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Abstract

Objective: Prolonged inflammation status due to psoriatic arthritis (PsA) may contribute to the loss 
of muscle mass, extending from muscle weakness, and increased risk of falls and fractures. The risk 
of fractures and their complications increases with concomitant osteoporosis. 
Material and methods: The study included 95 women aged 50–75 years. The presence of sarcope-
nia was evaluated in a group of 51 women with PsA, and 44 controls (without inflammatory joint 
disease). Measurements of muscle mass and lean body mass were made using the method of bio-
impedance assessing ALM (Appendicular Lean Mass) index and SMI (Skeletal Muscle Index). The di-
agnosis of sarcopenia was made in women with low muscle mass and concomitant reduction of the 
efficiency of the assessed functional test Timed Up and Go (TUG). Bone density measurement was 
done by densitometry in the femoral neck and lumbar spine. (Ethics statement OIL 625/16/Bioet).
Results: Sarcopenia, using ALM index and SMI, was diagnosed in 13.7% and 43.1% of PsA women, 
and in healthy women in 9% and 20.4%, respectively. In the group of PsA, sarcopenia was associated 
with a significant increase in the occurrence of disorders of bone mineralisation (72.7% vs. 41.3% in 
patients without a decrease in muscle mass). There was no correlation between the loss of muscle 
mass, bone density, and activity of PsA.
Conclusions: The prevalence of sarcopenia in postmenopausal women suffering from PsA is associ-
ated with the occurrence of osteoporosis.
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Introduction

Psoriatic arthritis (PsA), beyond joint involvement, is 
associated with many extra-articular complications. In 
a few available publications that analyzed body compo-
sition in patients with chronic inflammatory joint, the at-
tention has mainly been focused on rheumatoid arthritis 
(RA), where the loss of muscle mass may involve up to 
two thirds of all patients and is often not associated with 
a reduction in fat mass or total body weight [1]. It seems 
that patients with PsA can also be exposed to muscle 
weakness and reduced mobility, which in turn can lead 
to imbalances and increase the risk of falls. Under phys-

iological conditions, loss of muscle tissue is associated 
with the aging of the body [2]. In the case of the disease 
a decrease in muscle mass can contribute to: chronic in-
crease in the concentration of inflammatory mediators, 
prolonged bed rest, reduced physical activity, nutritional 
deficiencies, and disorders of innervation [3]. Recently, 
certain similarities between sarcopenia and osteoporo-
sis were noticed, because in both cases increased risk of 
fractures, disability, and mortality were observed. It was 
even suggested that sarcopenia and osteoporosis should 
be treated as one disorder called “sarcoosteoporosis” or 
“sarcoporosis” [4]. Early diagnosis of sarcopenia or oste-
oporosis can accelerate the decisions to implement the 
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appropriate prophylactic or therapeutic medications in 
patients vulnerable to fractures.

In order to evaluate sarcopenia a variety of diagnostic 
methods including computed tomography (CT), magnet-
ic resonance imaging (MRI), dual-energy X-ray absorp-
tiometry (DEXA), and bioelectrical impedance analysis 
(BIA) are used [5, 6]. The most accurate measurement 
methods are still highly expensive, such as computed 
tomography and magnetic resonance imaging. An accu-
rate and much cheaper method is DEXA; however, like 
computed tomography, it involves the exposure of pa-
tients to X-ray radiation. The method of bioimpedance 
is based on measurements of electrical resistivity in dif-
ferent tissues of the human body, which conventionally 
are divided into parts (five cylinders – four limbs and the 
trunk). The advantages of this method are: non-invasive, 
low-cost test, convenience in use of the equipment, and 
high reproducibility of the results of research carried 
out under comparable conditions [7]. According to the 
recommendations of the European Working Group on 
Sarcopenia in Older People (EWGSOP), diagnosis of sar-
copenia should relate to people with low muscle mass 
associated with impaired muscle strength and reduced 
physical mobility [6].

The primary diagnostic method used to identify indi-
viduals at risk of osteoporotic fractures is still DEXA. It is 
a method based on the simultaneous measurement of 
X-ray absorption of high and low energy levels. The huge 
difference, when changing the degree of absorption of 
radiation energy in the area to the bone as opposed to 
soft tissue, allows evaluation of the dose absorbed by 
the bone, and calculation of the absolute mineral mass 
and bone mineral density [8].

