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Association between Mycobacterium avium
complex lung disease and serum vitamin D status,
antimicrobial peptide levels, and bone mineral
density
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Abstract
Vitamin D maintains calcium balance and has immunomodulatory effects. Only few studies have revealed the relationship between
vitamin D and its associated factors inMycobacterium avium complex (MAC) infection. This study aimed to investigate the effects of
MAC infection on serum vitamin D, human cationic antimicrobial protein 18, its C-terminal 37 amino acid fragment (hCAP18/LL-37)
levels, and bone mineral density (BMD).
We enrolled 58 patients with MAC lung disease and 15 control participants. Serum 25-hydroxyvitamin D and hCAP18/LL-37 levels

were measured via enzyme-linked immunosorbent assay. Lastly, computed tomography scan density readings of the BMD of the
thoracic and lumbar vertebral bones (Th4, Th7, Th10, and L1) were assessed.
No significant differences in patient characteristics and serum vitamin D levels were observed. Patients with MAC lung disease had

significantly low serum hCAP18/LL-37 levels (P= .049). Moreover, low BMD of the mean thoracic and lumbar vertebrae was
observed (mean Th, P= .012; L1, P= .48, respectively). A higher prevalence of scoliosis (P= .031) was observed in the participants
with low BMD compared with the control participants. Based on a multivariate analysis, patients with MAC lung disease had
significantly lower body mass index [odds ratio (OR), 19.1; 95% confidence interval (CI), 2.0–419.0; P< .01] and vertebral BMD (OR,
12.4; 95% CI, 1.7–160.6; P= .012) than control participants.
Serum hCAP18/LL-37 level and BMD were significantly decreased in patients with MAC lung disease without relation to serum

vitamin D level. The vitamin D–independent pathway might affect the waning of antimicrobial peptides and decrease in BMD.

Abbreviations: BALF = bronchoalveolar lavage fluid, BMD = bone mineral density, BMI = body mass index, CAMP = cathelicidin
antimicrobial peptide, CI = confidence interval, CT = computed tomography, DEXA = dual-energy x-ray absorptiometry, ER =
endoplasmic reticulum, hCAP/LL-37 = human cationic antimicrobial protein 18, its C-terminal 37 amino acid fragment, IFN-g =
interferon-gamma, MAC =Mycobacterium avium complex, NTM = nontuberculous mycobacteria, OR = odds ratio, ROI = region of
interest, VDR = vitamin D receptor.
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1. Introduction

The incidence of Mycobacterium avium complex (MAC) lung
disease is increasing worldwide.[1–3] Not only immunocompro-
mised patients but also middle-aged and older women without
predisposing factors acquire this disease. Various host traits are
considered risk factors for MAC lung disease.[4] Numerous
studies have shown that vitamin D deficiency is associated with
the susceptibility and progression of various infectious dis-
eases.[5,6] Recently, vitamin D–deficient patients with pulmonary
nontuberculous mycobacteria (NTM) disease are highly suscep-
tible to disease progression.[7]

A previous study revealed that vitamin D regulates human
cathelicidin antimicrobial peptide (CAMP) gene expression.[8]

The only human cathelicidin, human cationic antimicrobial
protein (hCAP) 18 and its C-terminal 37 amino acid fragment
(LL-37) have multiple functions and play important roles in the
innate immune system. hCAP18/LL-37 suppresses mycobacte-
rium growth in macrophages and has antimicrobial effects.[9]

Vitamin D is now known to have immunomodulatory effects.
Because only few reports on the relationship between patients
with mycobacterial disease and in vivo hCAP18/LL-37 levels
are available, the nature of hCAP18/LL-37 is still un-
known.[10,11]

Vitamin D is also known to regulate not only antimicrobial
peptides but also metabolic factors that affect the bones.
Patients with chronic viral infectious disease, such as HIV and
hepatitis C virus infection, are also deficient in vitamin D and
thus have causal osteoporosis.[12–14] MAC lung disease causes
chronic inflammation and the deterioration of the bronchi and
alveoli. Patients with MAC lung disease may be deficient in
vitamin D and have an imbalance of its associated factors,
therefore causing osteoporosis. This finding is similar for
patients with chronic infectious diseases. However, no report
on the relationship between chronic MAC infection and
osteoporosis is available.
Here, we conducted a prospective cohort study to investigate

the association between MAC lung disease and serum vitamin D
status, hCAP18/LL-37 levels, and bone mineral density (BMD) of
the thoracic and lumbar vertebrae. Part of this study was
presented at the European Respiratory Society International
Congress 2013 in Barcelona, Spain.

