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ABSTRACT
Background: The prevalence of nontuberculous mycobacterial lung disease (NTMLD) in the US has
increased; however, data characterizing the associated healthcare utilization and expenditure at the
national level are limited.
Objective: To examine associations between economic outcomes and the use of anti-Mycobacterium
avium complex (MAC) guidelines-based treatment (GBT) for newly-diagnosed NTMLD in a US national
managed care claims database (OptumVR ClinformaticsVR Data Mart).
Methods: NTMLD was defined as having �2 claims for NTMLD (ICD-9 031.0; ICD-10 A31.0) on
separate occasions �30days apart (between 2007 and 2016). The cohort included patients insured
continuously over a period of at least 36months (12months before initial NTMLD diagnostic claim and
for the subsequent 24months). Treatment was classified as GBT (consistent with American Thoracic
Society/Infectious Diseases Society of America guidelines), non-GBT, or untreated. All-cause hospitaliza-
tion rates and total healthcare expenditures at Year 2 were assessed as outcomes of the treatment
prescribed in Year 1 after NTMLD diagnosis.
Results: A total of 1,039 patients met study criteria for NTMLD (GBT, n¼ 294; non-GBT, n¼ 298;
untreated, n¼ 447). After adjustment for baseline characteristics, GBT was associated with a signifi-
cantly lower all-cause hospitalization risk vs non-GBT (odds ratio [OR]¼ 0.53; 95% CI ¼ 0.33–0.85,
p¼ 0.008), and vs being untreated (OR ¼ 0.57; 95% CI ¼ 0.35–0.91, p¼ 0.020). Adjusted total health-
care expenditure in Year 2 with GBT ($69,691) was lower than that with non-GBT ($77,624) with a dif-
ference of �$7,933 (95% CI ¼ �$14,968 to �$899; p¼ 0.03).
Conclusions: Patients with NTMLD in a US managed care claims database who were prescribed GBT
had lower hospitalization risk than those who were prescribed non-GBT or were untreated. GBT was
associated with lower total healthcare expenditure compared with non-GBT.
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Introduction

The prevalence of nontuberculous mycobacterial lung dis-
ease (NTMLD) in North America has increased over the past
two decades1–5. In the US, a nationwide sampling of
Medicare patients found that the annual prevalence of
NTMLD increased �8.2% per year from 1997 to 2007 (from
20 cases/100,000 to 47 cases/100,000)1. Consistent with these
data, a population-based study assessing causes of death in
the US between 1999 and 2010 reported a rise in NTMLD-
related mortality, noting a strong association with older age
and the likelihood that NTMLD-related mortality will further
increase as the population ages6.

Mycobacterium avium complex (MAC) is the most com-
monly isolated pathogen in NTMLD2,7,8 and is reported in

80–85% of cases in the US2,7. For NTMLD caused by MAC,
the American Thoracic Society/Infectious Diseases Society of
America (ATS/IDSA) clinical guidelines (2007) recommend an
initial regimen composed of three drugs: a macrolide (cla-
rithromycin or azithromycin), ethambutol, and rifampin9.
Ideally, the triple therapy regimen should be continued for
an additional 12months after culture conversion is
achieved9. Macrolide monotherapy should be avoided given
concerns regarding emergence of macrolide-resistant strains
of MAC9. NTMLD caused by M. abscessus, while less common
than that caused by MAC, is more difficult to treat due to
issues with antibiotic resistance10. The ATS/IDSA guidelines
note that there is no reliable antibiotic regimen for NTMLD
caused by M. abscessus9; however, treatment with a
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combination of a macrolide with one or more parenteral
drugs (e.g. amikacin, cefoxitin, tigecycline, and/or imipenem)
could be considered.

Patients with NTMLD may experience exacerbations of
bronchiectasis, chronic obstructive pulmonary disease
(COPD), or other pulmonary conditions that may be associ-
ated with recurring hospitalization and/or prolonged treat-
ment, both of which may contribute to substantial
healthcare expenditure11,12. Despite the growing prevalence
of NTMLD in the US, data characterizing the associated
healthcare resource burden and expenditure at the national
level are limited. A recent retrospective analysis utilizing data
from the Healthcare Cost and Utilization Project reported
over 20,000 hospital discharges for NTMLD in the US from
2001 through 201213. US-based economic analyses of NTMLD
include a review of patients receiving prolonged treatment
in a natural history study13, with median monthly and total
antibiotic costs of $481 and $19,876 per patient, respectively,
and a modeling study12 that estimated that the annual pre-
scription drug costs exceeded $600 million based on an
adjusted nationally representative sample. Economic out-
comes associated with various treatment approaches for
NTMLD are not known.