Aim

There are very few reports that attempt to evalu-
ate the prevalence sarcopenia in patients with chronic 
arthritis, and almost all published studies are related 
with rheumatoid arthritis. Sarcopenia with decrease 
in muscle strength and mobility is associated with in-
creased risk of falls and frequent fractures, particularly 
in postmenopausal women. The aim of the study was 
to estimate the prevalence of sarcopenia and osteopo-
rosis among postmenopausal women with PsA and to 
compare results to women without inflammatory joint 
diseases.

Material and methods

The study included 51 women diagnosed with pe-
ripheral subtype of PsA, treated at the Rheumatology 
Clinic and Dermatology Clinic of the Municipal Hospital 
in Olsztyn, Poland. The control group was 44 women 

without any inflammatory joint diseases. The diagnosis 
of PsA was determined based on the CASPAR criteria [9]. 
The age of respondents ranged from 50 to 75 years. At 
least 12 months had passed since the last menstrual pe-
riod in all women.

The mass of muscle tissue was evaluated using the 
method of the bioimpedance analyzer InBody 170 (Bio-
space, South Korea). Analysis of skeletal muscle mass, 
lean mass limb, total weight, and height were tested. 
For the evaluation of the loss of muscle mass the Ap-
pendicular Lean Mass (ALM) index was used – calcu-
lated as the ratio of the sum of lean limb mass to the 
square of body height (unit kg/m2), and the Skeletal 
Muscle Index (SMI) – representing the ratio of the total 
skeletal muscle mass to the mass of the body expressed 
as a percentage.

Using the standardised Timed Up and Go (TUG) test 
the physical mobility of the women was rated. TUG test 
included the following tasks: changing from a sitting po-
sition on a chair with a back to the standing position, 
then walking three metres, rotating 180 degrees, return-
ing to the chair, and sitting. The assumed time of this 
test was less than 14 seconds [10].

The diagnosis of sarcopenia in surveyed women was 
determined in accordance with the recommendations 
of the European Working Group on Sarcopenia in Old-
er People based on the definition of Baumgartner et al.: 
ALM index less than 5.45 kg/m2 [11] and, in accordance 
with the approach Janssen et al., SMI index less than 
27.6% [12]. In the case of using the definition of Jans-
sen et al., a group of sarcopenia was divided into two 
groups: the first class of sarcopenia (mild sarcopenia) 
with SMI index greater than 22.1% and less than 27.6% 
and class II sarcopenia (severe sarcopenia) with SMI  
≤ 22.1% [11].

Bone density measurement was done by densitom-
etry of the left femoral neck and lumbar spine. For the 
measurement of bone density dual energy X-ray absorp-
tiometry – DEXA was used. The diagnosis of osteope-
nia was determined on the value of T score in a range 
between –1.0 and –2.5 SD, osteoporosis with values of  
T score below –2.5 SD [8].

Disease activity was assessed using the Disease Ac-
tivity Score 28 (DAS28). Markers of inflammation were 
measured by two standard laboratory parameters: 
erythrocyte sedimentation rate (ESR) and serum C-reac-
tive protein (CRP).

We excluded patients who were treated with corti-
costeroids currently or in the past two years, suffering 
from hyperthyroidism and hypothyroidism, after im-
plantation of a  pacemaker, after total joint implant of 
the intervertebral disc, and with the presence of other 
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metallic elements in the body due to contraindications 
to perform the study BIA.

All study subjects gave written, informed consent to 
participate in the study. The study was approved by the 
Bioethics Committee of the Warmia and Mazury Cham-
ber of Physicians (Ethics statement OIL 625/16/Bioet; 
December 21, 2016). 

Statistical analysis

Statistical analysis was performed using STATISTICA 
12.5. Results were presented as means and standard de-
viations (SD). The normality of the distribution of vari-
ables was rated with Shapiro-Wilk test. In the case of 
normal distribution, to compare two unrelated groups 
the t-test was used, and in the case of significant differ-
ence in variance the Cochran-Cox test was applied. In the 
case of lack of normal distribution, the U Mann-Whitney 
test was used, and for comparing more than two groups 
the Kruskal-Wallis test was used. The level statistically 
significant was p < 0.05.