2. Methods

2.1. Study design, population, and the evaluation of
factors

We prospectively enrolled 58 patients with MAC lung disease
who matched the 2007 American Thoracic Society diagnostic
criteria[15] and 15 control participants from January 2011 to
January 2014. All participants were postmenopausal women
without HIV infection and active endocrine disorder and do not
use drugs that affect bone metabolism and any vitamin
supplements. Control participants who had no obvious lung
involvement were selected from routine medical checkups. We
obtained written informed consents from all participants, and the
institutional review board (Kyoto University Hospital Ethics
Committee) approved this study (Approved number: E1077).
Next, we evaluated serum 25-hydroxyvitamin D and vitamin D–

associated factors. In the study, hCAP18/LL-37 and BMD are
considered as the associated factors of vitamin D. The serum 25-
hydroxyvitamin D and hCAP18/LL-37 levels and BMD of the
vertebrae were measured.
2

2.2. Measurement of serum 25-hydroxyvitamin D and
hCAP18/LL-37 levels

Peripheral blood samples were collected from all participants.
The serum was separated from the blood samples and stored at
�80°C. We measured the serum 25-hydroxyvitamin D and
hCAP18/LL-37 levels with the enzyme-linked immunosorbent
assay (ELISA) technique using serum 25 (OH)vitamin D Xpress
kit (Immundiagnostik, Bensheim, Germany) and serum LL-37
HUMAN ELISA kit (Hycult Biotech, Uden, The Netherlands).

2.3. Measurement of BMD

The BMD of the fourth, seventh, and tenth thoracic and the first
lumbar vertebrae was measured using computed tomography
(CT) scan data in accordance with the previous reports.[16–19] We
used 5 sequential chest CT scan slices. First, a midvertebral slice
was selected using reconstructed images from CT scan data of
0.5-mm thick slices. Second, the elliptical region of interest (ROI)
was encompassed manually as the largest possible area at the
anterior portion of each vertebral body on the selected slice.
Finally, the mean CT scan density of the ROI was measured.
BMD was calculated as the mean CT scan density using the
following formula: BMD (mg/mL)=0.77�CT scan density
(HU)+1.83. This formula was derived from the calibration
phantom (Kyoto Kagaku Co, Ltd, Kyoto, Japan), which
contained 8 tubes of known concentrations of hydroxyapatite
(0, 50, 100, 150, 200, 250, 300, and 400mg/mL).

3. Statistical analysis

All statistical analyses were performed using JMP version 8 (SAS
Institute Inc, Cary, NC). Results for continuous variables are
presented as the mean± standard deviation. Group comparisons
were made using the chi-square, Fisher exact, and Wilcoxon tests.
We used the Spearman correlation test to evaluate the degree of
association between variables. To identify independent contributing
factors to MAC lung disease, variables were included in a stepwise
regression analysis if the probability values obtained via a univariate
analysis are <.05. Odds ratios (ORs) and their respective 95%
confidence intervals (CIs) were computed as estimates of relative
risk. A P value of <.05 was considered statistically significant.

4. Results

4.1. Characteristics of the study participants

The characteristics of the participants are shown in Table 1. All
participants were postmenopausal women and aged older than
60 years. Patients with MAC lung disease were predominantly
infected with the M avium strain (81%), and a high incidence of
scoliosis, a thoracic abnormality, was observed in these patients
(27.6% vs 0%, P= .031). Body mass index (BMI) was
significantly lower in patients with MAC lung disease than in
control participants (18.9±2.4 vs 22.1±4.1, P< .01). No
significant differences in the underlying diseases were noted.
Laboratory findings showed that white blood cell, lymphocyte,

and platelet counts were significantly lower in patients withMAC
lung disease than in control participants.

