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Abstract

Background: In women, slender body habitus has been reported to be one of the predisposing factors underlying
the development and poor prognosis of non-tuberculous mycobacterial lung disease (NTM-LD). Given the lack of
nutritional data contributing to treatment strategies, we aimed to clarify the nutritional status of female patients with
NTM-LD and its association with disease severity.

Methods: In this single-center observational study, we enrolled 81 female outpatients with NTM-LD. Data on healthy
women of similar ages were selected from our previous survey data and categorized as controls. First, we compared
anthropometric and dietary survey data between patients and controls. Second, after the patients were categorized
into relatively mild (mild, n=40) and relatively severe groups (severe, n=41) based on pulmonary X-ray-image find-
ing scores, body composition, nutritional intake, and biochemical markers were compared between the groups. To
identify nutritional factors associated with disease severity, logistic regression analyses were performed.

Results: Compared with controls, patients with NTM-LD had significantly lower energy intake, body mass index,
body fat, and skeletal muscle mass (all p <0.001). Compared with the mild group, the severe group had significantly
lower skeletal muscle mass (p=0.037), albumin (p =0.029), transthyretin (prealbumin) (p =0.002), retinol-binding
protein (p=0.011), and hemoglobin (p =0.001); however, no between-group differences were observed in energy
or nutrient intake. Logistic analyses revealed that transthyretin (p=0.025) and hemoglobin (p =0.003) levels were
independent factors associated with disease severity.

Conclusions: This is the first study to comprehensively report the association between NTM-LD severity and nutri-
tional status, including body composition, nutrient intake, and biomarkers. The results suggest that initiating nutri-
tional therapy from the mild stage of the disease to prevent undernutrition is warranted.

Keywords: Nontuberculous mycobacteria, Women, Dietary survey, Energy intake, Body habitus, Skeletal muscle,
Prealbumin

Introduction

Nontuberculous mycobacterial lung disease (NTM-LD)
is an infection caused by a group of bacteria that are nat-
urally found in dust, soil, and water, and the incidence of
NTM-LD has been increasing in various regions of the
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It is known that NTM-LD occurs more commonly in
thin women over 50 years of age [2—6] and that, com-
pared to the general female population, female patients
with NTM-LD have a slender body habitus [5, 6]. How-
ever, the reason underlying weight loss in female patients
with NTM-LD remains unclear. Therefore, it is neces-
sary to compare the nutritional intake of female patients
with NTM-LD with that of the general female population
using the same dietary survey methods; nonetheless, to
the best of our knowledge, such data have not yet been
reported. Moreover, regarding anthropometric char-
acteristics, female patients with NTM-LD have been
reported to have lower body weight and body fat than the
general female population [5, 6]; however, the amount
of skeletal muscle mass that correlates with respiratory
muscle strength has not been fully elucidated. There-
fore, whether female patients with NTM-LD have lower
energy and nutrient intakes and are thinner with less
muscle mass than the general female population warrants
investigation.

Regarding the relationship between nutritional status
and NTM-LD severity, several studies have demonstrated
that poor nutritional status characterized by low body
mass index (BMI) [7, 8], a thinner layer of chest subcuta-
neous fat [7], and low abdominal fat ratio [9] was associ-
ated with the progression of NTM-LD. Moreover, anemia
[10], diminished lymphocyte count (< 1000 cells/uL) [11],
and albumin levels (< 3.5 g/dL) [10-12] have been recog-
nized as prognostic factors for mortality in patients with
NTM-LD. The above findings imply that undernutrition
aggravates the severity of NTM-LD. In this regard, nutri-
tional therapy may be beneficial for treating and prevent-
ing disease severity. Nevertheless, there is a paucity of
studies examining the relationship of nutritional status,
such as dietary intake, long-term energy balance (degree
of weight loss from 20 years of age), appetite, skeletal
muscle mass, and NTM-LD severity.

Based on the above, the objectives of this study were
to (1) determine the nutritional characteristics of female
patients with NTM-LD in comparison with those of sim-
ilar-aged, healthy women, and (2) explore the nutritional
factors associated with NTM-LD severity. The goal of
this study was to obtain data that can contribute to the
implementation of nutritional therapy in patients with
NTM-LD.

