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Prevalence and predictive factors 
of osteoporosis in Thai systemic 
sclerosis
Wiriya Chuealee, Chingching Foocharoen, Ajanee Mahakkanukrauh, Siraphop Suwannaroj, 
Chatlert Pongchaiyakul & Ratanavadee Nanagara*

Systemic sclerosis (SSc) is recognized as a chronic inflammatory disease and several SSc-associated 
factors may increase the risk of osteoporosis and its related fractures. To determine the prevalence 
and predictive factors of osteoporosis in Thai SSc, a cross-sectional study was designed in adult 
SSc patients at Scleroderma clinic, Khon Kaen University Hospital. The prevalence of osteoporosis 
with the 95% confidence interval (CI) were determined and the odds ratio (OR) with 95%CI were 
assessed the clinical association with osteoporosis. A total of 205 SSc patients were recruited with 
the female to male ratio of 2.7:1. The majority of cases were diffuse SSc subset (83.4%) with a disease 
duration < 5 years (62.9%). The overall prevalence of osteoporosis was 29.3% (95%CI 23.1–36.0). After 
an age adjusted analysis, the respective prevalence of osteoporosis at lumbar spine (LS) in women and 
men was 26.3% and 10%, while the prevalence of osteoporosis at the femoral neck (FN) in women and 
men was 11% and 2.1%. Low BMI (≤ 18.5 kg/m2) and menopause were associated with osteoporosis 
at both the LS and FN. Using multivariate analysis, low BMI and menopause were associated 
with osteoporosis at LS (OR 7.78 and 5.32, respectively), while low BMI was also associated with 
osteoporosis at LS in pre-menopausal women. In conclusion, the prevalence of osteoporosis in Thai 
SSc was 29.3%. Osteoporosis at the LS is more common than FN in both men and women. Low BMI 
was associated with osteoporosis in overall SSc and pre-menopausal women, while only menopause 
was associated with osteoporosis at the FN.

Osteoporosis is a skeletal disease characterized by low bone mass and microarchitecture deterioration of bone 
tissue with a consequent rise in fragility  fractures1. Osteoporosis has increasingly become a global concern 
because it is age-related and has an exponentially-increased incidence, morbidity, mortality and  expense2–4.

Systemic sclerosis (SSc), a rare rheumatic disease, is characterized by progressive skin fibrosis, vasculopathy, 
and internal organ  involvement5. While the pathophysiology of the disease is  unclear6 and limited evidences 
on the treatment for some complications of  SSc7, SSc is typically progressive, resulting in death, disability, and 
decreased quality of  life8–10. It is well known that the extent of skin and internal organ involvement are main 
features in SSc patients; however, SSc has been recognized as another potential chronic inflammatory disease 
and several factors related with SSc can affect bone tissue, including immobilization (due to contracture and joint 
involvement), malabsorption that causes malnutrition, premature menopause, renal insufficiency, and glucocor-
ticoid  use11,12. Therefore, patients with SSc may have an increased risk of osteoporosis and its associated fractures.

The prevalence and associated factors of osteoporosis in SSc patients have been documented in previous 
epidemiologic studies; however, findings differ among studies. These contradictory findings are due to several 
factors, including limited sample size, study design, duration and severity of disease, proportion of different SSc 
subsets, and menopausal  status12–19. Due to the lack of epidemiological evidence on osteoporosis and associated 
factors with osteoporosis in Thai SSc patients, we therefore aimed to determine the prevalence of osteoporosis 
in Thai SSc patients and its associated factors.