Results
Ninety-five women aged 50–75 years (51 women 

with PsA and 44 women without inflammatory joint dis-
ease) were assessed.

Study and control groups were not significantly dif-
ferent in terms of age, height, weight, BMI, or duration 
of menopause. Between the group of patients with PsA 
and the group without joint symptoms, significant dif-
ferences related to muscle mass, lean limb mass, and 
fat were observed. Values of ALM index were not statis-
tically different between the groups. SMI index was sig-
nificantly lower in women with PsA than in subjects in 
the control group. Test TUG was longer in patients with 
PsA (Table I).

The incidence of sarcopenia depended on the 
method used for the evaluation. Using the ALM index 
allowed diagnosis of sarcopenia in seven women with 
PsA (13.7%) and in four healthy women (9%). TUG test 
was longer than 14 seconds in all women with ALM in-
dex lower than 5.45 kg/m2. Sarcopenia was diagnosed 
much more frequently with use of SMI. SMI was lower 

Table I. Age, anthropometric data, and clinical characteristic of the women studied

Parameter PsA (n = 51) Control (n = 44) p

Age (years) 65.6 ±5.9 61.3 ±8.7 NS

Weight (kg) 72.4 ±9.4 68.2 ±11.8 NS

Height (m) 1.61 ±0.07 1.58 ±0.05 NS

BMI 30.1 ±5.8 28.1 ±6.9 NS

DAS28 3.64 ±1.4 – –

Duration of psoriasis (years) 22.9 ±12.9 – NS

Duration of psoriatic arthritis (years) 11.1 ±8.9 – –

Duration of menopause (years) 15.6 ±11.2 13.9 ±10.3 NS

Muscle mass (kg) 21.1 ± 2.3 23.3 ±2.9 < 0.01

Appendicular lean mass (kg) 15.7 ±2.6 16.9 ±3.7 < 0.01

Total fat mass (kg) 47.2 ±8.1 38.5 ±7.2 < 0.001

Total lean mass (kg) 38.9 ±4.4 43.1 ±7.1 < 0.01

Appendicular Lean Mass Index (kg/m2) 6.44 ±0.72 6.75 ±0.61 NS

Skeletal Muscle Index (%) 28.6 ±3.9 39.2 ±3.6 < 0.001

Time Get-Up and Go (s) 10.8 ±3.8 9.4 ±5.6 < 0.01

Lumbar spine BMD (g/cm3) 
Lumbar spine T-score
Lumbar spine Z-score
Femoral neck BMD (g/cm3)
Femoral neck T-score
Femoral neck Z-score
Total hip BMD (g/cm3)
Total hip T-score
Total hip Z-score

0.921 ±0.169
–1.28 ±1.34
0.44 ±1.54

0.747 ±0.257
–1.09 ±1.31
0.31 ±1.32

0.869 ±0.149
–0.92 ±0.157

0.61 ±1.29

0.943 ±0.188
–1.18 ±1.27
0.39 ±1.61

0.804 ±0.209
–0.99 ±1.45
0.38 ±1.51

0.894 ±0.167
–0.94 ±0.141

0.56 ±1.43

NS
NS
NS
NS
NS
NS
NS
NS
NS

BMI – body mass index; DAS – disease activity score; BMD – bone mineral density 
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than 27.6% in 25 female patients with PsA (48%), in-
cluding less than or equal to 22.1% of women with PsA 
4 (7.8%). Based on the SMI and the results of the TUG 
test sarcopenia was diagnosed in 22 women with PsA 
(43.1%), and mild and severe sarcopenia were found in 
14 patients (27.4%) and eight patients (15.6%), respec-
tively. Assessing a group of women without inflammato-
ry diseases of the joints, SMI index revealed a decrease 
in muscle mass in 15 women (34%). Loss of mobility with 
reduction of SMI allowed diagnosis of sarcopenia in nine 
women (20.4%). Mild sarcopenia occurred in six women 
(13.6%) and severe sarcopenia in three women (4.5%) 
without inflammatory joint disease. In both groups with 
SMI index lower than or equal to 22.1%, the test TUG 
was longer than 14 seconds.

