
Abstract. Background/Aim: To investigate factors
associated with increased bone mineral density (BMD) of
the neck of femur in rheumatoid arthritis or collagen
diseases receiving denosumab, focusing on body
composition calculated by bioelectrical impedance analysis
(n=90, 78 females). Patients and Methods: We defined
Δfemur as BMD (12 months minus baseline), using dual-
energy X-ray absorptiometry after denosumab therapy.
Factors associated with Δfemur were retrospectively
investigated. Results: Low skeletal muscle index (SMI) was
observed in 6 males and 32 females. There was a significant
difference in phase angle (PhA) of the left leg (LL) between
the Δfemur ≥0 (n=70) and Δfemur <0 (n=20) groups
(p=0.040) but not in SMI (p=0.310). Multiple regression
analysis indicated that PhA of LL was significantly related
to Δfemur (p=0.0398). Conclusion: PhA appears to be a
clinically significant indicator of improvement of Δfemur in
patients receiving denosumab.

Denosumab, a fully human monoclonal antibody against
receptor activator of nuclear factor-κB ligand (RANKL),
inhibits osteoclastogenesis and activation by blocking the
binding of RANKL to RANK, thereby reducing bone
resorption, and increasing bone density (1-5). In Japan,
denosumab has been covered by insurance as a new
osteoporosis treatment since 2013, and its indications and
usage are currently “osteoporosis” or “inhibition of the
progression of bone erosion associated with rheumatoid
arthritis (RA)”. According to a Japanese phase III
confirmatory clinical trial regarding the impact of
denosumab on improvement in bone mineral density (BMD)
in patients with primary osteoporosis, change ratios of BMD
at 12 months after denosumab therapy were +6.6% in the
lumbar spine and +2.8% in the neck of femur (6). These
results indicate a large difference in improvement ratio
between the lumbar spine and neck of femur. In clinical
practice, we sometimes experience a patient treated with
denosumab in whom BMD increases in the lumbar spine but
shows no change in the neck of femur. Osteoporosis in the
neck of femur is related to hip fractures and affects the
patient’s activities of daily life (7). Thus, at the bedside, it is
important to find predictors associated with change in BMD
of the femur (Δfemur). 

Sarcopenia is characterized by progressive loss of skeletal
mass and muscle strength and/or physical activity decline and
is an essential component of the physical frailty syndrome (8,
9). Numerous studies have reported that osteoporosis and
sarcopenia are closely related, and that both are attended by
serious socioeconomic burdens (10-12). As sarcopenia and
osteoporosis share many common factors, including age-
related decreases in sex hormones and protein anabolic
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hormones, vitamin D deficiency, and decreases in mechanical
loading, these two pathological conditions appear profoundly
linked. Osteoporosis is common in sarcopenic patients (i.e.,
osteosarcopenia) and is associated with gait disturbance and
loss of balance (13). Sarcopenia leads to loss of muscle mass
and strength, leading to falls and fractures, and further to
bone loss and loss of bone strength, which can then lead to
an elevated risk of osteoporotic fragility fractures (7, 13-15).
A relationship is postulated between sarcopenia and the ratio
of BMD change in the neck of femur.

The use of data obtained from bioelectrical impedance
analysis (BIA) has attracted much attention as an alternative
to conventional error-prone calculation of body composition
in diseases (16). BIA is widely used to estimate skeletal
muscle mass and evaluate sarcopenia (7, 14). Skeletal muscle
index (SMI) is calculated as the ratio of skeletal muscle mass
to body surface area, with low SMI (<7.0 kg/m2 in men,
<5.7 kg/m2 in women) indicating sarcopenia (7, 14). In
addition, BIA offers a practical approach to estimation of
muscle mass, fluid status, and nutritional status by evaluating
whole-body cell membrane quality and depicting fluid
distribution in the human body (16). Phase angle (PhA) is
calculated directly from BIA measurements without an
estimating equation and reflects the physiological function
of cells. The extracellular water (ECW)-to-total body water
(TBW) ratio (ECW/TBW) is a measure of the severity of
pericellular edema (17).