Patient and methods
A cross-sectional study was conducted in adult patients (over 15 years of age) with SSc who attended the Sclero-
derma Clinic at Srinagarind Hospital, Khon Kaen University, Thailand, from November 2012 to August 2013. All 
patients met the requirements for diagnosis of SSc based on the criteria of American College of  Rheumatology20. 
Cases were categorized as lcSSc (limited cutaneous SSc) or dcSSc subset as defined by LeRoy et al.21. We excluded 

OPEN

Department of Medicine, Faculty of Medicine, Khon Kaen University, Khon Kaen 40002, Thailand. *email: 
ratanava@kku.ac.th

http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-021-88792-6&domain=pdf


2

Vol:.(1234567890)

Scientific Reports |         (2021) 11:9424  | https://doi.org/10.1038/s41598-021-88792-6

www.nature.com/scientificreports/

the patients (a) who were diagnosed with overlap with other connective tissue diseases, cancer undergoing 
chemotherapy, chronic kidney disease, and hypothyroidism, (b) who were pregnant or breast feeding, and (c) 
who had been evaluated for bone mineral density (BMD) or nuclear medicine within 3 months.

Based on a previous estimate of the prevalence of osteoporosis in SSc (19.4%)12 with a sampling variability 
of 5%, it was estimated that a sample size of at least 241 was needed for statistical adequacy to estimate the true 
prevalence of osteoporosis. After the retention period and a preliminary analysis, we found the prevalence of 
osteoporosis was 58 of 205 cases (29.3%) (95% confidence interval (CI) 23.1–36.0). We thus recalculated the 
sample size and collected 205 instead of 241 cases in order to achieve better patient care and reduce the cost of the 
study. This study was approved by the Human Research Ethics Committee of Khon Kaen University (HE551280). 
All eligible patients signed informed consent before enrolling in the study.

Demographic and clinical characteristics including age, sex, menopausal status, duration of disease, SSc sub-
set, and family history of osteoporosis and fracture were collected. BMD at the lumber spine (LS) and femoral 
neck (FN) were measured using dual energy X-ray absorptiometry (DXA) by GE Lunar DPX Duo Densitometer. 
Osteoporosis was defined by a T-score of -2.5 SD, compared with the peak young adult mean for Thai women. 
The 25-hydroxy vitamin D [25(OH)D] level using direct competitive chemiluminescence immunoassay, thyroid 
and thyroid stimulating hormones, parathyroid hormone, calcium and phosphorus levels, and inflammatory 
markers [erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP)] were measured.

In this study, duration of disease was the interval between the date of osteoporosis assessment and the first 
SSc symptoms. Pulmonary fibrosis was defined when interstitial fibrosis was detected by either chest radiog-
raphy or high resolution computed tomography (HRCT). Pulmonary arterial hypertension was defined when 
mean pulmonary arterial pressure was ≥ 25 mmHg as confirmed by right cardiac catheterization. Gastrointes-
tinal involvement of SSc included any gastrointestinal symptoms (i.e., malabsorption, constipation, ileus, or 
pseudo-intestinal obstruction). Vitamin D insufficiency and deficiency was defined if 25(OH)D levels were < 30 
and < 20 ng/ml, respectively.

Statistical analysis. Demographic data are categorized and summarized using descriptive statistics. Cat-
egorical data were presented as proportions or percentages. Continuous data were presented as means with 
standard deviations (SD) or medians with interquartile ranges (IQR) as appropriate. The overall prevalence 
of osteoporosis, the prevalence of osteoporosis at the LS and FN with their 95% confidence interval (CI) were 
calculated. The odds ratio with 95%CI and p-value were used to determine the association between clinical char-
acteristics and osteoporosis at the LS and FN. Continuous data were analyzed using the student t-test or Mann 
Whitney U-test as appropriate. The variables with a p value < 0.20 were entered into a multiple logistic regression 
model. The backward elimination method was applied for model fitting. Variables were tested for significance 
using the Wald  X2 statistic: all statistical tests were two-tailed. p values < 0.05 were considered to be statistically 
significant. Data analysis was performed using version 11.2 of STATA (StataCorp., College Station, TX, USA).

The study was designed by the authors and approved by the Human Research Ethics Committee of Khon Kaen 
University as per the Helsinki Declaration and the Good Clinical Practice Guidelines (HE551280). All eligible 
patients signed informed consent before enrollment. The sponsor had no role in the study.