4.2. 25-Hydroxyvitamin D and hCAP18/LL-37 levels and
BMD

Comparisons of vitamin D level and vitamin D–associated factors
are shown in Table 2. No significant difference in serum vitamin



Table 1

Characteristics of study participants.

Clinical characteristics
Pulmonary MAC
patients (n=58)

Control subjects
(n=15) P

Age, y 67.1±10.6 64.3±8.4 .23
Body mass index, kg/m2 18.9±2.4 22.1±4.1 <.01
Smoking status (never) 55 (94.8) 14 (93.3) .99
Underlying disease
Severe pneumonia (hospitalization) 10 (17.2) 0 (0.0) .11
COPD 2 (3.4) 0 (0.0) .99
Asthma 2 (3.4) 0 (0.0) .99
History of tuberculosis 2 (3.4) 1 (6.7) .5
History of malignant disease 6 (10.3) 3 (20.0) .38
Diabetes mellitus 4 (6.9) 2 (13.3) .6
Autoimmune disease 3 (5.2) 2 (13.3) .27

Infected MAC strain (M avium) 47 (81.0) – –

Duration of MAC disease, y 6.9±5.8 – –

Positive sputum smear 10 (17.2) – –

Positive sputum culture 32 (55.2) – –

Laboratories
WBC, �103/mL 5.3±1.7 6.6±1.5 <.01
Neutrophil, �103/mL) 3.3±1.5 3.8±1.1 .11
Lymphocyte. �103/mL 1.5±0.47 2.2±0.59 <.01
RBC, �106/mL) 4.3±0.30 4.5±0.23 .094
Hemoglobin, g/dL 12.8±0.97 13.2±0.61 .18
Platelet, �106/mL) 2.3±0.60 2.6±0.44 .046
Total protein, g/dL 7.2±0.44 7.1±0.31 .33
Albumin, g/dL 4.2±0.36 4.2±0.24 .63
ESR, mm/h 23.4±21.3 20.8±4.2 .46
CRP, mg/dL 0.34±0.54 0.36±1.0 .14

HRCT findings
Nodule 52 (89.7) – –

Consolidation 36 (62.1) – –

Bronchiectasis 53 (91.4) – –

Cavity 24 (41.4) – –

Thoracic abnormality
Scoliosis 16 (27.6) 0 (0.0) .031
Pectus excavatum 10 (17.2) 1 (6.7) .44

Location of HRCT findings
Right/left upper lobe 43 (74.1) – –

Right middle lobe/lingular 55 (94.8) – –

Right/left lower lobe 46 (79.3) – –

Data are shown as mean± standard deviation (SD) or number (%).
COPD= chronic obstructive pulmonary disease, CRP=C-reactive protein, ESR= erythrocyte
sedimentation rate, HRCT=high resolution computed tomography, MAC=Mycobacterium avium
complex, RBC= red blood cell, WBC=white blood cell.

Table 2

Vitamin D and vitamin D–associated factors.

Variables
Pulmonary MAC
patients (n=58)

Control subjects
(n=15) P

25-Hydroxyvitamin D, ng/mL 21.2±5.5 22.7±6.7 .97
Serum hCAP18/LL-37, ng/mL 36.3±10.9 42.6±9.4 .049
Bone mineral density (BMD)
Th4 BMD, mg/mL 168.2±50.3 201.5±32.5 <.01
Th7 BMD, mg/mL 146.1±49.1 180.8±36.1 <.01
Th10 BMD, mg/mL 147.2±47.7 172.0±39.0 .049
Mean Th BMD, mg/mL 153.8±47.9 184.8±31.9 .012
L1 BMD, mg/mL 122.1±43.1 144.9±56.2 .048

Data are shown as mean± standard deviation (SD).
BMD=bone mineral density, hCAP18/LL-37=human cationic antimicrobial protein 18 and its C-
terminal 37 amino acid fragment, MAC=Mycobacterium avium complex.

Table 3

Correlation between antimicrobial peptide and bone mineral
density.