Mobility TUG test results in women suffering from 
PsA were lengthened, with an increase in disease activi-
ty using the DAS28 (p < 0.05), and with increasing rates 
of inflammation. In the control group the TUG test was 
not associated with the ESR and CRP. There were no sta-
tistically significant differences in the length of mobility 
test subjects divided in relation to BMI groups of normal 
weight, overweight, and obesity.

There was no correlation between ALM, SMI, and 
increased activity of the assessed markers of inflamma-
tion in both groups. The activity of PsA as measured by 
DAS28 also was not associated with the indicators of 
muscle mass. The results of ALM and SMI indices did not 
depend on BMI.

Among women suffering from PsA, SMI index nega-
tively correlated with both the duration of arthritis (r = 
–0.335, p = 0.028) and psoriasis (r = –0.389, p = 0.017). 
The duration of diseases of the joints and the skin does 
not affect the height of the ALM index in women with 
PsA. In all of the women ALM and SMI were reduced 
with age.

In both groups bone mineral density in the femoral 
neck and lumbar spine were rated. The incidence of oste-
oporosis and osteopenia were not significantly different 
between groups with PsA and without arthritis. Osteo-
porosis was diagnosed in 14 patients with PsA (27.4%) 
and 11 (25%) women with no joint symptoms, then os-
teopenia in 14 patients with PsA (27.4%) and in 10 con-
trols (22.7%). In female patients suffering from PsA with-
out sarcopenia, no significant differences were found in 
the incidence of osteoporosis. Among PsA patients with 
sarcopenia osteoporosis occurred twice as often as com-
pared with patients without loss of muscle mass (Table II). 
In the case of women without inflammatory joint dis-
ease there were no similar differences. Osteoporosis in 
this group was diagnosed in two (22.2%) people with 
sarcopenia and in eight (22.8%) with normal muscle 
mass. Osteopenia occurred slightly more often among 
the patients with PsA with concomitant sarcopenia, but 
this was not a statistical relationship (p = 0.059). The in-
cidence of osteopenia in the control group did not differ 
significantly among patients with sarcopenia or without 
sarcopenia, and was 22.8% and 25.7%, respectively.

In our study, we observed a  statistically significant 
correlation between the duration of psoriasis and BMD 
measured at the femoral neck (r = –0.362; p = 0.019) and 
the lumbar spine (r = –0.384; p = 0.041). The duration of 
PsA negatively correlated with the mineral density of the 
femoral neck (r = –0.402; p = 0.044) and lumbar spine  
(r = –0.374; p = 0.027).

We observed no association between decreased 
BMD and the activity of PsA assessed with DAS28 and 
the value of CRP and ESR.

Discussion
The pathogenesis of loss of muscle mass and muscle 

weakness in PsA is complex. It may include, in addition 

Table II. Relationship between sarcopenia and bone mineral density in women with PsA

Parameter PsA sarcopenia (+) (n = 22) PsA sarcopenia (–) (n = 29) p

Osteoporosis (any site) n (%) 9 (40.9%) 5 (17.2%) < 0.01

Osteopenia (any site) n (%) 7 (31.8%) 7 (24.1%) NS

Lumbar spine BMD (g/cm3) 0.826 ±0.181 0.984 ±0.122 < 0.01

Lumbar spine T-score
Lumbar spine Z-score

–1.43 ±1.42
0.39 ±1.61

–1.21 ±1.19
0.46 ±1.44

< 0.05
< 0.05

Femoral neck BMD (g/cm3) 0.729 ±0.265 0.804 ±0.187 < 0.05

Femoral neck T-score
Femoral neck Z-score

–1.18 ±1.39
0.28 ±1.42

–0.98 ±1.53
0.43 ±1.46

< 0.05
< 0.05

Total hip BMD (g/cm3) 0.842 ±0.132 0.958 ±0.187 < 0.05

Total hip T-score
Total hip Z-score

–1.07 ±0.171
0.46 ±1.45

–0.7 ±0.127
0.68 ±0.16

< 0.01
< 0.05

BMD – bone mineral density
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to aging patients, decreased physical activity secondary 
to stiffness and pain, hormonal changes, disturbances 
in the metabolism of protein, and associated with the 
chronic inflammation process (increase level of proin-
flammatory cytokines and C-reactive protein) [13].