Results
A total of 205 cases were recruited for the final analysis. There were 149 women and 56 men with a ratio of 
2.7 to 1. The mean age and BMI at the time of study were 53.6 ± 10.6 years (range, 27–81) and 21.1 ± 4.0 kg/m2 
(6.7–31.4), respectively. The majority (62.9%) had a duration of disease < 5 years and most (83.4%) were the 
dcSSc subset. Approximately one-fifth of the cases (n = 44) had a modified Rodnan skin score (mRSS) of more 
than 20 points.

The overall median 25(OH)D level for all patients was 31.5 ng/ml (IQR 25.2–37.1). Vitamin D insufficiency 
and deficiency were 29.3% and 13.2%, respectively. Women had a significantly lower vitamin D level, and a higher 
rate of vitamin D insufficiency and deficiency than men (p < 0.001, p = 0.004, p = 0.006, respectively) (Table 1).

The overall prevalence of osteoporosis was 29.3% (95%CI 23.1–36.0). The prevalence of osteoporosis at the 
LS in SSc patients was 28.3% (95% CI 22.2–35.0), and it was significantly higher in women than in men (32.2% 
vs. 19.4%) (Table 1). While, the prevalence of osteoporosis at FN was lower (8.8%, 95% CI 5.3–13.5) and trend 
to be higher in women than in men without significant difference (11.2% vs. 3.2%, p = 0.06). The prevalence 
of osteoporosis at both sites (LS and FN) was 7.8% (95%CI 4.5–12.4) and there was no significantly difference 
between women and men (6.8% vs 1.0%, p = 0.16). In this study, the age-adjusted prevalence of osteoporosis in 
women and men was 26.3% and 10% at LS and 11.0% and 2.1% at FN. The clinical characteristics including the 
vitamin D level and BMD, classified by sex, were shown in Table 1.

The overall median T-score BMD at LS and FN in dcSSc patients was − 1.8 (IQR − 2.6, − 1.0) and − 1.4 (IQR 
− 1.9, − 0.7), respectively. The overall median T-score BMD at LS and FN in lcSSc patients was − 1.9 (IQR − 2.8, 
− 1.0) and − 1.3 (IQR − 1.6, − 0.4), respectively. The BMD of both LS and FN were not different between dcSSc 
and lcSSc (p = 0.82 and 0.25, respectively), as well as the prevalence of osteoporosis at both LS and FN, which 
was comparable between dcSSc and lcSSc (28.1% vs 27.2%, p = 0.93 at LS and 7.6% vs 6.1%, p = 0.99 at FN).

In this study, low BMI (≤ 18.5 kg/m2) and menopause were associated with osteoporosis at both LS and FN. 
However, other factors including SSc subset, severity of skin tightness, glucocorticoid used, vitamin D insuf-
ficiency or deficiency, smoking history, previous fracture and family history of fracture were not associated with 
osteoporosis at any sites (Tables 2 and 3). In multivariate analysis, low BMI and menopause increased risk of 
osteoporosis at the LS [OR 7.78 (95%CI 3.21–18.88) and 5.32 (95%CI 1.84–15.35), respectively], while only low 
BMI was significantly associated with osteoporosis at FN [OR 4.54 (95%CI 1.41–13.64)].



3

Vol.:(0123456789)

Scientific Reports |         (2021) 11:9424  | https://doi.org/10.1038/s41598-021-88792-6

www.nature.com/scientificreports/

A further subgroup analysis in pre-menopausal women with low BMI was performed. The prevalence of 
osteoporosis at LS and FN was 13.9% (95%CI 3.2–24.7) and 2.3% (95%CI 0.3–7.0), respectively. We found that 
only BMI ≤ 18.5 kg/m2 was associated with osteoporosis at LS but not FN. And there was no association between 
other clinical parameters and osteoporosis in pre-menopausal SSc women.