Methods

Participants

This single-center observational study included 121
female outpatients with NTM-LD who were over
20 years of age and met the diagnostic criteria for NTM-
LD, as stated by the American Thoracic Society (ATS)
and Infectious Diseases Society of America (IDSA) [13]

Page 2 of 10

from the Respiratory Disease Center of Kitano Hospital
(Osaka, Japan), between July and October 2018. Patients
previously diagnosed with dementia or psychiatric disor-
ders by a physician were excluded. Prior to inclusion, all
participants received a detailed explanation of the study
and subsequently provided written informed consent.
As shown in Fig. 1, total of 81 patients were included
in the analysis. To classify the severity of NTM-LD, we
employed the NICE scoring system (ranging from O to
96) [14] which scores nodule (N), infiltration or consol-
idation (I), cavity (C), and ectasis (E) using chest radio-
graphic images via a simple and versatile method. After
the radiologist confirmed the presence of pulmonary
and bronchial lesions, one respiratory physician read and
scored the images. Two respiratory physicians then per-
formed the confirmation process. All the respiratory phy-
sicians were certified by the Japanese Respiratory Society
and had over 10 years of clinical experience. Based on
the NICE score, patients were divided into relatively mild
(mild, <8.0, n=40) or relatively severe (severe,> 8.0,
n=41) group using a median value of 8.0.

To compare anthropometric and nutritional data
between female patients with NTM-LD and the general
female population, we used our previous survey data as
control [15-17]. These data were obtained from indi-
viduals who attended a weekly stretching class at a pub-
lic liberal art school in Himeji city. We selected control
participants (n="75) who possessed similar demographic
background as the patients with NTM-LD (Japanese,
women, mostly elderly, mostly living in urban area).
Those who received care authorization or were diag-
nosed with dementia, cancer, or heart disease by a physi-
cian were excluded. All measurements were performed in
Himeji Human science and Environment Campus of the
University of Hyogo from April 2015 to September 2017
using entirely the same methodology of anthropometric
and dietary survey.

This study was approved by the research ethics board
of Kitano Hospital (Number: P180600300, May 1, 2018).
The study procedures were performed in accordance
with the Declaration of Helsinki and Clinical Practice
Guidelines of the national government. Written informed
consent was obtained from all participants before enroll-
ment. This study was registered at the University Hospi-
tal Medical Information Network Center in Japan (trial
registration UMIN000033689; August 8, 2018; www.
umin.ac.jp).

Measurements

Clinical measurements

Prior to obtaining measurements, patients’ medical
records, including demographic and clinical data, were
reviewed. On the day of the hospital visit, each patient
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Fig. 1 Patient enrollment diagram. NTM-LD, nontuberculous mycobacterial lung disease. Patients were classified into mild (score <8.0) and severe
(score >8.0) groups based on medical condition scores calculated using pulmonary X-ray image findings

underwent clinical measurements and nutritional assess-
ments. Respiratory muscle strength (PEmax and Plmax)
was measured using an electronic diagnostic spirometer
(Autospiro AS-507 and AAM377, Minato Medical Sci-
ence Co., Osaka, Japan). Albumin, lymphocyte count,
total cholesterol, transthyretin (prealbumin), transferrin,
retinol-binding protein, hemoglobin, and C-reactive pro-
tein levels were measured using blood sampled from the
cubital veins.

Anthropometric and nutritional assessments
Height, weight, and body composition (InBody S10, Bio-
Space Co., Seoul, Korea) were measured on the same

day as the clinical measurements. To assess the extent
of weight loss, participants were asked about their maxi-
mum body weight and body weight at 20 years of age.
Dietary intake was estimated using a 24-h recall
method for one typical weekday. The records were care-
fully assessed by registered dieticians via an interview
with each participant. Nutritional values were calculated
using computer-assisted procedures (Excell Eiyokun, ver.
8.2; Kenpakusya Co., Tokyo, Japan) based on the Japa-
nese food consumption table [18]. Appetite scores were
evaluated using the Japanese version of the Simplified
Nutritional Appetite Questionnaire (SNAQ-J), consisting
of four questions (appetite, satiety, taste, and frequency
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of meals), with a total score ranging from 4 to 20 and a
higher score indicating better appetite [19]. Physical
activity was evaluated using a shortened version of the
International standardized Physical Activity Question-
naire (IPAQ) [20].

Statistical analyses

All values are expressed as means =+ standard deviations.
All statistical analyses were performed using the Statisti-
cal Package for the Social Sciences (SPSS for Windows
ver24; IBM Inc., Tokyo, Japan). Prior to statistical evalua-
tion, normality testing was conducted using the Kolmog-
orov—Smirnov test.

