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Abstract. Patients with diabetes mellitus (DM) are at greater risk of developing active tuberculosis and other intracel-
lular bacterial infections, although the risk of acquiring infections from nontuberculous Mycobacterium (NTM) remains
undefined. This study evaluated associations between DM and incidence of NTM infection-caused pulmonary and cuta-
neous diseases. Data for DM patients were extracted from the National Health Insurance Research Database of Taiwan.
The DM cohort included 136,736 patients, and cases were matched randomly by age, gender, and index year with non-
DM patients. Multivariate Cox proportional hazards regression was used to calculate adjusted hazard ratios of incident
NTM-caused diseases in the DM cohort compared with non-DM control subjects. The frequency of incident NTM-
caused diseases was significantly greater in DM patients (0.12%) than in non-DM patients (0.08%) (P , 0.05), including
patients with type 1 DM (0.12%) and type 2 DM (0.12%) (all P , 0.05). Adjusted multivariate Cox regression analysis
revealed that the incidence of NTM-caused diseases in DM patients was 1.43-fold greater than that in non-DM patients
overall (P , 0.05), particularly in pulmonary (1.13-fold), other specific (excluding pulmonary, cutaneous, and dissemi-
nated diseases; 3.88-fold), and unspecific (atypical NTM infection; 1.54-fold) diseases (all P , 0.05). In conclusion, both
type 1 DM and type 2 DM patients have high risk of NTM-caused diseases, suggesting that physicians need to pay more
attention to this issue concerning the high risk of NTM-caused infection in DM patients.

INTRODUCTION

Diabetes mellitus (DM) is a multifactorial metabolic condi-
tion with a complex pathogenesis and various etiologies and
presentations. The chronic hyperglycemic conditions in DM
patients induce oxidative stress, inflammation, and immune
dysfunction, all of which may contribute to complicated
pathologies arising from poor glycemic control.1 In vivo and
in vitro studies have identified multilevel immune system
dysfunction in DM patients, which may lead eventually to
increased occurrence of infectious diseases and poor out-
comes.2,3 Consequently, patients with DM are shown to
have greater risk of developing active tuberculosis (TB) and
other intracellular bacterial infections such as listeriosis and
melioidosis.4,5 Although DM ranked seventh among the
leading causes of death in 2015, TB has been recognized as
one cause of the mortality as a result of a bacterial infectious
disease.6 Environmental exposure via water and soil to vari-
ous species of nontuberculous Mycobacterium (NTM) has
been suggested to cause a broad range of infections around
the world,7 coinciding with pathogenicity of the organisms

and susceptibility of the host.8 In a 2-year study of residents
in a single U.S. state, Winthrop et al.9 noted that respiratory
NTM isolates were increasingly common, although no corre-
lation was shown with the prevalence of pulmonary disease.
A fairly recent Australian study found that patients with DM
represented greater than three times more NTM infections
than the general population.3 Although pulmonary NTM dis-
ease is considered to be an emerging public health disease,9

the risk of DM patients acquiring NTM infections still remains
undefined.2,10

More than 150 NTM species are recognized for causing
disease in humans.11 Although TB is the most prevalent
mycobacterial infection in DM patients, epidemiological evi-
dence indicates an increasing incidence of pulmonary, car-
diac, and soft tissue-related NTM infections in this patient
population.12–14 The risk factors contributing to pulmonary
infections are complicated and often involve patients with
severe underlying parenchymal lung disease; hence, studies
on patients with pulmonary infections, including those
caused by NTM, may be confounded by a number of varia-
bles. However, in a study by Song et al.,15 high-resolution
computed tomography revealed the extent of bronchiecta-
sis, cellular or inflammatory bronchiolitis, and emphysema in
NTM patients, and the findings of Mycobacterium avium
complex (MAC) correlated with pulmonary function testing.
In another study, similar high-resolution computed tomogra-
phic findings corresponded histopathologically to bronchio-
lectasis, and bronchiolar and peribronchiolar inflammation
with or without granuloma formation.16 The results of these
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studies imply that NTM infection may present as small air-
way disease, as also shown by Fjallbrant et al.17 in hypersen-
sitivity pneumonitis associated with MAC. MAC was also the
most common organism, along with rapidly growing myco-
bacteria, in a 7-year retrospective study conducted from
1997 to 2003 in a university hospital in Taiwan among 412
patients with clinically significant illnesses.18 That longitudi-
nal study demonstrated increased incidence (9–17%) of
NTM disease across the 7-year time span, including pulmo-
nary infection, pleurisy, skin and soft tissue infections, osteo-
myelitis, and lymphadenitis. In another report, NTM infection
was a risk factor for chronic obstructive pulmonary disease19