Discussion
In the present study, the overall prevalence of osteoporosis in our Thai SSc patients was 29.3%, which is higher 
than previous reports from Taiwan and China (17–19%)12,18 and some Caucasian populations (3.3%)14 but less 
than Brazilians and Moroccans reports (31.7–33%)15,22. The high prevalence of osteoporosis in Thais, Brazilians, 
and Moroccans might be explained by the higher proportion of the dcSSc subset compared to more prevalent 
lcSSc subset reported by Western countries. A previous study demonstrated a lower BMD in dcSSc than in lcSSc 
and intermediate SSc; probably because of extensive skin tightness and early internal organ involvement. The 
high disease activity might be related to limited daily activities which is a well-known risk factor for osteoporosis 
in the general  population14. In contrast to our finding, the BMD at both LS and FN were comparable between 
dcSSc and lcSSc. Moreover, dcSSc subset was not associated with increased risk of osteoporosis in Thai SSc 
patients. This finding was due to a limited number of lcSSc in our study. The prevalence and associated factors 
for osteoporosis in SSc in the literature and our study are presented in Table 4.

We found that a low BMI (BMI ≤ 18.5 kg/m2) is increased risk of osteoporosis in Thai SSc patients includ-
ing pre-menopausal women and men. This finding is consistent as in general  population22. Despite low BMI is 
a strong predictor of osteoporosis in our study, the exact mechanism for the development of osteoporosis has 
not been elucidated. Patients with SSc are prone to having low BMI due to decreased dietary intake, esophageal 
hypomotility, and intestinal  malabsorption15,16,23. It has been accepted that low BMI is a symbolic clinical sign 
of  malnutrition23. Around one-third of the SSc patients are at risk of malnutrition particularly in the patients 
with shorter duration of disease, more disease severity and having gastrointestinal  involvement24. Moreover, 
lean mass and fat mass are decreased in SSc patients, which contributes to a low  BMI18,25. Loss of lean mass in 
patients with SSc is related to physical inactivity due to joint contracture, arthritis, muscle wasting, and mal-
nutrition, while low fat mass is associated with a low estrogen  level26. Previous research demonstrated that low 
BMI is related to a low level of insulin-like growth factor (IGF-1) and low estrogen  levels27; both of which are 
well-known associated factors with osteoporosis. Therefore, the SSc patients who are at risk of malnutrition or 
low BMI even in premenopausal women should be screened for early identification, closed monitoring, aware-
ness of the complication and giving the proper management for osteoporosis.

Our study did not demonstrate the associations among intestinal involvement, vitamin D deficiency, and 
osteoporosis; all of which may be the result of the malabsorption problem occasionally found in the dcSSc 

Table 1.  Clinical characteristics classified by sex. BMI Bone mass index, mRSS Modified Rodnan skin score, 
BMD Bone mineral density, L1–4 Lumbar spine level 1–4. *Statistical significant.

Factor Overall N = 205 Women N = 143 Men N = 62
p value between female and 
male

Age at study (years); 
mean ± SD (range) 53.6 ± 10.6 (27–81) 52.8 ± 11.5 (27–81) 55.7 ± 8.3 (39–77) 0.12

BMI (kg/m2); mean ± SD 
(range) 21.1 ± 4.0 (6.7–34.0) 21.3 ± 4.5 (6.7–34) 20.7 ± 2.6 (14.4–25.6) 0.32

Duration of disease > 5 years 
(%) 76 (37.1) 55 (38.5) 21 (33.9) 0.53

mRSS > 20 (%) 42 (20.5) 25 (17.5) 17 (27.4) 0.11

Median 25(OH)D level; 
median (IQR) 31.5 (25.2–37.1) 30.2 (22.4–35.2) 34.9 (28.8–43.9)  < 0.001*

Vitamin D deficiency (%) 27 (13.2) 25 (17.5) 2 (3.2) 0.006*

Vitamin D insufficiency (%) 60 (29.3) 45 (31.5) 15 (24.2) 0.004*

BMD

L1–4

 BMD (g/cm2); mean ± SD 
(range) 0.79 ± 0.13 (0.29–1.14) 0.77 ± 0.13 (0.29–1.14 0.87 ± 0.11 (0.57–1.14) 0.001*

