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Clinical characteristics and prognostic factors of non-tuberculous
mycobacterial disease in patients with rheumatoid arthritis

Patients Results

Clinical characteristics

Age 65.0 + 10.2 years

Radiographic feature Nodular/bronchiectatic (NB) from most common (79.8%)

Prognosis Risk factor

Combined ILD, microbiologically confirmed NTM-PD, and NB with the

i H 0,
ExacsibaticnlofRIMED Gl fibrocavitary (FC) form on chest CT
91 patients with rheumatoid arthritis (RA)
%z‘;s;:;:gz:ﬁs dtzrgr?gtLabper:Zu(IiPs history of TBc, ILD, smoking, microbiologically confirmed NTM-PD,
el (T fnfesitn Mortality 13.2% and NB with the FC form on chest CT

l Hydroxychloroquine

ILD and NB with the FC form on chest CT were associated with NTM-PD exacerbation and mortality.
Conclusion Hydroxychloroquine use may lower the risk of NTM-PD exacerbation. Therefore, radiographic features and presence
of ILD should be considered when predicting the prognosis of patients with RA and suspected NTM-PD.

Background/Aims: This study aimed to identify the clinical characteristics of patients with concurrent rheumatoid arthritis
(RA) and suspected non-tuberculous mycobacterial (NTM) infections as well as determine their prognostic factors.

Methods: We retrospectively reviewed the medical records of 91 patients with RA whose computed tomography (CT) find-
ings suggested NTM infection. Subsequently, we compared the clinical characteristics between patients with and without
clinical or radiological exacerbation of NTM-pulmonary disease (PD) and investigated the risk factors for the exacerbation and
associated mortality.

Results: The mean age of patients with RA and suspected NTM-PD was 65.0 + 10.2 years. The nodular/bronchiectatic (NB)
form of NTM-PD was the predominant radiographic feature (78.0%). During follow-up, 36 patients (41.9%) experienced a
radiological or clinical exacerbation of NTM-PD, whereas 12 patients (13.2%) died. Combined interstitial lung disease (ILD),
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microbiologically confirmed NTM-PD, and NB with the fibrocavitary (FC) form on chest CT were identified as risk factors
for the clinical or radiological exacerbation of NTM-PD. Hydroxychloroquine use was identified as a good prognostic factor.
Conversely, history of tuberculosis, ILD, smoking, microbiologically confirmed NTM-PD, and NB with the FC form on chest CT
were identified as poor prognostic factors for mortality in suspected NTM-PD.

Conclusions: ILD and NB with the FC form on chest CT were associated with NTM-PD exacerbation and mortality. Hy-
droxychloroquine use may lower the risk of NTM-PD exacerbation. Therefore, radiographic features and presence of ILD

should be considered when predicting the prognosis of patients with RA and suspected NTM-PD.

Keywords: Rheumatoid arthritis; Nontuberculous mycobacteria; Prognosis; Risk factor

INTRODUCTION

Rheumatoid arthritis (RA) is a systemic and chronic inflam-
matory joint disorder. Chronic inflammation of the synovi-
al membrane is a critical factor in the pathophysiology of
RA,; it leads to the destruction of both the articular cartilage
and juxta-articular bone, consequently causing disability [1].
Patients with RA have a high incidence of morbidity and
mortality because of infectious diseases. This trend was
identified before the advent of immunosuppressive medi-
cations that interfere with tumour necrosis factor (TNF) and
other biologic disease modifying anti-rheumatic drugs (bD-
MARDs). In previous RA cohorts, markers of disease severity
and presence of comorbidities (such as chronic lung disease,
alcoholism, and diabetes mellitus) were identified as the
primary risk factors for severe infections [2,3]. Additional-
ly, long-term use of glucocorticoids is a key predictor of in-
fection in patients with RA. These trends remain pertinent
in the era of bDMARD-based treatment [3]. A recent study
revealed that patients with RA are more prone to infections
due to multiple factors, including high disease activity, treat-
ment- or disease-related immunosuppression, coexisting
diseases, and polypharmacy [4].

There has been a consistent increase in the occurrence
and fatal impacts of non-tuberculous mycobacterial (NTM)
diseases [5]. NTM diseases have a high prevalence among
patients with RA, and their incidence has been increasing
in South Korea [6]. The NTM group comprises members of
the genus Mycobacterium, except for the Mycobacterium
tuberculosis complex and Mycobacterium leprae. NTM in-
fections can include those affecting the skin, soft tissues,
bones, joints, and superficial lymph nodes; however, they
are mostly associated with the lungs [7].

To date, the identified prognostic factors for the exacer-
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bation of NTM infections in patients with RA include ad-
vanced age, systemic and respiratory comorbidities, use
of glucocorticoids or biological agents (such as anti-TNF
agents), and elevated levels of inflammatory markers (such
as the C-reactive protein [CRP] and erythrocyte sedimenta-
tion rate [ESR]) [8-11]. However, only few laboratory-based
clinical and epidemiological studies have been conducted
on the risk factors for the exacerbation of NTM infections in
patients with RA in Korea.

Therefore, we aimed to identify the clinical characteristics
of patients with concurrent RA and NTM-pulmonary disease
(PD) and determine the factors that affect their prognosis.