We performed two comparisons: (1) between the
patients and the general population, and (2) between two
patient groups with different severity stages. Both com-
parisons were performed using a paired Student’s z-test
or Welch’s ¢-test, as appropriate. For the comparison of
patients and controls, two analyses were performed using
data from all participants (Table 1). Sensitivity analy-
sis was also performed: patients were matched 1:1 using
R package “optmach,” distance-based bipartite match-
ing by age (Additional file 1: Table S1). The associations
between NICE scores and nutritional biomarkers were
evaluated using Spearman correlation coefficients. To
identify nutritional factors associated with disease sever-
ity, logistic regression analysis (adjusted for age, BMI,
and energy intake) was performed. Albumin, transthyre-
tin, retinol-binding protein, and hemoglobin were used
as explanatory variables, and low (0) or high (1) NICE

Table 1 Anthropometric and nutritional data of female patients
with NTM-LD and healthy women

NTM-LD Control pValue?
(n=81) (n=75)
Age (years) 70.8+86 71.14£29 0.794
Anthropometric data
Height (cm) 153.7+£69 1529451 0436
Body weight (kg) 468+72 533+78 <0001
Body mass index (kg/mz) 19.8+25 228429 <0.001
Fat mass (kg) 12.8+48 16.5+54 <0.001
Percentage of body fat (%) 267471 30446.1 0.001
Skeletal muscle mass (kg) 178425 19.6+2.1 <0.001
Nutritional data
Energy (kcal/day) 1673£340  1926+£375 <0.001
Protein (g/day) 64.2+18.0 7944189 <0.001
Fat (g/day) 5124174 5994173 0.002
Carbohydrate (g/day) 22994557 260.0+603 0.002

Mean + standard deviation
NTM-LD nontuberculous mycobacterial lung disease

2 Unpaired t-test
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score was used as the response variable. The sample size
could not be determined due to lack of a previous study.
Patients with missing data were excluded from the rele-
vant analysis. p values <0.05 were considered statistically
significant.

Results

Anthropometric and nutritional characteristics of female
patients with NTM-LD

Table 1 presents the anthropometric and nutritional
characteristics of female patients with NTM-LD and
similar-aged, healthy women. Compared with con-
trols, female patients with NTM-LD exhibited a distinct
anthropometric profile, including significantly lower
body weight, BMI, fat mass, and skeletal muscle mass
(all p<0.001). Similarly, in terms of nutritional profile,
female patients with NTM-LD had significantly lower
energy (p<0.001), protein (p<0.001), fat (»p =0.002), and
carbohydrate (p=0.002) intakes than healthy controls.
The age-matched analysis of patients (#=238) and con-
trols (n=238) showed the same results (Additional file 1:
Table S1).

Demographic characteristics of the mild and severe groups
Table 2 presents the demographic and clinical character-
istics of the patient groups classified according to NICE
scores. Compared with the mild group, the severe group
tended to be older (p=0.060) and have a longer history
of illness (p=0.053). Compared with the mild group, the
severe group also had a higher frequency of fibrocavi-
tary lesions (p=0.040), cavity formation (p =0.002), and
number of patients using two or more antibiotic drugs
(p=0.009). As indicators of respiratory muscle strength,
significantly lower PEmax and PImax were observed
(p=0.001).

Comparison of anthropometric and nutritional data
between mild and severe groups

Table 3 presents the values of the anthropometric meas-
urements, nutritional intakes, lifestyle indicators, and
blood biochemistry of the patients. The severe group
had significantly lower body weight (» =0.016) and skel-
etal muscle mass (p=0.037) than the mild group. BMI
(p=0.079) and fat mass (p =0.050) tended to be lower in
the severe group than in the mild group. There were no
differences in longitudinal weight loss, appetite scores,
and physical activity between the two groups. No sig-
nificant between-group differences were observed in
energy and nutrient intakes, indicating that the aver-
age energy intake was equivalent between the groups.
Blood biochemistry assessments revealed that albumin
(p=0.029), transthyretin (p =0.002), retinol-binding pro-
tein (p=0.011), and hemoglobin (p=0.001) levels were



Takayama et al. BMC Pulmonary Medicine (2022) 22:315 Page 5 of 10
Table 2 Demographic and clinical characteristics of female patients with NTM-LD
Variables All Disease severity p Value?
Mild Severe
(n:81) (n:40) (n:41)
Age (years) 708186 69.0+7.0 726496 0.060
Smoking history (pack-year) 02+12 03£1.1 02+12 0.762
Duration of NTM-LD (month) 7234560 5184419 9294611 0.053
Comorbidity
Malignancy (includes lung cancer) 17 (21.0) 9(225) 8(19.5) 0.790
Respiratory diseases 5(6.2) 2 (5.0 3(7.3) 1.000
Diabetes mellitus 4(49) 0(0) 49.8) 0.116
Cardiac diseases 8(9.9) 4(10.0) 4(9.8) 1.000
Kidney diseases 2(2.5) 0(0) 2 (4.9) 0.494
Liver diseases 449 3(7.5) 1(24) 0.359
Radiological findings®
NB 60 (74.1) 36 (90.0) 24 (58.5) 0.040
CavitaryNB 18 (22.2) 4(10.0) 14 (34.1)
FC 3(37) 0(0) 3(7.3)
With cavity 21(25.9) 4(10.0) 17 (41.5) 0.002
NTM species
M. avium 51(63.0) 28 (70.0) 23 (56.1) 0.252
M. intracellulare 28 (34.6) 1(27.5) 17 (41.5) 0.244
M. kansasii 1(1. 1(2.5) 0(0) 0494
M. abscessus 7 (8.6) 2( 5(12.2) 0432
Antibiotic treatments®
Observation 17 (21.0) 14 (35.0) 3(7.3) 0.009
One drug 7 (8.6) 3(7.5) 4(9.8)
Two or more drugs 57 (70.4) 23 (57.5) 34(829)
Respiratory muscle strength
PEmax (cmH,0)* 5354239 62.8+24.1 44.2£20.1 0.001
Plmax (CmHzo)d 3224135 37141149 2724938 0.001
Blood biochemistry
CRP (mg/dL) 0.31+0.73 0.18+£040 043+0.94 0.119