However, to the best of our knowledge, no study has
examined the relevance of body composition to the
improvement in BMD among patients with RA or collagen
disease who are undergoing denosumab therapy.
Clarification of these issues appears clinically meaningful.
The aim of this study was to investigate factors associated
with improvement in BMD, especially in the neck of femur,
among patients with RA or collagen diseases receiving
denosumab therapy, with a particular focus on body
composition analysis.

Patients and Methods
Patients. We carefully reviewed the medical records of 151 patients
with RA or collagen diseases who visited Osaka University Hospital
for consultation between July 2013 and September 2018. BIA or
dual-energy X-ray absorptiometry (DEXA) data were missing for
61 patients, who were therefore excluded from analysis. Thus, a
total of 90 patients were analyzed in this study. All analyzed patients
received denosumab therapy (60 mg, subcutaneously) every 6
months based on accepted guidelines. DEXA was performed at
baseline and at 6 and 12 months to calculate BMD. BIA was
performed at 12 months after denosumab therapy. For all patients,
appropriate management of underlying diseases was undertaken by
expert physicians. An activated vitamin D preparation was given to
all patients except for one with hypercalcinemia. In most cases,
maintenance corticosteroid dose was not changed during the
observation period.

Study factors. Change in BMD in the lumbar spine at 12 months
(Δlumbar) was defined as the BMD in the lumbar spine (L2-4) at
12 months minus that at baseline; and change in BMD at 12 months
at the neck of femur (Δfemur) was defined as BMD at the neck of
femur at 12 months minus that at baseline. The following factors
associated with Δlumbar and Δfemur were examined retrospectively
to determine the relationships among SMI, ECW/TBW and PhA:
age, sex, body mass index (BMI), serum albumin, estimated
glomerular filtration rate (eGFR), alanine aminotransferase (ALT),
C reactive protein (CRP), tartrate-resistant Acid Phosphatase 5b
(TRACP5b), urine type 1 collagen cross-linked N-telopeptid (NTx),
PhA, ECW/TBW, SMI, corticosteroid maintenance dose calculated
as prednisolone (PSL), and percentage of bisphosphonate usage
before denosumab therapy. BMD of the left neck of femur was
measured by DEXA at Osaka University Hospital. Body
composition data was directly estimated by InBody770 (Biospace,
Seoul, Republic of Korea). The reference ranges for low SMI
(defined as appendicular muscle mass divided by height squared
(kg/m2)] were <7.0 kg/m2 for men and <5.7 kg/m2 for women, in
BIA based on the current Asian guidelines (7).

We obtained ethical approval from the ethics committee of Osaka
University Hospital (No. 14269-4) and the protocol of our study
strictly adhered to all regulations of the Declaration of Helsinki. An
opt-out approach was employed due to the retrospective nature of
the study.

Statistical analysis. Descriptive statistics are presented as the
mean±standard deviation (SD) or as numbers and percentages.
Pearson correlation, unpaired t-test, and paired t-test were used to
assess continuous variables between and within groups, whereas
Fisher’s exact test was used to compare the percentages of
categorical variables between groups. Multiple regression analysis
was performed to identify factors associated with Δfemur. We
considered factors with a p-value less than 0.05 as statistically
significant. All analysis was performed using SAS software, version
9.4 (SAS Institute, Cary, NC, USA).

