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Usefulness of the BACES score 
in nontuberculous mycobacterial 
pulmonary disease for various 
clinical outcomes
Hyung‑Jun Kim 1,2, Myung Jin Song 1,2, Byoung Soo Kwon 1,2, Yeon Wook Kim 1,2, 
Sung Yoon Lim 1,2, Yeon‑Joo Lee 1,2, Jong Sun Park 1,2, Young‑Jae Cho 1,2, Choon‑Taek Lee 1,2 & 
Jae Ho Lee 1,2*

A uniform prognostic marker is needed for nontuberculous mycobacterial pulmonary disease 
(NTM‑PD) due to the diverse clinical course. We aimed to seek the utility of the BACES score, originally 
derived to predict all‑cause mortality, for various outcomes. To calculate the BACES score, one point 
was given for each of the following factors: body mass index < 18.5 kg/m2, age ≥ 65 years, presence of 
cavities, elevated erythrocyte sedimentation rate, or male sex. The study included 681 patients, of 
whom 97 (14.2%), 189 (27.7%), 192 (28.2%), 143 (21.0%), 47 (6.9%), and 13 (1.9%) had BACES scores 
of 0 to 5. Those with greater BACES scores were more likely to experience dyspnea, body weight 
loss, and anorexia. With severe disease, the risk of disease progression increased while the rate of 
treatment culture conversion decreased. After adjustment of comorbidities, higher BACES score was 
independently associated with the risk of mortality from respiratory causes or infection. As a simple 
and efficient bedside tool for assessing the severity of NTM‑PD, the BACES score has the potential to 
be utilized as a surrogate marker for uniform severity assessment.

Nontuberculous mycobacteria (NTM) are ubiquitous, opportunistic pathogenic bacteria in the environment, such 
as soil and  water1. NTM can cause chronic progressive lung disease known as a non-tuberculous mycobacterial 
pulmonary disease (NTM-PD)2,3. The prevalence of NTM-PD is increasing  worldwide4–6, and its overall mortal-
ity has been emphasized in several recent  studies7–9. A previous study conducted in the United States reported 
that the 5-year mortality rate of NTM-PD was 25.0%, even without any comorbidities, which was higher than 
a rate of 5.7% in the general  population9.

NTM-PD has a broad range of clinical courses. Spontaneous negative culture conversion can occur in approxi-
mately 40% of patients with non-cavitary  bronchiectasis10; the remaining patients may experience an aggravation 
of the disease, leading to respiratory failure and  death11. It is difficult to predict the clinical course upon diagnosis; 
earlier treatment is considered in those with positive smear results or cavitary lesions, whereas “watchful waiting” 
recommended as an alternative to immediate treatment in other  patients2,3,12.

Recently, a simple numerical model was developed comprising five clinical variables: body mass index (BMI), 
age, presence of cavity, elevated erythrocyte sedimentation rate (ESR), and  sex13. The scoring system was named 
the BACES score; it was developed and validated in two different centers in South Korea and shown to predict 
all-cause mortality with excellent  performance13. The BACES score was also associated with the culture conver-
sion rate after treatment in the same  population14. The BACES score needs to be validated in a different patient 
population to widen its  use15,16. In this study, we aimed to discuss various utilities of the BACES score in other 
groups of patients with NTM-PD considering multiple clinical aspects.

Methods
Patient selection and data collection. Patients diagnosed with NTM-PD at Seoul National University 
Bundang Hospital between May 1, 2003, and April 30, 2018, were included in this cohort study. Patients’ data 
were reviewed to determine whether the diagnostic criteria for NTM-PD were  met2,3,17. We excluded patients 
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who had previously received antibiotic therapy for NTM-PD, patients with insufficient data regarding the 
BACES score, or who were not followed up after diagnosis.

Patient demographics, smoking history, symptoms, comorbidities, and chest computed tomography (CT) 
findings were retrieved from the electronic medical records. The date of NTM-PD diagnosis was defined as the 
date of the second culture-positive sputum collection or the date of culture-positive bronchoscopy specimen 
 collection18. In contrast to the previous  studies13,19, all NTM species, including Mycobacterium avium complex 
(MAC), Mycobacterium abscessus complex (MABC), and Mycobacterium kansasii, were included. When a dif-
ferent NTM species, not the one detected initially, was seen at least twice during follow-up, the infection was 
considered a mixed  infection18,20.

The Institutional Review Board of Seoul National University Bundang Hospital (B-2203–743-102) approved 
this study and waived the requirement for informed consent due to the use of anonymized data and the study’s 
retrospective nature. This study was conducted according to the principles of the Declaration of Helsinki.

Calculation of the BACES score. The BACES score is composed of five variables: BMI < 18.5  kg/m2, 
age ≥ 65 years, presence of a cavity on chest CT, elevated ESR (men > 15 mm/h, women > 20 mm/h), and male 
 sex13. Chest CT findings and ESR within a year of diagnosis of NTM-PD but before treatment of the disease were 
used. Each variable was assigned one score, with a minimum score of 0 and a maximum score of 5. The estimated 
probabilities of 5-year mortality according to the BACES scores are reported as 1.2% for a score of 0, 3.2% for a 
score of 1, 8.4% for a score of 2, 21.3% for a score of 3, 47.8% for a score of 4, and 82.9% for a score of  513. The 
patients were divided into three groups as follows: the mild (BACES score 0–1), moderate (BACES score 2–3), 
and severe (BACES score 4–5)  groups14.