Pulmonary MAC
patients (n=58)

Control subjects
(n=15)

Spearman r P Spearman r P

Serum hCAP18/LL-37 �0.117 .39 0.07 .83
Mean Th BMD 0.199 .16 �0.662 .019
L1 BMD 0.189 .19 �0.483 .11

BMD=bone mineral density, hCAP18/LL-37=human cationic antimicrobial protein 18 and its C-
terminal 37 amino acid fragment, MAC=Mycobacterium avium complex.
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D level between patients with MAC lung disease and control
participants was noted. In contrast, the serum hCAP18/LL-37
level was significantly lower in patients with MAC lung disease
than in control participants (36.3±10.9 vs 42.6±9.4ng/mL,
P= .049). In all spinal levels, BMD was significantly lower in
patients with MAC lung disease than in control participants. We
used the mean thoracic BMD and the first lumbar BMD as
representative values for further analyses.
4.3. Correlations of 25-hydroxyvitamin D with vitamin D–
associated factors

Table 3 shows the correlations of vitamin D with vitamin D–

associated factors. In patients with MAC lung disease, no
correlation between serum vitamin D levels and vitamin D–

associated factors was noted. In control participants, a significant
correlation of vitamin D and mean thoracic BMD was observed
(Spearman r=�0.662, P= .019).
We further analyzed the factors correlated with serum

hCAP18/LL-37 level and BMD in patients with MAC lung
disease as shown in Table 4. Serum hCAP18/LL-37 positively
correlated with white blood cells (Spearman r=0.283, P= .034),
lymphocyte cells (Spearman r=0.268, P= .046), hemoglobin
(Spearman r=0.315, P= .018), and platelet (Spearman r=0.33,
P= .012). The mean thoracic BMD and first lumbar BMD
negatively correlated with age (Spearman r=�0.452, P< .01).
4.4. Factors associated with MAC lung disease

Table 5 depicts the results of the univariate and multivariate
analyses of factors associated with MAC lung disease. We
selected variables with a P value of .05 obtained via the univariate
analysis of continuous variables for the multivariate analysis. We
analyzed each continuous variable after changing the categorical
variable. In the multivariable analysis, patients with MAC lung
disease had significantly lower BMI (OR, 19.1; 95% CI, 2.0–
419.0; P< .01) and lower vertebral BMD (OR, 12.4; 95% CI,
1.7–160.6; P= .012) than control participants.
5. Discussion

In this study, we showed 2 major implications related to vitamin
D and its associated factors in patients with MAC lung disease.
First, we found that serum hCAP18/LL-37 levels significantly
decreased in patients with MAC lung disease, and it was
associated with blood cell counts but not with serum 25-
hydroxyvitamin D levels. Previously, 2 studies evaluated the
relation between serum 25-hydroxyvitamin D level and hCAP18/
LL-37 in patients with mycobacterial infections. Yamshchikov

http://www.md-journal.com


[10]

Table 4

Factors correlated with hCAP18/LL-37 and bone mineral density in patients with Mycobacterium avium complex lung disease.

Serum hCAP18/LL37 Bone mineral density (mean Th) Bone mineral density (L1)

Spearman r P Spearman r P Spearman r P

Age �0.177 .19 �0.452 <.01 �0.484 <.01
BMI 0.186 .18 �0.173 .22 �0.256 .064
hCAP18/LL-37 – – 0.0695 .62 �0.069 .63
Mean Th BMD 0.0695 .62 – – 0.92 <.01
L1 BMD �0.069 .63 0.92 <.01 – –

WBC 0.283 .034 0.0124 .93 0.0345 .81
Neutrophil 0.221 .1 �0.0013 .99 0.072 .61
Lymphocyte 0.268 .046 0.0267 .85 �0.0625 .66
Hemoglobin 0.315 .018 0.03 .83 �0.091 .52
Platelet 0.33 .012 �0.049 .73 0.0029 .98
Total protein 0.165 .23 0.179 .2 0.192 .17
Albumin 0.0601 .67 �0.059 .68 �0.155 .28
ESR �0.0924 .53 0.145 .34 0.123 .42
CRP 0.122 .37 �0.0668 .63 �0.131 .35
Nodule �0.136 .32 0.0265 .85 0.0701 .62
Consolidation 0.205 .13 0.0394 .78 0.0407 .77
Bronchiectasis 0.116 .39 0.203 .14 0.262 .058
Cavity �0.117 .39 �0.223 .11 �0.0983 .48
No. of involved lobe �0.22 .1 0.0334 .81 0.129 .36
Scoliosis 0.011 .94 0.113 .42 0.101 .47
Pectus excavatum 0.127 .35 0.0695 .62 0.108 .44