Results
Changes in BMD after denosumab therapy. Table I lists the
baseline background characteristics in the study cohort (n=90,
78 females). Underlying disease included RA (n=26),
systemic lupus erythematosus (SLE) (n=25), progressive
systemic sclerosis (n=9), Behçet’s disease (n=6), mixed
connective tissue disease (MCTD) (n=4), dermatomyositis
(n=3), polymyalgia rheumatica (n=3), and others (n=14).
Mean BMD in the lumbar spine at baseline, 6 months, and
12 months was 0.62±0.12 g/cm2, 0.63±0.12 g/cm2, and
0.64±0.13 g/cm2, respectively (baseline vs. 12 months,
p<0.0001, paired-t test) (data not shown). Mean BMD values
in the neck of femur at baseline, 6 months, and 12 months
were 0.89±0.17 g/cm2, 0.91±0.17 g/cm2, and 0.93±0.18
g/cm2 (baseline vs. 12 months, p<0.0001, paired-t test) (data
not shown). Δlumbar was <0 in 12 patients (13.3%), whereas
Δfemur was <0 in 20 patients (22.2%), indicating the
difference in response to treatment with denosumab according
to evaluation site (Figure 1). The present improvement ratio
between the lumbar spine and neck of femur was the same as
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that reported previously (6). Response differed in individual
patients after denosumab therapy. Figure 2 shows the results
for two female SLE patients of a similar age: one aged 45
years who received PSL 4 mg/day, activated vitamin D, and
minodronic acid hydrate 50 mg; and another aged 43 years
who received PSL 12.5 mg/day, activated vitamin D, and
minodronic acid hydrate 50 mg. The effect of denosumab on
BMD values in the neck of femur was very different between
these patients. Accordingly, we investigated the clinical
factors related to the effect of denosumab on BMD values in
the neck of femur.

Relationship between patient background and Δfemur.
Values of Δfemur were <0 in 20 patients and ≥0 in 70
patients. Significant difference was reached only between
Δfemur <0 (n=3) and Δfemur ≥0 (n=1) in patients with
MCTD (p=0.033, Fisher’s exact test). However, the ratio
between Δfemur ≥0 and Δfemur <0 was almost the same in
other diseases. At the maintenance dose of corticosteroid
calculated as PSL, values tended to be higher in the Δfemur
<0 group than in the Δfemur ≥0 group, but the difference
was not statistically significant (Δfemur ≥0, 4.12±3.47 vs.
Δfemur <0, 5.42±3.43 mg/day; p=0.141, unpaired t-test).
The percentage usages of activated vitamin D and
bisphosphonate were similar.

Table II shows the values of clinical data according to
classis factors of osteoporosis. Mean age tended to be higher
in the Δfemur <0 group than in the Δfemur ≥0 group, but the
difference was not statistically significant (Δfemur ≥0,
53.91±13.77 years vs. Δfemur <0, 56.70±14.58 years;
p=0.493, unpaired t-test). There was no statistically significant

difference between the two groups in terms of sex, BMI,
serum albumin, eGFR, AST, ALT, or CRP. Blood levels of
TRACP5b and urinary levels of NTx, which are markers of
bone metabolism, were similar between the groups
(TRACP5b: Δfemur ≥0, 160.07±99.88 vs. Δfemur <0,
154.37±79.22 mU/dl; p=0.819. NTx: Δfemur ≥0, 22.08±14.70
vs. Δfemur <0, 19.44±11.27 nmolBCE/nmol/CRE; p=0.482,
unpaired t-test).
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Figure 1. Comparison of bone mineral density values in the lumbar
spine (Δlumbar) and neck of femur (Δfemur) between baseline and at
12 months after denosumab therapy (n=90) as assessed by dual-energy
X-ray absorptiometry. Δlumbar was defined as BMD at 12 months in
the lumbar spine (L2-4) minus BMD at baseline in the lumbar spine
(L2-4), and Δfemur was defined as BMD at 12 months in the neck of
femur minus BMD at baseline in the neck of femur.

Table I. Disease characteristics and therapeutic background according to Δfemur.

