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Acroosteolysis and bone metabolism parameters distinguish female
patients with limited systemic sclerosis with and without calcinosis:
a case control study
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Abstract
Calcinosis usually represents a late manifestation of systemic sclerosis (SSc), inducing tissue damage and chronic calcifications. To
analyze clinical and bone metabolism parameters associated with calcinosis in limited systemic sclerosis (lSSc), thirty-six female lSSc
patients with calcinosis were compared with 36 female lSSc patients without calcinosis, matched by age, disease duration, and body
mass index. Organ involvement, autoantibodies, bone density, and laboratory parameters were analyzed. Statistical significance was
considered if p < 0.05. Calcinosis was significantly associated with acroosteolysis (69% vs. 22%, p < 0.001), higher modified Rodnan
skin score (mRSS 4.28 ± 4.66 vs. 1.17 ± 2.50, p < 0.001), and higher 25-hydroxyvitamin D (25OHD) (24.46 ± 8.15 vs. 20.80 ±
6.60 ng/ml, p = 0.040) and phosphorus serum levels (3.81 ± 0.41 vs. 3.43 ± 0.45 mg/dl, p < 0.001). 25OHD levels > 30 ng/ml were
also significantly more frequent in patients with calcinosis (p= 0.041). Regarding treatment, current use of corticosteroids was lower in
patients with calcinosis compared with patients without calcinosis (8% vs. 28%, p = 0.032). On logistic regression analysis,
acroosteolysis (OR = 12.04; 95% CI, 2.73–53.04; p = 0.001), mRSS (OR = 1.37; 95% CI, 1.11–1.69; p = 0.003), phosphorus serum
levels (OR = 5.07; 95% CI, 1.06–24.23; p = 0.042), and lower glucocorticoid use (OR = 0.07; 95% CI, 0.007–0.66; p = 0.021) are
independent risk factors for calcinosis. This study showed that limited SSc patients with calcinosis present a distinct clinic and
biochemical profile when compared with a matched group without calcinosis, paired by disease duration, age and BMI.

Key Points
•Calcinosis in patients with limited SSc was associated with acroosteolysis, higher mRSS and higher serum levels of phosphorus.
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Introduction

Calcinosis usually represents a late manifestation of systemic
sclerosis (SSc), inducing tissue damage and chronic calcifica-
tions. Although affecting both SSc clinical variants, it is more

frequent in limited cutaneous disease [1, 2]. These calcifications
can cause pain, local inflammation, ulcers, and infection, leading
to a significant morbidity, mainly by functional limitation [3, 4].

Bone metabolism studies have shown an association between
calcinosisandacroosteolysis[5],aswellasdeficiencyofvitaminD
and secondary hyperparathyroidism [5, 6]; nevertheless, its asso-
ciationwithosteoporosis isstill controversial [4,7].Asaneffective
treatment for calcinosis is not yet completely available at the mo-
ment, the identification of prognostic factors for its presence is
important in the development of therapeutic strategies for SSc.

The aim of this study was therefore to compare and analyze
clinical aspects and laboratory parameters, including boneme-
tabolism variables in patients with limited systemic sclerosis
(lSSc) with and without calcinosis, paired by age, disease
duration, and body mass index (BMI).
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Methods

Patients This is a cross-sectional study which analyzed 36
lSSc patients with calcinosis, attending the Scleroderma
Outpatient Clinic of the University of Sao Paulo. The di-
agnosis was considered when patients had clinical com-
plaints and radiographic findings compatible with calcino-
sis. All patients were classified as having SSc according to
the recent EULAR/ACR criteria [8]. Inclusion criteria were
female gender, adult age (> 18 years), lSSc according to
LeRoy et al. criteria [9], and capacity to understand the
study and sign the informed consent. Exclusion criteria
included diffuse SSc and overlap with another connective
tissue disease (CTD). Thirty-six patients without calcino-
sis, paired by age, disease duration, and BMI to these pa-
tients with calcinosis, were selected and accepted to partic-
ipate in this study.

Clinical data Clinical and demographic data were obtained
through a direct interview and a review of the electronic reg-
ister database. Modified Rodnan skin score (mRSS) was used
to determine the extension of the skin involvement.

