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Mini Nutritional Assessment Short-Form as screening
tool for osteoporosis in patients with chronic obstructive

pulmonary disease
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Background and Objectives: Osteoporosis is a common complication of chronic obstructive pulmonary disease
(COPD). It is impractical to measure bone mineral density (BMD) in all patients with COPD. This study aimed to
investigate the relationship between Mini Nutritional Assessment Short-Form (MNA-SF), a simple nutritional
status questionnaire, and osteoporosis, and to determine whether it can be used as a reliable screening tool for os-
teoporosis in patients with COPD. Methods and Study Design: Thirty-seven patients with stable COPD were
enrolled in this prospective cohort study. Patients with MNA-SF scores >11 were defined as well-nourished, and
those with scores of <11 being at risk for malnutrition. Body composition, BMD, and undercarboxylated oste-
ocalcin (ucOC), a bone metabolism marker, were measured using bioelectrical impedance, dual energy X-ray,
and electrochemiluminescence immunoassay, respectively. Results: Seventeen (45.9%) were classified as at risk
for malnutrition, and 13 (35.1%) had osteoporosis. Patients at risk for malnutrition had significantly more osteo-
porosis and higher ucOC values than well-nourished patients (p=0.007, p=0.030, respectively). Patients with os-
teoporosis also had significantly lower body mass index (BMI) and fat-free mass index than those without osteo-
porosis (p= 0.007 and p=0.005, respectively), although FEV1 % pred was not significantly different. MNA-SF
(cutoff value; 11) had better sensitivity to identify the presence of osteoporosis than BMI (cutoff value; 18.5
kg/m?) (sensitivity, 0.769; specificity, 0.708; sensitivity, 0.462; specificity, 0.875, respectively). Conclusions:
MNA-SF was associated with osteoporosis and bone metabolism markers in patients with COPD. MNA-SF may
be a useful screening tool for osteoporosis in patients with COPD.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a
common respiratory disease characterized by persistent
respiratory symptoms and airflow limitation and is a sys-
temic disease accompanied by many comorbidities.® Nu-
tritional impairment is one of the most important comor-
bidities of COPD, and malnutrition is a prognostic factor
independent of airflow limitation.? Therefore, it is im-
portant to assess the nutritional status of patients with
COPD in daily clinical practice. The full Mini Nutritional
Assessment (MNA) questionnaire is a well-established
nutritional assessment tool for the elderly® and low scores
has been reported to be associated with hospitalizations in
patients with COPD.* However, because it takes 10-15
minutes to complete the full MNA, it is not widely used
in clinical practice. Therefore, a more concise Mini Nutri-
tional Assessment Short-Form (MNA-SF), which consists
of six questions and can be administered in less than four
minutes, has been developed® and validated.® The MNA-
SF is recommended by the European Society for Clinical
Nutrition and Metabolism for the nutritional assessment

of elderly patients.” Currently, MNA-SF is utilized in
patients with a variety of diseases, and we have reported
that MNA-SF scores are associated with exacerbations in
patients with COPD.®

Osteoporosis is highly prevalent in patients with
COPD?® and increases the risk of fractures, leading to the
deterioration of activities of daily living in patients with
COPD.* However, it is impractical to screen all patients
with COPD for osteoporosis, including bone density.
Therefore, the key is to efficiently detect patients with
COPD who are at risk for osteoporosis. A recent meta-
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analysis reported that the risk factors for osteoporosis in
patients with COPD were weight loss (body mass index
(BMI) <18.5 kg/m?), lower fat-free mass index (FFMI),
and the presence of sarcopenia.’ Nutritional status is cer-
tainly associated with osteoporosis, but mobility also af-
fects its development. Therefore, the MNA-SF, which
considers nutritional status as well as mobility and neuro-
psychological problems, may be better at identifying os-
teoporosis than BMI. The purpose of this study was to
investigate the relationship between MNA-SF, an easy to
perform questionnaire, and bone mineral density (BMD)
and bone metabolism markers in patients with COPD, and
to examine whether MNA-SF could be a screening tool
for osteoporosis in patients with COPD.