BMD=bone mineral density, BMI=body mass index, CRP=C-reactive protein, ESR=erythrocyte sedimentation rate, hCAP18/LL-37=human cationic antimicrobial protein 18 and its C-terminal 37 amino acid
fragment, WBC=white blood cell.
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et al, from the United States, reported that the serum vitamin
D level was not correlated with the serum hCAP18/LL-37 level in
patients with active tuberculosis. Another study that was
conducted by Kim et al[11] in Korea also revealed no correlation
between hCAP18/LL-37 level and vitamin D level in patients with
NTM lung disease. Both reports failed to demonstrate any
correlation between vitamin D levels and hCAP18/LL-37 levels,
and these findings were consistent with previous reports. The
regulatory functions of vitamin D are involved in the localized
upregulation of hCAP18/LL-37 expression through the stimula-
tion of immune cells by the vitamin D active metabolite.[8] A
recent study showed higher concentrations of hCAP18/LL-37 in
bronchoalveolar lavage fluids (BALFs) obtained from patients
with pulmonary tuberculosis.[20] Our study evaluated the serum
concentration of hCAP18/LL-37, which represents the systemic
concentration. Thus, the systemic concentration of hCAP18/LL-
37 did not correlate with serum vitamin D levels. Another study
also depicted that the systemic concentration of hCAP18/LL-37
did not correlate with serum vitamin D levels in healthy
participants who received vitamin D supplementation.[21]

Therefore, hCAP18/LL-37 may have different dynamics in local
and systemic environment. In our study, a significant correlation
Table 5

Factors associated with Mycobacterium avium complex lung diseas

Univariate analy
OR (95% CI)

Low BMI (<20), kg/m2 4.3 (1.3–15.7)
Low lymphocyte (<1.9), �103/mL 7.9 (2.1–39.0)
Low platelet (<2.45), �106/mL 3.3 (0.92–13.5)
Low hCAP18/LL-37 (<38), ng/mL 4.5 (1.2–22.4)
Low mean Th BMD (<170), mg/mL 6.0 (1.8–24.2)

BMD=bone mineral density, BMI=body mass index, CI= confidence interval, hCAP18/LL-37=human
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between blood cells and hCAP18/LL-37 levels was noted.
Because neutrophils and monocytes are known as hCAP18/LL-
37 sources, a positive correlation with white blood cell counts is
possible.[22] On the contrary, the correlation between other blood
cells and hCAP18/LL-37 levels is still not clear. Recently, vitamin
D�independent pathways have been reported. One is an
endoplasmic reticulum (ER) stress signaling pathway[23] and
the other is curcumin pathway.[24] The former, ER stress
increases hCAP/LL-37 expression via nuclear factor-kappa B-
CCAAT-enhancer-binding proteins a (NF-kB-C/EBPa) activa-
tion, which is independent of vitamin D receptor (VDR) pathway.
The latter, curcumin activates hCAP/LL-37 expression by
unknown mechanisms, which are independent of both VDR
pathway and ER stress pathway. Possibility of involving these
mechanisms to our results will be a subject of future investigation.
In the present study, patients with MAC lung disease showed

lower hCAP18/LL-37 levels than control participants. Other
studies presented that the hCAP18/LL-37 level was not increased
in patients with NTM lung disease, whereas a higher concentra-
tion of hCAP18/LL-37 was observed in patients with active
pulmonary tuberculosis and positive sputum smear.[10,11]

Recently, Honda et al[25] discovered that M avium and M
e.