Patients were questioned about their diet and the supple-
mentation of calcium and vitamin D, as well as the use of
bisphosphonates. The daily calcium intake was determined
by individual interview using a detailed food frequency ques-
tionnaire and calcium calculator, available on the
Osteoporosis Society Canada website (www.osteoporosis.
ca ) . The pas t and cur ren t t rea tment modal i t i es
(immunosuppressives, vasodilators, and glucocorticoids)
were also questioned.

Laboratory data Blood was collected in the morning, with a
12-h fasting. Laboratory parameters of bone metabolism were
measured in all patients: calcium, phosphorus, alkaline phos-
phatase, and parathormone (PTH) serum levels. A radioim-
munoassay technique (DiaSorin, Stillwater, MN, USA) with a
lower detection limit of 5 ng/ml was used to measure 25-
hydroxyvitamin D (25OHD). According to current recom-
mendations, 25OHD concentrations < 30 ng/ml were defined
as insufficiency [10] whereas values < 20 ng/ml were classi-
fied as deficiency [11].

The profile of autoantibodies for each patient was also ob-
tained: antinuclear antibodies (ANA) and anticentromere by
immunofluorescence (Hep-2 cell) and anti-Scl70 by
immunoblotting.

Bone mineral density BMD was analyzed by dual-energy X-
ray absorptiometry (DXA; Hologic; QDR 4500, Bedford,
MA, USA) of the lumbar region (L1-L4), total hip, and fem-
oral neck. Osteoporosis was defined by a T score < − 2.5 SD.
BMI was calculated by measuring the weight and height of
each patient during interview.

Ethical approvalAllpatientsgavetheirwritteninformedconsent,
and the studywasapprovedby theEthicsResearchCommitteeof
the University of São Paulo (Research protocol 0819/10).

Statistical analysis The results are reported as mean ± standard
deviation and percentage. The data were analyzed by t test or
Mann-Whitney test to access the differences between the
groups. Fisher exact test was used for categorical variables;
p values ≤ 0.05 were considered to be significant.

Results

The clinical and laboratory parameters of patients with andwith-
out calcinosis are shown in Table 1. Esophageal hypomotility,
digital ulcers, and interstitial lung disease were themost frequent
clinical manifestations of lSSc, present in similar frequency in
both groups. Acroosteolysis was significantly more frequent in
the group with calcinosis (69% vs. 22%; p < 0.001), which also
presented higher mRSS (4.28 ± 4.66 vs. 1.17 ± 2.50; p < 0.001).
Other clinical manifestations of lSSc were present in < 10% of
the patients. ANA was positive in 89% in both groups.
Anticentromere antibody was frequent (44% and 31%), while
positive anti-Scl70 was rare in both groups (Table 1).

There were no significant statistical differences between dai-
ly dietary intake and calcium and vitamin D supplementation
between the two groups. Regarding the use of medications, the
only statistical association was between the current use of corti-
costeroids that was lower in patients with calcinosis comparing
with those without calcinosis (8% vs. 28%; p = 0.032) (Table 2).

Osteoporosis (lumbar spine, total hip, and/or femoral neck)
was more frequent in the group with calcinosis (31% vs. 17%),
although not statistically significant. There were no significant
differences between BMD and T score in patients with and
without calcinosis (Table 3). Regarding laboratory data, mean
serum levels of 25OHD (24.46 ± 8.15 vs. 20.80 ± 6.60 ng/ml;
p = 0.040) and phosphorus (3.81 ± 0.41 vs. 3.43 ± 0.45 mg/dl;
p < 0.001) were significantly higher in patients with calcinosis.
25OHD levels > 30 ng/ml were also significantly more frequent
in patients with calcinosis (p = 0.041). Serum levels of calcium,
alkaline phosphatase, and PTH were similar in both groups
(Table 3). Logistic regression analysis showed that
acroosteolysis (OR = 12.04; 95% CI, 2.73–53.04; p = 0.001),
mRSS (OR = 1.37; 95% CI, 1.11–1.69; p = 0.003), phosphorus
serum levels (OR = 5.07; 95% CI, 1.06–24.23; p = 0.042), and
lower glucocorticoid use (OR = 0.07; 95% CI, 0.007–0.66; p =
0.021) are independent risk factors for calcinosis.

Discussion

The originality of the present study, analyzing only female
patients with limited SSc excluding overlap with other CTD,
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resides in the comparison with a group of patients without
calcinosis, paired by age, disease duration, and BMI. As cal-
cinosis is commonly a late manifestation of SSc, this process
of pairing by age and disease duration was rather difficult.