Mean =+ standard deviation or n (%)

NTM-LD nontuberculous mycobacterial lung disease, NB nodular bronchiectatic type, FC fibrocavitary type, CRP C-reactive protein

@ Unpaired t-test (Mild vs. Severe)

b X2 test or Fisher's exact test

€ All; n=74, Mild; n=37, Severe; n=37
4 All; n=73, Mild; n=37, Severe; n=36

significantly lower in the severe group than in the mild
group.

Correlations between NICE scores and biochemical
markers

Transthyretin (r= —0.348, p=0.002), retinol-bind-
ing protein (r= —0.264, p=0.018), and hemoglobin
(r=—0.280, p=0.011) levels were negatively corre-
lated with NICE scores. While albumin (r= —0.064,
p=0.570), transferrin (r= —0.135, p=0.230), total

cholesterol (r= —0.141, p=0.210), and lymphocyte
counts (r= — 0.160, p=0.154) did not exhibit any signifi-
cant correlation with NICE scores (Additional file 2: Fig.
S1).

Nutritional factors associated with NTM-LD severity

To identify nutritional factors associated with NTM-
LD severity, we performed univariate analysis using
low (0) or high (1) NICE scores as the response varia-
ble. Given that albumin, transthyretin, retinol-binding
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Table 3 Anthropometric and nutritional characteristics of female patients with NTM-LD

Variables All Disease severity p Value?

Mild Severe
(n=81) (n:40) (n:41)

Anthropometric data
Height (cm) 153.7£69 155066 1525£7.1 0.101
Body weight (kg) 468172 48767 449473 0.016
Body mass index (kg/mz) 19.8+25 203423 193426 0.079
Fat mass (kg) 128+48 13.9+45 11.8+£49 0.050
Percentage of body fat (%) 267471 279466 255475 0.137
Skeletal muscle mass (kg) 178425 183423 172426 0.037
Weight loss from 20 years of age (kg) 19+£72 1.5+69 23476 0.638
Percentage weight loss from 20 years of age (%) 3311438 244133 434162 0.579
Weight loss from maximum body weight (kg) 7.7+6.1 72+6.7 82+55 0481
Percentage weight loss from maximum body weight (%) 13.9£10.1 124+102 154+99 0.180

Nutritional intake
Energy (kcal/day) 1673 4340 1666 4362 16804321 0.850
Protein (g/day) 64.2+£180 63.6+19.3 6494169 0.748
Protein (g/day/1000 kcal) 38267 37.8+6.7 38667 0.618
Fat (g/day) 512+174 5244185 5004163 0.534
Fat (g/day/1000 kcal) 30477 313480 295+73 0.290
Carbohydrate (g/day) 22994557 2262+586 23354533 0.558
Carbohydrate (g/day/1000 kcal) 13824215 13654222 13994210 0475

Appetite score (SNAQ-J) 14617 148+1.6 144+£1.7 0.302

Amount of physical activity (MET-min/week) 1806 £2410 2074+2754 1538+£2007 0323

Duration of sitting time (min/day) 289+162 2844140 294+£183 0.770

Blood biochemistry
Albumin (g/dL) 44403 44403 43403 0.029
Transthyretin (mg/dL)° 20.0+£4.5 21.5£35 184+49 0.002
Transferrin (mg/dL) 224+£37 230+ 34 218+£40 0.157
Retinol-binding protein (mg/dL)® 25406 27405 23106 0011
Total cholesterol (mg/dL) 225436 226433 225438 0.886
Hemoglobin (g/dL) 13.1£11 135+£1.0 127£10 0.001
Lymphocyte count (x 10%/uL) 134440 13.8+£34 13.1£45 0415

Mean + standard deviation

NTM-LD nontuberculous mycobacterial lung disease

@ Unpaired t-test (Mild vs. Severe)

b Data (transthyretin and retinol-binding protein) of one severe patient were not obtained

protein, and hemoglobin levels were independently Discussion

associated with disease severity, we performed mul-
tiple logistic regression analysis adjusting for age,
BMI, and energy intake. The final multiple logistic
regression model revealed that transthyretin (odds
ratio [OR] 0.872; 95% confidence interval [CI] 0.774
to 0.983, p=0.025) and hemoglobin (OR 0.442; 95%
CI 0.259 to 0.756, p=0.003) levels were significantly
associated with disease severity (Table 4).

