) 116 (95.1%)

Bronchiectasis χ2 = 3.140 0.076
Yes 49 (64.5%) 63 (51.6%)
No 27 (35.5%) 59 (48.4%)

Tuberculosis χ2 = 2.363 0.124
Yes 20 (26.3%) 21 (17.2%)
No 56 (73.7%) 101 (82.8%)

Strain type χ2 = 0.109 0.742
MAC 57 (75.0%) 94 (77.0%)
Other types 19 (25.0%) 28 (23.0%)

*Tested with continuous correction.

cells, NLR, CD4+/CD8+, smoking history, and nutritional risk screening score to
evaluate their contributions to cavity formation in patients with NLM lung disease.
The multivariate analysis showed that NLR (OR = 3.454 [1.483–8.047], p = 0.004)
remained statistically significant afterwards, suggesting that elevated NLR is a risk
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Table 3. Assignment table of various factors.

Factors Method of assignment

Age <40 years = 1, 40–59 years = 2, ≥60 years = 3
Gender Female = 0, male = 1
Lymphocyte levels Lymphocyte count <1.1 × 109/L = 0, lymphocyte count ≥1.1 × 109/L = 1
CD4+ T cells CD4+ T cells <450/µL = 0, CD4+ T cells ≥450/µL = 1
CD8+ T cells CD8+ T cells <320/µL = 0, CD8+ T cells ≥320/µL = 1
CD4+/CD8+ CD4+/CD8+ <1 = 0, CD4+/CD8+ ≥1 = 1
NLR NLR <3.13 = 0, NLR ≥3.13 = 1
Nutrition score NRS-2002 ≥3 = 1, NRS-2002 <3 = 0
Presence of bronchiectasis With bronchiectasis = 1, without bronchiectasis = 0
History of smoking History of smoking = 1, no history of smoking = 0

Table 4. Multivariate logistic regression analysis of the factors affecting the extent of lung
lesions in patients with NTM lung disease.

Independent variables β S.E. Wald p OR (95% CI)

Age(1)* 1.428 0.808 3.119 0.077 4.169 (0.855–20.328)
Age(2)** 1.423 0.838 2.883 0.090 4.151 (0.803–21.462)
Lymphocyte levels 0.968 0.694 1.942 0.163 2.632 (0.675–10.263)
CD4+ T cells –1.213 0.838 2.092 0.148 0.297 (0.058–1.538)
CD8+ T cells 0.008 0.483 <0.001 0.986 1.008 (0.392–2.597)
NLR 1.544 0.705 4.794 0.029 4.685 (1.176–18.663)
Nutritional risk screening score 2.492 0.600 17.231 <0.001 12.082 (3.726– 39.183)
CD4+/CD8+ –1.669 0.859 3.775 0.052 0.188 (0.035–1.015)
History of smoking 0.185 0.493 0.142 0.707 1.204 (0.458–3.162)
History of bronchiectasis 0.628 0.435 2.083 0.149 1.875 (0.799–4.401)
*The group of 40–59 years compared to the group of <40 years; **The group of ≥60 years
compared to the group of <40 years.

factor for the formation of cavities in patients with NTM lung disease (Table 5). In
this study, ROC curve was used to assess the effectiveness of the model. The AUC
(area under the ROC curve) of this model was 0.790 (95% CI: 0.727–0.854, p <
0.001), the cut-off value was 0.476, and the sensitivity and specificity were 0.658
and 0.820, respectively (Fig. 3).

Discussion
The prognosis of NTM lung disease is related to the extent of pulmonary le-

sions and cavities. Therefore, it is believed that the findings from risk factor investi-
gation will offer invaluable insights into early intervention, cure rate improvement,
and disease prognosis improvement (Jhun et al, 2020;Moon et al, 2019). Due to the
atypical clinical manifestations resembling pulmonary tuberculosis and bronchiec-
tasis, the diagnostic significance of NTM lung disease is often overlooked, leading
to delayed diagnosis and extensive lung involvement upon detection (Xu and Xu,
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Fig. 2. ROC curve of the factors affecting the extent of lung lesions in patients with NTM lung
disease. ROC, receiver operating characteristic; AUC, area under the curve.