Many variables are associated with calcinosis in the litera-
ture, especially acroosteolysis [12, 13] and digital ulcers [2].
In the present study, while acroosteolysis was significantly
associated with the presence of calcinosis, digital ulcers were
frequent and affected both groups. Although acroosteolysis
and digital ulcers are associated with decreased blood flow,
other vascular manifestations of SSc, as pulmonary hyperten-
sion and scleroderma renal crisis, were not associated with
calcinosis in the literature.

Although not yet completely understood, a few studies
have shown that both hypoxia and vascular impairment seem
to be implicated in the etiopathogenesis of calcinosis [4, 14]
and acroosteolysis [5, 15]. The main mechanism could be
associated with the role of the hypoxia-inducible factor α/
vascular endothelial growth factor (HIF-1α/VEGF) signaling
pathway in regulating osteoclastic bone-resorption and angio-
genesis. This hypothesis provides evidence that increased os-
teoclastogenesis and higher VEGF levels may contribute to
acroosteolysis in patients with SSc [15].

Recent studies have shown an association between calci-
nosis and osteoporosis [2, 4, 16]. The higher frequency of
osteoporosis in SSc patients with calcinosis commonly

Table 1 Anthropometric and
clinical parameters in limited SSc
patients with and without
calcinosis

With calcinosis n = 36 Without calcinosis n = 36 p value

Anthropometric

Age (years) 58.31 (7.92) 54.53 (10.33) 0.086

Weight (kg) 64.86 (14.97) 65.83 (11.86) 0.764

Height (m) 1.55 (0.05) 1.56 (0.07) 0.496

BMI (kg/m2) 26.70 (5.89) 26.61 (3.74) 0.937

Disease duration (years) 19.61 (9.59) 15.56 (9.48) 0.075

Clinical

RP duration (years) 18.72 (11.23) 15.94 (9.95) 0.270

mRSS 4.28 (4.66) 1.17 (2.50) < 0.001

Digital ulcers, n (%) 27 (75) 25 (69) 0.605

Interstitial lung disease, n (%) 17 (47) 12 (33) 0.235

Esophageal hypomotility, n (%) 25 (69) 26 (72) 0.798

Acroosteolysis, n (%) 25 (69) 8 (22) < 0.001

Autoantibodies

ANA, n (%) 32 (89) 32 (89) 1.000

Anti-Scl70, n (%) 6 (17) 10 (28) 0.263

Anticentromere, n (%) 16 (44) 11 (31) 0.229

bold: p value < 0.05

BMI, body mass index; mRSS, modified Rodnan skin score; RP, Raynaud’s phenomenon

Data are expressed in mean (SD) or n (percentage)

Table 2 Dietary calcium, vitamin
D, calcium supplementation, and
treatment in limited SSc patients
with and without calcinosis

With calcinosis

n = 36

Without calcinosis

n = 36

p value

Variables

Dietary calcium intake (mg) 547 (311) 496 (317) 0.489

Calcium supplementation, n (%) 15 (42) 13 (36) 0.152

Vitamin D supplementation, n (%) 23 (64) 21 (58) 0.252

Medications

Current immunosuppressant, n (%) 16 (44) 24 (67) 0.059

Current glucocorticoid, n (%) 03 (8) 10 (28) 0.032

Vasodilator, n (%) 31 (86) 35 (97) 0.090

Bisphosphonates, n (%) 07 (19) 2 (6) 0.076

Anticonvulsant, n (%) 2 (6) 1 (3) 0.562

Data are expressed in mean (SD) or n (percentage)
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presents a negative association with disease duration [7, 16].
The fact that patients were paired by age, BMI, and disease
duration should have significantly contributed to the finding
of no differences regarding BMD values in patients with and
without calcinosis in our study.

Correlations between hypovitaminosis D and SSc clinical
features were observed in the literature, although their results
were extremely variable according to the different studies. In
particular, lower 25OHD levels were occasionally observed in
patients with longer disease duration, calcinosis, and severity
of skin and/or pulmonary involvement, while the inverse cor-
relations with PTH levels or bone mass density were reported
in only a few studies [6, 17, 18]. In our study, an interesting
finding was the significantly higher serum levels of 25OHD in
patients with calcinosis, although both groups hadmean levels
of 25OHD < 30 ng/ml. Some speculations could explain these
findings in our SSc patients. First is a genetic predisposition to
calcinosis, not analyzed in this study. Second is the analysis of
paired patients according to gender, age, disease duration, and
BMI, not previously described in the literature. Third, since
the supplementation of vitamin D was similar in both groups,
higher 25OHD serum levels could be associated with an in-
crease of calcium absorption leading to deposition of subcu-
taneous calcinosis.