Our study had three major findings. First, compared with
healthy women, female patients with NTM-LD showed
unique characteristics: slender body habitus with low
skeletal muscle mass, and smaller intake of energy and
macronutrients (protein, fat, and carbohydrate). Second,
compared with patients in the mild group, those in the
severe group exhibited worsening nutritional biomarkers
and low skeletal muscle mass but without an additional
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decrease in either energy or protein intake. Third, tran-
sthyretin and hemoglobin were identified as useful nutri-
tional biomarkers reflecting disease severity.

Anthropometric and nutritional characteristics of female
patients with NTM-LD
Low BMI and less body fat are well-recognized risk fac-
tors for NTM-LD [4-6]. Consistent with reports by Kim
et al. [5] and Kartalija et al. [6], the present results indi-
cated that female patients with NTM-LD were thinner [5,
6] and had less body fat [6], compared with the general
female population [5] or age-matched uninfected women
[6]. Additionally, we observed that skeletal muscle mass
was lower in the patients than in controls. Since skeletal
muscle mass is associated with immune function [21],
it is reasonable to assume that reduced skeletal muscle
mass may increase susceptibility to NTM infection.
Weight loss or body fat loss is a consequence of nega-
tive energy balance; however, information on dietary
intake in patients with NTM-LD remains limited. To the
best of our knowledge, this is the first report demonstrat-
ing that female patients with NTM-LD have lower total
energy, protein, fat, and carbohydrate intake than healthy
women. Low BMI and aging are both etiological factors
for NTM-LD [2-6]. Thus, ameliorating the undernour-
ishment status of women via adequate nutritional intake
may be beneficial to prevent NTM-LD, especially in
countries and regions with higher proportions of under-
weight and older people like Japan [22, 23].

Body composition and NTM-LD severity

In this study, we observed significant decrease in both
body weight and skeletal muscle mass in the severe
group. The results underscore the need to pay attention
to not only weight loss but skeletal muscle loss in the
management of NTM-LD. As a clinical implication, skel-
etal muscle mass has been reported to correlate strongly
with respiratory muscle strength metrics, such as maxi-
mal inspiratory pressure and maximal expiratory pres-
sure [24]; thus, skeletal muscle loss may be associated
with decreased respiratory function [25]. Indeed, lower
values of respiratory muscle strength were observed in
this study in the severe group. Therefore, strategically
planned nutritional care aimed towards the maintenance
of skeletal muscle mass may be beneficial for female
patients with NTM-LD.

The present study leaves the question “What underpins
the differences in skeletal muscle mass, despite the lack
of differences in energy and nutrient intake between the
mild and severe groups?” One potential factor may be
increased energy expenditure due to inefficient breath-
ing. Reports suggest that patients with chronic obstruc-
tive pulmonary disease have greater resting energy
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expenditure owing to increased oxygen cost [26, 27]. Such
excess expenditure may partially explain the decrease in
skeletal muscle mass. Chronic inflammation related to
catabolism is also known to cause a decrease in muscle
protein [28, 29]. Although the precise mechanism of skel-
etal muscle loss in NTM-LD patients should be examined
in future studies, maintaining body weight with appropri-
ate muscle mass through sufficient dietary intake might
be a beneficial treatment strategy for NTM-LD.

Nutritional biomarkers and NTM-LD severity

Worsening of hematological and nutritional indices, such
as hypoalbuminemia (<3.5 g/dL) [8-12] and low hemo-
globin levels (<10 g/dL [10] or<11.3 g/dL [12]) have been
reported to be associated with NTM-LD progression and
increased mortality [8-12]. Consistent with the above
reports, low albumin and hemoglobin levels were also
demonstrated in the severe group in this study. The find-
ing that these mid- to long-term nutritional biomarkers
were lower in the severe group seems reasonable. How-
ever, all our patients had more than 3.5 g/dL of albumin,
and the value did not correlate with severity (NICE score)
(Additional file 2: Fig. S1). On the other hand, the mean
value of transthyretin in the severe group was 18.4 mg/
dL, which was lower than the reference value (22—-40 mg/
dL). For the retinol-binding protein, the mean values
were within the reference range (1.9-4.6 mg/dL) but
were distributed at lower values, and, like transthyretin,
decreased with disease severity (increased NICE score)
(Additional file 2: Fig. S1).