and, in one case study, disseminated Mycobacterium mari-
num infection involved not only cutaneous tissue, but also
the lung in a male patient with a previous history of DM, ste-
roid injections, and working in the fisheries industry.20 Nev-
ertheless, exposure to NTM pathogens, transmission routes,
and risk factors remain to be elucidated before the etiopa-
thology and underlying mechanisms can be fully
understood.
Even given the previous reports of NTM infection in DM

patients, and increased incidence of NTM disease among
hospitalized patients in general, to the best of our knowl-
edge, few studies have yet investigated correlations
between DM and the incidence of NTM-related diseases.
Therefore, our study aimed to evaluate associations between
DM and the incidence of NTM infection-caused pulmonary
and cutaneous diseases.

PATIENTS AND METHODS

Data source. All data for our study were extracted from
the database of the universal National Health Insurance pro-
gram in Taiwan, which was formed in March 1995 from the
merger of 13 existing insurance-related systems. As of 2008,
the National Health Insurance program covered more than
99% of the Taiwanese population (23 million people)21 and is
therefore a nationally representative population. In the
National Health Insurance Research Database (NHIRD), each
data file has a unique identifier that is used to link different
data files. In our study, the details of inpatient orders data
sets were used to retrieve patient data collected between
January 1, 2000, and December 12, 2015. Diseases were
diagnosed according to the International Classification of Dis-
eases, 9th revision, ClinicalModification (ICD-9-CM) codes.

Ethical considerations. To protect patient privacy, all per-
sonal patient information from the NHIRD is encrypted before
being released to the public. Therefore, all data for our study
were confirmed to be deidentified and were analyzed anony-
mously, precluding signed informed consent. The study
protocol was approved by the Ethics Review Board of the Tri-
Service General Hospital (no. TSGH-B-109-32).

Study design and sample. This study used a retrospec-
tive population-based cohort design. The flowchart in Figure
1 indicates how the study population was selected. After
exclusions, a cohort of DM patients (N 5 136,736) diag-
nosed (ICD-9-CM 250) from 2000 to 2015 was established
for comparison with a matched non-DM cohort. Patients
younger than 18 years (adult cases), DM patients diagnosed
before the index date, patients without tracking or with
NTM-caused diseases diagnosed before tracking, HIV
patients, DM patients who had repeat NTM infections, and

those with gender unknown were excluded. From the reim-
bursement claims data files, 273,472 people without DM
were selected randomly as the reference cohort and were
matched according to gender, age, index year, and occupa-
tion according to a 1:2 ratio of DM to non-DM patients.

Main outcomes. The principal outcome was NTM-
caused diseases (ICD-9-CM 031.0, 0.31.1, 031.2, 031.8, and
0.31.9), which included pulmonary (ICD-9-CM 031.0), cuta-
neous (ICD-9-CM 031.1), disseminated (ICD-9-CM 031.2),
other specific (ICD-9-CM 031.8) (excluding pulmonary,
cutaneous, and disseminated diseases), and unspecific
(ICD-9-CM 038.9) (atypical NTM infection) diseases. In
Taiwan, pulmonary disease resulting from NTM is diagnosed
when clinical, radiological, and microbiological characteris-
tics of the patient meet the criteria for NTM lung disease
established in 1997 by the American Thoracic Society
(ATS),22 as reported in recent study in which 55% of patients
with NTM isolates met the ATS criteria for NTM disease.23