Outcomes. Progression of NTM-PD was defined as the initiation of treatment for the  disease21–23. Owing to 
the retrospective nature of the study, there was no uniform protocol for treating NTM-PDs, and attending physi-
cians referred to the most recent American Thoracic Society/The Infectious Diseases Society of America/British 
Thoracic Society guidelines for appropriate treatment of the identified NTM  species2,3,17. Culture conversion was 
defined as at least three consecutive negative sputum cultures after treatment. The day of collection of the first 
culture-negative sputum was considered the day of negative culture  conversion24. The date and leading cause 
of death were collected from death certificates described by the attending physicians and confirmed using the 
Statistics Korea database using the Korean Standard Classification of Diseases, 7th edition, until December 31, 
2020. Because there is no solid definition of NTM-PD-associated  mortality8, two investigators (HJK and JHL) 
examined the causes of death associated with the respiratory system or infection were selected. Any discrepan-
cies were resolved through group discussions. Details of the causes of death are listed in Supplementary Table S1.

Other statistical considerations. Categorical variables are expressed as numbers (percentiles) and p-val-
ues were calculated using the chi-square or Fisher’s exact test. In contrast, continuous variables are expressed 
as median (interquartile range [IQR]), and p values were calculated using the Kruskal–Wallis test. For survival 
analyses, Kaplan–Meier curves were drawn, and p values were calculated using the log-rank test with Bonferroni 
adjustment for multiple comparisons. A Cox regression analysis was performed to calculate the hazard ratio 
(HR) with 95% confidence intervals (CIs). The p values of < 0.05 were considered statistically significant. Our 
observed data were utilized to calculate the 5-year probability of all-cause mortality using the Kaplan–Meier 
estimator.

Results
Baseline characteristics. Six hundred eighty-one patients were included in this study (Supplementary 
Figure S1). Most of the patients were female (56.2%), with a median age of 66.0 (interquartile range [IQR], 56.7–
73.2) years and a BMI of 21.1 (IQR, 19.2–23.1) kg/m2. The most prevalent comorbidity was a history of tuber-
culosis (31.1%), followed by hypertension (24.4%), malignancy (17.3%), and diabetes mellitus (13.2%). Most of 
the patients had a mild-to-moderate severity of NTM-PD; 97 (14.2%), 189 (27.7%), 192 (28.2%), 143 (21.0%), 47 
(6.9%), and 13 (1.9%) patients had BACES scores of 0, 1, 2, 3, 4, and 5, respectively (Supplementary Figure S2).

Patients with severe NTM-PD were more likely to have a smoking history (51.6%) than those with mild 
(11.2%) and moderate NTM-PD (34.1%) (p < 0.001 by chi-square test). A history of tuberculosis and chronic 
pulmonary comorbidities, such as chronic obstructive pulmonary disease, asthma, and idiopathic pulmonary 
fibrosis, were more common in patients with severe NTM-PD than in others. Compared to patients with moder-
ate (71.6%) and mild (61.9%) NTM-PD, patients with severe NTM-PD were more likely to be diagnosed using 
two repetitive sputum cultures (83.3%) rather than invasive methods (p = 0.001 by chi-square test). Patients with 
severe NTM-PD also had a higher initial sputum smear positivity rate (36.7% vs. 10.5% vs. 6.6%, p < 0.001 by 
chi-square test) (Table 1).

Patient symptoms and NTM species. Common symptoms were cough (36.0%), sputum (29.1%), hem-
optysis (18.2%), and dyspnea (13.8%). Patients with severe NTM-PD were more likely to have dyspnea (26.7%) 
than those with mild (8.4%) and moderate (16.1%) NTM-PD (p < 0.001 by chi-square test). Symptoms of body 
weight loss (6.7% vs. 3.0% vs. 1.0%, p = 0.029 by chi-square test) and anorexia (3.3% vs. 0.3% vs. 0.0%, p = 0.002 
by chi-square test) were also more common in patients with higher BACES scores (Supplementary Table S2).

MAC was the prevalent causative species (68.8%), followed by MABC (14.5%) and Mycobacterium kansasii 
(2.5%). Fifty-five (8.1%) patients were diagnosed with mixed infections. Patients with higher BACES scores had 
were more likely to have M. intracellulare and M. abscessus infections. In contrast, those with lower BACES scores 
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were more likely to have M. avium and M. massiliense infections (p = 0.008 by chi-square test) (Supplementary 
Table S3).