METHODS

Study population

This study included 91 patients with RA who were being
followed up at the Rheumatology Department of the Ajou
University Hospital in Korea. These patients presented with
chest computed tomography (CT) findings suggestive of
NTM infections between January 2002 and December
2022. The indications for a chest CT scan were abnormal-
ities on chest radiography and persistent respiratory symp-
toms. Among a total of 2,248 patients with chest CT scans,
NTM-PD was suspected in 91 patients. All patients fulfilled
the 1987 American College of Rheumatology (ACR) crite-
ria or the 2010 ACR/European League Against Rheumatism
classification criteria for RA [12,13]. The study protocol was
reviewed and approved by the Institutional Review Board of
the Ajou University Hospital (AJOUIRB-DB-2023-170). The
requirement to obtain consent to participate was waived
due to the study’s retrospective nature.
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Data collection

The medical records of patients examined between Janu-
ary 2002 and March 2023 were retrospectively reviewed.
RA disease activity was assessed using the Disease Activity
Score in 28 joints (DAS28). Furthermore, the number of ten-
der and swollen joints, visual analogue scale pain score, and
global assessment score were evaluated at RA and suspect-
ed NTM-PD diagnoses.

The age at suspected NTM-PD diagnosis was based on
the date the CT scan first showed evidence of NTM infec-
tion. Clinical exacerbation of NTM-PD was considered when
pulmonologists deemed patients with NTM-PD to have ex-
acerbated signs and symptoms that necessitated admission.
Radiological exacerbation was considered when the most
recent imaging findings showed an aggravated condition
as compared with that noted previously. Radiologically,
NTM-PD was categorized as nodular/bronchiectatic (NB),
fibrocavitary (FC), and unclassifiable. The NB form was char-
acterized by the existence of multifocal bronchiectasis and
clusters of small nodules. The FC form was characterized by
the presence of cavitary lesions, often associated with signif-
icant involvement of the pleura overlying the affected area
of the lungs [14]. The presence of interstitial lung disease
(ILD) findings, such as ground-glass opacities or reticular
abnormalities with honeycombing, was also determined by
experienced radiologists. Differentiation between ILD exac-
erbation/progression and NTM-PD exacerbation was based
on follow-up chest CT findings.

Statistical analysis

The baseline demographic and clinical characteristics were
compared between patients with radiological or clinical
NTM-PD exacerbation (i.e., the NTM-PD exacerbation group)
and without NTM-PD exacerbation (i.e., the NTM-PD non-
exacerbation group); a chi-squared test or Fisher’s exact test
was used for categorical variables, whereas an independent
t-test or Mann-Whitney U test was used for continuous
variables. The laboratory results obtained at RA and NTM-
PD diagnoses were compared between the groups using a
paired t-test. The risk factors for the exacerbation of NTM
infection and associated mortality were evaluated using a
Cox regression analysis; these were presented with hazard
ratios (HRs) and 95% confidence intervals (Cls). All statisti-
cal analyses were performed using SPSS version 25.0 (IBM
Corp., Armonk, NY, USA). p < 0.05 was considered statisti-
cally significant.
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Table 1. Baseline characteristics of RA patients with sus-
pected NTM-PD

Variable Value (n = 917)
Demographic
Age, yr 65.0 + 10.2
Sex
Female 71 (78.0)
Male 20 (22.0)
BMI, kg/m? 20.7 £3.0
Social history
Smoking 14 (15.4)
Alcohol 8(8.8)
Comorbidities
Diabetes mellitus 16 (17.6)
Hypertension 30 (33.0)
Cardiovascular disease 12 (13.2)
Cancer 6 (6.6)
History of tuberculosis 12 (13.2)
ILD 13 (14.3)
COPD 8(8.8)
Disease status at RA diagnosis
RF positivity 68 (74.7)
RF titer, IlU/mL 120.0 + 167.3
Anti-CCP Ab positivity (n = 56) 33(58.9)
Anti-CCP Ab titer, IlU/mL (n = 56) 121.1 £ 298.6
Tender joint count 6.0+£6.6
Swollen joint count 52+69
Patient global assessment, mm 46.0 +20.8
ESR, mm/h 43.4 +£29.5
CRP, mg/dL 21+£32
DAS28 48+16
Disease activity
Low 12 (13.2)
Moderate 32 (35.2)
High 41 (45.1)
WBC, /uL 7,945.5 + 2,802.5

Neutrophil, /uL
Lymphocyte, /uL

53709 + 2,491.4
1,898.5+ 7125

Hb, mg/dL 13.4 + 11.8
Hct, % 36.7+39
Platelet, x 103/uL 291.5 + 106.5
Total protein, g/dL 73+0.6
Albumin, g/dL 42+04

Values are presented as number (%) or mean + standard devi-
ation.

Anti-CCP Ab, anti-cyclic citrullinated peptide antibody; BMI,
body mass index; COPD, chronic obstructive pulmonary dis-
ease; CRP, C-reactive protein; DAS, disease activity score; ESR,
erythrocyte sedimentation rate; Hb, hemoglobin; Hct, hema-
tocrit; ILD, interstitial lung disease; NTM-PD, non-tuberculous
mycobacterial pulmonary disease; RA, rheumatoid arthritis; RF,
rheumatoid factor; WBC, white blood cell.
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Table 3. Medication and treatment outcomes of RA pa-
tients with suspected NTM-PD