Our research showed that occurrence of sarcopenia 
varies depending on the used marker of muscle mass. 
Sarcopenia recognised with SMI was twice as often 
presented in the group of women suffering from PsA 
compared to the control group (43.1%), while with ALM 
only in 13.7% patients with PsA. The vast majority of the 
available studies of sarcopenia due to chronic arthritis 
focused on patients with RA. Only a  few articles have 
been published so far on the prevalence of sarcopenia in 
patients with PsA. In a small study of 60 patients, includ-
ing men and women with ankylosing spondylitis and 
PsA, Aguiar et al. [14] observed a significant decrease in 
muscle mass measured by the MMI (muscle mass index) 
in as many as 61.7% of surveyed patients with spon-
dyloarthropathies. This study did not include muscle 
strength or physical activity, and the adopted methods 
of measuring muscle were less accurate anthropometric 
methods [14]. Giles et al. [1], using the method of mea-
suring body composition with DEXA, evaluated the risk 
of sarcopenia in a group of 117 women with RA at the 
age of 45–84 years. A significant loss of muscle mass was 
assessed by the ratio of the sum of lean limb mass to the 
square of the body height less than 5.75 kg/m2, and sar-
copenia was diagnosed in 21.4% of patients compared 
with 7.7% in the group of healthy women [1]. In other re-
search using this method of measurement, Ceyhan Do-
gan et al. [15] recognised sarcopenia in 43.3% of women 
with RA aged 35–50 years.

In our study, increased levels of CRP and ESR were 
associated with prolonged test TUG in patients with 
PsA. Other researchers observed muscle weakness de-
pendent on CRP increase. Visser et al. [16], in a research 
project that included more than 3000 men and wom-
en aged 70–79 years, using measurements of muscle 
strength and knee extensor isometric force measure-
ment handshake, described the relationship in the 
concentration of CRP with reduced muscle strength. In 
another large study on elderly people (average age 74.6 
years, SD ±6.2), Schaap et al. [17] observed elevated lev-
els of CRP with twice the decrease in muscle strength 
measured by isometric handshake.

In both study groups, we found no relationship be-
tween the activity of inflammation and the reduction in 
muscle mass. In contrast to our results, the occurrence 
of sarcopenia in persons without inflammatory joint dis-
ease associated with an increase in CRP concentration 
was described by Schaap et al. [17]. Similarly, Visser et al. 
[16] observed decreased muscle mass, measured with 

DEXA and CT, associated with an increase in CRP among 
the elderly. Among patients with RA, Munro et al. [18] 
found negative correlation with CRP and ESR and muscle 
mass. Ceyhan Doğan et al. [15], revealed a link between 
the loss of muscle mass and an increase in CRP, among 
a group of women with RA, but not with an increased 
rate of DAS28. The increase in activity of RA was evaluat-
ed by DAS28 and it was linked with a reduction in muscle 
mass, in the study of Walsmith et al. [19]. Dao et al. [20] 
described the relationship of disease activity with loss 
of muscle mass and the occurrence of a  specific type 
of sarcopenic obesity in women with seropositive RA, 
lasting less than three years. On the other hand, Giles 
et al. [1], in a study of 189 patients with RA and 189 con-
trols without RA, did not find a significant relationship 
in body composition with increases of DAS28. Moreover, 
the recently published article by Lemney et al. [21], as-
sessing the impact of disease activity and therapeutic 
effect to achieve low disease activity, showed no effect 
of treatment “for the purpose” (treat-to-target – T2T) 
and did not cause halting of the loss of muscle mass in 
patients with RA. Aguiar et al. [14] did not observe a sta-
tistical relationship between DAS28 for peripheral spon-
dyloarthropathies and axial subtype index BASDAI (Bath 
Ankylosing Spondylitis Disease Activity Index) in a group 
of women. Reducing the MMI was associated with an 
increased rate of BASDAI only in men [14].