Disease progression and treatment response. Of the 681 patients, 333 (48.9%) had progressive dis-
ease. The median time to progression was 2.6 (IQR, 1.2–10.5) months, which was shorter for patients with severe 
NTM-PD (median, 1.3 months) than for those with moderate (2.5 months) or mild (3.8 months) NTM-PD 
(p < 0.001). Compared to patients with mild NTM-PD, patients with moderate (HR, 1.66; 95% confidence inter-
val [CI], 1.31–2.11) or severe (HR, 2.76; 95% CI, 1.91–3.99) NTM-PD had a higher risk of disease progression 
(log-rank test with Bonferroni correction p < 0.001) (Table 2 and Fig. 1a). Of the five components of the BACES 
score, the presence of any cavity (HR, 2.25; 95% CI, 1.77–2.88), low BMI (HR, 1.76; 95% CI, 1.35–2.30), elevated 
ESR (HR, 1.59; 95% CI, 1.27–1.98), and male sex (HR, 1.27; 95% CI, 1.02–1.58) were associated with the risk of 
disease progression. Elderly age (≥ 65 years) was not significantly associated with disease progression (HR, 1.05; 
95% CI, 0.85–1.31).

Of the 333 patients with progressive disease, 256 had at least three sputum cultures after treatment. Of the 256 
patients, 142 (55.5%) had culture conversion. The culture conversion rate was 65.5% in mild NTM-PD, 52.4% in 
moderate NTM-PD, and 40.7% in severe NTM-PD (p = 0.042 by chi-square test). However, the time to culture 
conversion did not reveal a significant difference between the groups (log-rank test with Bonferroni correction 
p = 0.596) (Table 2 and Fig. 1b).

Mortality. As of December 31, 2020, 209/681 (30.7%) patients had died after a median of 8.6 (IQR, 5.4–10.9) 
years following NTM-PD diagnosis. Compared to the mild group, the moderate (HR, 7.44; 95% CI, 4.74–11.67) 
and severe (HR 26.05, 95% CI 15.60–43.50) groups had higher risks of all-cause mortality in this separate cohort 
(log-rank test with Bonferroni correction p < 0.001) (Table 2 and Fig. 1c). The estimated survival rates and actual 
survival rates showed a good correlation (Supplementary Figure S3). Elderly age (HR, 6.51; 95% CI, 4.48–9.45), 
elevated ESR (HR, 3.54; 95% CI, 2.60–4.84), male sex (HR, 3.36; 95% CI, 2.52–4.48), lower BMI (HR, 2.33; 95% 
CI, 1.71–3.18), and presence of cavity (HR, 1.78; 95% CI, 1.31–2.42) were all associated with the time to all-cause 

Table 1.  Baseline characteristics of NTM-PD patients. NTM-PD nontuberculous mycobacterial pulmonary 
disease; BMI body mass index; IPF idiopathic pulmonary fibrosis; COPD chronic obstructive pulmonary 
disease. Numbers are presented as count (percentage) or median [interquartile range]. The p values were 
calculated using the chi-square or Fisher’s exact test for categorical variables, or the Kruskal–Wallis test for 
continuous variables.

Variables

Overall BACES 0–1 BACES 2–3 BACES 4–5

pN = 681 n = 286 n = 335 n = 60

Sex, female 383 (56.2) 237 (82.9) 143 (42.7) 3 (5.0) < 0.001

Age, years 66.0 [56.7–73.2] 58.6 [52.4–64.0] 70.1 [64.2–75.9] 73.0 [68.0–77.3] < 0.001

BMI, kg/m2 21.1 [19.2–23.1] 21.6 [20.0–23.6] 20.9 [19.0–22.9] 18.1 [15.9–20.2] < 0.001

Smoking history

 Never smoker 504 (74.0) 254 (88.8) 221 (66.0) 29 (48.3)

< 0.001 Former smoker 141 (20.7) 22 (7.7) 96 (28.7) 23 (38.3)

 Current smoker 36 (5.3) 10 (3.5) 18 (5.4) 8 (13.3)

Comorbidities

 History of tuberculosis 212 (31.1) 69 (24.1) 110 (32.8) 33 (55.0) < 0.001

 Hypertension 166 (24.4) 48 (16.8) 103 (30.7) 15 (25.0) < 0.001

 Malignancy 118 (17.3) 29 (10.1) 76 (22.7) 13 (21.7) < 0.001

 Diabetes mellitus 90 (13.2) 18 (6.3) 59 (17.6) 13 (21.7) < 0.001

 Asthma 64 (9.4) 27 (9.4) 34 (10.1) 3 (5.0) 0.453

 COPD 59 (8.7) 3 (1.0) 41 (12.2) 15 (25.0) < 0.001

 Cardiovascular disease 49 (7.2) 15 (5.2) 31 (9.3) 3 (5.0) 0.123

 Neuromuscular disease 45 (6.6) 13 (4.5) 23 (6.9) 9 (15.0) 0.012

 IPF 11 (1.6) 0 (0.0) 10 (3.0) 1 (1.7) 0.013

 Chronic liver disease 10 (1.5) 0 (0.0) 8 (2.4) 2 (3.3) 0.022

Diagnostic method

 Sputum 467 (68.6) 177 (61.9) 240 (71.6) 50 (83.3)