We previously reported that, in a US national managed
care claims database, patients with newly diagnosed NTMLD
had a significantly greater risk of hospitalization and greater
total healthcare expenditures than age- and gender-matched
controls without NTMLD14. The present study examined asso-
ciations between economic outcomes and the use of anti-
MAC guidelines-based treatment (GBT) in the cohort of
patients with newly diagnosed NTMLD.

Methods

Database

As described in our prior work14, a large US national man-
aged care insurance database, OptumVR ClinformaticsVR Data
Mart, was searched for medical claims for NTMLD
(International Classification of Diseases, Ninth Revision [ICD-
9] code 031.0 or Tenth Revision [ICD-10] code A31.0). This
database contains de-identified health claims covering up to
18 million fully covered members annually, representing a
geographically diverse population with data for insurance
plan members in all 50 states. The database is representative
of a commercially insured population; however, Medicare
Advantage (i.e. Part C) members have been included with
increasing numbers in recent years (�3.5 million in 2015).

Cohorts

Similar to our prior work14, health plan members met the
study definition of NTMLD if they had two or more medical
claims for NTMLD (ICD-9 031.0; ICD-10 A31.0) on separate
occasions that were at least 30 days apart, between 2007
and 2016. A patient cohort was selected by including those
who were insured continuously over a period of at least
36months, beginning 12months prior to the first diagnostic

claim of NTMLD and continuing 24months or more after the
claim. Furthermore, only patients whose first medical claim
for NTMLD occurred in the study time frame of 2008–2013
were included.

Patients were classified into one of three treatment
groups based on the type of antibiotic treatment (or lack of
treatment) identified in the first year following the initial
NTMLD diagnostic code (Appendix A). The GBT group com-
prised patients treated with an antibiotic regimen consistent
with the ATS/IDSA guidelines for MAC treatment (macrolide,
ethambutol, and rifamycin, with or without addition of other
drugs). The non-GBT group comprised patients treated with
an antibiotic regimen that was not consistent with a GBT
regimen. A regimen was defined as an antibiotic or combin-
ation thereof supplied for at least 30 consecutive days.
Patients with less than a 30-day consecutive drug supply
were classified as untreated.

Some patients switched between GBT regimens and non-
GBT regimens. Within the same treatment group, the regi-
mens could change slightly as well. For example, azithromy-
cin and clarithromycin could be used sequentially (each in
combination with ethambutol and rifampin) in a GBT-consist-
ent regimen. A patient was assigned to the GBT group if
she/he was ever treated with a GBT regimen.

Since variations of GBT may be used in clinical practice,
we also included an analysis of additional antibiotic combi-
nations that may frequently be used for treatment of
NTMLD. We identified the following variations within the
non-GBT group: macrolide/ethambutol/fluoroquinolone; mac-
rolide/rifampin/fluoroquinolone; macrolide/ethambutol/amika-
cin; macrolide/rifampin/amikacin, and macrolide/ethambutol.

Study variables and descriptive statistics

All-cause hospitalization rates and total healthcare expendi-
tures in Year 2 were assessed as outcomes of the treatment
that was prescribed in Year 1 after NTMLD diagnosis. All-
cause hospitalization was chosen as an outcome measure
because of a concern that NTMLD may contribute to deteri-
oration of other chronic medical conditions that may result
in hospitalization; the claims data did not have information
on clinical adjudication regarding causes of hospitalization.
Therefore, cause-specific hospitalization was not considered a
robust measure. Mean total healthcare expenditure was
tabulated based on medical expenditure and pharmacy
expenditure. Medical expenditure included cost due to
inpatient hospitalization, emergency room visits, outpatient
care (i.e. laboratory, radiology, pathology, immunizations and
injections, and rehabilitation services), and ancillary care (i.e.
services for medical equipment, home health/hospice visits,
services and supplies, and transportation services). Pharmacy
expenditure comprised pharmacy dispensing claims as well
as outpatient medical claims by clinicians for clinic-based or
office-based drug delivery.