METHODS

This was a prospective study of patients with already di-
agnosed COPD who regularly attended the Nara Medical
University Hospital between September 2011 and March
2014. COPD was diagnosed when FEV1/FVC was less
than 0.7, based on the GOLD (Global Initiative for
Chronic Obstructive Lung Disease) definition.!! We ex-
cluded patients who had known heart disease, malignan-
cy, cor pulmonale, or any other severe inflammatory or
metabolic disease. Eventually, 37 patients with stable
COPD agreed to participate in this study. Pulmonary
function tests were performed in all patients. Vital capaci-
ty (VC), forced vital capacity (FVC), FEV1, and residual
volume (RV) were measured using a pulmonary function
instrument with computer processing (FUDAC 70, Fuku-
da Denshi, Tokyo, Japan), and the FEV/FVC ratio was
calculated. Lung volumes were determined using the he-
lium gas dilution method, and the diffusing capacity for
carbon monoxide (DLco) was measured by the single-
breath method. The obtained values were expressed as
percentages of the predicted values.*? This study was ap-
proved by the Ethical Advisory Committee of Nara Med-
ical University (No0.447), and all patients provided written
informed consent.

The MAN-SF consists of six items: weight loss over
the past three months, appetite over the past three months,
mobility, psychological stress, neuropsychological prob-
lems, and BMI or calf circumference.> MNA-SF classifies
nutritional status as normal (scores >11), risk for malnu-
trition (8-11), or malnourished (<8). In this study, pa-
tients with an MNA-SF score of >11 were defined as
well-nourished, and those with a score of <11 were at risk
for malnutrition. The COPD assessment test (CAT) is a
tool used to assess symptoms in patients with COPD.*®
The CAT consists of eight items scored from 0 to 5
(O=best, 5=worst) that include coughing, mucus produc-
tion, chest tightness, capacity for exercise and activities,
confidence, sleep quality, and energy levels. CAT scores
range from 0 to 40. The ABCD classification of GOLD
categorizes CAT scores of <10 (low symptoms) and CAT
scores of >10 (high symptoms).11 In this study, we used
the Japanese version of CAT.1

Body composition, including fat-free mass (FFM), fat
mass (FM), and body fat percentage (% fat), was meas-
ured by bioelectrical impedance analysis (BIA) using the
In Body 720 (InBody Co., Ltd., Japan). The FFM index
(FFMI) and fat mass index (FMI) scores were calculated.

BMD was measured using dual-energy X-ray absorp-
tiometry (DXA). BMD values (g/cm?) and T-scores (the
number of standard deviations (SDs) of the comparison of
the subject’s BMD value with the mean BMD value of a
young adult population of the same sex) were obtained
from the average value from L1 to L4 of the lumbar
spine. Osteoporosis was defined as a T-score <-2.5, ac-
cording to the criteria of the World Health Organization.
Undercarboxylated osteocalcin (ucOC), a bone metabo-
lism marker, was measured using an electrochemilumi-
nescence immunoassay.

Ethics approval and informed consent

This study was approved by the Ethical Advisory Com-
mittee at Nara Medical University (No0.447), and all pa-
tients provided written informed consent.

Statistical analysis

Continuous variables are presented as median [quartile 1 -
quartile 3]. Statistical significance was set at p<0.05. The
chi-square test for categorical data and the Mann-Whitney
U-test for non-parametric continuous variables were con-
ducted for comparison between the two groups. Statistical
analysis was performed using IBM SPSS Statistics ver-
sion 20 for Windows (IBM Corp., Armonk, NY, USA).

RESULTS
Mini Nutritional Assessment Short-Form
The characteristics of the participants are present in Table
1. Median values of age and BMI were 69 years and 20.4
kg/m?, respectively. Among the included patients, 35
(94.6 %) were males. Of the total number of patients, 14
(37.8%) had mild to moderate airflow limitation and 23
(62.2%) had severe or very severe airflow limitation. In
the MNA-SF classification, 20 patients (54.1%) were
classified as well-nourished (MNA-SF score >11) and 17
patients (45.9%) were classified as at risk for malnutrition
(MNA-SF score <11). No patients had previous fragility
fractures. Patients at risk for malnutrition and well-
nourished patients had similar rates of use of inhaled cor-
ticosteroids (p=0.324; 40.0% and 52.9%, respectively).
No patient had been prescribed oral steroids regularly.
Patients at risk for malnutrition and well-nourished pa-
tients had similar ages (p=0.752) (Table 2). Patients at
risk for malnutrition had significantly lower BMIs, FFMI
scores, FMI scores, and % fat than those of well-
nourished patients (p<0.001, p<0.001, p<0.001, p=0.002,
respectively). Regarding pulmonary function variables
and MNA-SF, patients at risk for malnutrition had signif-
icantly lower RV % pred and DLco % pred than well-
nourished patients (p=0.008 and p<0.001; respectively);
however, there was no significant difference in VC %
pred and FEV1 % pred between the two groups (p=0.149
and p=0.110, respectively).