Based on patients’ ICD-9 codes, pleurisy resulting from
NTM is diagnosed when NTM species are isolated from a
pleural effusion specimen but not from other body sites. Dis-
seminated disease is diagnosed when NTM isolates are
recovered from more than one body site, or from blood or
bone marrow. Lymphadenitis resulting from NTM is diag-
nosed when culture of a biopsy specimen or discharge of a
lymph node yields an NTM isolate. Last, skin/soft tissue dis-
ease or osteomyelitis is diagnosed when NTM isolates are
found in the culture of wound discharge or biopsy specimen
of a lesion involving the skin, subcutaneous tissue, muscle,
synovium, or bone.18 Follow-up appointments were termi-
nated when NTM-caused diseases were diagnosed or at the
end of December 31, 2015.
The independent variables were age, gender, insured pre-

mium, season, location of residence, urbanization level, hos-
pital level, and the revised Charlson comorbidity index
(CCI_R). CCI_R was defined as CCI that removed DM. The
Charlson comorbidity index, as adapted by Deyo et al.,24

was used to assess the level of general comorbid
conditions.

Statistical analysis. The x2 test and Student’s t-test were
used to examine baseline demographic variables of patients
with DM and non-DM. Categorical variables were compared
using the x2 test, and continuous variables were compared
using Student’s t-test. Possible intervening variables (P ,
0.05) among baseline variables listed in Table 1 were
adjusted when subsequent statistical analyses were per-
formed. Multivariate Cox proportional hazards regression
analysis was used to estimate the hazard ratios and 95%
CIs of NTM in the DM cohort compared with the non-DM
cohort. Kaplan-Meier analysis was used to measure the
cumulative NTM incidence for both study cohorts, and the
log-rank test was used to evaluate differences between
the two cumulative incidence curves. All statistical analyses
were carried out using IBM SPSS statistical software (ver-
sion 22 for Windows; IBM Corp., Armonk, NY). A P value of
less than 0.05 in two-tailed tests was considered to be sta-
tistically significant.

RESULTS

Patients’ baseline characteristics. A total of 136,736
DM patients and 273,472 non-DM patients older than 18
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years were included in this study (Figure 1 and Table 1). No
significant differences were found in age, gender, and urban-
ization between the two cohorts at baseline or the end point
(all P . 0.05, Table 1 and Supplemental Table S1). However,
significant differences were found between the groups in
insured premium, CCI_R, location of residence, and hospital
level (all P, 0.05, Table 1 and Supplemental Table S1).

Associations between patient characteristics and
incidence of NTM-caused diseases. Table 2 shows the
frequency of incident NTM-caused diseases, which was sig-
nificantly increased in DM patients (0.12%) compared with
non-DM patients (0.08%) (P , 0.05, Supplemental Table
S1). Multivariate Cox regression analysis, after adjusting for
possible confounding variables in Table 1, shows that the
incidence of NTM-caused diseases in DM patients was
approximately 1.43-fold (95% CI, 1.17–1.74) higher than in
non-DM patients (P , 0.05, Table 2). High risk of incident
NTM-caused diseases was also observed in patients with
type 1 DM (T1DM), type 2 DM (T2DM), or a longer DM history
(frequency of DM and interval from first to last DM diagnosis)
compared with non-DM patients (all P , 0.05, Supplemental
Table S2). Kaplan-Meier plot and log-rank tests showed that
DM patients also had a high risk of incident NTM-caused
diseases compared with non-DM patients across all years of
tracking (all P , 0.005, Figure 2 and Supplemental Table
S3). In addition, a high insured premium, high urbanization
level, and high level of care also were associated with inci-
dent NTM-caused diseases (all P , 0.05, Table 2). After
stratifying by the variables (age, gender, season, urbaniza-
tion level, or level of care) listed in Table 2 and analyzing

using multivariable Cox regression adjusted for these varia-
bles, each subgroup among DM patients had a greater risk
of NTM-caused diseases than subgroups in non-DM
patients (all P , 0.05, Supplemental Table S4), suggesting
there were no interactions between these variables and DM
for the risk of NTM-caused diseases.