Logistic regression analysis was finally performed,
revealing that hemoglobin and transthyretin were the
nutritional biomarkers that correlated with NTM-LD
severity, independent of age, BMI, and energy intake
(Table 4). Thus, hemoglobin may be a useful indicator
of long-term malnutrition and transthyretin (half-life,
2 days) as a beneficial indicator of short-term malnu-
trition, at least in the outpatients enrolled in the study.
Transthyretin is also an indicator of dynamic protein
synthesis capacity [30-32]. To clarify the cause of muscle
protein loss in NTM-LD patients, further measurement
of urinary 3-methylhistidine excretion, which reflects
muscle protein breakdown, in addition to muscle protein
synthesis indices, may be required.

Limitations

This study has some limitations. First, because of the
cross-sectional design, it remains unclear whether
slender body habitus observed in female patients with
NTM-LD is a cause or a consequence of the disease. In
the future, it is necessary to obtain consecutive pre- and
post-infection weight data to clarify whether low body
weight itself is a risk factor for the development of the
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disease or whether weight loss occurs as a result of the
disease. Second, homogeneity constituted a strength of
this study, although there might have been selection bias,
as all participants were Japanese, similar-aged women
and were recruited from the same hospital and school.
Third, we failed to clarify the kinetics of muscle pro-
tein synthesis and breakdown due to the lack of urinary
3-methylhistidine data.

Conclusions

Eating less and slender body habitus with low skeletal
muscle mass were identified as nutritional characteristics
of female patients with NTM-LD. In patients with severe
symptoms, further reductions in body weight and skeletal
muscle mass were observed, without additional reduction
in nutritional intake. This is the first study to comprehen-
sively report the association between NTM-LD sever-
ity and nutritional status, including body composition,
nutrient intake, and biomarkers. The results suggest that
initiating nutritional therapy from the mild stage of the
disease to prevent undernutrition is warranted.

Abbreviations

NTM-LD: Nontuberculous mycobacterial lung disease; BMI: Body mass index;
ATS: American Thoracic Society; IDSA: Infectious Diseases Society of America;
NICE: Nodule, infiltration or consolidation, cavity, ectasis; SNAQ-J: Japanese
version of Simplified Nutritional Appetite Questionnaire; IPAQ: International
standardized Physical Activity Questionnaire.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512890-022-02109-5.

Additional file 1. Anthropometric and nutritional data of female patients
with NTM-LD and age- and sex-matched healthy controls.

Additional file 2. Correlations between NICE score and biochemical
markers.

Acknowledgements

We are grateful to all participants and hospital staff. The authors thank Ms.
NU for dietary survey. This study was supported by grants from the Kitano
Research Incentives and Respiratory Disease Center, Tazuke Kofukai Medical
Research Institute, Kitano Hospital.

Author contributions

YT, TK, and NN contributed to planning and conducting the study, data acqui-
sition, analysis of data, and writing of the manuscript. NH and YY contributed
to data acquisition and review of the manuscript. MF and NS contributed

to the conception and design of the study, data acquisition, analysis, and
manuscript review. All authors read and approved the final version of the
manuscript.

Funding

This study was supported by grants from the Kitano Research Incentives (YT)
and Respiratory Disease Center, Tazuke Kofukai Medical Research Institute,
Kitano Hospital (YT).

Page 9 of 10

Availability of data and materials

The datasets generated and/or analyzed during the current study are not
publicly available due to their containing information that could compromise
the privacy of research participants but are available from the corresponding
author upon reasonable request.

Declarations

Ethics approval and consent to participate

The study protocol was approved by the research ethics board of Kitano
Hospital. The study procedures were performed in accordance with the
Declaration of Helsinki and Clinical Practice Guidelines of the national govern-
ment. Written informed consent was obtained from all participants before
enrollment.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

Department of Nutrition, Tazuke Kofukai Medical Research Institute, Kitano
Hospital, 2-4-20 Ogi-machi, Kita-ku, Osaka-city, Osaka 530-8480, Japan.
“Respiratory Disease Center, Tazuke Kofukai Medical Research Institute,
Kitano Hospital, 2-4-20 Ogi-machi, Kita-ku, Osaka-city, Osaka 530-8480, Japan.
*Department of Rehabilitation, Tazuke Kofukai Medical Research Institute,
Kitano Hospital, 2-4-20 Ogi-machi, Kita-ku, Osaka-city, Osaka 530-8480, Japan.
“Clinical Research Institute for Endocrine and Metabolic Disease, National
Hospital Organization, Kyoto Medical Center, 1-1 Fukakusamukaihata-cho,
Fushimi-ku, Kyoto-city, Kyoto 612-8555, Japan. *Graduate School of Human
Science and Environment, University of Hyogo, 1-1-12 Shinzaike-honcho,
Himeji city, Hyogo 670-0092, Japan.