Baseline comorbidities and tobacco use were identified
via applicable ICD-9 and ICD-10 codes (Appendix B) from
inpatient and outpatient medical claims. The Charlson
Comorbidity Index (CCI) was constructed using baseline
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disease and health conditions to characterize overall disease
burden and was adjusted for these baseline characteris-
tics15,16. Use of immunosuppressants (e.g. systemic cortico-
steroids, intra-articular corticosteroids, inhaled corticosteroids,
methotrexate, tumor necrosis factor-alpha blockers, hydroxy-
chloroquine sulfate, leflunomide, and azathioprine) at base-
line was identified via pharmacy dispensing claims.

Statistical analysis with multivariable adjustment

We compared hospitalization rates between treatment
groups using a mixed-effects logistic regression to adjust for

all variables presented in Table 1, comprising baseline
patient characteristics (e.g. age, sex), hospitalizations, comor-
bidities, immunosuppressant drug use, and composite bur-
den of comorbidity, as measured by the CCI at baseline (i.e.
12months prior to the first NTMLD diagnosis). Total health-
care expenditure in Year 2 was compared between treatment
groups using a general estimating equation (GEE) model,
with adjustments for baseline patient characteristics, total
healthcare expenditures, comorbidities, immunosuppressant
drug use, and CCI scores. A GEE model is more robust in esti-
mating data that may deviate from a normal distribution,

Table 1. Baseline patient demographics and health characteristics.
GBT

(n¼ 294)
non-GBT
(n¼ 298)

Untreated
(n¼ 447)

p-value
(GBT vs non-GBT)

p-value
(GBT vs untreated)

Age, mean (SD), years 65 (14.1) 64 (16.4) 71 (11.4) 0.879 <0.0001
Female, n (%) 196 (66.7) 306 (68.7) 321 (68.4) 0.886 0.610
Charlson Comorbidity Index, mean (SD) 1.90 (2.07) 2.09 (2.14) 2.13 (2.20) 0.257 0.410
Baseline comorbidity, n (%)
Arrhythmia 55 (18.7) 56 (18.8) 113 (25.3) 0.979 0.037
Aspergillosis 5 (1.7) 16 (5.4) 12 (2.7) 0.016 0.381
Asthma 63 (21.4) 88 (29.5) 63 (14.1) 0.024 0.009
Atherosclerosis 16 (5.4) 20 (6.7) 35 (7.8) 0.518 0.209
Bronchiectasis 110 (37.4) 108 (36.2) 163 (36.5) 0.767 0.793
Cancer 44 (15.0) 60 (20.1) 77 (17.2) 0.098 0.416
Colitis 8 (2.7) 18 (6.0) 17 (3.8) 0.049 0.425
Congestive heart failure 28 (9.5) 32 (10.7) 56 (12.5) 0.624 0.207
COPD 147 (50.0) 159 (53.4) 213 (47.7) 0.414 0.531
Coronary artery disease 43 (14.6) 57 (19.1) 85 (19.0) 0.144 0.122
Crohn’s disease 1 (0.3) 4 (1.3) 2 (0.4) 0.183 0.822
Cystic fibrosis (pulmonary) 3 (1.0) 15 (5.0) 3 (0.7) 0.004 0.604
Dementia 2 (0.7) 0 (0.0) 6 (1.3) 0.154 0.394
Depression 33 (11.2) 34 (11.4) 31 (6.9) 0.943 0.042
Diabetes 50 (17.0) 43 (14.4) 58 (13.0) 0.389 0.128
GERD 72 (24.5) 77 (25.8) 91 (20.4) 0.705 0.184
Heart valve disorder 43 (14.6) 45 (15.1) 67 (15.0) 0.871 0.892
HIV 5 (1.7) 10 (3.4) 5 (1.1) 0.200 0.502
Hyperlipidemia 120 (40.8) 137 (46.0) 221 (49.4) 0.206 0.021
Hypertension 130 (44.2) 130 (43.6) 227 (50.8) 0.884 0.080
Idiopathic pulmonary fibrosis 4 (1.4) 4 (1.3) 7 (1.6) 0.985 0.821
Immune deficiency 22 (7.5) 27 (9.1) 21 (4.7) 0.486 0.113
Lung cancer 12 (4.1) 21 (7.1) 23 (5.2) 0.116 0.504
Lupus 1 (0.3) 1 (0.3) 4 (0.9) 0.992 0.367
Mental disorder 53 (18.0) 52 (17.4) 64 (14.3) 0.854 0.175
Metastatic carcinoma 7 (2.4) 2 (0.7) 14 (3.1) 0.089 0.547
Moderate or severe liver disease 1 (0.3) 2 (0.7) 4 (0.9) 0.571 0.367
Multiple sclerosis 2 (0.7) 0 (0.0) 0 (0.0) 0.154 0.081
Myocardial infarction 12 (4.1) 10 (3.4) 22 (4.9) 0.641 0.593
Obesity 13 (4.4) 15 (5.0) 7 (1.6) 0.726 0.019
Organ transplant 3 (1.0) 6 (2.0) 5 (1.1) 0.324 0.899
Pectus excavatum 0 (0.0) 0 (0.0) 0 (0.0) NA NA
Pneumonia 148 (50.3) 128 (43.0) 156 (34.9) 0.072 <0.001
Psoriasis 3 (1.0) 9 (3.0) 6 (1.3) 0.843 0.696
Pulmonary arterial hypertension 6 (2.0) 6 (2.0) 6 (1.3) 0.981 0.461
Pulmonary diseasea 250 (85.0) 239 (80.2) 344 (77.0) 0.151 0.015
Rheumatoid disease 11 (3.7) 18 (6.0) 32 (7.2) 0.195 0.052
Sj€ogren’s syndrome 3 (1.0) 1 (0.3) 2 (0.4) 0.310 0.351
Tobacco use 65 (22.1) 65 (21.8) 73 (16.3) 0.931 0.048
Tuberculosis 26 (8.8) 28 (9.4) 27 (6.0) 0.815 0.147