Associations between DM and incidence of specific
NTM-caused disease. As shown in Table 3, after adjusting
for the variables listed in Table 2, DM patients exhibited a
1.13-fold (95% CI, 1.03–1.53), 3.88-fold (95% CI,
1.34–11.22), and 1.54-fold (95% CI, 1.13–2.11) greater risk
of developing NTM-caused pulmonary and other specific
(excluding pulmonary, cutaneous, and disseminated dis-
eases) and unspecific (atypical NTM infection) diseases,
respectively, than non-DM patients (all P, 0.05). In addition,
DM patients had a 1.28-fold (95% CI, 1.05–1.60) and 1.82-
fold (95% CI, 1.50–2.23) greater risk for developing single
and repeated NTM-caused diseases, respectively that non-
DM patients (all P, 0.05).

DISCUSSION

Our study is the first to evaluate associations between DM
and the incidence of NTM-caused diseases. Results of this
study have demonstrated that DM patients have a high risk
of incident NTM-caused pulmonary disease and other spe-
cific and unspecific diseases compared with non-DM
patients. Among the patients with DM, those with T1DM and
T2DM had a similar high risk of NTM-caused diseases. In
addition, as defined by ICD-9-CM codes, we found that

FIGURE 1. The flowchart for selection of study population. DM5 diabetes mellitus; NTM5 nontuberculousMycobacterium.
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NTM-caused pulmonary disease in DM patients was primar-
ily a result of infection by M. avium, M. intracellulare, or M.
kansasii. DM patients in the study cohort had more frequent
NTM species-induced pulmonary diseases than non-DM
patients. We suggest that DM is associated with NTM-
caused disease, although further study is needed for confir-
mation because many risk factors are involved and there are
many differences in the clinical status of DM patients.
NTM infections are reported to have four main clinical

manifestations: pulmonary disease, lymphadenitis, skin/soft
tissue and disseminated disease (as in blood infections or
sepsis), of which pulmonary NTM appears to occur most
commonly.23 We found that pulmonary disease had the
greatest incidence in both the DM and non-DM groups dur-
ing 15 years of follow-up. Furthermore, we demonstrated
that the risk of incident NTM-caused pulmonary and other
specific diseases was significantly greater in DM patients
than in non-DM patients. In the “other specific diseases”
category, NTM-caused syndromes excluded pulmonary,
cutaneous, and disseminated diseases. Taken together,
these results suggest that DM may be associated with the
incidence of multiple NTM-caused diseases apart from cuta-
neous and disseminated diseases, and further investigation
is clearly warranted.
Previous studies indicate that the distribution of NTM spe-

cies varies geographically.13 MAC infections are the most
common and have been reported in pulmonary NTM

infections in North America and Asia, including in Tai-
wan.9,25–28 In contrast, a recent study by Zhang et al.23

showed that M. abscessus-chelonae infection was the most
prevalent in pulmonary NTM disease among patients in Sin-
gapore, consistent with results of another Singapore
study.29 The greater prevalence of M. abscessus in the Sin-
gapore setting was suggested by Zhang et al.23 to be attrib-
uted possibly to the combined effects of its tropical climate,
densely populated urban living, and TB history, especially
because M. chelonae is seldom isolated in chronic lung dis-
ease. Further studies are required to determine whether DM
patients in tropical climates indeed have a greater risk of M.
abscessus-caused pulmonary disease. Meanwhile, M. kan-
sasii, which was demonstrated in our study and is noted to
be especially virulent,28 has been considered rare in Asia,
even though it was the fourth most common isolate in the
recent Singapore study just mentioned.23 Huang et al.27 also
reported that M. kansasii was a prominent contributor to the
increase in the incidence of NTM infections in southern Tai-
wan in the 5-year period from 2010 to 2014.
Much also remains to be learned about the characteristics

of NTM subspecies and related host susceptibility, as well
as molecular mechanisms and possible target genes for
treating drug-resistant NTM organisms. The pathogenicity of
a particular NTM species is believed to interact with the host
immune system to determine whether the host is suscepti-
ble.8 Both human leukocyte antigen phenotypes and genetic