Osteoporosis and body composition

Of the 37 patients, 13 (35.1%) had osteoporosis (Table 3).
Patients with osteoporosis had significantly lower BMIs
and FFMI scores than did those without osteoporosis,
although FMI and %fat were not significantly different
between the two groups (p=0.007, p=0.005, p=0.203,
p=0.371, respectively). There was no significant differ-
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Table 1. The characteristics of participating restaurants (n=90)

Median [Q1-Q3] or n (%)

Number
Men/ women
Age, years
BMI, kg/m?
GOLD stage, n

|

1

1l

v
VC % pred, %
FEV1% pred, %
RV% pred, %'
DLco, % pred, %'

37
35/2

69.0 (65.0-77.0)
20.4 (18.8-23.3)

2
12
19
4
92.3 (84.9-105)
46.7 (37.5-61.2)
137 (111-171)
39.3(31.9-53.6)

CAT 16 (10-22)
MNA-SF
Well-nourished, n (%) 20 (54.1%)
At risk of malnutrition, n (%) 17 (45.9%)

BMI: body mass index; GOLD: Global Initiative for Chronic Obstructive Lung Disease; VC: vital capacity; FEV1: forced expiratory
volume in 1 second; RV: residual volume; DLco: diffusing capacity for carbon monoxide; CAT: COPD assessment test; MNA-SF: mini

nutritional assessment short form.
"Missing data for RV %pred. and DLco %pred., n=35.

ence in lung function variables such as FEV; % pred, RV
%pred, and DLco % pred other than VC between the two
groups (p=0.089, p=0.824, p=0.073, p=0.046, respective-
ly). In terms of bone metabolism markers, ucOC was sig-
nificantly elevated in patients with osteoporosis compared
to that in those without osteoporosis. In the relationship
between nutritional status assessed by MNA-SF and oste-
oporosis, patients at risk for malnutrition had significantly
more osteoporosis than did well-nourished patients
(p=0.007; 58.9% and 15.0%, respectively), and patients at
risk of malnutrition had significantly lower BMD than
well-nourished patients (p=0.005) (Figure 1). Moreover,
patients at risk for malnutrition had significantly higher
ucOC values (p=0.030). Conversely, COPD severity
(FEV1 % pred) was not correlated with BMD and ucOC
(r=0.255, p=0.153, r=- 0.311, p=0.061, respectively).

Identification of osteoporosis by BMI and MNA-SF

Of the 13 patients with osteoporosis, 10 were at risk for
malnutrition and three were well-nourished, as assessed
via the MNA-SF, with a significant difference between
the groups (p=0.005, sensitivity: 0.769, specificity: 0.708)
(Table 4). When BMI of 18.5 kg/m? was used as the cut-
off value for the presence of osteoporosis, statistical sig-
nificance remained, but the sensitivity was much weaker
than that observed when MNA-SF was used as the cut-off
(p=0.023, sensitivity: 0.462, specificity: 0.875). There
was no association between the presence of CAT symp-
toms and the presence of osteoporosis (p=0.26).

DISCUSSION

The main findings of the present study are as follows: 1)
Patients with COPD at risk for malnutrition by MNA-SF
had lower BMD and FFMI as well as higher serum con-
centrations of ucOC compared to well-nourished patients;
2) MNA-SF (<11) was superior to BMI (<18.5 kg/m?) in
terms of its sensitivity in identifying osteoporosis in pa-
tients with COPD.

Patients with COPD have lower BMDs than those of
healthy people,’® and are at a higher risk of osteoporotic
fractures, one of the factors that reduce physical activity.
Therefore, in clinical practice, there is a need for the early
detection of patients with COPD at risk for osteoporosis.
Bones respond to nutritional status and mechanical load-
ing. Physical exercise reportedly significantly improves
the BMD of the lumbar spine and femoral neck of pa-
tients and to relieve pain,'® making it an important factor
in the prevention of osteoporosis. In addition to nutrition
and exercise, age,” smoking,'® exacerbations,*® and ster-
oid use?® have been implicated in osteoporosis in COPD
patients. Multiple factors must be considered when
screening for osteoporosis in patients with COPD.