0.001 Bronchoscopy 183 (26.9) 88 (30.8) 85 (25.4) 10 (16.7)

 Tissue biopsy 31 (4.6) 21 (7.3) 10 (3.0) 0 (0.0)

Positive sputum smear 76 (11.2) 19 (6.6) 35 (10.5) 22 (36.7) < 0.001

Presence of cavity 135 (19.8) 14 (4.9) 77 (23.0) 44 (73.3) < 0.001

Erythrocyte sedimentation rate, mm/h 19.0 [9.0–36.0] 11.0 [6.0–19.0] 27.0 [13.0–45.0] 37.0 [26.0–53.0] < 0.001

Duration of follow-up, years 4.9 [1.8–8.5] 6.2 [2.4–9.8] 4.8 [1.7–8.0] 1.8 [0.8–3.3] < 0.001
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mortality. Using the Kaplan–Meier estimator, the estimated probability of 5-year mortality from our observed 
data was as follows: BACES 0 (2.8%), BACES 1 (6.5%), BACES 2 (22.7%), BACES 3 (47.4%), BACES 4 (73.7%), 
and BACES 5 (91.0%).

Of 209 patients, 94 died of respiratory causes or infections. Details of the causes of death are presented in 
Supplementary Table S4. Patients with negative culture conversion had a lower mortality risk due to respiratory 
causes or infection (log-rank p = 0.038) (Fig. 2). Compared to the mild group, the moderate (HR, 7.80; 95% 
CI, 3.87–15.73) and severe (HR, 31.97; 95% CI, 14.73–69.42) groups had significantly higher risks of mortality 
from respiratory causes or infection (log-rank p < 0.001) (Table 2 and Fig. 1d). Elderly age (HR, 5.86; 95% CI, 
3.42–10.05), elevated ESR (HR, 4.59; 95% CI 2.80–7.54), lower BMI (HR, 3.65; 95% CI, 2.39–5.58), male sex 
(HR, 2.36; 95% CI, 1.56–3.56), and the presence of a cavity (HR, 2.20; 95% CI, 1.42–3.41) were all associated 
with mortality from respiratory causes or infection.

Table 2.  Clinical outcomes after diagnosis of nontuberculous mycobacterial pulmonary disease. *Calculated 
among 256 patients with ≥ 3 sputum cultures after treatment. Numbers are presented as count (percentage) or 
median (interquartile range) unless specified otherwise.

Variables

Overall BACES 0–1 BACES 2–3 BACES 4–5

pN = 681 n = 286 n = 335 n = 60

Disease progression

 Yes 333 (48.9) 115 (40.2) 179 (53.4) 39 (65.0)  < 0.001

 Months to progression after diagnosis 2.6 [1.2–10.5] 3.83 [1.8–25.7] 2.53 [1.2–6.9] 1.3 [0.7–7.3]  < 0.001

 Culture conversion after treatment* 142/256 (55.5) 55/84 (65.5) 76/145 (52.4) 11/27 (40.7) 0.042

Mortality

 Follow-up duration, years 8.1 [5.4–10.9] 9.5 [7.3–12.1] 7.1 [4.7–10.0] 2.8 [1.4–5.4] 0.001

 All-cause 209 (30.7) 22 (7.7) 140 (41.8) 47 (78.3)  < 0.001

 Due to respiratory causes or infection 94 (13.8) 9 (3.1) 61 (18.2) 24 (40.0)  < 0.001

Figure 1.  Patient outcomes after diagnosis of NTM-PD. Patients with higher BACES scores have a lower 
probability of progression-free survival (a) and negative culture conversion after treatment (b). The probabilities 
of all-cause mortality (c) and mortality from respiratory cause or infection (d) were higher with a higher BACES 
score. P values were calculated using the log-rank test with Bonferroni adjustment for multiple comparisons. 
Abbreviation: NTM-PD, nontuberculous mycobacterial pulmonary disease.
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Because the BACES score does not include underlying comorbidities, we performed a multivariate analysis 
including the underlying comorbidities. Compared to mild NTM-PD, moderate (adjusted HR, 5.13; 95% CI, 
2.48–10.59) and severe (adjusted HR, 18.29; 95% CI, 7.92–42.20) NTM-PD were independently associated 
with the risk of mortality from respiratory causes or infection. Among the comorbidities, chronic liver disease 
(adjusted HR, 3.82; 95% CI, 1.23–11.90), tuberculosis (adjusted HR, 1.61; 95% CI, 1.05–2.47), chronic obstruc-
tive pulmonary disease (adjusted HR, 1.61; 95% CI, 1.75–4.64), and idiopathic pulmonary fibrosis (adjusted HR, 
13.77; 95% CI, 6.26–30.31) were also independently associated with a higher risk (Table 3).

Discussion
This is the first study to validate the BACES score for various clinical aspects of NTM-PD in a separate cohort. 
With a higher BACES score, the prevalence of symptoms such as dyspnea, anorexia, and body weight loss was 
higher. The risk of disease progression increased with a higher BACES score, but the probability of negative cul-
ture conversion was lower after treatment. In addition to all-cause mortality, the BACES score was independently 
associated with mortality from respiratory causes or infections, even after adjusting for underlying comorbidities. 
The strengths of this study include the different patient groups, broader species of NTM, and a longer follow-up 
duration until death (median, 8.1 years) compared to those in a similar previous study (median, 6.8 years and 
4.9 years for the derivation and validation groups, respectively)13.