Disease and therapy                                       Overall                                  Δfemur ≥0                                Δfemur <0 p-Value
                                                                        (n=90)                                      (n=70)                                       (n=20)

RA (%)                                                          26 (28.8)                                  21 (30.0)                                    5 (25.0)                                       0.784
SLE (%)                                                        25 (27.7)                                  22 (31.4)                                    3 (15.0)                                       0.171
SSc (%)                                                          9 (10.0)                                    7 (10.0)                                     2 (10.0)                                       1.000
Behçet’s disease (%)                                    6 (6.7%)                                     4 (5.7)                                      2 (10.0)                                       0.611
MCTD (%)                                                    4 (4.4%)                                     1 (1.4)                                      3 (15.0)                                       0.033
DM (%)                                                         3 (3.3%)                                     2 (2.8)                                       1 (5.0)                                        0.534
PMR (%)                                                       3 (3.3%)                                     2 (2.8)                                       1 (5.0)                                        0.534
IDDM (%)                                                     1 (1.1%)                                         0                                            1 (5.0)                                        0.222
AGA (%)                                                       1 (1.1%)                                         0                                            1 (5.0)                                        0.222
Alopecia totalis (%)                                      1 (1.1%)                                         0                                            1 (5.0)                                        0.222
Others (%)                                                   11 (12.2%)                                 11 (15.7)                                          0                                            0.114
PSL (mg/day)                                              4.41 (3.48)                               4.12 (3.47)                                5.42 (3.43)                                    0.141
Active Vit-D (%)                                        89 (98.8%)                                69 (98.5)                                   20 (100)                                      1.000
Bisphosphonate (%)                                   58 (64.4%)                                45 (64.2)                                   13 (65.0)                                      1.000

Data are shown as number and percentage except for PSL. PSL is shown as mean value (standard deviation). RA: Rheumatoid arthritis; SLE:
systemic lupus erythematous; SSc: systemic sclerosis; MCTD: mixed connective tissue disease; DM: dermatomyositis; PMR: polymyalgia
rheumatica; IDDM: insulin dependent diabetes mellitus; AGA: allergic granulomatous angiitis; PSL: prednisolone.



Relationship between body composition data and Δfemur.
Table III shows the relationship between body composition
characteristics and increased ratio of BMD in the neck of
femur. SMI tended to be lower in the Δfemur <0 group than

in the Δfemur ≥0 group, but the difference was not
statistically significant (Δfemur ≥0; 5.93±0.91 vs. Δfemur
<0, 5.71±0.60 kg/m2; p=0.310, unpaired t-test). In males,
low SMI (<7.0 kg/m2) was observed in 6 patients (Δfemur
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Figure 2. Representative data of changes of bone mineral density (BMD) values in the lumbar spine (L2-4) and neck of femur during one year of
denosumab therapy, as assessed by dual-energy X-ray absorptiometry. (A) A 45-year-old female patient with systematic lupus erythematous (SLE).
BMD values for both the lumbar spine (L2-4, left) and neck of femur (right) were highest at 12 months. This patient received 4 mg/day of
prednisolone. (B) A 43-year-old female patient with SLE. BMD values showed a steady increase in the lumbar spine (L2-4) but those in the neck of
femur decreased steadily over the 12-month period. This patient received 12.5 mg/day of prednisolone.

Table II. Clinical data according to Δfemur level.

Variables                                                         Overall                                  Δfemur ≥0                                Δfemur <0 p-Value
                                                                        (n=90)                                      (n=70)                                       (n=20)