Immunosuppressant drug use, n (%) 187 (63.6) 184 (61.7) 175 (39.1) 0.569 <0.001
Systemic corticosteroids 146 (49.7) 157 (52.7) 133 (20.8) 0.462 <0.001
Inhaled corticosteroids 114 (38.8) 111 (37.3) 97 (21.7) 0.702 <0.001
Other immunosuppressants 19 (6.5) 24 (8.1) 26 (5.8) 0.456 0.719

Infecting Mycobacterium, n (%)
M. abscessusb

0 (0.0) 12 (4.0) 3 (0.7) 0.159 0.251

Abbreviations. COPD, chronic obstructive pulmonary disease; GBT, guidelines-based treatment; GERD, gastroesophageal reflux disease; HIV, human immunodefi-
ciency virus.
aPulmonary disease includes aspergillosis, asthma, bronchiectasis, COPD, cystic fibrosis, idiopathic pulmonary fibrosis, tuberculosis, pulmonary arterial hyperten-
sion, and pneumonia.
bM. abscessus was defined according to the following treatment drugs: imipenem, meropenem, tigecycline, and cefoxitin; the search for therapies to define M.
abscessus was conducted for both baseline and Year 1 to account for the possibility of treatment being claimed before nontuberculous mycobacterial lung dis-
ease diagnosis was recorded.
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such as healthcare expenditure. Healthcare expenditure was
measured by allowed payment amounts and was converted
using the resource-based relative value scale17, a payment
system that is used by managed care and Medicare organiza-
tions to make reimbursement decisions for physician claims.
Patient out-of-pocket expenses were not included. The ana-
lysis was conducted with SAS 9.4.

Sensitivity analyses

An adjustment for M. abscessus was done to account for
potential differences in treatment and outcomes in NTMLD
caused by this pathogen. Since the database did not provide
information regarding NTM isolates, the use of selected anti-
biotics (i.e. imipenem, meropenem, tigecycline, and cefoxitin)
was used to identify potential cases of M. abscessus. The
search for therapies to define M. abscessus was conducted at
both baseline and Year 1 to account for the possibility of
treatment being claimed before NTMLD diagnosis was
recorded. Additional sensitivity analyses excluded patients
with cystic fibrosis and patients with human immunodefi-
ciency virus (HIV) infection.