 T-score; median (IQR)  − 1.0 (− 1.6, − 0.3)  − 1.2 (− 1.8, − 0.6)  − 0.45 (− 1.0, − 0.1)  < 0.001*

 Z-score; median (IQR)  − 0.2 (− 0.9, 0.5)  − 0.4 (− 1.1, 0.3) 0.35 (− 0.3, 0.7)  < 0.001*

 Osteopenia (%) 92 (44.9) 66 (46.2) 26 (41.9)

 Osteoporosis (%) 58 (28.3) 46 (32.2) 12 (19.4) 0.07

Femoral neck

 BMD; median (IQR) 0.74 (0.65–0.80) 0.70 (0.63–0.77) 0.79 (0.72–0.85)  < 0.001*

 T-score; median (IQR)  − 1.3 (− 1.9, − 0.7)  − 1.5 (− 2.1, − 0.9)  − 1.05 (− 1.6, − 0.4)  < 0.001*

 Z-score; median (IQR)  − 0.3 (− 0.9, 0.4)  − 0.4 (− 1.0, 0.4) 0.2 (− 0.4, 0.5) 0.04*

 Osteopenia (%) 118 (57.6) 90 (62.9) 28 (45.2)

 Osteoporosis (%) 18 (8.8) 16 (11.2) 2 (3.2) 0.06
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subgroup of SSc. However, our unpublished data demonstrated that several physical limitations were associated 
with malnutrition status in Thai SSc (viz., daily activity, self-feeding capability, hand grip ability, painful digital 
ulcers, and narrow mouth aperture). Physical limitations and self-feeding capability might thus increase the risk 
of malnutrition, leading to osteoporosis in Thai SSc patients. The results from current study provides clinical 
clues that may help to evaluate osteoporosis in SSc patients. Further research is needed to determine whether 
improvement of nutritional status at disease onset can decrease the prevalence of osteoporosis in SSc patients.

We did not found the associations between disease activities and osteoporosis risk in the present study 
including severe skin tightness, dcSSc subset, internal organ involvement, or inflammatory markers (ESR, CRP). 
The findings in our study are inconsistent with a case–control study which found that digital ulcers, presence 
of anti-centromere antibody, low lean mass and high number of previous fracture were an independent risks of 
low trabecular volumetric bone mineral density at  tibia28. The authors also proposed the possible role of vas-
culopathy on the bone demineralization  process28. The dissimilar findings with ours might be explained by the 
different method and different site of bone mineral density testing. According to the pathogenesis of SSc, the 
inflammatory process was not remarkable, thus the inflammatory marker was not associated with osteoporosis 
in our patients unlike other rheumatic diseases (i.e., rheumatoid arthritis)29.

Not only BMD assessment but also bone quality assessment has been evaluated in SSc. Poor bone quality 
evaluated by trabecular bone score (TBS) was reported among SSc patients. The prevalence of low TBS seemed 
to be more frequently found in SSc than in other connective tissue  disease30. Moreover, there was a negative cor-
relation between TBS and Dickkopf-1 serum levels which was a natural inhibitor of the Wnt signaling pathway 
promoting  osteoclastogenesis31. According to the poor bone quality detection among SSc, therefore both of 
bone mass and bone quality should be cooperatively evaluated and further study of bone quality and the risk of 
fracture among SSc patients is suggested.

It has been accepted that treatment options for oral bisphosphonates may be limited due to esophageal dis-
ease, whereas treatment options for raloxifene and hormone therapy may be limited due to potential thrombotic 
complications. To avoid the gastrointestinal tract, intravenous zoledronate, denosumab, and teriparatide are 
better options for treating osteoporosis in SSc patients. However, the treatment option of osteoporosis was not 

Table 2.  Clinical factors associated with osteoporosis at the lumbar spine. CI Confidence interval, dcSSc 
Diffuse cutaneous systemic sclerosis, mRSS Modified Rodnan skin score, CRP C-reactive protein, ESR 
Erythrocyte sedimentation rate, PTH Parathyroid hormone, PPI Proton pump inhibitor. *Statistical significant.