Table 5. Multivariate logistic regression analysis of factors affecting cavity formation in
patients with NTM lung disease.

Independent variables β S.E. Wald p OR (95% CI)

NLR 1.240 0.431 8.255 0.004 3.454 (1.483–8.047)
CD4+ T cells –0.628 0.495 1.611 0.204 0.534 (0.202– 1.407)
CD8+ T cells –0.330 0.429 0.592 0.442 0.719 (0.310–1.666)
Gender 0.483 0.557 0.751 0.386 1.621 (0.544–4.831)
Smoking history 0.376 0.562 0.448 0.503 1.457 (0.484–4.382)
Lymphocyte levels 0.377 0.483 0.608 0.435 1.457 (0.566–3.754)
Nutritional risk screening score 0.541 0.420 1.661 0.197 1.718 (0.754– 3.912)
CD4+/CD8+ –0.508 0.475 1.144 0.285 0.602 (0.237–1.526)

2022). A study by Xu and Xu (2022) reported that at the time of diagnosis, lesions
distributed throughout all three lobes and above were observed in approximately
70% of patients. In this study, approximately 69.7% (138/198) of the patients ex-
hibited lesions on more than three lung fields at the time of initial diagnosis, con-
sistent with findings from previous investigations. It has also been reported that
the presence of a lung cavity is associated with prolonged treatment duration, re-
duced efficacy in eradicating sputum bacteria, and heightened therapeutic complex-
ity (Matsuyama et al, 2023; Miura et al, 2020).

In this study, nutritional level was an independent factor affecting the extent
of lung lesions in patients with NTM lung disease. The NRS-2002 is a widely em-
ployed clinical nutritional risk screening tool in medical practice, enabling early
identification of patients at risk of malnutrition and facilitating prompt interven-
tion (Neelemaat et al, 2011). Nutritional status is intricately linked to cellular im-
mune function, as malnutrition can induce immunosuppression and subsequently
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Fig. 3. ROC curve of the factors affecting cavity formation in patients with NTM lung disease.

increase the susceptibility to infectious diseases (Alwarawrah et al, 2018; Nguyen
et al, 2024). Previous study has also utilized nutritional index and body mass index
(BMI) as prognostic indicators for mortality attributed to NTM lung disease, reveal-
ing that patients with diminished nutritional index and BMI exhibit an elevated risk
of fatality (Hachisu et al, 2020). Therefore, timely nutritional risk screening and
provision of nutritional support are imperative for patients diagnosed with NTM
lung disease in order to mitigate the progression of NTM lesions.

In univariate analysis, lymphocyte level, CD4+ T cells, CD8+ T cells and
CD4+/CD8+ were influencing factors of the extent of pulmonary lesions and cavi-
ties in NTM lung disease, while in subsequent multivariate analysis, these factors
were not identified as independent factors affecting these pathological conditions in
NTM lung disease. This outcome does not align with our initial expectations. The
reason for such discrepancy may be attributed to a discernible correlation among
these factors. However, according to the results of univariate analysis, these factors
are significantly different among different groups. Lymphocytes play a pivotal role
as crucial immune cells within the human immune system. The quantification of
lymphocytes in peripheral blood is closely associated with the immunological func-
tionality of the human body. In patients with NTM lung disease, lymphocytes play
a pivotal role as the primary effector cells in orchestrating the immune response
against non-tuberculous mycobacteria, which is associated with lesion dissemina-
tion and cavity formation (Gramegna et al, 2022). CD4+ T cells possess the ca-
pability to secrete a diverse array of cytokines, thereby facilitating the activation
of macrophages and orchestrating various immune cell activities through both di-
rect and indirect mechanisms. CD8+T cells perform cytotoxic functions by secret-
ing granulysin and releasing cytokines (Amelio et al, 2019; Henkle and Winthrop,
2015). Therefore, CD4+ T cells and CD8+ T cells can reflect the immune status
of the body. The CD4+/CD8+ ratio is frequently employed as an indicator for
assessing immune function, and its association with the morbidity and mortality
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of numerous diseases has been well-established (Salih et al, 2022; Triplette et al,
2017; Vassallo et al, 2015). In this study, patients exhibiting inverted CD4+/CD8+
ratio demonstrated a higher susceptibility to developing extensive lesions, which
was attributed to the patient’s declining immune function. In patients with NTM
lung disease, monitoring the lymphocyte levels is of utmost importance. Patients
exhibiting low lymphocyte counts, particularly in CD4+ T cells, are more prone to
experiencing lesion dissemination.