In our study, we found no relationship between 
the loss of muscle mass and BMI in any of the studied 
groups. The study by Ceyhan Doğan et al. [15] revealed 
that sarcopenia was more frequent in patients with 
normal or excess body weight. Among the surveyed 
women with RA, Giles et al. observed obesity accom-
panied by sarcopenia more often than in the control 
group, although the prevalence of sarcopenia showed 
a  downward trend with BMI [1]. Stavropoulos-Kalino-
glou et al. [22] showed similar changes in body compo-
sition in patients with normal body weight, especially 
in women.

Current literature on the prevalence of osteoporosis 
in PsA provides ambiguous, often divergent data. Due 
to physiological differences in the incidence of osteopo-
rosis in women and men, our study included only post-
menopausal women.

In both groups, the prevalence of osteoporosis and 
osteopenia did not differ significantly. Impaired miner-
alisation in the form of osteopenia and osteoporosis 
occurred in more than 50% of patients with PsA and 
almost 50% of women from the control group. Inter-
esting results were obtained after the division of the 
treated groups, because of sarcopenia. Among patients 
with PsA and sarcopenia, osteoporosis occurred in 40%, 
and impaired mineralisation included over 70% of pa-
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tients. On the other hand, in patients with PsA with-
out the loss of muscle mass, osteoporosis and impaired 
mineralisation was recognised in approximately 17% 
and 40% of patients, respectively. Frediani et al. [23] 
observed mineralisation disorder in at least one of the 
regions of the skeletal system in 67% of premenopausal 
women and in 100% of postmenopausal women, using 
fan-beam densitometry techniques together with ultra-
sound densitometry measurements of the heel. In pa-
tients with PsA an increased incidence of fracture com-
pared with the general population and similar risk for 
any fracture in patients with PsA and severe psoriasis 
to RA were observed by Odgie et al. [24]. Borman et al. 
[25] recognised osteoporosis only in 5%, and osteope-
nia in 50% (the control group showed 27.5% of osteo-
penia) of patients with PsA (but not post-menopausal 
women). Some authors suggest a complete lack of rela-
tion between osteoporosis and PsA. Reid [26] and Nol-
la [27] found no significant differences in bone density 
between patients with peripheral subtype of PsA and 
a  control group matched for gender, age, and meno-
pausal status. No differences in BMD status between 
the PsA patients and the general population were found 
in a  study by Busquets et al. [28]. In our study, bone 
mineral density, measured within the lumbar spine in 
the range L2–L4 vertebrae and in the femoral neck in 
women suffering from PsA, was significantly lower than 
in the control group. Similarly, a significant reduction in 
bone mineral density (BMD) in patients with PsA in the 
general population was described Frediani et al. [23]: 
lumbar spine in the range of 1.112 vs. 1.326, in terms of 
the femoral neck 0.870 vs. 1.006.

In this study, we observed the relationship between 
the duration of psoriasis and PsA, and reduction of bone 
mineral density measured in the femoral neck and spine. 
Borman et al. [25] also noted a relationship between the 
intensity of demineralisation and the duration of joint 
disease. Similarly, Dheda et al. [29] observed a marked 
reduction in BMD in patients with a duration of arthritis 
over nine years.

The activity of PsA assessed by DAS28 showed no 
association with decreased BMD. Borman et al. [25] 
have reported recently no evidence of mineralisation 
compound with the activity of PsA. Whereas Dheda 
et al. [29] showed the dependency of BMD number 
of involved joints. However, it should be noted that 
the method of measuring the activity of the disease 
– DAS28 for a peripheral PsA, is only transferred from 
RA and therefore does not cover the whole clinical pic-
ture of PsA. In our research, ESR and CRP were not as-
sociated with decreased bone mineral density. Similar 
results were achieved by Frediani et al. [23] and Grisar  
et al. [30].

Conclusions
The loss of muscle mass in patients with chronic in-

flammation of the joints, leading to muscle weakness 
and disability conditions, may deepen progressive de-
struction of joints, causing pain and stiffness. These re-
sults can cause an increased risk of falls and their com-
plications, especially in the presence of osteoporosis. 
Our study showed a  similar incidence of osteoporosis 
in women with PsA and without inflammatory disease, 
but in patients with PsA the sarcopenia caused more im-
paired bone mineralisation.

The authors declare no conflict of interest.
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