sis Multivariate analysis
P OR (95% CI) P

.014 19.1 (2.0–419.0) <.01
<.01 3.6 (0.45–37.4) .23
.068 4.7 (0.56–67.0) .16
.029 4.5 (0.50–62.3) .18
<.01 12.4 (1.7–160.6) .012

cationic antimicrobial protein 18 and its C-terminal 37 amino acid fragment, OR=odds ratio.
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intracellulare were resistant to hCAP18/LL-37, regardless of the
presence of glycopeptidolipids. Moreover, recent study showed
that when hCAP18/LL-37 is exposed to NTM, it loses its lost
antimicrobial effect.[25] Based on these basic experimental data,
the hypothesis that hCAP18/LL-37 in our patients with MAC
lung disease may be attenuated by exposing to NTM and
decreased serum concentration. On the contrary, we need to
think the differences between local and systemic inflammations.
Our results showed decreasing serum concentration of hCAP/LL-
37, which showing systemic status. But there is the potential for
an increasing concentration of hCAP/LL-37 in local site,
especially alveolar area. To confirm this speculation, we need
analysis of BALF or lung biopsy specimens. This will be also
subject for a future study.
Second, we found that low BMDwas observed in patients with

MAC lung disease. However, it is not correlated with serum 25-
hydroxyvitamin D level and low BMI. To our knowledge, this is
the first study on the quantitative evaluation of BMD in
participants with or withoutMAC lung disease via CT. Although
the standard technique used for the evaluation of BMD is a dual-
energy x-ray absorptiometry (DEXA), the use of CT has more
advantages. CT can evaluate a 3-dimensional BMD, which
reflects volume density, and is more precise than DEXA, which
reflects area density. In addition, if a calibration phantom is
observed, CT scan data, which are intended for the evaluation of
MAC lung disease, can be used for evaluating 3-dimensional
BMD, and additional x-ray exposure is no longer needed. CT has
already been used for evaluating BMD in patients with several
pulmonary diseases, such as chronic obstructive pulmonary
disease,[16,17] interstitial pneumonia,[18] and sleep apnea syn-
drome.[19] No correlation between low BMD and serum 25-
hydroxyvitamin D level and low BMI was observed in this study.
Furthermore, the vitamin D–independent mechanism might
decrease the BMD in patients with MAC lung disease. Because
persistent MAC infection causes chronic inflammation, BMD is
naturally decreased in patients with MAC lung disease than that
of control participants. Numerous studies had revealed that
chronic inflammation causes the reduction of BMD and leads to
osteoporosis. Mycobacterial infection is characterized by cellular
immune reactions. The expression of interferon-gamma (IFN-g)
plays an important role not only in immune reactions but also in
bone metabolism.[26] In elderly patients, IFN-g–mediated
inflammations were significantly associated with decreased
BMD.[27] Other proinflammatory cytokines, including osteo-
pontin and interleukin (IL)-1, IL-6, IL-11, and IL-17, were also
released by antigen-primed T cells and promote bone resorption
by mediating the production of the receptor activators of nuclear
factor kappa-B ligand, which interact with RANK and enhance
osteoclast proliferation and differentiation.[28] Patients with
MAC-LD in our study had showed decreased inflammatory cells
(Table 1) and this phenomena indicated less inflammation which
suggesting paradoxical status of decreased BMD potentially
caused by chronic inflammation. Previous articles provided some
suggestions in this paradoxical status.[29,30] Elderly patients with
immunosenescence shows the inflammaging, which is character-
ized by chronic low-grade inflammation. In this status,
inflammatory cells in blood do not always reflect chronic
inflammatory cell infiltration in the local sites. Systemic
inflammation status does not always appear in phenotypic
manifestations. Although this is our speculation, there may exist
the imbalances between intravital inflammation and the number
of inflammatory cells in blood samples in this study. Although
precise mechanisms are unknown, the results of our study may
5

have been affected by vitamin D–independent mechanisms that
are responsible for the development of osteoporosis. In addition,
further study is needed to clarify these phenomena in patients
with MAC lung disease.
This study has some limitations. First, because our study was

cross-sectional and conducted only in a single center with a
limited number of patients, a longitudinal study with a larger
number of patients in a multicenter will be needed to confirm our
results. Second, to remove the sex hormone bias, only
postmenopausal women were recruited for this study. Our study
results are not directly applicable to the general population.
Third, because the expression of mRNAs for VDR, mitochon-
drial 1a-hydroxylase enzyme (CYP27B1), and CAMP was not
evaluated, the relationship between gene expression levels and
serum concentrations of vitamin D and hCAP18/LL-37 were not
discussed. Recent study showed interesting results that the gene
expression level of CAMP significantly increased in patients with
MAC lung disease than that of the control participants. However,
the serum hCAP18/LL-37 level did not differ between patients
and control participants.[11] This expression gap between
the gene level and serum level should be further investigated in
the future.
6. Conclusions