Factor No osteoporosis N = 147 Osteoporosis N = 58 Odds ratio (95%CI)

Age (years); mean ± SD 51.4 ± 9.6 59.1 ± 11.3  < 0.001*

Age > 50 years (%) 80 (54.2) 46 (79.3) 3.21 (1.51–7.18)

Sex Men (%) 44 (78.6) 12 (21.4) 0.61 (0.30–1.26)

 Women (%) 103 (69.1) 46 (30.9)

 Men ≥ 70 years (%) 0 3 (5.2) NA

Menopause (%) 60 of 97 (61.9) 40 of 46 (87.0) 4.11 (1.51–12.91)*

dcSSc subset (%) 123 (71.9) 48 (28.1) 1.04 (0.45–2.40)

Duration of disease ≥ 5 years (%) 54 (36.7) 22 (37.9) 1.04 (0.66–1.62)

Anti-topoisomerase I positive (%) 112 of 147 (76.7) 48 of 58 (82.8) 1.32 (0.73–2.39)

Anti-centromere positive (%) 6 of 14(6.2) 5 of 14(8.6) 1.28 (0.61–2.68)

mRSS > 20 (%) 28 (19.1) 14 (24.1) 1.35 (0.60–2.94)

BMI ≤ 18.5 kg/m2 (%) 21 (14.3) 30 (51.7) 3.24 (2.16–4.86)*

Internal organ involvement

 Gastrointestinal involvement (%) 45 (30.6) 17 (29.3) 0.94 (0.45–1.91)

 Pulmonary fibrosis (%) 102 (69.4) 41 (70.7) 1.06 (0.52–2.22)

 Pulmonary arterial hypertension (%) 14 (9.5) 2 (3.5) 0.34 (0.04–1.56)

Inflammatory marker

 CRP > 5 mg/dl (%) 53 (36.1) 23 (40.4) 1.14 (0.73–1.78)

 ESR > 20 mm/hr (%) 121 (82.3) 53 (91.4) 1.89 (0.82–4.35)

PTH > 65 pg/ml (%) 21 (14.3) 6 (10.3) 0.76 (0.36–1.60)

Vitamin D deficiency (%) 19 (12.9) 8 (13.8) 1.05 (0.56–1.97)

Treatment

 Current prednisolone used > 10 mg/d (%) 1 (1.4) 2 (3.5) 1.79 (0.66–4.90)

 Current immunosuppressant used (%) 71 (48.3) 30 (51.7) 1.10 (0.71–1.71)

 Current PPI used (%) 133 (90.5) 57 (98.3) 4.5 (0.67–30.3)

Current smoking (%) 9 (6.1) 1 (1.7) 0.34 (0.05–2.22)

Current coffee drinking (%) 42 (28.6) 10 (17.2) 0.61 (0.33–1.12)

Previous history of fracture (%) 11 (7.5) 5 (8.6) 1.11 (0.52–2.39)

Family history of osteoporosis fracture (%) 5 (3.4) 2 (3.5) 1.01 (0.31–3.33)
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our objective of the study, so we did not evaluate the treatment of osteoporosis in our SSc patients. The further 
research is needed to assess the outcome.

There are a number of limitations to the present findings. First, we did not perform tests for gastrointestinal 
malabsorption in severely malnourished SSc patients even though such a condition can be related to develop-
ment of osteoporosis. Secondly, we did not check the hormonal status in pre-menopausal women even though 
low estrogen is associated with early development of osteoporosis. Third, we did not use a food intake question-
naire for evaluating nutritional status. Fouth, we did not exclude low BMI. However, this study was conducted 
in a single center with a large number of SSc patients. The current study included several important parameters, 
including vitamin D level, parathyroid hormone, thyroid and thyroid stimulating hormones, and inflammatory 
markers, which might associate with development of osteoporosis in SSc patients and also excluded the comor-
bid conditions that might confound BMD measurement (i.e., cancer undergoing chemotherapy, chronic kidney 
disease, hypothyroidism). Moreover, the findings from this study, including the prevalence and factors associ-
ated with osteoporosis in SSc patients, can be used for developing treatment guidelines to prevent osteoporosis.