Variable Value (n = 91) Variable Value (n = 91)
RA duration to suspected NTM, yr (n = 76) 6.3+6.4 Medication
Radiographic features Corticosteroid 68 (74.7)
Nodular/bronchiectatic form 71 (78.0) csDMARDs 89 (97.8)
Fibrocavitary form 0(0.0) Methotrexate 57 (62.6)
Nodular/bronchiectatic with fibrocavitary 18 (19.8) Hydroxychloroquine 76 (83.5)
form Sulfasalazine 24 (26.4)
Others 2(22) Leflunomide 24 (26.4)
Microbiologically confirmed NTM-PD at 35(38.5) bDMARDS 12 (13.2)
diagnosis TNF inhibitors 1(12.1)
NTM species ('n = 35? Rituximab 3(3.3)
Mycobacter/.um avium ‘c.omplex 21 (60.0) Abatacept 1)
Mycobacter/'um kansasii 0(0.0) Tocilizumab 3(3.3)
Mycobacterium abscessus complex 5(14.3) sDMARDS 3(3.3)
Others 9(25.7) Achieving low disease activity 45 (49.5)
Treatment .Of NTM (n = 86) Medication after suspected NTM-PD
Obs.erlva.‘uon >5(64.0) Corticosteroid 58 (63.7)
Antibiotics 31(36.0) cSDMARDs 85 (93.4)
— 5
Values are presented as mean + standard dgwahon or numbgr (%). Methotrexate 40 (44.0)
NTM-PD, non-tuberculous mycobacterial pulmonary disease; .
RA, rheumatoid arthritis. Hydroxychloroquine 54(59.3)
Sulfasalazine 12 (13.2)
Leflunomide 14 (15.4)
bDMARDs 7(7.7)
RESULTS TNF inhibitors 3(3.3)
. .. . ] Rituximab 2(2.2)
Baseline characteristics of patients with RA
Abatacept 0(0.0)
and suspected NTM-PD N
. i ) Tocilizumab 2(2.2)
Among the 91 patients included in the study, 15 were al-

. . . ; tsDMARDs 2(2.2)
ready diagnosed with NTM-PD at RA diagnosis and 76 were el e c7143
newly diagnosed with NTM-PD after RA diagnosis. The llowLp alration. yr

Exacerbation of NTM (n = 86) 36 (41.9)

mean age was 65.0 + 10.2 years, and most were female - .
(78.0%). The baseline patient characteristics are shown SlinicaliexacerbatonioRhiif] 2522,
Radiological exacerbation of NTM 33(38.4)

in Table 1. Hypertension (33.0%) was the most common
comorbidity. Furthermore, 13 (14.3%), 8 (8.8%), and 12
(13.2%) patients had ILD, chronic obstructive pulmonary
disease (COPD), and a history of tuberculosis, respectively.
Furthermore, 68 (74.7%) and 33 (58.9%) patients exhibit-
ed rheumatoid factor positivity and anti-cyclic citrullinated
peptide antibody positivity, respectively. At RA diagnosis,
the disease activity was high (DAS28 score > 5.1), moderate
(3.2 < DAS28 score < 5.1), and low (2.6 < DAS28 score
<3.2)in41(45.1%), 32 (35.2%), and 12 (13.2%) patients,
respectively.

https://doi.org/10.3904/kjim.2023.193

Death 12 (13.2)

Values are presented as number (%) or mean + standard devi-
ation.

bDMARDs, biologic disease modifying anti-rheumatic drugs;
c¢sDMARDs, conventional synthetic disease modifying an-
ti-rheumatic drugs; NTM-PD, non-tuberculous mycobacterial
pulmonary disease; RA, rheumatoid arthritis; TNF, tumor ne-
crosis factor; tsDMARDs, targeted synthetic disease modifying
anti-rheumatic drugs.
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Table 4. Comparison of clinical data of RA patients with exacerbation of suspected NTM-PD and those without exacerbation

Radiological exacerbation or

No exacerbation

vengiole clinical exacerbation (n = 36) (n =50) 9 el
Female 29 (80.6) 38(76.0) 0.615
COPD 5(13.9) 3(6.0) 0.214
ILD 9(25.0) 4(8.0) 0.030
History of tuberculosis 7(19.4) 4(8.0) 0.117
BMI, kg/m? 203 +35 211+24 0.223
Smoking, pack year 30.0+17.3 271 +£99 0.723
At RA diagnosis
Age at RA diagnosis, yr 585+ 129 580+ 114 0.864
RF positivity 27 (75.0) 40 (80.0) 0.581
RF titer, IU/mL 123.4 +149.7 128.4 + 184.7 0.896
Anti-CCP Ab positivity 16/22 (72.7) 17/33 (51.5) 0.116
Anti-CCP Ab titer, [lU/mL 182.4 + 4549 89.2 £ 1159 0.357
Tender joint count 6.1+6.8 6.4+65 0.832
Swollen joint count 47 +£6.2 59+75 0.438
Patient global assessment, mm 49.0+184 447 +215 0.333
At suspected NTM
ESR, mm/h 49.0 £ 345 30.7 £25.1 0.011
CRP, mg/dL 3.6+64 26+52 0.436
DAS28 39+13 35+1.3 0.233
WBC, /uL 7,819.7 £ 2,296.3 7,021.3 + 3,003.6 0.026
Neutrophil, /uL 5,695.8 +2,252.9 4,719.9 + 3,246.2 0.003
Lymphocyte, /uL 1,535.4 + 588.6 1,583.6 £ 755.8 0.773
Hb, mg/dL 120+ 1.8 123 +£17 0.470
Hct, % 36.3+55 36.7+4.7 0.710
Platelet, x 103/uL 268.6 £ 86.1 2615+ 101.6 0.746
Total protein, g/dL 72 +0.6 69+0.8 0.022
Albumin, g/dL 41 +0.5 41+06 0.649
Pulmonary function test
FEV1, L (n =51) 38.0+42.1 549 +40.4 0.152
FVC, L (n =51) 36.8 +40.2 56.7 £39.5 0.081
FEV1/FVC, % (n = 57) 90.1£16.3 88.4+ 141 0.683
DLCO, mL/mmHg/min (n = 21) 449 +30.9 35.8+26.7 0.493
Treatment of RA
NSAIDs 35(97.2) 48 (96.0) > 0.999
Corticosteroid 27 (75.0) 38 (76.0) 0.915
csDMARDs 35(97.2) 49 (98.0) 1.000
Methotrexate 21(58.3) 31(62.0) 0.732
Hydroxychloroquine 28 (77.8) 46 (92.0) 0.060
Sulfasalazine 12 (33.3) 10 (20.0) 0.162
Leflunomide 12 (33.3) 11 (22.0) 0.241
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Table 4. Continued