Results

Patient groups

The characteristics and disposition of the NTMLD patient
cohort have been previously described14. Briefly, the study
definition of NTMLD diagnosis was met by 9,476 individuals.
Of these, 5,642 were excluded because their first medical
claim for NTMLD was outside the time window (2008–2013).
After removing patients without 12months of insurance
coverage before their first NTMLD medical claim (n¼ 2,484),
1,350 patients were retained. Another 311 patients were
excluded (eight due to death; 303 due to insurance disenroll-
ment). Thus, we identified 1,039 patients who met study cri-
teria for NTMLD. Among these patients, 294 (28.3%) were
classified as treated with GBT, 298 (28.7%) were classified as
treated using non-GBT regimens, and 447 (43.0%) were clas-
sified as untreated. The mean (SD) and median (quartiles) for
days of drug supply during the first year were 194 (102) days
and 190 (98–289) days for GBT, respectively, and 195 (113)
days and 183 (90–314) days for non-GBT regimens, respect-
ively. Among the non-GBT regimens, macrolide monotherapy
had a mean (SD) days of drug supply of 144 (102) days and
a median (quartiles) of 106 (60–208) days.

Baseline characteristics and health conditions

The GBT, non-GBT, and untreated groups were comparable
in terms of gender and baseline comorbidity, with women
comprising the majority of patients (67–69%), and baseline
CCI ranging from 1.9 to 2.1 (Table 1). Patients in the
untreated group were older (mean age ¼ 71 years) than
those in the GBT and non-GBT groups (mean age ¼
64–65 years; p< 0.01 for GBT vs untreated groups). The
proportion of patients with the following baseline

conditions varied between groups, with p< 0.1 for both
GBT vs non-GBT and GBT vs untreated: asthma (GBT
21.4%, non-GBT 29.5%, and untreated 14.1%) and pneumo-
nia (GBT 50.3%, non-GBT 43.0%, and untreated 34.9%).
Other baseline conditions that varied somewhat between
groups included arrhythmia (GBT 18.7%, non-GBT 18.8%,
and untreated 25.3%), cystic fibrosis (GBT 1.0%, non-GBT
5.0%, and untreated 0.7%), immune deficiency (GBT 7.5%,
non-GBT 9.1%, and untreated 4.7%), and overall pulmonary
diseases (GBT 85.0%, non-GBT 80.2%, and untreated
77.0%). Use of systemic corticosteroids was higher in the
GBT (49.7%) and non-GBT (52.7%) groups than in the
untreated group (20.8%, p< 0.01 GBT vs untreated)
(Table 1).

Observed all-cause hospitalization rates and overall
healthcare expenditure

The proportion of patients who were hospitalized for any
cause was 33.0%, 31.5%, and 28.2% in the GBT, non-GBT,
and untreated groups, respectively. At Year 2, the proportion
hospitalized decreased to below baseline levels in all three
groups, with the most pronounced decrease in the GBT
group to 18.7%, compared with decreases to 26.2% and
23.7% in the non-GBT and untreated groups, respectively.

At baseline, mean± SD observed total healthcare
expenditure was $32,299 ± $45,410 for the GBT group,
$46,413 ± $74,645 for the non-GBT group, and $29,504 ±
$60,376 for the untreated group. Observed total healthcare
expenditure in Year 2 was lower than corresponding base-
line expenditure for each of the groups, and expenditure
in the non-GBT group ($38,467 ± $65,899) remained higher
than expenditure in either the group prescribed GBT
($25,272 ± $37,188) or the untreated group ($25,045 ±
$48,493) (Table 2). For each of the three groups, medical
expenditures (all non-pharmacy, non-drug expenditures)
were consistently the largest contributors to total health-
care expenditure. Baseline inpatient expenditure was higher
in the non-GBT group ($17,798 ± $50,169) compared with
the GBT group ($10,329 ± $26,675) and untreated group
($8,082 ± $24,212); at Year 2, inpatient expenditure was
<$9,000 in all three groups.

During follow-up Year 2, the total number of hospitaliza-
tions was 122 for the GBT group, 160 for the non-GBT group,
and 228 for the untreated group. Among hospitalized patients,
the mean±SD number of admissions per patient was 2.1 ± 2.0
for the GBT group, 2.0 ± 1.6 for the non-GBT group, and
2.2 ± 2.3 for the untreated group. The median (quartiles) dur-
ation of inpatient stay was 6 (4–10) days for the GBT group, 5
(3–8) days for the non-GBT group, and 6 (4–12) days for the
untreated group. Appendix C lists the most frequently assigned
principal causes for hospitalizations in Year 2, categorized into
respiratory vs non-respiratory hospitalizations. Among the most
frequently assigned diagnoses, respiratory-related admissions
accounted for 32% of total admissions, and pneumonia was
the top-ranked cause of hospitalization.
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Adjusted hospitalization rates and healthcare
expenditures