Age (year)                                                 54.53 (13.91)                           53.91 (13.77)                            56.70 (14.58)                                  0.433
Height (cm)                                               158.04 (9.22)                          158.00 (10.08)                           158.21 (5.43)                                  0.930
Body weight (kg)                                       53.15 (9.67)                             53.06 (9.80)                              53.46 (9.43)                                   0.870
BMI (kg/m2)                                              21.23 (3.06)                            21.20 (3.00)                              21.32 (3.34)                                   0.883
Male/female (%)                                    11/79 (12.2/87.8)                     9/61 (12.9/87.1)                       2/18 (10.0/90.0)                               1.000
Albumin (g/dl)                                            4.13 (0.30)                               4.15 (0.29)                                4.06 (0.32)                                    0.300
CRP (mg/dl)                                               0.050 (0.13)                             0.050 (0.11)                              0.055 (0.17)                                   0.975
Creatinine (mg/dl)                                      0.66 (0.16)                               0.66 (0.16)                                0.65 (0.15)                                    0.823
eGFR (ml/min/1.73 m2)                           78.17 (16.42)                           78.21 (16.21)                            78.03 (17.53)                                  0.965
AST (IU/l)                                                  23.03 (7.86)                             23.41 (8.36)                              21.70 (5.72)                                   0.393
ALT (IU/l)                                                 20.17 (12.93)                           20.29 (13.46)                            19.75 (11.18)                                  0.871
γ-GTP (IU/l)                                             32.35 (23.52)                           31.33 (21.37)                            36.11 (30.56)                                  0.435
TRACP5b (mU/dl)                                  158.83 (95.34)                         160.07 (99.88)                          154.37 (79.22)                                 0.819
Urinary levels of NTX                            21.51 (14.00)                           22.08 (14.70)                            19.44 (11.27)                                  0.482
(nmolBCE/mmol×CRE)

Data are shown as mean value (standard deviation) except for CRP. CRP is shown as median value (interquartile range). BMI: Body mass index;
CRP: C-reactive protein; eGFR: estimated glomerular filtration rate; AST: aspartate aminotransferase; ALT: alanine aminotransferase; γ-GTP: γ-
Glutamyl transpeptidase; TRACP5b: tartrate-resistant acid phosphatase 5b; NTx: type 1 collagen cross-linked N-telopeptide.



≥0, 4 (44.4%) vs. Δfemur <0, 2 (100); p=0.611, Fisher’s
exact test); whereas in females, low SMI (<5.7 kg/m2) was
observed in 32 patients (Δfemur ≥0, 27 (44.2%) vs. Δfemur
<0, 5 (27.7%); p=0.302, Fisher’s exact test).

In addition, among the various data acquired by the body
composition analyzer, ECW/TBW and PhA are
representative data. ECW/TBW of the left leg (LL) 0.4,
indicating a moderate-to-severe edematous state, was
observed in 32 patients (35.5%) [Δfemur ≥0, 25 (35.7%) vs.
Δfemur <0, 7 (35.0%); p=1.0, Fisher’s exact test].
ECW/TBW whole body values tended to be lower in the
Δfemur <0 group than in the Δfemur ≥0 group (Δfemur ≥0,
0.392±0.008 vs. Δfemur <0, 0.396±0.011; p=0.055,
unpaired t-test). Mean PhA whole body was 4.40±0.71.
Statistically significant difference was found for PhA of the
right leg (RL) (Δfemur ≥0, 4.52±0.84 vs. Δfemur <0,
4.08±0.96˚; p=0.049, unpaired t-test) and PhA of LL
(Δfemur ≥0, 4.52±0.87 vs. Δfemur <0, 4.07±0.89˚, p=0.040,
unpaired t-test).

Multiple regression analysis of ECW/TBW and PhA for
Δ12femur. ECW/TBW of the trunk was significantly different
between the two groups. However, because trunk data are
generally affected by diet as well as various clinical factors,
we did not subject these data to multiple regression analysis.
We evaluated the change in BMD in the left neck of femur
using DEXA, and then performed multiple regression
analysis of ECW/TBW and PhA of LL for Δfemur.

PhA of LL correlated very strongly and negatively with
ECW/TBW of LL (r=–0.95, p<0.0001, Pearson correlation;
data not shown). Thus, ECW/TBW of LL and PhA of LL or
Δfemur were analyzed separately. Age, sex, BMI, PSL, and
SMI were included in multiple regression analysis to adjust
for other factors known to be associated with osteoporosis.
In multiple regression analysis, association with Δfemur and
PhA of LL (p=0.0398) but not ECW/TBW of LL (p=0.0578)
were identified as significant factors (Table IV and Table V).