Radiological exacerbation or No exacerbation

Hertelsie clinical exacerbation (n = 36) (n = 50) prElLe
bDMARDs 5(13.9) 7 (14.0) 0.988
TNF inhibitors 4(11.1) 7 (14.0) 0.755
Rituximab 1(2.8) 2 4.0 >0.999
Abatacept 0(0.0) 1(2.0) >0.999
Tocilizumab 2 (5.6) 1(2.0) 0.569
tsDMARDs 0(0.0) 3(6.0) 0.261
Achieving low disease activity 15 (41.7) 30 (60.0) 0.063
Microbiologically confirmed NTM-PD at diagnosis 22 (61.1) 13 (26.0) 0.001
Chest CT pattern (nodular/bronchiectatic with 13 (36.1) 4(8.0) 0.001

fibrocavitary form)

Values are presented as number (%) or mean = standard deviation.

Anti-CCP Ab, anti-cyclic citrullinated peptide antibody; bDMARDs, biologic disease modifying anti-rheumatic drugs; BMI, body
mass index; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; csDMARDs, conventional synthetic disease
modifying anti-rheumatic drugs; CT, computed tomography; DAS, disease activity score; DLCO, carbon monoxide diffuse capacity;
ESR, erythrocyte sedimentation rate; FEV1, forced expiratory volume in one second; FVC, forced vital capacity; Hb, hemoglobin;
Hct, hematocrit; ILD, interstitial lung disease; NSAIDs, nonsteroidal anti-inflammatory drugs; NTM-PD, non-tuberculous mycobacte-
rial pulmonary disease; RA, rheumatoid arthritis; RF, rheumatoid factor; TNF, tumor necrosis factor; tsDMARDs, targeted synthetic
disease modifying anti-rheumatic drugs; WBC, white blood cell.

Biosimilars were included in each originators.

p values were calculated using chi-square test or Mann—Whitney U test, depending on the results of the normality test, or Stu-

dent’s t-test.

The laboratory findings at RA and suspected NTM-PD
diagnoses are shown in Supplementary Table 1. The ESR,
DAS28 score, lymphocyte count, platelet count, and total
protein levels were higher at RA diagnosis than at NTM-PD
diagnosis. However, the serum CRP levels, white blood cell
count, and neutrophil count did not differ significantly be-
tween the two time points.

Clinical characteristics of patients with RA
and suspected NTM-PD

The clinical characteristics of the 91 included patients are
presented in Table 2; as mentioned before, 15 and 76 pa-
tients were diagnosed with NTM-PD before and after RA
diagnosis, respectively. The average duration between RA
and suspected NTM diagnoses in the 76 patients was 6.3
+ 6.4 years. The NB form of NTM-PD was the predominant
radiographic feature (78.0%). According to commonly used
diagnostic criteria, 35 patients (38.5%) presented with two
consecutive positive NTM cultures at the time of suspected
NTM-PD diagnosis [15]; the Mycobacterium avium complex
was the most common causative pathogen identified. Sup-
plementary Table 2 shows the baseline characteristics of the
35 patients with RA and microbiologically confirmed NTM-
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PD. Approximately 64% of the patients were observed
without treatment; the remaining 36% were treated with
NTM-targeting antibiotics.

The medications and treatment outcomes of all patients
are shown in Table 3. Approximately all patients (97.8%)
received conventional synthetic DMARDs (csDMARDs);
these were mostly hydroxychloroquine (83.5%), followed
by methotrexate (62.6%). Twelve patients (13.2%) received
bDMARDs; most were TNF inhibitors (12.1%). Only three
patients (3.3%) received targeted synthetic DMARDs (tsD-
MARDs). After a suspected NTM-PD diagnosis, only three
patients received TNF inhibitors, followed by rituximab
(2.2%) and tocilizumab (2.2%). During follow-up, 45 pa-
tients (49.5%) achieved a low disease activity or remission
state of RA (DAS28 score < 3.2), 36 patients (41.9%) experi-
enced a clinical or radiological exacerbation of NTM-PD, and
12 patients (13.2%) died.

Exacerbation of NTM infections in patients
with RA and NTM-PD

Table 4 presents a comparison of the characteristics of pa-
tients who experienced a clinical or radiological exacerbation
of NTM-PD (n = 36 [41.9%]) with those of patients who did
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not (n = 50 [58.1%]). Five patients were lost to follow-up.
Their follow-up duration from a suspected NTM-PD diag-
nosis was 5.7 = 4.3 years. The number of patients with ILD
was significantly higher in the NTM-PD exacerbation group
than in the NTM-PD non-exacerbation group. Conversely,
the number of patients with COPD and those with a his-
tory of tuberculosis did not differ significantly between the
two groups. Moreover, the number of patients with a low
disease activity during follow-up did not differ significantly
between the two groups.