Received: 6 May 2022 Accepted: 6 August 2022
Published online: 15 August 2022

References

1. Namkoong H, Kurashima A, Morimoto K, Hoshino Y, Hasegawa N, Ato M,
et al. Epidemiology of pulmonary nontuberculous mycobacterial disease,
Japan (1). Emerg Infect Dis. 2016;22:1116-7.

2. Furuuchi K, Morimoto K, Yoshiyama T, Tanaka Y, Fujiwara K, Okumura M,
et al. Interrelational changes in the epidemiology and clinical features of
nontuberculous mycobacterial pulmonary disease and tuberculosis in a
referral hospital in Japan. Respir Med. 2019;152:74-80.

3. Morimoto K, Hasegawa N, Izumi K, Namkoong H, Uchimura K, Yoshiyama
T, et al. A laboratory-based analysis of nontuberculous mycobacte-
rial lung disease in Japan from 2012 to 2013. Ann Am Thorac Soc.
2017;14:49-56.

4. Lee SJ,Ryu Y], Lee JH, Chang JH, Shim SS. The impact of low subcutane-
ous fat in patients with nontuberculous mycobacterial lung disease.
Lung. 2014;192:395-401.

5. Kim RD, Greenberg DE, Ehrmantraut ME, Guide SV, Ding L, Shea,
et al. Pulmonary nontuberculous mycobacterial disease: prospective
study of a distinct preexisting syndrome. Am J Respir Crit Care Med.
2008;178:1066-74.

6. Kartalija M, Ovrutsky AR, Bryan CL, Pott GB, Fantuzzi G, Thomas J, et al.
Patients with nontuberculous mycobacterial lung disease exhibit
unique body and immune phenotypes. Am J Respir Crit Care Med.
2013;187:197-205.

7. KimSJ, Park J, Lee H, Lee YJ, Park JS, Cho YJ, et al. Risk factors for deteriora-
tion of nodular bronchiectatic mycobacterium avium complex lung
disease. Int J Tuberc Lung Dis. 2014;18:730-6.

8. YamazakiY, Kubo K, Takamizawa A, Yamamoto H, Honda T, Sone S. Mark-
ers indicating deterioration of pulmonary mycobacterium avium-intracel-
lulare infection. Am J Respir Crit Care Med. 1999;160:1851-5.


https://doi.org/10.1186/s12890-022-02109-5
https://doi.org/10.1186/s12890-022-02109-5

Takayama et al. BMC Pulmonary Medicine

20.

21.

22.

23.

24.

25.

26.

27.

28.

(2022) 22:315

Kim SJ, Yoon SH, Choi SM, Lee J, Lee CH, Han SK, et al. Characteristics asso-
ciated with progression in patients with of nontuberculous mycobacte-
rial lung disease: a prospective cohort study. BMC Pulm Med. 2017;17:5.
Hayashi M, Takayanagi N, Kanauchi T, Miyahara Y, Yanagisawa T,

Sugita Y. Prognostic factors of 634 HIV-negative patients with myco-
bacterium avium complex lung disease. Am J Respir Crit Care Med.
2012;185:575-83.

. Kumagai S, Ito A, Hashimoto T, Marumo S, Tokumasu H, Kotani A, et al.

Development and validation of a prognostic scoring model for mycobac-
terium avium complex lung disease: an observational cohort study. BMC
Infect Dis. 2017;17:436.

Gochi M, Takayanagi N, Kanauchi T, Ishiguro T, Yanagisawa T, Sugita Y.
Retrospective study of the predictors of mortality and radiographic dete-
rioration in 782 patients with nodular/bronchiectatic Mycobacterium
avium complex lung disease. BMJ Open. 2015;5:e008058.

Griffith DE, Aksamit T, Brown-Elliott BA, Catanzaro A, Daley C, Gordin F,

et al. ATS Mycobacterial Diseases Subcommittee; American Thoracic Soci-
ety; Infectious Disease Society of America: An official ATS/IDSA statement:
diagnosis, treatment, and prevention of nontuberculous mycobacterial
diseases. Am J Respir Crit Care Med. 2007;175:367-416.

Kurashima A, Morimoto K, Horibe M, Hoshino Y, Shiraishi Y, Kudoh S. A
method for visual scoring of pulmonary Mycobacterium avium complex
disease: “NICE scoring system.”J Mycobac Dis. 2013;3:127.

Inoue T, Kobayashi'Y, Mori N, Sakagawa M, Xiao JZ, Moritani T, et al. Effects
of combined bifidobacteria supplementation and resistance training on
cognitive function, body composition and bowel habits in healthy elderly
subjects. Benef Microbes. 2018;9:843-53.