Figure 2.  Patient survival according to the achievement of culture conversion. The graphs show Kaplan–Meier 
curves according to the achievement of ≥ 3 consecutive negative culture conversions after treatment. Solid lines 
indicate achievement of culture conversion, while dashed lines indicate failure to achieve culture conversion. 
Achievement of negative culture conversion was not associated with all-cause mortality (a) but with mortality 
from respiratory cause or infection (b).

Table 3.  Factors associated with mortality due to respiratory cause or infection in NTM-PD patients. 
NTM-PD nontuberculous mycobacterial pulmonary disease; HR hazard ratio; COPD chronic obstructive 
pulmonary disease; IPF idiopathic pulmonary fibrosis. Numbers are presented as hazard ratios with 95% 
confidence intervals. *Statistically significant after multivariate adjustment (p < 0.05).

Variable Unadjusted HR Adjusted HR

BACES*

 0–1 Reference Reference

 2–3 7.80 (3.87 − 15.73) 5.13 (2.48 − 10.59)

 4–5 31.97 (14.73 − 69.42) 18.29 (7.92 − 42.2)

Diabetes mellitus 2.09 (1.27 − 3.42) 1.42 (0.81 − 2.47)

Chronic kidney disease 3.16 (1.16 − 8.61) 0.95 (0.27 − 3.31)

Neuromuscular disease 1.93 (1.00 − 3.73) 1.11 (0.53 − 2.31)

Hypertension 1.92 (1.26 − 2.92) 1.45 (0.91 − 2.31)

Chronic liver disease* 8.42 (3.04 − 23.28) 3.82 (1.23 − 11.90)

Bronchiectasis 0.45 (0.30 − 0.68) 0.90 (0.57 − 1.41)

History of tuberculosis* 2.08 (1.39 − 3.13) 1.61 (1.05 − 2.47)

COPD* 5.94 (3.77 − 9.38) 2.85 (1.75 − 4.64)

IPF* 22.27 (11.26 − 44.04) 13.77 (6.26 − 30.31)
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Our results demonstrate that the BACES score is an integrated score comprising core prognostic components, 
which have been identified repeatedly in earlier studies. A lower BMI is associated with a higher prevalence of 
NTM-PD and a higher risk of all-cause and MAC-specific  mortality25,26. Older age is a risk factor for all-cause 
 mortality19,26–30. The presence of cavities and elevated inflammatory markers are associated with a higher risk 
of radiographic deterioration, all-cause mortality, and MAC-specific  mortality26,28,29. Men are more likely to die 
with NTM-PD than  women19,26,27.

Initially, the BACES score was used to predict all-cause mortality in patients with NTM-PD13. In our study, 
the BACES score was also associated with a higher probability of disease progression, defined as the initiation 
of treatment. Although recent guidelines recommend initiating therapy for cavitary disease and positive smear 
 results3,12, there is no definite standard to begin treatment, and shared decision-making is  critical15. An objective 
measure of disease severity can be helpful in such circumstances, and the BACES score can be a valid parameter. 
In addition, the BACES score was associated with the probability of culture conversion after treatment, which 
was also observed in the original derivation  cohort14.

We confirmed the association between the BACES score and mortality from respiratory causes or infec-
tion, even after adjustment for comorbidities. Patients are more likely to die “of ” NTM-PD rather than “with” 
NTM-PD as the prevalence of NTM-PD  increases9. However, given the high prevalence of comorbidities, it was 
challenging to identify the NTM-PD-specific deaths. As indicated in our study, patients with severe NTM-PD 
have a higher prevalence of underlying chronic lung diseases such as asthma, interstitial pulmonary fibrosis, 
and chronic obstructive pulmonary disease, which are essential factors influencing NTM-PD  prognosis26,27,29,30. 
Although such chronic diseases affect survival, the BACES score is an independent predictor of mortality from 
respiratory causes or infection. This increases the scientific power of the BACES score as a prognostic marker in 
NTM-PD, regardless of the underlying medical conditions.

Negative culture conversion was associated with fewer deaths from respiratory causes or infections but not 
all-cause mortality. This differs from a previous study in which negative culture conversion observed within 6 
to 12 months was associated with lower all-cause  mortality14. Our study may be underpowered, considering 
that only 256 patients were included in the survival analysis of culture conversion, compared to approximately 
700 patients in the original  cohort14. Nonetheless, our results indicate that mortality from respiratory causes 
or infection can be reduced while eradicating NTM. We suggest that achieving culture conversion is essential 
regardless of the time to culture conversion. Taken together, patients with a higher BACES score had a higher 
risk of disease progression following treatment initiation, while the culture conversion rate was lower. Given 
the association between the achievement of culture conversion and better survival, those with a higher BACES 
score are less likely to survive.