TABLE 1
Baseline study characteristics

Characteristic
Total DM Non-DM

P value*(N 5 410,208) (n 5 136,736) (n 5 273,472)

Gender, n (%) – – – 1.00
Male 202,764 (49.43) 67,588 (49.43) 135,176 (49.43) –

Female 207,444 (50.57) 69,148 (50.57) 138,296 (50.57) –

Age, y; mean (SD) 63.38 (13.79) 63.43 (12.48) 63.35 (14.55) 0.13
Age group, y; n (%) – – – 1.00
18–44 36,840 (8.98) 12,280 (8.98) 24,560 (8.98) –

45–64 161,166 (39.29) 53,722 (39.29) 107,444 (39.29) –

$ 65 212,202 (51.73) 70,734 (51.73) 141,468 (51.73) –

Insured premium, NT$; n (%) – – – , 0.01†
, 18,000 405,604 (98.88) 135,620 (99.18) 269,984 (98.72) –

18,000–34,999 3,843 (0.94) 991 (0.72) 2,852 (1.04) –

$ 35,000 761 (0.19) 125 (0.09) 636 (0.23) –

CCI_R, mean (SD) 0.91 (1.73) 0.93 (2.04) 0.90 (1.55) , 0.01†
Season, n (%) – – – 1.00
Spring (March–May) 108,972 (26.57) 36,324 (26.57) 72,648 (26.57) –

Summer (June–August) 95,559 (23.30) 31,853 (23.30) 63,706 (23.30) –

Autumn (September–November) 85,833 (20.92) 28,611 (20.92) 57,222 (20.92) –

Winter (December–February) 119,844 (29.22) 39,948 (29.22) 79,896 (29.22) –

Location, n (%) – – – , 0.01†
Northern Taiwan 160,099 (39.03) 51,698 (37.81) 108,401 (39.64) –

Middle Taiwan 112,065 (27.32) 36,684 (26.83) 75,381 (27.56) –

Southern Taiwan 110,805 (27.01) 39,701 (29.03) 71,104 (26.00) –

Eastern Taiwan 25,275 (6.16) 7,984 (5.84) 17,291 (6.32) –

Outlying islands 1,964 (0.48) 669 (0.49) 1,295 (0.47) –

Urbanization level, n (%) – – – 0.37
1 (the highest) 138,062 (33.66) 46,084 (33.70) 91,978 (33.63) –

2 174,336 (42.50) 58,222 (42.58) 116,114 (42.46) –

3 29,970 (7.31) 10,035 (7.34) 19,935 (7.29) –

4 (the lowest) 67,840 (16.54) 22,395 (16.38) 45,445 (16.62) –

Level of care, n (%) – – – , 0.01†
Hospital center 130,297 (31.76) 41,422 (30.29) 88,875 (32.50) –

Regional hospital 127,680 (31.13) 43,893 (32.10) 83,787 (30.64) –

Local hospital 152,231 (37.11) 51,421 (37.61) 100,810 (36.86) –

CCI_R5 Charlson comorbidity index revised (CCI removed DM); DM5 diabetes mellitus; NT$5 national Taiwanese dollars.
*x2/Fisher exact tests on category variables and t-test on continue variables.
†P, 0.05
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defects may be involved in pulmonary infections with differ-
ent NTM species, such as the significant association shown
between the NRAMP1 gene and NTM-caused nodular bron-
chiectasis.28 An association also was shown between theM.
abscessus subspecies, the macrolide-resistant erm gene,
greater disease severity, and poorer outcomes.29 Mycobac-
terium abscessus is reported to be the most pathogenic and
drug-resistant NTM, contributing to complications and long,
costly, largely ineffective antimicrobial treatment in infected
patients.30 Antibiotic resistance of the NTM species associ-
ated most frequently with pulmonary manifestations, MAC
and M. abscessus, are increasing interest in the molecular
mechanisms of drug resistance.
Structural lung diseases (e.g., cystic fibrosis) and a history