Nagai N, Yagyu S, Hata A, Nirengi S, Kotani K, Moritani T, et al. Maslinic acid
derived from olive fruit in combination with resistance training improves
muscle mass and mobility functions in the elderly. J Clin Biochem Nutr.
2019;64:224-30.

Nagai N, Shindo N, Wada A, Izu H, Fujii T, Matsubara K, et al. Effects of

rice wine lees on cognitive function in community-dwelling physically
active older adults: a pilot randomized controlled trial. J Prev Alz Dis.
2020;7:95-103.

Resources Council, Ministry of Education, Culture, Sports, Science and
Technology of Japan. The Japanese food composition table. 2015 version.
Tokyo, Daiichi Publishing Co., Japan 2016 (in Japanese).

Nakatsu N, Sawa R, Misu S, Ueda Y, Ono R. Reliability and validity of the
Japanese version of the simplified nutritional appetite questionnaire in
community-dwelling older adults. Geriatr Gerontol Int. 2015;15:1264-9.
Craig CL, Marshall AL, Sjéstrom M, Bauman AE, Booth ML, Ainsworth BE,
et al. International physical activity questionnaire: 12-country reliability
and validity. Med Sci Sports Exerc. 2003;35:1381-95.

Nelke C, Dziewas R, Minnerup J, Meuth SG, Ruck T. Skeletal muscle as
potential central link between sarcopenia and immune senescence.
EBioMed. 2019;49:381-8.

NCD Risk Factor Collaboration (NCD-RisC). Trends in adult body-mass
index in 200 countries from 1975 to 2014 a pooled analysis of 1698
population-based measurement studies with 19-2 million participants.
Lancet. 2016;387:1377-96.

OECD. Japan: Promoting Inclusive Growth for an Ageing Society. 2018.
https://read.oecd-ilibrary.org/economics/japan-promoting-inclusive-
growth-for-an-ageing-society_9789264299207-en#pagel. Accessed 10
Mar 2022.

Shin HI, Kim DK, Seo KM, Kang SH, Lee SY, Son S. Relation between
respiratory muscle strength and skeletal muscle mass and hand grip
strength in the healthy elderly. Ann Rehab Med. 2017;41:686-92.

Nagano A, Wakabayashi H, Maeda K, Kokura Y, Miyazaki S, Mori T, et al.
Respiratory sarcopenia and sarcopenic respiratory disability: concepts,
diagnosis, and treatment. J Nutr Health Aging. 2021,25:507-15.

Schols AM, Fredrix EW, Soeters PB, Westerterp KR, Wouters EF. Resting
energy expenditure in patients with chronic obstructive pulmonary
disease. Am J Clin Nutr. 1991;54:983-7.

Yoneda T, Yoshikawa M, Fu A, Tsukaguchi K, Okamoto Y, Takenaka H.
Plasma levels of amino acids and hypermetabolism in patients with
chronic obstructive pulmonary disease. Nutrition. 2001;17:95-9.

Londhe P, Guttridge DC. Inflammation induced loss of skeletal muscle.
Bone. 2015;80:131-42.

29.

30.

31

32.

Page 10 of 10

Tuttle CSL, Thang LAN, Maier AB. Markers of inflammation and their
association with muscle strength and mass: a systematic review and
meta-analysis. Ageing Res Rev. 2020,64:101185.

Spiekerman AM. Nutritional assessment (protein nutriture). Anal Chem.
1995;67:429R-36R.

Ingenbleek Y, Young VR. Significance of transthyretin in protein metabo-
lism. Clin Chem Lab Med. 2002;40:1281-91.

Caccialanza R, Palladini G, Klersy C, Cereda E, Bonardi C, Quarleri L, et al.
Serum prealbumin: an independent marker of short-term energy intake
in the presence of multiple-organ disease involvement. Nutrition.
2013;29:580-2.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://read.oecd-ilibrary.org/economics/japan-promoting-inclusive-growth-for-an-ageing-society_9789264299207-en#page1
https://read.oecd-ilibrary.org/economics/japan-promoting-inclusive-growth-for-an-ageing-society_9789264299207-en#page1

	Nutritional status in female patients with nontuberculous mycobacterial lung disease and its association with disease severity
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Participants
	Measurements
	Clinical measurements
	Anthropometric and nutritional assessments

	Statistical analyses

	Results
	Anthropometric and nutritional characteristics of female patients with NTM-LD
	Demographic characteristics of the mild and severe groups
	Comparison of anthropometric and nutritional data between mild and severe groups
	Correlations between NICE scores and biochemical markers
	Nutritional factors associated with NTM-LD severity

	Discussion
	Anthropometric and nutritional characteristics of female patients with NTM-LD
	Body composition and NTM-LD severity
	Nutritional biomarkers and NTM-LD severity

	Limitations
	Conclusions
	Acknowledgements
	References