The MNA-SF includes nutritional status, mobility, and
neuropsychological problems in its metrics. In this study,
six of the nine patients with COPD with weight loss (BMI
<18.5 kg/m?) had osteoporosis and weight loss (BMI
<18.5 kg/m?) was associated with osteoporosis (Table 4).
However, of the twenty-eight patients with COPD with-
out weight loss (BMI >18.5 kg/m?), seven had osteoporo-
sis, and BMI alone could detect only about half of the
patients with osteoporosis. On the other hand, only three
patients with COPD assessed as being well-nourished
using MNA-SF had osteoporosis. Therefore, screening
for osteoporosis based on the BMI alone may result in
more patients with osteoporosis being missed.

As in previous reports,® FFMI also correlated with
BMD in this study (p=0.003, r=0.521). However, special
equipment is required to measure FFMI, and not all med-
ical institutions can measure it. However, we found no
correlation between the %FEV; and BMD. A previous
systematic review reported that a decrease in FEV; was
associated with an increased risk of osteoporosis.®® How-
ever, a recent meta-analysis revealed that a lower FEV:
value was not a significant risk factor for osteoporosis in
patients with COPD.® Nutritional status and mobility may
be more important than the COPD stage in assessing 0s-
teoporosis in patients with COPD. Therefore, nutritional



16 Y Fujita, M Yoshikawa, M Yamauchi, Y Yamamoto, T Osa, K Sakaguchi et al

Table 2. Mini nutritional assessment short-form

Well nourished (n=20) At risk of malnutrition (n=17) p value
Age, yr 69.5 (65-76) 69 (64-80) 0.752
BMI, kg/m? 23.3(21.8-24.1) 17.7 (16.8-19.1) <0.001
FFMI, kg/m? 16.9 (16.0-17.1) 14.0 (13.8-14.8) <0.001
FMI, kg/m? 6.9 (5.0-8.1) 3.8 (2.7-4.3) <0.001
% body fat, % 28.8(22.9-32.4) 20.8 (16.3-23.9) 0.001
VC %pred., % 96.5 (89.9-108) 90.0 (79.9-100) 0.149
FEV1% pred, % 51.6 (42.8-64.4) 43.3 (35.1-49.0) 0.110
RV% pred, %’ 115 (98.9-139) 167 (146-198) * 0.008
DLco, % pred, %" 47.8(38.2-61.1) 30.4(20.7-40.2) <0.001
CAT 15 (8.3-20.3) 19 (14-23) 0.167

MNA-SF: mini nutritional assessment short form; BMI: body mass index; FFMI: fat-free mass index; FMI: fat mass index; VC: vital
capacity; FEV1: forced expiratory volume in 1 second; RV: residual volume; DLco: diffusing capacity for carbon monoxide; CAT: COPD

assessment test.
"Missing data for FFMI. FMI and % body fat, n=18.
*Missing data for RV %pred. and DLco %pred., n=15.

Table 3. Osteoporosis

Osteoporosis (+) (n=13) Osteoporosis (-) (n=24) p value
Age, yr 69 (64-77) 69.5 (65-76) 1.000
BMI, kg/m? 18.8 (16.8-20.1) 22.0(19.1-23.9) 0.007
FFMI, kg/m? 13.9(13.7-15.7) 16.1(14.8-16.9) ' 0.005
FMI, kg/m? 7.5(7.2-8.5) 8.8(7.9-93) 7 0.203
% body fat, % 23.3(17.3-25.6) 23.4(19.4-32.3) 1 0.371
VC %pred., % 90.0 (79.9-99.0) 98.6 (89.5-113) 0.046
FEV1% pred, % 43.3(35.1-47.4) 51.6 (40.7-65.7) 0.089
RV% pred, %' 133 (105-174)* 137 (113-166) 8 0.824
DLco, % pred, %' 33.7(23.0-42.3) * 41.9 (34.4-59.3) ¢ 0.073
ucOC, ng/mL 4.4 (2.9-8.2) 2.8 (1.9-3.8) 0.004
CAT 16 (14-21) 15 (8.3-22) 0.460

MNA-SF: mini nutritional assessment short form; BMI: body mass index; FFMI: fat-free mass index; FMI: fat mass index; VC: vital
capacity; FEV1: forced expiratory volume in 1 second; RV: residual volume; DLco: diffusing capacity for carbon monoxide; ucOC: under-

carboxylated osteocalcin; CAT: COPD assessment test.
"Missing data for FFMI. FMI and % body fat, n=22.
*Missing data for RV %pred. and DLco %pred., n=12.
$Missing data for RV %pred. and DLco %pred., n=23.