This study has a few limitations. First, this study was conducted in South Korea, where the BACES score was 
developed. Further validation studies in other geographic areas and ethnicities are required. Second, due to the 
study’s retrospective design, the treatment protocols could not be predefined. However, the overall rate of nega-
tive culture conversion was 54.4% in MAC-PD, 51.7% in MABC-PD, and 87.5% in Mycobacterium kansasii-PD, 
which is comparable with the findings from previous  reports31–33. Thirdly, while the observed mortality rate 
was higher than that of the derivation  cohort13, the proportion of patients with subjective symptoms was lower 
than that reported in a recent  study34. This may be due to the older age of our patients compared to the original 
cohort (median 66 vs. 60 years) and because we did not use a detailed questionnaire-based symptom assessment, 
the attending physician may not have noticed mild or intermittent symptoms like cough, sputum, or dyspnea.

Conclusions
The BACES score is a simple integrated system associated with various clinical aspects. The BACES score might 
be a potential marker for disease progression, treatment response, death associated with the respiratory system 
or infection, and all-cause mortality. In addition to the recent recommendation of initiating treatment in patients 
with positive acid-bacilli smears and/or cavitary  diseases12, those with a higher BACES score can receive aggres-
sive treatment including intravenous antibiotics, rather than “watchful waiting.” Further studies are needed to 
determine whether aggressive therapy for patients with a higher BACES score is associated with better outcomes.

Data availability
The data supporting this study’s findings are available from the corresponding author upon reasonable request. 
The data are not publicly available due to privacy or ethical restrictions.

Received: 3 November 2022; Accepted: 19 April 2023

References
 1. Prevots, D. R. & Marras, T. K. Epidemiology of human pulmonary infection with nontuberculous mycobacteria: A review. Clin. 

Chest Med. 36, 13–34. https:// doi. org/ 10. 1016/j. ccm. 2014. 10. 002 (2015).
 2. Griffith, D. E. et al. An official ATS/IDSA statement: Diagnosis, treatment, and prevention of nontuberculous mycobacterial 

diseases. Am. J. Respir. Crit. Care Med. 175, 367–416. https:// doi. org/ 10. 1164/ rccm. 200604- 571ST (2007).
 3. Haworth, C. S. et al. British thoracic society guidelines for the management of non-tuberculous mycobacterial pulmonary disease 

(NTM-PD). Thorax 72, i1-ii64. https:// doi. org/ 10. 1136/ thora xjnl- 2017- 210927 (2017).
 4. Lee, H., Myung, W., Koh, W. J., Moon, S. M. & Jhun, B. W. Epidemiology of nontuberculous mycobacterial infection, South Korea, 

2007–2016. Emerg. Infect. Dis. 25, 569–572. https:// doi. org/ 10. 3201/ eid25 03. 181597 (2019).
 5. Winthrop, K. L. et al. Incidence and prevalence of nontuberculous mycobacterial lung disease in a large U.S. managed care health 

plan, 2008–2015. Ann. Am. Thorac. Soc. 17, 178–185. https:// doi. org/ 10. 1513/ Annal sATS. 201804- 236OC (2020).
 6. Namkoong, H. et al. Epidemiology of pulmonary nontuberculous mycobacterial disease, Japan. Emerg. Infect. Dis. 22, 1116–1117. 

https:// doi. org/ 10. 3201/ eid22 06. 151086 (2016).

https://doi.org/10.1016/j.ccm.2014.10.002
https://doi.org/10.1164/rccm.200604-571ST
https://doi.org/10.1136/thoraxjnl-2017-210927
https://doi.org/10.3201/eid2503.181597
https://doi.org/10.1513/AnnalsATS.201804-236OC
https://doi.org/10.3201/eid2206.151086


7

Vol.:(0123456789)

Scientific Reports |         (2023) 13:7495  | https://doi.org/10.1038/s41598-023-33782-z

www.nature.com/scientificreports/

 7. Park, S. C. et al. Prevalence, incidence, and mortality of nontuberculous mycobacterial infection in Korea: A nationwide population-
based study. BMC Pulm. Med. 19, 140. https:// doi. org/ 10. 1186/ s12890- 019- 0901-z (2019).

 8. Diel, R., Lipman, M. & Hoefsloot, W. High mortality in patients with Mycobacterium avium complex lung disease: A systematic 
review. BMC Infect. Dis. 18, 206. https:// doi. org/ 10. 1186/ s12879- 018- 3113-x (2018).

 9. Mourad, A., Baker, A. W. & Stout, J. E. Reduction in expected survival associated with nontuberculous mycobacterial pulmonary 
disease. Clin. Infect. Dis. 72, e552–e557. https:// doi. org/ 10. 1093/ cid/ ciaa1 267 (2021).

 10. Kwon, B. S. et al. The natural history of non-cavitary nodular bronchiectatic Mycobacterium avium complex lung disease. Respir. 
Med. 150, 45–50. https:// doi. org/ 10. 1016/j. rmed. 2019. 02. 007 (2019).

 11. Moon, S. M. et al. Long-term natural history of non-cavitary nodular bronchiectatic nontuberculous mycobacterial pulmonary 
disease. Respir. Med. 151, 1–7. https:// doi. org/ 10. 1016/j. rmed. 2019. 03. 014 (2019).