The finding of higher levels of phosphate (phosphorus) in
patientswith calcinosis in this study shed light to thepossible role
ofphosphorus in thepathogenesisofcalcinosis inSSc.Phosphate
concentration is characterized by a high physiological variation,

depending on age, gender, physiological state (e.g., pregnancy),
andevenseason(due to theseasonalvariationofvitaminDwhich
is directly involved in the regulation of phosphate concentration)
[19]. Recent findings of the association of high serum levels of
phosphate with cardiovascular and soft tissue calcification in pa-
tientswithnormalkidneyfunction [20] suggest itspossible role in
the process of calcinosis in SSc. Further studies focusing phos-
phorus in SSc are necessary to better explain these findings.

Regarding the use of medications, the only distinct result
was the lower frequency of current corticosteroids use in the
calcinosis group. It is known that glucocorticoids have an
action in the inhibition of calcium absorption, by opposing
25OHD action. Thus, in the calcinosis group that received less
corticosteroids, there could be a greater absorption of calcium
and 25OHD, leading to a predisposition to calcification [7]. It
is important to emphasize that acroosteolysis (OR = 12.04),
higher Rodnan skin score (OR = 1.37), phosphorus serum
levels (OR = 5.07), and lower glucocorticoid use (OR =
0.07) were demonstrated on the logistic regression analysis
as independent risk factors for calcinosis.

In summary, the present studyprovides evidence that the pres-
enceofcalcinosis infemalepatientswith limitedSSc isassociated
with clinical (acroosteolysis, higher Rodnan skin score), labora-
tory (higherphosphorusserumlevels)and therapeutic (lowerglu-
cocorticoid use) variables, when comparedwith patients without
calcinosis paired by age, disease duration, and BMI.Multicenter
studies will be necessary to better analyze the bone metabolism
alterations associated with calcinosis in SSc.

Table 3 Laboratory parameters,
bone mineral density (BMD), T
score, and frequency of
osteoporosis in limited SSc
patients, with and without
calcinosis

Variables With calcinosis

n = 36

Without calcinosis

n = 36

p value

Total calcium (mg/dl) 9.44 (0.41) 9.36 (0.54) 0.477

Phosphorus (mg/dl) 3.81 (0.41) 3.43 (0.45) < 0.001

Alkaline phosphatase (UI/l) 80.88 (39.49) 80.77 (26.01) 0.988

25 OHD (ng/ml) 24.46 (8.15) 20.80 (6.60) 0.040

PTH (pg/ml) 54.61 (31.27) 51.94 (21.85) 0.676

25OHD > 30 ng/ml, n (%) 8 (22) 2 (6) 0.041

25OHD > 20 ng/ml, n (%) 18 (50) 19 (53) 0.816

PTH > 65 (pg/ml), n (%) 10 (28) 6 (17) 0.263

C-reactive protein (mg/ml) 7.02 (8.04) 5.03 (4.64) 0.203

ESR (mm) 1st hour 19.13 (23.29) 19.50 (15.83) 0.938

Albumin (g/dl) 4.45 (0.27) 4.44 (0.28) 0.965

L1–L4 BMD (g/cm2) 0.930 (0.15) 0.926 (0.12) 0.892

T score L1–L4 − 1.28 (1.47) − 1.34 (1.32) 0.846

Total hip BMD (g/cm2) 0.817 (0.16) 0.839 (0.12) 0.510

T score total hip − 1.10 (1.28) − 0.88 (0.92) 0.406

Femoral neck BMD (g/cm2) 0.716 (0.13) 0.742 (0.11) 0.377

T score femoral neck − 1.33 (1.16) − 1.07 (0.98) 0.317

Osteoporosis, n (%) 11 (31) 6 (17) 0.169

ESR, erythrocyte sedimentation rate; 25OHD, 25-hydroxyvitamin D; BMD, bone mineral density. Data are
expressed in mean (SD) or n (percentage)
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