In conclusion, we found both serum hCAP18/LL-37 level and
BMD were significantly decreased in patients with MAC lung
disease without relation to serum vitamin D level. The vitamin D–

independent pathway might affect the waning of antimicrobial
peptides and the decrease in BMD. In addition, a large-scale study
should be conducted to present all the mechanisms.
Acknowledgments

The authors would like to thank the medical and nursing staff at
Department of Respiratory Medicine, Kyoto University Hospital
for their assistance in the collection of samples from the patients
included in this study.
Author Contributions

KF and YI designed this study. KF, YI, and TH recruited and
cared for the patients. KF drafted and revised the manuscript. YI
and TH revised themanuscript. TO, TM,AN, and TH supervised
this study and revised the manuscript.
Kohei Fujita: orcid: 0000-0002-6902-9085
Kohei Fujita orcid: 0000-0002-6902-9085
References

[1] Hoefsloot W, Van Ingen J, Andrejak C, et al. The geographic diversity of
nontuberculous mycobacteria isolated from pulmonary samples: an
NTM-NET collaborative study. Eur Respir J 2013;42:1604–13.

[2] Prevots DR, Marras TK. Epidemiology of human pulmonary infection
with nontuberculous mycobacteria: a review. Clin Chest Med
2015;36:13–34.

[3] Morimoto K, HasegawaN, Izumi K, et al. A laboratory-based analysis of
nontuberculous mycobacterial lung disease in Japan from 2012 to 2013.
Ann Am Thorac Soc 2017;14:49–56.

[4] Kim RD, Greenberg DE, Ehrmantraut ME, et al. Pulmonary non-
tuberculous mycobacterial disease: prospective study of a distinct
preexisting syndrome. Am J Respir Crit Care Med 2008;178:1066–74.

[5] Gibney KB, MacGregor L, Leder K, et al. Vitamin D deficiency is
associated with tuberculosis and latent tuberculosis infection in
immigrants from sub-Saharan Africa. Clin Infect Dis 2008;46:
443–6.

http://www.md-journal.com


[6] Talat N, Perry S, Parsonnet J, et al. Vitamin d deficiency and tuberculosis [19] Hamada S, Ikezoe K, Hirai T, et al. Evaluation of bonemineral density by

Fujita et al. Medicine (2018) 97:38 Medicine
progression. Emerg Infect Dis 2010;16:853–5.
[7] Jeon K, Kim SY, Jeong BH, et al. Severe vitamin D deficiency is associated

with non-tuberculous mycobacterial lung disease: a case-control study.
Respirology 2013;18:983–8.

[8] Liu PT, Stenger S, Li H, et al. Toll-like receptor triggering of a vitamin D-
mediated human antimicrobial response. Science 2006;311:1770–3.

[9] Torres-Juarez F, Cardenas-Vargas A, Montoya-Rosales A, et al. LL-37
immunomodulatory activity during Mycobacterium tuberculosis infec-
tion in macrophages. Infect Immun 2015;83:4495–503.

[10] Yamshchikov AV, Kurbatova EV, KumariM, et al. Vitamin D status and
antimicrobial peptide cathelicidin (LL-37) concentrations in patients
with active pulmonary tuberculosis. Am J Clin Nutr 2010;92:603–11.

[11] Kim SY, Chang B, Jeong BH, et al. Implication of vitamin D-associated
factors in patients with non-tuberculous mycobacterial lung disease. Int J
Tuberc Lung Dis 2016;20:1594–602.

[12] Mueller NJ, Fux CA, Ledergerber B, et al. High prevalence of severe
vitamin D deficiency in combined antiretroviral therapy-naive and
successfully treated Swiss HIV patients. AIDS 2010;24:1127–34.

[13] Womack JA, Goulet JL, Gibert C, et al. Increased risk of fragility
fractures among HIV infected compared to uninfected male veterans.
PLoS One 2011;6:e17217.