 12. Daley, C. L. et al. Treatment of nontuberculous mycobacterial pulmonary disease: An official ATS/ERS/ESCMID/IDSA clinical 
practice guideline. Clin. Infect. Dis. 71, e1–e36. https:// doi. org/ 10. 1093/ cid/ ciaa2 41 (2020).

 13. Kim, H. J. et al. BACES score for predicting mortality in nontuberculous mycobacterial pulmonary disease. Am. J. Respir. Crit. 
Care Med. 203, 230–236. https:// doi. org/ 10. 1164/ rccm. 202004- 1418OC (2021).

 14. Im, Y. et al. Impact of time between diagnosis and treatment for nontuberculous mycobacterial pulmonary disease on culture 
conversion and all-cause mortality. Chest 161, 1192–1200. https:// doi. org/ 10. 1016/j. chest. 2021. 10. 048 (2022).

 15. Marmor, M., Talbot, E. A. & Cohen, K. A. Treatment of nontuberculous mycobacterial lung disease is complex; Thus, shared deci-
sion making is critical. Ann. Am. Thorac. Soc. 19, 1265–1267. https:// doi. org/ 10. 1513/ Annal sATS. 202201- 002VP (2022).

 16. Aksamit, T. R. One step closer: Nontuberculous mycobacterial pulmonary disease and predicted mortality—The BACES Score. 
Am. J. Respir. Crit. Care Med. 203, 163–164. https:// doi. org/ 10. 1164/ rccm. 202008- 3051ED (2021).

 17. Diagnosis and treatment of disease caused by nontuberculous mycobacteria. This official statement of the American Thoracic 
Society was approved by the Board of Directors. Medical section of the american lung association. Am. J. Respir. Crit. Care Med. 
156(S1–25), 1997. https:// doi. org/ 10. 1164/ ajrccm. 156.2. atsst ateme nt (1997).

 18. Kim, H. J. et al. Nontuberculous mycobacterial pulmonary disease diagnosed by two methods: A prospective cohort study. BMC 
Infect. Dis. 19, 468. https:// doi. org/ 10. 1186/ s12879- 019- 4078-0 (2019).

 19. Jhun, B. W. et al. Prognostic factors associated with long-term mortality in 1445 patients with nontuberculous mycobacterial 
pulmonary disease: A 15-year follow-up study. Eur. Respir. J. 55, 1900798. https:// doi. org/ 10. 1183/ 13993 003. 00798- 2019 (2020).

 20. Shin, S. H. et al. Nontuberculous mycobacterial lung diseases caused by mixed infection with Mycobacterium avium complex 
and Mycobacterium abscessus complex. Antimicrob. Agents Chemother. 62, e01105-01118. https:// doi. org/ 10. 1128/ AAC. 01105- 18 
(2018).

 21. Koh, W. J. et al. Clinical significance of the differentiation between Mycobacterium avium and Mycobacterium intracellulare in M. 
avium complex lung disease. Chest 142, 1482–1488. https:// doi. org/ 10. 1378/ chest. 12- 0494 (2012).

 22. Kikuchi, T. et al. Association between mycobacterial genotypes and disease progression in Mycobacterium avium pulmonary 
infection. Thorax 64, 901–907. https:// doi. org/ 10. 1136/ thx. 2009. 114603 (2009).

 23. Park, J., Cho, J., Lee, C. H., Han, S. K. & Yim, J. J. Progression and treatment outcomes of lung disease caused by Mycobacterium 
abscessus and Mycobacterium massiliense. Clin. Infect. Dis. 64, 301–308. https:// doi. org/ 10. 1093/ cid/ ciw723 (2017).

 24. van Ingen, J. et al. Treatment outcome definitions in nontuberculous mycobacterial pulmonary disease: An NTM-NET consensus 
statement. Eur. Respir. J. 51, 1800170. https:// doi. org/ 10. 1183/ 13993 003. 00170- 2018 (2018).

 25. Song, J. H., Kim, B. S., Kwak, N., Han, K. & Yim, J. J. Impact of body mass index on development of nontuberculous mycobacterial 
pulmonary disease. Eur. Respir. J. 57, 2000454. https:// doi. org/ 10. 1183/ 13993 003. 00454- 2020 (2021).

 26. Hayashi, M. et al. Prognostic factors of 634 HIV-negative patients with Mycobacterium avium complex lung disease. Am. J. Respir. 
Crit. Care. Med. 185, 575–583. https:// doi. org/ 10. 1164/ rccm. 201107- 1203OC (2012).

 27. Andrejak, C. et al. Nontuberculous pulmonary mycobacteriosis in Denmark: Incidence and prognostic factors. Am. J. Respir. Crit. 
Care Med. 181, 514–521. https:// doi. org/ 10. 1164/ rccm. 200905- 0778OC (2010).

 28. Fleshner, M. et al. Mortality among patients with pulmonary non-tuberculous mycobacteria disease. Int. J. Tuberc. Lung Dis. 20, 
582–587. https:// doi. org/ 10. 5588/ ijtld. 15. 0807 (2016).