Discussion

In this study, we investigated the clinical factors associated
with increases in BMD of the neck of femur at 12 months
after denosumab therapy among patients with RA or collagen
diseases. Our clinical results regarding the effect of
denosumab on BMD values in the lumbar spine and the neck
of femur were consistent with those reported previously (6).
We found no relationship between Δ femur, and the classic
factors related to osteoporosis; i.e., age, sex, BMI,
TRACP5b, and urinary level of NTx. Surprisingly, body
composition data, especially ECW/TBW and PhA, might be
predictors of efficacy of denosumab treatment in terms of
BMD of the femoral neck. In our multiple regression
analysis, PhA but not ECW/TBW of the left leg was an
independent factor linked to Δ femur. The importance of
body composition data to BMD, especially PhA, in patients
with RA or collagen diseases receiving denosumab therapy
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Table III. Characteristic of body composition data according to Δfemur level.

Parameters                                                             Overall                                   Δfemur ≥0                                Δfemur <0 p-Value
                                                                               (n=90)                                       (n=70)                                       (n=20)

Skeletal muscle mass (kg)                                19.70 (4.21)                             19.99 (4.52)                              18.69 (2.73) 0.227
SMI (kg/m2)                                                       5.88 (0.85)                               5.93 (0.91)                                5.71 (0.60) 0.310
Low SMI <7.0 (kg/m2), male (%)                      6 (6.7)                                       4 (5.7)                                      2 (10.0) 0.611
Low SMI <5.7 (kg/m2), female (%)                 32 (35.6)                                   27 (38.6)                                    5 (25.0) 0.302

Body fat mass (kg)                                           16.18 (5.88)                             16.27 (6.05)                              15.88 (5.39) 0.799
Percent body fat (PBF) (%)                             29.73 (7.53)                             29.60 (7.75)                              30.17 (6.86) 0.768
ECW/TBW whole body                                  0.393 (0.009)                           0.392 (0.008)                            0.396 (0.011) 0.055
ECW/TBW whole body ≥0.4                             32 (35.5)                                   25 (35.7)                                    7 (35.0) 1.000
ECW/TBW of RA                                           0.382 (0.005)                           0.382 (0.004)                            0.382 (0.005) 0.975
ECW/TBW of LA                                           0.382 (0.005)                           0.382 (0.005)                            0.383 (0.005) 0.416
ECW/TBW of trunk                                        0.393 (0.009)                           0.392 (0.008)                            0.397 (0.011) 0.032
ECW/TBW of RL                                            0.394 (0.010)                           0.393 (0.009)                            0.397 (0.012) 0.084
ECW/TBW of LL                                            0.396 (0.010)                           0.394 (0.009)                            0.399 (0.011) 0.081
Phase angle whole body                                    4.40 (0.71)                               4.45 (0.70)                                4.22 (0.72) 0.195
Phase angle of RA                                             4.21 (0.65)                               4.22 (0.67)                                4.16 (0.62) 0.723
Phase angle of LA                                             4.03 (0.64)                               4.07 (0.66)                                3.91 (0.59) 0.316
Phase angle of trunk                                          7.03 (1.00)                                7.11 (1.03)                                6.76 (0.85) 0.157
Phase angle of RL                                             4.43 (0.88)                               4.52 (0.84)                                4.08 (0.96) 0.049
Phase angle of LL                                             4.42 (0.89)                               4.52 (0.87)                                4.07 (0.89) 0.040

Data are shown as mean value (standard deviation). SMI: Skeletal muscle index; ECW: extracellular water; TBW: total body water; RA: right arm;
LA: left arm; RL; right leg; LL: left leg.



was therefore highlighted by our results. To the best of our
knowledge, this is the first study to demonstrate an impact
of body composition data on improvement of BMD at the
femoral neck in patients with RA or collagen diseases
undergoing denosumab therapy.