Adjusted hospitalization rates, which represent the probabil-
ity of being hospitalized, were 28.8% (95% CI ¼ 13.7–50.8%)
for the GBT group, 43.5% (24.3–64.9%) for the non-GBT
group, and 41.7% (21.8–64.6%) for the untreated group in
Year 2 (Figure 1(A)). Compared to non-GBT, GBT was associ-
ated with a significantly lower risk of all-cause hospitalization
after adjustment (odds ratio [OR]¼ 0.53; 95% CI ¼ 0.33–0.85;
p¼ 0.008). Similarly, GBT was associated with a significantly
lower risk of all-cause hospitalization after adjustment when
compared to being untreated (OR ¼ 0.57; 95% CI ¼
0.35–0.91; p¼ 0.020).

The adjusted total healthcare expenditure in Year 2 with
GBT ($69,691) was lower than that with non-GBT ($77,624)
(Figure 1(B)). There was a significant difference in total
expenditure between the GBT and the non-GBT groups:
�$7,933 (95% CI ¼ �$14,968 to �$899; p¼ 0.03). The
adjusted total healthcare expenditure in Year 2 for the
untreated group ($73,904) was not significantly different
from that for the GBT group.

Within the non-GBT group, we did not find a significant dif-
ference in either hospitalization rate or total healthcare
expenditure among patients treated with antibiotic combina-
tions that were considered variations of the guidelines (n¼ 62)
compared with the rest of the non-GBT group (n¼ 236).

Sensitivity analysis

Excluding patients with cystic fibrosis, the risk of hospitaliza-
tion in the GBT group remained significantly lower than the
risk in either the non-GBT or untreated group (GBT vs non-
GBT: OR ¼ 0.49 [95% CI ¼ 0.30–0.81; p¼ 0.005]; GBT vs
untreated: OR ¼ 0.57 [95% CI ¼ 0.35–0.93; p¼ 0.024]). In
addition, total healthcare expenditure in the GBT group
remained significantly lower than that in the non-GBT group,
with a difference between groups of �$8,407 (95% CI ¼
�$14,941 to �$1,874; p¼ 0.012). Sensitivity analyses adjust-
ing for possible M. abscessus and excluding HIV infection did
not change the analyzed results.

Discussion

In our cohort of 1,039 patients with newly diagnosed NTMLD
from a large US managed care plan, fewer than one-third of
patients were prescribed an antibiotic regimen consistent
with current ATS/IDSA guidelines for the treatment of MAC
(i.e. GBT). A similar proportion of patients were treated with
antibiotic regimens that differed from ATS/IDSA guidelines,
and 43% of patients were not treated. A significantly lower
adjusted hospitalization rate at Year 2 was found in patients
with NTMLD who received GBT compared with those who
used non-GBT antibiotic regimens (29% vs 44%). Despite a
lower pulmonary disease burden at baseline, the untreated
group also showed a higher rate of hospitalization (42%)
than the GBT group at Year 2. Adjusted total healthcare
expenditure associated with GBT ($69,691) was significantlyTa
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lower than that in the non-GBT group ($77,624; difference of
� $8,000). The lower hospitalization rate and healthcare
expenditure associated with GBT was largely unchanged in
sensitivity analysis removing patients with cystic fibrosis or
HIV infection. Of note, as with previous studies of COPD and
pneumonia, costs were driven largely by hospitalizations18,19.

It is of interest that healthcare expenditures did not
appear to differ significantly between GBT and untreated
groups, despite the untreated patients’ older age distribution
and modest differences in a few comorbidities. However, we
recognize that observational comparisons between treated
and untreated groups are subject to channeling or con-
founding by indication bias, whereby patients directed to
antimicrobial therapy are inherently different than patients
who are not so treated, and that the decision to treat reflects

a composite of factors that may also drive overall healthcare
costs. Statistical adjustments were applied to address such
biases; while this could be explored further with additional
statistical techniques, it was not a focus of the present study.