[14] Lai JC, Shoback DM, Zipperstein J, et al. Bone mineral density, bone
turnover, and systemic inflammation in non-cirrhotics with chronic
hepatitis C. Dig Dis Sci 2015;60:1813–9.

[15] Griffith DE, Aksamit T, Brown-Elliott BA, et al. ATS Mycobacterial
Diseases Subcommittee, American Thoracic Society, 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.

[16] Ohara T, Hirai T, Muro S, et al. Relationship between pulmonary
emphysema and osteoporosis assessed by CT in patients with COPD.
Chest 2008;134:1244–9.

[17] KiyokawaH,Muro S, Oguma T, et al. Impact of COPD exacerbations on
osteoporosis assessed by chest CT scan. COPD 2012;9:235–42.

[18] Ikezoe K, Handa T, Tanizawa K, et al. Bone mineral density in patients
with idiopathic pulmonary fibrosis. Respir Med 2015;109:1181–7.
6

computed tomography in patients with obstructive sleep apnea. J Clin
Sleep Med 2016;12:25–34.

[20] Cakir E, Torun E, Gedik AH, et al. Cathelicidin and human beta-defensin
2 in bronchoalveolar lavage fluid of children with pulmonary
tuberculosis. Int J Tuberc Lung Dis 2014;18:671–5.

[21] Adams JS, Ren S, Liu PT, et al. Vitamin d-directed rheostatic
regulation of monocyte antibacterial responses. J Immunol 2009;182:
4289–95.

[22] Ramanathan B, Davis EG, Ross CR, et al. Cathelicidins: microbicidal
activity, mechanisms of action, and roles in innate immunity. Microbes
Infect 2002;4:361–72.

[23] Park K, Elias PM, Oda Y, et al. Regulation of cathelicidin antimicrobial
peptide expression by an endoplasmic reticulum (ER) stress signaling,
vitamin D receptor-independent pathway. J Biol Chem 2011;286:
34121–30.

[24] Guo C, Rosoha E, Lowry MB, et al. Curcumin induces human
cathelicidin antimicrobial peptide gene expression through a vitamin D
receptor-independent pathway. J Nutr Biochem 2013;24:754–9.

[25] Honda JR, Hess T, Malcolm KC, et al. Pathogenic nontuberculous
mycobacteria resist and inactivate cathelicidin: implication of a
novel role for polar mycobacterial lipids. PLoS One 2015;10:
e0126994.

[26] Chen H, Cheng C, Li M, et al. Expression of TNF-alpha, IFN-gamma,
TGF-beta, and IL-4 in the spinal tuberculous focus and its impact on the
disease. Cell Biochem Biophys 2014;70:1759–64.

[27] Apalset EM, Gjesdal CG, Ueland PM, et al. Interferon (IFN)-gamma-
mediated inflammation and the kynurenine pathway in relation to bone
mineral density: the Hordaland Health Study. Clin Exp Immunol
2014;176:452–60.

[28] Romas E. Clinical applications of RANK-ligand inhibition. Intern Med J
2009;39:110–6.

[29] Franceschi C, Campisi J. Chronic inflammation (inflammaging) and its
potential contribution to age-associated diseases. J Gerontol A Biol Sci
Med Sci 2014;69(suppl 1):S4–9.

[30] Shaw AC, Goldstein DR, Montgomery RR. Age-dependent dysregula-
tion of innate immunity. Nat Rev Immunol 2013;13:875–87.


	Association between Mycobacterium avium complex lung disease and serum vitamin D status, antimicrobial peptide levels, and bone mineral density
	1 Introduction
	2 Methods
	2.1 Study design, population, and the evaluation of factors
	2.2 Measurement of serum 25-hydroxyvitamin D and hCAP18/LL-37 levels
	2.3 Measurement of BMD

	3 Statistical analysis
	4 Results
	4.1 Characteristics of the study participants
	4.2 25-Hydroxyvitamin D and hCAP18/LL-37 levels and BMD
	4.3 Correlations of 25-hydroxyvitamin D with vitamin D-associated factors
	4.4 Factors associated with MAC lung disease

	5 Discussion
	6 Conclusions
	Acknowledgments
	Author Contributions
	References