 29. Gochi, M. et al. Retrospective study of the predictors of mortality and radiographic deterioration in 782 patients with nodular/
bronchiectatic Mycobacterium avium complex lung disease. BMJ Open 5, e008058. https:// doi. org/ 10. 1136/ bmjop en- 2015- 008058 
(2015).

 30. Ito, Y. et al. Predictors of 5-year mortality in pulmonary Mycobacterium avium-intracellulare complex disease. Int. J. Tuberc. Lung 
Dis. 16, 408–414. https:// doi. org/ 10. 5588/ ijtld. 11. 0148 (2012).

 31. Kwak, N. et al. Treatment outcomes of mycobacterium avium complex lung disease: A systematic review and meta-analysis. Clin. 
Infect. Dis. 65, 1077–1084. https:// doi. org/ 10. 1093/ cid/ cix517 (2017).

 32. Kwak, N. et al. Mycobacterium abscessus pulmonary disease: Individual patient data meta-analysis. Eur. Respir. J. 54, 1801991. 
https:// doi. org/ 10. 1183/ 13993 003. 01991- 2018 (2019).

 33. Park, H. K., Koh, W. J., Shim, T. S. & Kwon, O. J. Clinical characteristics and treatment outcomes of Mycobacterium kansasii lung 
disease in Korea. Yonsei Med. J. 51, 552–556. https:// doi. org/ 10. 3349/ ymj. 2010. 51.4. 552 (2010).

 34. Pravosud, V. et al. Symptom burden and medication use among patients with nontuberculous mycobacterial lung disease. Chronic 
Obstr. Pulm. Dis. 8, 243–254. https:// doi. org/ 10. 15326/ jcopdf. 2020. 0184 (2021).

Acknowledgements
We sincerely thank Miss Jung-Hwa Shin for her dedication to building this retrospective cohort of NTM-PD 
patients.

Author contributions
H.J.K. and J.H.L. contributed to the work’s conception, design, and analysis. M.J.S., B.S.K., Y.W.K., S.Y.L., Y.J.L., 
J.S.P., Y.J.C., and C.T.L. contributed to the acquisition and interpretation of the data for the work. H.J.K. drafted 
the work. M.J.S., B.S.K., Y.W.K., S.Y.L., Y.J.L., J.S.P., Y.J.C., C.T.L., and J.H.L. revised the manuscript critically 
for important intellectual content. All authors approved the final version of the manuscript and agreed to be 
accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part 
of the work are appropriately investigated and resolved.

Funding
This study was not funded by any organizations.

Competing interests 
The authors declare no competing interests.

https://doi.org/10.1186/s12890-019-0901-z
https://doi.org/10.1186/s12879-018-3113-x
https://doi.org/10.1093/cid/ciaa1267
https://doi.org/10.1016/j.rmed.2019.02.007
https://doi.org/10.1016/j.rmed.2019.03.014
https://doi.org/10.1093/cid/ciaa241
https://doi.org/10.1164/rccm.202004-1418OC
https://doi.org/10.1016/j.chest.2021.10.048
https://doi.org/10.1513/AnnalsATS.202201-002VP
https://doi.org/10.1164/rccm.202008-3051ED
https://doi.org/10.1164/ajrccm.156.2.atsstatement
https://doi.org/10.1186/s12879-019-4078-0
https://doi.org/10.1183/13993003.00798-2019
https://doi.org/10.1128/AAC.01105-18
https://doi.org/10.1378/chest.12-0494
https://doi.org/10.1136/thx.2009.114603
https://doi.org/10.1093/cid/ciw723
https://doi.org/10.1183/13993003.00170-2018
https://doi.org/10.1183/13993003.00454-2020
https://doi.org/10.1164/rccm.201107-1203OC
https://doi.org/10.1164/rccm.200905-0778OC
https://doi.org/10.5588/ijtld.15.0807
https://doi.org/10.1136/bmjopen-2015-008058
https://doi.org/10.5588/ijtld.11.0148
https://doi.org/10.1093/cid/cix517
https://doi.org/10.1183/13993003.01991-2018
https://doi.org/10.3349/ymj.2010.51.4.552
https://doi.org/10.15326/jcopdf.2020.0184


8

Vol:.(1234567890)

Scientific Reports |         (2023) 13:7495  | https://doi.org/10.1038/s41598-023-33782-z

www.nature.com/scientificreports/

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 023- 33782-z.

Correspondence and requests for materials should be addressed to J.H.L.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2023

https://doi.org/10.1038/s41598-023-33782-z
https://doi.org/10.1038/s41598-023-33782-z
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Usefulness of the BACES score in nontuberculous mycobacterial pulmonary disease for various clinical outcomes
	Methods
	Patient selection and data collection. 
	Calculation of the BACES score. 
	Outcomes. 
	Other statistical considerations. 

	Results
	Baseline characteristics. 
	Patient symptoms and NTM species. 
	Disease progression and treatment response. 
	Mortality. 

	Discussion
	Conclusions
	References
	Acknowledgements