At suspected NTM-PD diagnosis, the total protein levels
were significantly higher in the NTM-PD exacerbation group
than in the NTM-PD non-exacerbation group (7.2 + 0.6 vs.
6.9 + 0.8 g/dL, p = 0.022). Furthermore, the ESR was sig-
nificantly higher in the NTM-PD exacerbation group than in
the NTM-PD non-exacerbation group (49.0 + 34.5 vs. 30.7

The Korean Journal of Internal Medicine Vol. 39, No. 1, January 2024

+ 25.1 mm/h, p = 0.011). Conversely, the NTM-PD exacer-
bation and non-exacerbation groups did not differ signifi-
cantly in terms of the DAS28 score (3.9 = 1.3 vs. 3.5 % 1.3,
p = 0.233), pulmonary function test results, and treatment
patterns of RA.

We analysed the risk factors for NTM-PD exacerbation in
patients with RA using Cox regression (Table 5). The risk
of NTM-PD exacerbation was significantly higher in patients
with ILD than in those without ILD (crude HR = 2.25, 95%
Cl: 1.04-4.89, p = 0.040). Furthermore, it was also signifi-
cantly higher in patients with microbiologically confirmed
NTM-PD at diagnosis than in those without (crude HR =
2.80, 95% Cl, 1.41-5.59, p = 0.003). Hydroxychloroquine
users had a significantly decreased risk of NTM-PD exacer-
bation as compared to non-users (crude HR = 0.38, 95% Cl:
0.17-0.86, p = 0.020). However, use of other csDMARDs,

Table 5. Risk factors of exacerbation of NTM-PD in RA patients with suspected NTM-PD

Adjusted HR (95%

Variable Crude HR (95% Cl) p value ) p value
Comorbidities

Diabetes mellitus 0.95 (0.42-2.15) 0.898

Hypertension 1.07 (0.53-2.17) 0.853

Cardiovascular disease 1.45 (0.62-3.38) 0.392

Malignancy 0.40 (0.06-2.96) 0.371

History of tuberculosis 2.05 (0.89-4.75) 0.092 1.80 (0.67-4.86) 0.245

COPD 2.03(0.78-5.31) 0.149 1.93 (0.66-5.70) 0.233

ILD 2.25(1.04-4.89) 0.040 2.13(0.78-5.83) 0.142
Social history

Smoking 1.38 (0.51-3.70) 0.527

Alcohol 0.93 (0.22-3.96) 0.922
Medications

Corticosteroid 0.70 (0.32-1.53) 0.370

Methotrexate 0.70 (0.35-1.41) 0.318

Hydroxychloroquine 0.38(0.17-0.86) 0.020 0.33(0.13-0.84) 0.020

Sulfasalazine 1.27 (0.63-2.56) 0.497

Leflunomide 1.39(0.69-2.81) 0.354

bDMARDs 1.10 (0.42-2.84) 0.850

tsDMARDs - 0.990
Microbiologically confirmed NTM-PD at diagnosis 2.80 (1.41-5.59) 0.003 1.93 (0.89-4.21) 0.097
Chest CT (nodular/bronchiectatic with fibrocavitary form) 1.75 (0.87-3.51) 0.115 1.15(0.45-2.92) 0.777

bDMARDs, biologic disease modifying anti-rheumatic drugs; Cl, confidence interval; COPD, chronic obstructive pulmonary disease;
CT, computed tomography; HR, hazard ratio; ILD, interstitial lung disease; NTM-PD, non-tuberculous mycobacterial pulmonary dis-
ease; RA, rheumatoid arthritis; tsDMARDs, targeted synthetic disease modifying anti-rheumatic drugs.

The risk factors for exacerbation of NTM-PD were evaluated using Cox regression analysis; estimating HR.
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biologics or tsDMARDs, and corticosteroids was not signifi-
cantly associated with NTM-PD exacerbation. After adjust-
ment, only hydroxychlorogquine users were noted to have
a significantly decreased risk of NTM-PD exacerbation as
compared to non-users (adjusted HR = 0.33, 95% Cl: 0.13-
0.84, p = 0.020).

We analysed the risk factors for exacerbation of microbi-
ologically confirmed NTM-PD in patients with RA using Cox
regression (Supplementary Table 3). Patients with ILD had a
marginally increased risk of NTM-PD exacerbation as com-

Table 6. Risk factors of mortality in RA patients with sus-
pected NTM-PD

Variable fgrgif g;{ p value
Comorbidities
Diabetes mellitus 112 (0.28-4.47) 0.869
Hypertension 1.43 (0.44-4.63) 0.547
Cardiovascular disease 2.07 (0.55-7.77) 0.280
Malignancy 117 (0.15-9.14) 0.882
History of tuberculosis 3.59 (1.08-11.96) 0.037
COPD 2.39(0.52-11.09) 0.265
ILD 4.20(1.33-13.33) 0.015
Social history
Smoking 6.31 (1.69-23.49) 0.006
Alcohol 1.15(0.14-9.23) 0.893
Medications
Corticosteroid 1.57 (0.34-7.20) 0.564
Methotrexate 0.59 (0.19-1.89) 0.377
Hydroxychloroquine 0.44(0.12-1.69) 0.233
Sulfasalazine 2.60 (0.83-8.15) 0.102
Leflunomide 2.10(0.67-6.62) 0.206
bDMARDs - 0.994
tsDMARDs - 0.994