In the current study, only a small proportion (28.3%) of
patients with NTMLD were treated with GBT for even a short
period. The apparent low level of prescribing adherence to
GBT observed in our cohort is in line with the findings of a
study that examined adherence to treatment guidelines for
NTMLD among US physicians20. In that prior study, even
lower rates of adherence were reported: among 349 physi-
cians who were caring for patients with NTMLD (data
extracted for 915 patients), only 13% of antibiotic regimens
prescribed for patients with MAC lung disease met ATS/IDSA
guidelines. In clinical practice, we also have to be cautious

Figure 1. (A) Adjusted all-cause hospitalization rate at Year 2 after NTMLD diagnosis. Adjusted for baseline patient characteristics, comorbidities, and CCI scores.
(B) Adjusted total healthcare expenditure at Year 2 after diagnosis of NTMLD. Adjusted for baseline patient characteristics, total healthcare expenditures, comorbid-
ities, and CCI scores. Abbreviations. CCI, Charlson Comorbidity Index; GBT, guidelines-based treatment; NTMLD, nontuberculous mycobacterial lung disease.
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because some of the “non-GBT” regimens may have been
given for other pathogens. To be more certain that anti-
microbial therapies were being prescribed for NTMLD, we
would have needed to insist on at least two or three drugs
for a consecutive 30 days of drug supply.

In a previous study, investigators estimated the total num-
ber of NTMLD cases in the US and the direct NTM-related
costs13. Among an estimated 86,244 NTM cases in 2010, the
total direct NTM-related costs were $815 million; thus, the
annual expenditure per patient was � $9,500 annually12. In
contrast, we measured and modeled total healthcare
expenditure, and so our values were higher, with observed
Year 2 expenditure ranging from � $25,000 to $38,000.
Regarding drug treatment-specific expenditure, in a US-
based analysis of HIV-negative patients with NTMLD (n¼ 27),
median monthly antibiotic treatment costs were measured at
$48113. Differences in study design precluded detailed com-
parison between our current study and the prior report;
however, in our study, monthly drug treatment-specific
expenditure was consistent with the prior report in the GBT
group, but higher in the non-GBT group.

A main limitation of the current analysis is that treatment
for NTMLD in clinical practice is highly individualized based
on tolerance, comorbidities, antibiotic resistance patterns,
and whether the goal of treatment is cure or symptom con-
trol; therefore, it is difficult to clearly define “guidelines-
based treatment”. Furthermore, patients who do not tolerate
GBT, often due to drug interactions or underlying comorbid-
ities, are likely to have worse outcomes and may not be
adequately characterized in the adjusted models. The under-
lying pathogen is a key determinant of the antibiotic treat-
ment regimen. We assigned the designation of GBT to the
ATS/IDSA triple regimen recommended for MAC based on
the assumption that the majority of NTMLD cases were due
to this pathogen7,8,21. Although we think this is a reasonable
assumption, the magnitude of effect on our outcomes is not
completely clear. Sensitivity analyses to exclude possible M.
abscessus cases did not alter our results. GBT was associated
with lower hospitalization rates and total healthcare expend-
iture, despite a slightly higher baseline hospitalization rate in
the GBT group. In addition to M. abscessus, we adjusted for
cystic fibrosis as a factor that could influence treatment regi-
men selection, but this, too, did not alter the overall findings.
We also cannot be certain that all regimens that we included
were prescribed to target NTMLD. The potential effect of this
uncertainty on our results is not clear. In our hospitalization
analysis, we elected to study all-cause hospitalizations.
Although it may be argued that respiratory (specifically
NTMLD) hospitalizations are the most relevant, the validity of
the coded cause of hospitalization may be questioned due
to the difficulty in making the clinical determination in
patients with complex pulmonary and often cardiopulmonary
disease, and there may be financial incentives for designat-
ing certain diagnostic codes as principal. Furthermore, the
presence of active NTMLD can contribute to the deterior-
ation of other chronic medical conditions that may
require hospitalization. For these reasons, we considered

all-cause hospitalization to be a more appropriate and
robust measure.

In summary, our analysis from a large US managed care
claims database found that patients with NTMLD who were
prescribed GBT had a lower risk of hospitalization than those
who were prescribed non-GBT or were untreated. In addition,
the GBT group was associated with lower total healthcare
expenditure compared with the non-GBT group. Given the
increasing hospitalization expenditure associated with
NTMLD in the US11, these results are increasingly relevant.
Although our findings are consistent with the hypothesis
that guidelines-recommended regimens lead to better out-
comes, further analyses are required to determine whether
this is the case.
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