of TB are shown to predispose individuals to pulmonary
NTM infection,9,23 along with advanced age (including older
adult white women), male gender, lower body mass index,
and immune system abnormalities.8 About 50% of patients
with pulmonary NTM infection had chronic obstructive pul-
monary disease (COPD) or bronchiectasis, with male
patients having a greater incidence of COPD, and more often
presenting with recurring cough and sputum production,
whereas female patients have more frequent bronchiectasis
and haemoptysis.23 These findings are consistent with those
of other investigators.8 Similarly, data from our study show
that men or patients with comorbidities (quantified by

CCI_R) are at risk of incident NTM-caused diseases,
although the specific comorbidities were not included in
analysis. However, after stratifying by gender, male and
female DM patients in our study had a similar risk of incident
NTM-caused diseases. In addition, after adjusting for gender
and comorbidities, DM patients still had a high risk of inci-
dent NTM-caused disease overall and pulmonary disease in
particular. On the basis of these findings, we suggest that
DM is an independent risk factor for the incidence of NTM-
caused diseases, particularly pulmonary disease, and is not
associated with gender or comorbidities.
Multiple NTM species isolated in a single geographic loca-

tion or within a given time period is a characteristic of NTM
lung infection, and the odds of isolating multiple species are
especially high in COPD patients.27,31 In the recent study by
Zhang et al.,23 about 30% of patients with pulmonary NTM
had two or more species identified, especially in older adults.
This may suggest that similar mechanisms, perhaps involving
chronic inflammation and airway remodeling, underlie both
COPD and bronchiectasis, and predispose patients to NTM
infection. Because our study did not identify the proportion of
comorbid COPD in DM-related, NTM-caused pulmonary dis-
eases, or pulmonary disease caused by multiple NTM spe-
cies, further investigation is needed to evaluate whether
COPD is a major DM-associated, NTM-caused pulmonary
disease; determine whether the DM-related incidence of

TABLE 2
Multivariate Cox regression analysis of patient characteristics associated with infection of nontuberculous Mycobacterium

Variables HR (95%CI) P value aHR* (95%CI) P value

Diabetes mellitus
Without Ref. – Ref. –

With 1.44 (1.16–1.73) , 0.01† 1.43 (1.17–1.74) , 0.01†
Gender

Male 1.34 (1.10–1.63) , 0.01† 1.36 (1.12–1.66) , 0.01†
Female Ref. – Ref. –

Age group (y)
18–44 Ref. – Ref. –

45–64 1.016 (0.57–1.75) 0.96 1.08 (0.56–1.73) 0.91
$ 65 1.060 (0.62–1.81) 0.85 1.14 (0.66–1.95) 0.66

Insured premium (NT$)
, 8,000 Ref. – Ref. –

18,000–34,999 1.18 (0.02–2.21) 0.07 1.09 (0.03–1.29) 0.09
$ 35,000 1.23 (0.17–8.78) 0.83 1.22 (0.17–8.71) 0.84
CCI_R 1.18 (1.01–1.22) , 0.01† 1.07 (1.02–1.11) 0.04†

Season
Spring Ref. – Ref. –

Summer 0.94 (0.72–1.24) 0.62 0.95 (0.72–1.24) 0.63
Autumn 0.82 (0.63–1.08) 0.14 0.82 (0.63–1.08) 0.14
Winter 0.86 (0.65–1.14) 0.26 0.87 (0.65–1.15) 0.29

Location
Northern Taiwan Ref. – – –

Middle Taiwan 0.83 (0.65–1.06) 0.12 – –

Southern Taiwan 1.07 (0.85–1.35) 0.60 – –

Eastern Taiwan 0.20 (0.09–1.47) 0.20 – –

Outlying islands 0.53 (0.07–3.77) 0.52 – –

Urbanization level
1 (the highest) 2.82 (1.83–4.35) , 0.01† 2.79 (1.81–4.31) , 0.01†
2 2.43 (1.70–3.47) , 0.01† 1.77 (1.19–2.63) , 0.01†
3 1.84 (1.29–2.61) , 0.01† 1.51 (1.04–2.20) 0.03†
4 (the lowest) Ref. – Ref. –