NLR, a widely used inflammatory marker in the management and prediction
of various chronic diseases, primarily serves as an indicator of the body’s inflam-
matory response. Previous research has established associations between NLR and
conditions such as tumors, systemic lupus erythematosus, tuberculosis, pneumonia,
among others (Abakay et al, 2015; Diem et al, 2017; Qin et al, 2016; Yang et al,
2020). At present, there is no unified conclusion on the cut-off value of NLR, as
different cut-off values of NLR have been reported for diseases in various studies.
The study has shown that the normal value of NLR is between 0.78 and 3.53 (For-
get et al, 2017). In some studies related to lung infection, NLR ≥3.13 was defined
as a high-risk group. We refer to the cut-off value in the relevant literature (Liu
et al, 2020; Pirsalehi et al, 2020). In comparison to lymphocyte count, NLR can
more accurately reflect alterations in cellular immune function among patients with
NTM lung disease. This study identifies NLR as an independent factor influencing
the extent of lesions and cavities in NTM patients.

Previous studies have demonstrated a significant association between the in-
cidence of NTM lung disease and comorbidities such as diabetes, bronchiectasis,
tuberculosis, among others (Bonaiti et al, 2015; Jeon et al, 2023; Li et al, 2022;
Wang et al, 2021). However, it is not clear whether these complications are related
to the extensive lesions and cavity formation in NTM lung disease. Therefore, we
analyzed bronchiectasis, diabetes, and tuberculosis as possible influencing factors
in this study. The results of this study showed that there was no statistical differ-
ence in the effects of bronchiectasis, diabetes and tuberculosis on the extensive
lesions and cavity formation in patients with NTM lung disease. This is different
from what we expected, because diabetes is an important factor in the progression
of other pulmonary infectious diseases. A past study showed that pulmonary tu-
berculosis patients with diabetes are more likely to suffer pulmonary cavity (Song
et al, 2016). The reason for the unexpected result may be associated with the dis-
tinct progression of individual underlying diseases and the varying extent of NTM
dissemination within the host. In addition, the incidence of NTM lung disease is
lower than that of pulmonary tuberculosis, and there are fewer patients with dia-
betes. The sample size is insufficient, compromising the robustness of the ultimate
findings. A study has shown that the incidence of NTM lung disease in diabetic
patients is lower than that in non-diabetic patients, probably attributed to the types
of pulmonary flora in diabetic patients (Tan et al, 2021). It is difficult for NTM
to become the dominant strain affecting the development of lung disease among
diabetic patients.

The study has demonstrated that the incidence of NTM is highly correlatedwith
bronchiectasis (Zhou et al, 2022). Based on a previous meta-analysis, the overall
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incidence of NTM lung disease in patients with bronchiectasis was approximately
10% (Zhou et al, 2022). This finding prompted us to investigate whether bronchiec-
tasis affects the extensive lesions and cavity formation in patients with NTM lung
disease. In this study, 56.6% of patients with NTM lung disease had bronchiectasis.
Univariate analysis revealed a higher likelihood of extensive lung lesions among pa-
tients with bronchiectasis; however, multivariate analysis revealed that the impact
of bronchiectasis was non-significant. The extent of the lesion is associated with
the severity of bronchiectasis, which can be influenced by various factors. Hence,
it cannot be considered an independent determinant of lesion extensiveness.