Microbiologically confirmed 7.46 (1.60-34.75) 0.010

NTM-PD at diagnosis

Chest CT (nodular/bronchiec-  4.20 (1.32-13.31) 0.015
tatic with fibrocavitary form)

bDMARDs, biologic disease modifying anti-rheumatic drugs;
Cl, confidence interval; COPD, chronic obstructive pulmonary
disease; CT, computed tomography; HR, hazard ratio; ILD,
interstitial lung disease; NTM-PD, non-tuberculous mycobac-
terial pulmonary disease; RA, rheumatoid arthritis; tsDMARDs,
targeted synthetic disease modifying anti-rheumatic drugs.
The risk factors for mortality were evaluated using Cox regres-
sion analysis.
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pared with those without ILD (crude HR = 3.24, 95% ClI:
0.98-10.77, p = 0.055).

Mortality in patients with RA and suspected
NTM-PD

Among the 12 deaths noted, the most common cause of
mortality was pneumonia (n = 9); the remaining one and
two patients died of pulmonary thromboembolism and
NTM-PD aggravation, respectively. The risk factors for mor-
tality in patients with concurrent RA and suspected NTM-
PD are shown in Table 6. Cox regression analysis indicated
that ILD (crude HR = 4.20, 95% Cl: 1.33-13.33, p = 0.015),
smoking (crude HR =6.31, 95% Cl: 1.69-23.49, p = 0.006),
microbiologically confirmed NTM-PD (crude HR = 7.46,
95% Cl: 1.60-34.73, p = 0.010), and a history of tuber-
culosis (crude HR = 3.59, 95% Cl: 1.08-11.96, p = 0.037)
were significantly related to an increased mortality risk in
patients with RA with NTM-PD. In addition, NB with an FC
form on chest CT was also associated with mortality (crude
HR = 4.20, 95% ClI: 1.32-13.31, p = 0.015). Conversely,
medication usage was not significantly associated with mor-
tality. Due to the small sample size of 12 deaths, we did not
perform any adjustments.

We analysed the risk factors for mortality in patients with
microbiologically confirmed NTM-PD with RA using Cox re-
gression (Supplementary Table 4). NB with an FC form on
chest CT was associated with mortality (crude HR = 12.16,
95% Cl: 1.21-121.98, p = 0.034).

DISCUSSION

We performed this retrospective study using a hospi-
tal-based clinical information database to assess the risk
factors of NTM-PD exacerbation and associated mortality
in patients with concurrent RA and suspected NTM-PD.
ILD and NB with an FC form on chest CT were identified
as risk factors for the clinical or radiological exacerbation of
NTM-PD. Hydroxychloroquine use was identified as a good
prognostic factor; conversely, ILD, smoking, history of tu-
berculosis, microbiologically confirmed NTM-PD at diagno-
sis, and NB with an FC form on chest CT were identified as
poor prognostic factors for mortality in patients with RA and
suspected NTM-PD.

Yamakawa et al. [8] reported that an ESR of > 50 mm/h
was a poor prognostic factor for the radiological exacerba-
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tion of NTM-PD in patients with RA. Consistent with this, the
ESR was considerably higher in the NTM-PD exacerbation
group than in the NTM-PD non-exacerbation group (49.0
+34.5vs. 30.7 + 25.1 mm/h, p = 0.011) [8]. In addition,
compared with the NTM-PD non-exacerbation group, the
NTM-PD exacerbation group had notably higher total pro-
tein levels at NTM-PD diagnosis. Individuals with inflamma-
tory conditions (such as infections, autoimmune diseases,
and cancer) experience a faster rate of decline in red blood
cells; this decline leads to increased blood protein levels. Ele-
vated plasma proteins can contribute to rouleaux formation,
thereby increasing the ESR [16]. Thus, the higher protein
levels and ESR observed in patients with NTM-PD exacerba-
tion could be attributed to the more severe inflammation
caused by the NTM infection at diagnosis. Furthermore, a
retrospective study revealed that patients with poorly con-
trolled RA experience worse radiological outcomes despite
receiving biological therapies [17]. Conversely, in our study,
the DAS28 score (representative of the RA disease activi-
ty) at suspected NTM-PD diagnosis did not differ between
the NTM-PD exacerbation and non-exacerbation groups,
suggesting that the severity of the inflammation caused by
NTM infection (instead of the severity of RA) is associated
with a worse prognosis.

ILD has been identified as a significantly more common
comorbidity in individuals with RA [18]. Previous studies
have revealed that patients with RA and ILD might develop
tuberculosis or an NTM disease [19]. In this study, 13 pa-
tients (14.3%) had ILD as a comorbidity; ILD was identified
as a significant risk factor for NTM-PD exacerbation (crude
HR = 2.25, 95% Cl: 1.04-4.89, p = 0.040) and mortality
(crude HR =4.20, 95% Cl: 1.33-13.33, p = 0.015). In con-
trast, previous studies have shown that diabetes mellitus,
hypertension, and COPD are significantly associated with
an increased risk of NTM disease development [20]; expo-
sure to oral corticosteroids further increases this risk [21].
In the management of RA, corticosteroids are frequently
used as effective immunosuppressive drugs [20]. However,
in this study, these comorbidities and corticosteroids were
not associated with NTM-PD exacerbation or mortality in
patients with RA and suspected NTM-PD. A retrospective
study on 120 patients with NTM diseases in Helsinki [22]
revealed that the mortality risk was higher in smokers than
in non-smokers (HR = 1.64, p = 0.049); however, the asso-
ciation between smoking and mortality risk was rendered
insignificant after adjusting for the underlying causes of the

180  www.kjim.org

The Korean Journal of Internal Medicine Vol. 39, No. 1, January 2024

diseases. The present study revealed that smoking was a risk
factor for mortality in patients with RA and NTM-PD (crude
HR =6.31 95% Cl: 1.69-23.49, p = 0.006).