Level of care
Hospital center 1.49 (1.15–1.93) , 0.01† 1.46 (1.08–1.97) 0.02†
Regional hospital 1.22 (1.05–1.35) 0.02† 1.14 (1.05–1.27) 0.02†
Local hospital Ref. – Ref. –

aHR5 adjusted hazard ratio; CCI_R5 Charlson comorbidity index revised (CCI removed DM); HR5 hazard ratio; NT$5 national Taiwanese dollars.
* Adjusted variables listed in the table.
†P, 0.05.
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pulmonary diseases is a result of infection of multiple NTM
species; and determine whether chronic inflammation and
remodeling of airways in comorbid COPD may play a role in
the increased susceptibility of DM patients to NTM infection.

STRENGTHS AND LIMITATIONS

Our study was strengthened by the use of the NHIRD,
which represents a nationwide population in Taiwan. This
population-based longitudinal cohort study of the risk of inci-
dent NTM-caused disease in DM patients may thus be gener-
alized to the general population of Taiwan, although it may

not be generalized to other populations. Limitations of our
study alsomust be consideredwhen interpreting the findings.
The NHIRD, for example, does not provide detailed informa-
tion on possible DM-related factors such as smoking, body
mass index, chest wall deformity, purified protein derivative
skin tests, steroid use, antibiotic use, or glucose control
(HbA1c), which could be potential confounding factors.

CONCLUSION

DM is associated with NTM-caused diseases, which may
include pulmonary and other specific and unspecific

FIGURE 2. Kaplan-Meier plot for cumulative incidence of nontuberculous Mycobacterium (NTM)-caused diseases among patients with diabetes
mellitus (DM) (solid line) and among those with non-DM (dashed line).

TABLE 3
Multivariate Cox regression analysis of diabetes mellitus associated with infection of the nontuberculous Mycobacterium subgroup

NTM subgroup

DM Non-DM DM vs. Non-DM

Events PYs Rate (per 105 PYs) Events PYs Rate (per 105 PYs) aHR* (95%CI) P value

Overall 165 1,754,087.97 9.41 230 3,524,118.09 6.53 1.43 (1.17–1.74) , 0.01†
Pulmonary 70 1,754,087.97 3.99 119 3,524,118.09 3.38 1.13 (1.03–1.53) 0.01†
Cutaneous 3 1,754,087.97 0.17 5 3,524,118.09 0.14 1.01 (0.20–4.23) 0.89
Disseminated 5 1,754,087.97 0.29 12 3,524,118.09 0.34 0.65 (0.21–2.06) 0.45
Other specified‡ 12 1,754,087.97 0.68 5 3,524,118.09 0.14 3.88 (1.34–11.22) , 0.01†
Unspecified§ 75 1,754,087.97 4.28 89 3,524,118.09 2.53 1.54 (1.13–2.11) , 0.01†
Infection
Single 100 1,754,087.97 5.70 159 3,524,118.09 4.51 1.28 (1.05–1.60) , 0.01†
Repeated 65 1,759,806.22 3.69 71 3,537,121.14 2.01 1.82 (1.50–2.23) , 0.01†
aHR5 adjusted hazard ratio; DM5 diabetesmellitus; NTM5 nontuberculousMycobacterium; PYs5 person-years.
*Adjusted for the variables listed in Table 2.
†P, 0.05.
‡NTM-caused diseases excluding pulmonary, cutaneous, and disseminated diseases
§Atypical NTM infectious disease.
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diseases. Both T1DM and T2DM patients have a high risk of
NTM-caused diseases. Increased patient, physician, and
public awareness of the high risk of NTM-caused infection in
DM may help to reduce risk, and anti-NTM therapy may be
the most effective strategy by which to reduce the impact of
NTM-caused diseases in DM patients at high risk of these
infections. NTM-caused infection in DM patients warrants
further study.
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