In the phase III clinical trial mentioned earlier, change
ratios of BMD at 12 months after denosumab therapy were
+6.6% in the lumbar spine and +2.8% in the neck of femur,
which are substantially different (6). Similar findings were
seen in our results; that is, several cases showed no increase
in BMD at the neck of femur despite the increased BMD in
the lumbar spine during denosumab therapy. In other words,
there was an inferior response rate to denosumab therapy in
the neck of femur compared with the lumbar spine. The neck
of the femur is prone to fractures and consequently
worsening of a patient’s quality of life in the event of a
fracture (7). Thus, predictors associated with Δfemur seem
important in the clinical setting.

Skeletal muscle represents the largest organ in the human
body, accounting for 40%-50% of body weight (18). Skeletal
muscle mass is maintained at a constant level by the balance
between protein catabolic and anabolic effects (18). The
understanding of sarcopenia has been rapidly evolving in
clinical and research fields, especially in the last few years,
since the concept was proposed by Rosenberg in 1989 (19,

20). Primary sarcopenia is related to aging, whereas
secondary sarcopenia is caused by the disease burden itself
(8, 19). In patients with RA, longer disease duration has been
associated with a decline in grip strength (21). A previous
comparative study reported that sarcopenic obesity (i.e.,
sarcopenia combined with obesity) was present in 6.5% of
SLE and in 5.6% of RA women, but not in any controls, and
that female patients with SLE or RA were more likely to
show an abnormal body composition phenotype (22). In the
present results, low SMI was observed in 38 patients
(42.2%), although data for grip strength (indicating
sarcopenia) were missing. In a large Japanese survey
(n=4,811), the prevalence of sarcopenia was 7.5% (23).
Clinicians should be aware of the high prevalence of muscle
mass loss among patients with chronic inflammatory
diseases. In contrast, BMD values of the lumbar spine and
neck of femur at baseline in the low-SMI group were
significantly lower than those in the group showing normal
SMI, in agreement with previous reports (24). Miyakoshi et
al. reported complication rates of sarcopenia stratified by
BMD in 2,400 patients, and rates were 10.4%, 16.8%, and
20.4% in the normal lumbar BMD group, BMD loss group,
and osteoporosis group, respectively (24). Indeed, sarcopenia
may be closely linked to osteoporotic status, referred to as
“osteosarcopenia”. A previous meta-analysis reported that
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Table IV. Multi-regression analysis for Δfemur BMD using ECW/TBW. 

Parameter                            Estimated value             Standard error               t value                  Pr >|t|                              95% Confidence interval

Intercept                                0.233785709                  0.12049168                  1.94                    0.0557                  –0.005867397 0.473438815
Age                                       -9.54142E-05                 0.00023087                –0.41                    0.6805                  –0.000554611 0.000363782
Sex                                        0.009014805                  0.00805706                  1.12                    0.2664                  –0.007010373 0.025039982
BMI                                      -0.000456146                 0.00080104                –0.57                    0.5706                  –0.002049379 0.001137088
PSL                                       -0.000778072                 0.00066734                –1.17                    0.2470                  –0.002105391 0.000549248
SMI                                       0.003804235                  0.00364988                  1.04                    0.3003                  –0.003455225 0.011063695
ECW/TBW of LL                -0.586044305                 0.30464382                –1.92                    0.0578                  –1.191968601 0.019879992

BMD: Bone mineral density; ECW: Extracellular water; TBW: total body water; LL: left leg; BMI: body mass index; PSL: prednisolone; SMI:
skeletal muscle index.

Table V. Multi-regression analysis for Δfemur BMD using phase angle. 

Parameter                            Estimated value             Standard error               t value                  Pr >|t|                              95% Confidence interval

Intercept                              –0.015180281                 0.0311458                   –0.49                    0.6273                  –0.077128026                   0.046767465
Age                                      –0.000108659                 0.00021949                –0.5                      0.6219                  –0.000545217                   0.0003279
Sex                                         0.007079327                 0.00815778                  0.87                    0.3880                  –0.009146169                   0.023304822
BMI                                     –0.000535034                 0.00080172                –0.67                    0.5064                  –0.002129631                   0.001059563
PSL                                      –0.000722871                 0.00066842                –1.08                    0.2826                  –0.002052327                   0.000606584
SMI                                       0.001637348                 0.00389456                  0.42                    0.6753                  –0.006108766                   0.009383463
Phase angle of LL                0.007644879                 0.00366062                  2.09                    0.0398                    0.000364052                   0.014925706