Table 4. Identification of osteoporosis

Osteoporosis (+), n Osteoporosis (-), n p value
MNA-SF 0.005
Well nourished 3 17
At risk of malnutrition 10 7
BMI (kg/m?) 0.023
>18.5 7 21
<18.5 6 3
CAT 0.26
<10 2 9
>10 11 15

MNA-SF: mini nutritional assessment short form; BMI: body mass index; CAT: COPD assessment test.

assessment by MNA may be a screening tool for osteopo-
rosis, and that BMD measurement should be performed
when patients with COPD are diagnosed as being at risk
for malnutrition (MNA-SF <11).

Vitamin K deficiency leads to bone fragility and is a
risk factor for fractures. In addition to nutritional disor-
ders, COPD directly affects vitamin K deficiency. Oste-
ocalcin, a bone matrix protein synthesized by osteoblasts,
is not incorporated into the bone matrix and is released
into the blood as ucOC in vitamin K-deficient conditions
because glutamate residues are not converted to y-
carboxyglutamate residues. Therefore, elevated serum

ucOC levels indicate vitamin K deficiency in the bone.?
Vitamin K deficiency is caused by inadequate intake,
malabsorption of fats, and use of coumarin anticoagu-
lants. In the elderly, vitamin K absorption from the intes-
tinal tract is thought to be reduced due to decreased secre-
tion of bile salts and pancreatic juice and decreased die-
tary fat intake, and the elderly reportedly require higher
vitamin K intake.?? Patients with COPD reportedly have
reduced vitamin K levels compared to those of smokers
and nonsmokers.® Patients with COPD may be more sus-
ceptible to vitamin K deficiency due to the presence of
genetic polymorphisms encoding proteins involved in the
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Frequency of osteoporosis BMD ucOC
(%) p= 007 (g/em?) p= 005 (ng/mL) p=.030
60 58.9% i; 8
1.0 6 -
40 - 0.8- ,
0.6 41
200 150% 0.4- 5]
1 0.2 1
0 0

well-nourished  at risk of malnutrition

well-nourished  at risk of malnutrition

well-nourished  at risk of malnutrition

Figure 1. Frequency of osteoporosis, BMD and ucOC levels by nutritional status. BMD: bone mineral density; «cOC: undercarboxylated

osteocalcin.

MNA-SF
/2 (simple nutrition status questionnaire)

At risk of malnutrition

" 4

B ucOC 1

« Indicator of vitamin K —————> <—— W Freefat mass |
deficiency in bone
* Predictor of fracture

v

M Bone mineral density|

Frequency of osteoporosis

(*a)

60 {

a1 15.0%

. 1

p=0.007
58.9%

well-nourished

Atrisk of
malnutrition

Screening tool for Osteoporosis in COPD

Graphical abstract. Mini Nutritional Assessment Short-Form (MNA-SF) may be valid screening tool for osteoporosis in patients with

chronic obstructive pulmonary disease.

vitamin K cycle and increased demand for vitamin K ac-
tivation by accelerated elastin degradation.?® Thus, vari-
ous factors may predispose elderly patients with COPD to
vitamin K deficiency in the bones. In this study, patients
at risk for malnutrition by MNA-SF had significantly
higher serum ucOC levels than those who were well-
nourished. Elevated ucOC levels have been reported to be
a predictor of hip fracture independent of bone mass.?
Therefore, the MNA-SF may also have the potential to
predict future bone fractures.

The present study had some limitations. Most of the
patients in this study were men. However, most of the
large clinical trials of COPD in Japanese patients com-
prised mostly men, such as the present study.??¢ Alt-
hough the sample size of this study is small, the strength
of this study is that the results can be easily applied in a
clinical setting. Prospective longitudinal studies are need-
ed to better determine whether patients with COPD at risk
for malnutrition measured by MNA-SF will develop bone
fractures in the future.



18

Y Fujita, M Yoshikawa, M Yamauchi, Y Yamamoto, T Osa, K Sakaguchi et al

Conclusion

COPD is often complicated by osteoporosis, and osteopo-
rosis in patients with COPD is more likely to be caused
by nutritional disorders than by the COPD itself. The risk
of osteoporosis may increase if MNA-SF scores among
COPD patients are at risk for malnutrition. MNA-SF may
be a simple tool to identify patients with osteoporosis and
may be frequently used in clinical settings.
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