The study has demonstrated that an association between a prior history of pul-
monary tuberculosis and an increased likelihood of future development of NTM
lung disease, and that patients with NTM lung disease are also at higher risk for de-
veloping pulmonary tuberculosis during treatment (Li et al, 2022). The reason may
be attributed to the structural alterations of the lung in patients with pulmonary
tuberculosis or NTM lung disease, which augment their susceptibility to the dis-
ease. In view of this, it was in our expectation that a history of tuberculosis may
lead to extensive lesions and cavity formation in patients with NTM lung disease;
however, the presence of a history of pulmonary tuberculosis did not emerge as a
significant determinant influencing the extent and cavity of lung lesions in patients
with NTM in our study. The reason for the unexpected result may be that the sever-
ity of lesions in NTM patients is associated with the intensity of prior pulmonary
tuberculosis, extent of lung tissue destruction, and duration of medical history. The
sample size of patients with a history of pulmonary tuberculosis in this study was in-
sufficient for conducting further stratified analysis, eliminating a chance to unravel
the possibility of statistically significant findings.

Smoking is causally associated with a variety of lung diseases. The study has
shown that smoking is closely related to bronchiectasis, and the incidence of NTM
lung disease is related to bronchiectasis (McShane et al, 2024). Therefore, we an-
ticipate that smoking may lead to extensive lesions and cavity formation in patients
with NTM lung disease. In univariate analysis, smoking and bronchiectasis were
both factors affecting the extensive lesions in NTM lung disease, while in subse-
quent multivariate analysis, smoking was not an independent factor affecting the
extensive lesions of NTM lung disease. This could be caused by the imbalanced
influence of smoking on bronchiectasis and NTM lung disease, with the former
being more greatly affected by this habit. In univariate analysis, smoking was a
factor affecting the cavity formation of NTM lung disease, while in subsequent
multivariate analysis, smoking was not an independent factor affecting the cavity
formation of NTM lung disease. The reason may be that gender was also a factor
affecting the cavity formation among patients with NTM lung disease in univariate
analysis, as smoking habit presents clear, varying engagement distributions across
gender categories. Previous study has also shown that smokers face a higher risk
for tuberculosis but a lower risk for NTM lung disease than non-smokers (Chung et
al, 2024). Such imbalanced levels of risks can be explained with smoking causing
chronic airway inflammation and weakened immune barrier (Madan et al, 2016),
making patients more susceptible to tuberculosis than to NTM lung disease.
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This study has several limitations. Firstly, it is a retrospective study, whichmay
be prone to clinical data incompleteness and inconvenient for prospective monitor-
ing and collection of relevant patient data. Due to incomplete clinical data of out-
patients, this study mainly collected relevant clinical data of inpatients. As a result,
our results may present some deviations from the actual outcome. Additionally,
this study was single-center in nature, along with a small sample size, further re-
stricting generalizability of the results obtained. Therefore, future research should
focus on conducting multi-center, large-sample, and prospective studies to validate
these findings. It is worth noting that image manifestations could be potentially
influenced by factors such as sputum bacterial load at onset, timing of patients’
seeking medical care, frequency of physical examinations, drug resistance patterns,
and medication for underlying diseases; however, due to limitations in obtaining
comprehensive clinical data from this study, further investigations are warranted
for confirmation.

Conclusion
This study identified elevated NLR and poor nutritional status (NRS-2002

score ≥3) as independent risk factors for extensive lung lesions in patients with
NTM lung disease. Additionally, elevated NLR was found to be the key indepen-
dent factor for cavity formation. These findings highlight the importance of early
monitoring and targeted intervention for patients with these risk factors to prevent
disease progression and improve clinical outcomes.

Key Points
• This retrospective study investigates the influencing factors that lead to

extensive lesions and cavities in the lungs by examining differences in
clinical characteristics among patients with non-tuberculous mycobacte-
rial (NTM) lung disease.

• In patients with NTM lung disease, elevated neutrophil-to-lymphocyte
ratio (NLR) and poor nutritional status are influencing factors causing
extensive lung lesions.

• In patients with NTM lung disease, elevated NLR is considered an influ-
encing factor causing pulmonary cavities.

• The development of extensive pulmonary lesions and cavities in patients
with NTM lung disease is influenced by multiple factors. Potential in-
fluencing factors include age, gender, lymphocyte levels, CD4+ T cells,
CD8+ T cells, NLR, CD4+/CD8+ ratio, smoking history, bronchiectasis,
and diabetes mellitus.

• The revelation of these potential risk factors underscores the need for early
screening and intervention in NTM lung disease patients to achieve better
disease management and control.
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