The symptoms of NTM-PD are non-specific; however, the
radiological features are more indicative and generally clas-
sified into two patterns, namely bronchiectasis with nodules
(referred to as the NB form) and cavitation with fibrosis (re-
ferred to as the FC form) [23]. In this study, the radiographic
features included the NB form, NB with FC form, and other
formsin 71(78.0%), 18 (19.9%), and 2 (2.2%) patients, re-
spectively. When compared with the NB form, the NB with
FC form was associated with a significantly increased risk of
mortality (HR = 4.20, 95% Cl: 1.32-13.31, p = 0.015). This
is consistent with the findings of previous studies [8,11]. The
FC form, NB with FC form, and other disease forms are poor
prognostic factors for mortality [8]; cavitary disease is a pre-
dictive factor for NTM-related mortality [11].

Regarding antirheumatic medications, this study showed
that hydroxychloroquine usage was a good prognostic fac-
tor for radiological or clinical exacerbation. Several studies
have revealed higher rates of NTM infections in patients
using bDMARDs [24-26]. A meta-analysis of 70 clinical tri-
als conducted in the US found that TNF inhibitors were as-
sociated with an increased risk of opportunistic infections,
including NTM diseases (odds ratio [OR] = 3.73) [27]. How-
ever, our study did not reveal bDMARDs to be significant
risk factors for NTM exacerbation or mortality in NTM-PD,
consistent with previous reports that bDMARDs are not
associated with a substantial risk [17,28]. A retrospective
cohort study on 40 patients with NTM-PD revealed that
treatment with bDMARDs was not associated with a sig-
nificantly worse mortality [28]. Other studies have further
shown no association between bDMARDs and exacerbation
of NTM infections [17,28], consistent with our findings. Hy-
droxychloroquine is a relatively safe and well-tolerated drug
for RA treatment. It was the most frequently prescribed
¢sDMARD among our patients; according to the national
patient sample data from the Health Insurance Review and
Assessment Service (2016), it was the second most (30.1%)
frequently prescribed csDMARD in Korea after methotrex-
ate (45.4%) [29]. A case-control study on 56,269 patients
with RA found that hydroxychloroquine could increase the
risk of NTM infection in older patients with RA (OR = 1.62)
[25]. However, in our study, we observed a lower risk of
exacerbation of NTM infections in patients administered hy-
droxychloroquine. Hydroxychloroquine reportedly exhibits
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favourable outcomes in various infectious conditions. For
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example, studies have demonstrated both its ability to at-
tenuate the release of pro-inflammatory cytokines in sep-
sis models and its effectiveness in treating brucellosis when
included in different treatment regimens [30,31]. Further-
more, in patients with systemic lupus erythematosus who
experienced serious infections, hydroxychloroquine was
found to be protective against infection-related mortality
[32]. These findings suggest a potential preventive role of
hydroxychloroquine in certain infections. Nonetheless, it is
important to acknowledge that data regarding the associ-
ation between hydroxychloroquine and NTM-PD exacerba-

1. Combined ILD and the NB form with FC form on
chest CT were associated with exacerbation and
mortality in patients with RA with suspected NTM-
PD.

2. Hydroxychloroquine could be a preventive factor
for NTM infections in patients with RA and sus-
pected NTM-PD.

tion are limited, underscoring the need for further investiga- REFERENCES
tions with larger sample sizes.
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Supplementary Table 1.

Laboratory findings at the time of RA and suspected NTM-PD

KJIM™

Variable

At RA diagnosis At suspected NTM p value
ESR, mm/h 46.0 + 30.2 376 +30.6 0.014
CRP, mg/dL 2.37 £3.46 3.04 +5.64 0.329
DAS28 50+ 1.6 37+13 < 0.001
WBC, /uL 8,090.6 + 2,860.9 7,447.6 + 2,894.1 0.110
Neutrophil, /uL 5,524.8 + 2,537.9 5,199.7 + 3,082.6 0.420
Lymphocyte, /uL 1,905.3 + 745.5 1,547.8 + 674.9 < 0.001
Hb, mg/dL 13.5+£12.3 122+18 0.335
Hct, % 36.7+4.0 36.7+5.2 0.936
Platelet, x 103/|JL 298.3 + 108.9 266.5 +95.0 0.004
Total protein, g/dL 72+0.8 70+0.8 0.003
Albumin, g/dL 41+04 41+06 0.361

CRP, C-reactive protein; DAS, disease activity score; ESR, erythrocyte sedimentation rate; Hb, hemoglobin; Hct, hematocrit; NTM-

PD, non-tuberculous mycobacterial pulmonary disease; RA, rheumatoid arthritis; WBC, white blood cell.

p values are calculated using chi-square test or Student’s t-test.
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Supplementary Table 2. Baseline characteristics of RA patients with microbiologically confirmed NTM-PD