In conclusion, the overall prevalence of osteoporosis in Thai patients with SSc was 29.3%, with women hav-
ing a higher prevalence than men. Osteoporosis of the lumbar spine is more common than osteoporosis of the 
femoral neck in both gender. Low BMI (≤ 18.5 kg/m2) and menopausal status are associated with osteoporosis 
at the lumbar spine and femoral neck.

Table 3.  Clinical factors associated with osteoporosis at the femoral neck. CI Confidence interval, dcSSc 
Diffuse cutaneous systemic sclerosis, mRSS Modified Rodnan skin score, CRP C-reactive protein, ESR 
Erythrocyte sedimentation rate, PTH Parathyroid hormone, PPI Proton pump inhibitor, NA Not applicable. 
*Statistical significant.

Factor No osteoporosis N = 187 Osteoporosis N = 18 Odds ratio (95%CI)

Age (years); mean ± SD 52.9 ± 10.3 60.8 ± 12.1 0.002*

Age > 50 years (%) 112 (59.9) 14 (77.8) 2.34 (0.70–10.12)

Sex Men (%) 55 (98.2) 1 (1.8) 0.14 (0.02–10.9)

 Women (%) 132 (88.6) 17 (11.4) 1

 Men ≥ 70 years (%) 2 (1.1) 1 (5.6) 5.44 (0.08–107.92)

Menopause (%) 85 of 127 (66.9) 15 of 16 (93.8) 7.41 (1.06–319.27)*

dcSSc subset (%) 157 (91.8) 14 (8.2) 0.89 (0.24–3.29)

Duration of disease ≥ 5 years (%) 69 (36.9) 7 (38.9) 1.08 (0.44–2.67)

Anti-topoisomerase I positive (%) 143 of 187 (76.9) 17 of 18 (94.4) 4.68 (0.64–34.17)

Anti-centromere positive (%) 13 of 14 (7.0) 1 of 14 (5.6) 0.80 (0.11–5.57)

mRSS > 20 (%) 37 (19.8) 5 (27.8) 1.56 (0.41–5.03)

BMI ≤ 18.5 kg/m2 (%) 40 (21.4) 11 (61.1) 4.75 (1.94–11.6)*

Internal organ involvement

 Gastrointestinal involvement (%) 56 (30.0) 6 (33.3) 1.17 (0.34–3.57)

 Pulmonary fibrosis (%) 129 (69.0) 14 (77.8) 1.57 (0.47–6.84)

 Pulmonary arterial hypertension (%) 16 (8.6) 0 NA

Inflammatory marker

 CRP > 5 mg/dl (%) 71 (38.0) 5 (29.4) 0.70 (0.26–1.92)

 ESR > 20 mm/h (%) 157 (84.0) 17 (94.4) 3.03 (0.42–21.94)

PTH > 65 pg/ml (%) 23 (12.3) 4 (22.2) 1.88 (0.67–5.30)

Vitamin D deficiency (%) 23 (12.3) 4 (22.2) 1.88 (0.67–5.30)

Treatment

 Current steroid > 10 mg/d (%) 4 (2.1) 0 NA

 Current immunosuppressant using (%) 92 (49.2) 9 (50.0) 1.03 (0.43–2.49)

 Current PPI used (%) 173 (92.5) 17 (94.4) 1.34 (0.19–9.41)

Current smoking (%) 10 (5.4) 0 NA

Current coffee drinking (%) 50 (26.7) 2 (11.1) 0.37 (0.09–1.55)

Previous history of fracture (%) 15 (8.0) 1 (5.6) 0.69 (0.10–4.89)

Family history of osteoporosis fracture (%) 7 (3.7) 0 NA
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Data and material available upon request.
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