BMD: Bone mineral density; ECW: extracellular water; TBW: total body water; LL: left leg; BMI: body mass index; PSL: prednisolone; SMI:
skeletal muscle index.



lower BMI confers an elevated risk for any type of fracture
that is independent of age and sex, but dependent on BMD
(25). The Japan Society for the Study of Obesity defines a
BMI of 22 kg/m2 as the appropriate weight that is
statistically the least susceptible to disease. Additional
nutritional guidance may be required for patients who have
RA or collagen diseases and low BMI. However, our multi-
regression analysis using SMI and BMI showed that PhA
was an independent factor related to Δfemur.

PhA can be noninvasively and easily obtained by BIA.
PhA is the ratio of resistance (resistance inside and outside
the cell, such as lipid components) to reactance (resistance
specific to the cell membrane), expressed as an angle. PhA
reflects the health of the cell membrane and structural
stability of the cell (26). As a PhA of 0° indicates cell
destruction, the lower the PhA, the worse the health and
function of the cell (26). PhA decreases with age, and the
decrease in PhA can be associated with sarcopenia (27, 28).
Severe dietary restriction and malnutrition cause excessive
production of free radicals, which damage cells (29), and
the decrease in PhA reflects this damage. When cell
membranes are weakened (i.e., low PhA), long-term
prognosis can be affected by accelerated aging and lowered
immune function (30). As PhA reflects nutritional status and
increases with improved nutritional status, this value can be
a useful indicator to evaluate the effects of dietary therapy
(29, 30). PhA is also reported to be a helpful predictor in
patients receiving surgery or with advanced malignancies
(31-34). PhA is considered a reliable marker of malnutrition,
and the change in PhA was adopted as a primary endpoint
in a recent randomized clinical trial of nutritional
intervention for malnourished patients with advanced cancer
(33). In addition, a very strong negative correlation
(r=–0.95, p<0.0001, Pearson correlation; data not shown)
was found between PhA and ECW/TBW in our data, and
ECW/TBW thus offers an alternative marker to PhA.
Considering these findings, appropriate nutritional
intervention during denosumab therapy in patients with RA
or collagen diseases may be essential for improving BMD,
alongside appropriate medical therapies for underlying
diseases. Long-standing chronic inflammatory status such
as RA can cause an edematous state (i.e., elevation of
ECW/TBW) and malnutrition (i.e., reduction in PhA). The
normal range of PhA is reported as 4.87-9.17˚ (26, 35, 36).
In the present data, including those of MCTD patients, mean
PhA was 4.40±0.71° at baseline. Therefore, a considerable
number of patients were in a malnourished state due to
underlying disease burden. Our results indicate that
edematous state and malnutrition are related to decreases in
BMD of the neck of femur.

Several limitations associated with this study warrant
mention. First, our study was a single-center, retrospective,
observational study, and thus additional validation studies in

independent cohorts are needed. Second, all analyzed
patients were recruited from Japanese patients with RA or
collagen diseases. Whether these results are applicable to RA
or collagen disease patients from different ethnic
backgrounds requires additional research. Third, various
collagen diseases were included but the disease duration in
each underlying disease was not included in our analysis,
representing another source of bias. Finally, muscle strength
as assessed by grip strength for the evaluation of sarcopenia
was not used in this study. Our results should therefore be
verified in future studies. Nevertheless, our results suggest
that body composition data, especially PhA, could be useful
for predicting improvements in BMD for patients on
denosumab therapy.

In conclusion, we would like to emphasize the clinical
significance of body composition on improvement of BMD
at the neck of femur in patients with RA or collagen diseases
who are receiving denosumab therapy. Earlier nutritional
intervention in patients with malnutrition may be required to
inhibit decreases in BMD.
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