Variable Value (n = 35)
Demographics
Age, yr 66.2 £ 9.7
Sex
Female 27 (77.1)
Male 8(22.9)
BMI, kg/m? (n = 32) 20.3 3.1
Social history
Smoking 6 (17.1)
Alcohol 3(8.6)
Comorbidities
Diabetes mellitus 7 (20.0)
Hypertension 13 (37.1)
Cardiovascular disease 5(14.3)
Cancer 3(8.6)
History of tuberculosis 7 (20.0)
ILD 8(22.9)
COPD 5(14.3)
Disease status at RA diagnosis
RF positivity 28(80.0)
RF titer, 1U/mL 136.7 £ 193.8
Anti-CCP Ab positivity (n = 23) 18 (78.3)
Anti-CCP Ab titer, IlU/mL (n = 23) 102.7 £ 110.2
Tender joint count 56+6.8
Swollen joint count 58+73
Patient global assessment, mm 46.4 £ 20.1
ESR, mm/h 44.4 + 27.5
CRP, mg/dL 19+£29
DAS28 48+ 1.7
Disease activity
Low 4(11.4)
Moderate 13 (37.1)
High 15 (42.9)
WBC, /uL 8,536.3 + 3,322.8

Neutrophil, /uL (n = 34)
Lymphocyte, /uL (n = 34)

5,833.7 £ 2,814.1
1,957.8 + 698.0

Hb, mg/dL 122+15
Hct, % 36.8+4.0
Platelet, x 10%/uL 297.9 + 108.1
Total protein, g/dL (n = 34) 73+06
Albumin, g/dL (n = 34) 41+04

Values are presented as mean = standard deviation or number (%).

Anti-CCP Ab, anti-cyclic citrullinated peptide antibody; BMI, body mass index; COPD, chronic obstructive pulmonary disease; CRP,
C-reactive protein; DAS, disease activity score; ESR, erythrocyte sedimentation rate; Hb, hemoglobin; Hct, hematocrit; ILD, inter-
stitial lung disease; NTM-PD, non-tuberculous mycobacterial pulmonary disease; RA, rheumatoid arthritis; RF, rheumatoid factor;
WBC, white blood cell.
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Supplementary Table 3. Risk factors of Exacerbation of NTM-PD in RA patients with microbiologically confirmed NTM-PD (n = 35)

Variable

Crude HR (95% ClI) p value
Comorbidities
Diabetes mellitus 0.54 (0.15-1.93) 0.340
Hypertension 0.51(0.18-1.44) 0.202
Cardiovascular disease 0.94 (0.31-2.85) 0.911
Malignancy 0.59 (0.08-4.41) 0.604
History of tuberculosis 1.34 (0.47-3.76) 0.584
COPD 1.47 (0.59-3.68) 0.409
ILD 3.24(0.98-10.77) 0.055
Social history
Smoking 1.98 (0.62-6.30) 0.248
Alcohol 0.93 (0.12-7.24) 0.947
Medications
Corticosteroid 0.46 (0.18-1.18) 0.107
Methotrexate 0.72 (0.30-1.71) 0.451
Hydroxychloroquine 1.11 (0.32-3.85) 0.870
Sulfasalazine 0.92 (0.36-2.30) 0.850
Leflunomide 1.27 (0.54-3.02) 0.588
bDMARDs 0.41 (0.09-1.81) 0.241
Chest CT (nodular/bronchiectatic with fibrocavitary form) 0.99 (0.41-2.42) 0.994

bDMARDs, biologic disease modifying anti-rheumatic drugs; Cl, confidence interval; COPD, chronic obstructive pulmonary disease;
CT, computed tomography; HR, hazard ratio; ILD, interstitial lung disease; NTM-PD, non-tuberculous mycobacterial pulmonary dis-
ease; RA, rheumatoid arthritis.

The risk factors for exacerbation of NTM-PD were evaluated using Cox regression analysis, estimating HR.
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Supplementary Table 4. Risk factors of mortality in RA patients with microbiologically confirmed NTM-PD (n = 35)

Variable

Crude HR (95% Cl)

p value

Comorbidities
Diabetes mellitus
Hypertension

Cardiovascular disease
History of tuberculosis

COPD
ILD
Social history
Smoking
Medications
Corticosteroid
Hydroxychloroquine
Sulfasalazine
Leflunomide
bDMARDs

Chest CT (nodular/bronchiectatic with fibrocavitary form)

0.45 (0.05-3.84)
0.78 (0.15-3.96)
0.35(0.04-2.89)
1.54 (0.31-7.66)
4.41 (0.61-32.07)
0.89(0.22-3.62)

2.63(0.52-13.32)

1.53(0.30-7.76)
1.32 (0.15-11.33)
1.26 (0.30-5.30)
0.80(0.19-3.35)
2.85(0.40-20.30)
12.16 (1.21-121.98)

0.461
0.760
0.327
0.598
0.143
0.868

0.242

0.608
0.799
0.755
0.755
0.297
0.034

bDMARDs, biologic disease modifying anti-rheumatic drugs; Cl, confidence interval; COPD, chronic obstructive pulmonary disease;
CT, computed tomography; HR, hazard ratio; ILD, interstitial lung disease; NTM-PD, non-tuberculous mycobacterial pulmonary dis-

ease; RA, rheumatoid arthritis.
The risk factors for mortality were evaluated using Cox regression analysis.
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