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Abstract Juvenile onset systemic sclerosis (JoSSc) is a

rare disease, and there are no studies focusing in bone

mineral density and biochemical bone parameters. Ten

consecutive patients with JoSSc and 10 controls gender,

age, menarche age, and physical activity matched were

selected. Clinical data were obtained at the medical visit

and chart review. Laboratorial analysis included autoanti-

bodies, 25-hydroxyvitamin D (25OHD), intact parathyroid

hormone, calcium, phosphorus, alkaline phosphatase and

albumin sera levels. Bone mineral density was analyzed by

dual-energy X-ray absorptiometry, and bone mineral

apparent density (BMAD) was calculated. A lower BMAD

in femoral neck (0.294 ± 0.060 vs. 0.395 ± 0.048 g/cm3,

P = 0.001) and total femur (0.134 ± 0.021 vs. 0.171 ±

0.022 g/cm3, P = 0.002) was observed in JoSSc compared

to controls. Likewise, a trend to lower BMAD in lumbar

spine (0.117 ± 0.013 vs. 0.119 ± 0.012 g/cm3, P = 0.06)

was also found in these patients. Serum levels of 25OHD

were significantly lower in JoSSc compared to controls

(18.1 ± 6.4 vs. 25.1 ± 6.6 ng/mL, P = 0.04), and all

patients had vitamin D insufficiency (\20 ng/mL) com-

pared to 40% of controls (P = 0.01). All other biochemical

parameters were within normal range and alike in both

groups. BMAD in femoral neck and total femur was cor-

related with 25OHD levels in JoSSc (r = 0.82, P = 0.004;

r = 0.707, P = 0.02; respectively). We have identified a

remarkable high prevalence of 25OHD insufficiency in

JoSSc. Its correlation with hip BMAD suggests a causal

effect and reinforces the need to incorporate this hormone

evaluation in this disease management.
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Introduction

Systemic sclerosis (SSc) is a chronic disease characterized

by increased synthesis and deposition of collagen in skin

and connective tissue, vascular alteration and immuno-

logical disturbances. Although uncommon in children and

adolescent, it is one of the most challenging rheumatic

conditions in pediatric rheumatology. The overall outcome

of juvenile onset systemic sclerosis seems to be better than

adults [1], with a more favorable survival even after 20-

year disease course.

We have recently demonstrated that adult SSc itself is a

risk factor for osteoporosis [2]. In fact, previous studies had

observed a relationship between low bone density and

scleroderma [3–5]. This risk may be even greater in JoSSc

due to the longer survival of most of these patients.

Vitamin D insufficiency is recognized as one of the

important causal factor for low bone mass, since it has

well-known control function of calcium and phosphorus

metabolism, bone formation and mineralization. Of inter-

est, vitamin D has also immunomodulatory properties with

a potential benefit for autoimmune disease [6]. In fact, a

high prevalence of vitamin D deficiency has been reported

in rheumatologic outpatients [7–13], including autoim-

mune diseases such as systemic lupus erythematosus

[8–12] and arthritis rheumatoid [9, 10, 13, 14]. Recently,
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high frequency of low levels of vitamin D and secondary

hyperparathyroidism was described in Mediterranean SSc

patients partially explained by traditional dress habits and

low exposure to sun [15].

In contrast to adult SSc, no data are available in the

literature regarding bone metabolism analysis in juvenile

onset SSc (JoSSc), including vitamin D status. Therefore,

the authors analyzed its levels and also evaluated its pos-

sible association with clinical and laboratorial parameters

in JoSSc.

Materials and methods

Patients

Ten consecutive JoSSc who met LeRoy and Medsger [16]

criteria and ten gender, physical activity, chronological and

menarche age matched healthy children were selected for

the study. All patients were followed in the Division of

Rheumatology, School of Medicine, and University of São

Paulo. Exclusion criteria were secondary causes of low

bone mass such as clinical history of poor absorption, renal

or hepatic insufficiency, hyperthyroidism or hypothyroid-

ism, smoking and glucocorticoid use.

Clinical data including gender, ethnicity, age at onset

and disease duration (JoSSc patients), CHAQ score [17],

number of limited joints, Rodnan score, treatment (cyclo-

phosphamide or glucocorticoids), risk factors for osteopo-

rosis (familial history of osteoporosis and/or fractures,

physical activity, sun exposure, personal fracture history,

menstrual cycles, menarche age) were obtained by medical

visit and chart review.

Physical activity was measured in patients and controls

using 60-min screening measure for moderate to vigorous

physical activity (MVPA) [18]. Accumulation of 60 min of

MVPA corresponds with recent recommendations for

youth physical activity that are important for healthy bone

[19]. Sun exposure was quantified in number of minutes

per week that the patient or healthy control was exposure.

Body mass index (BMI) was calculated by measuring

the weight and height of each patient and control during the

interview.

All patients and controls or their legal guardians gave

their written informed consent, and the study was approved

by the Ethics Committee of the University Hospital.

Laboratory evaluation

The serum concentrations of calcium, phosphorus and

alkaline phosphatase were determined according to stan-

dardized methods.

Blood samples for 25OHD and iPTH were collected for

patients and controls during summer, under fasting,

between 8 and 10 a.m., stored at -70�C and analyzed at the

same time. The serum concentration of 25OHD was used to

measure the vitamin D reserves, using a radioimmunoassay

technique (DiaSorin, Stillwater, MN, USA). The intra and

inter-assay variation coefficients in the laboratory were

16.6 and 22.6%, respectively [20]. The definition of vita-

min D insufficiency was based on the suggested cutoff for

healthy schoolchildren, 25OHD \20 ng/mL [21]. Intact

parathyroid hormone (iPTH) serum concentrations were

measured by immunoradiometric assay (ELSA-PTH, CIS

bio international, France), with reference variations rang-

ing from 11 to 62 pg/mL.

Autoantibodies including anti-nuclear antibodies (indi-

rect immunofluorescence with Hep-2 cell), anticentromere

(indirect immunofluorescence with Hep-2 cell) and Scl70

(immunoblotting) were tested for both groups.

Dual-energy X-ray absorptiometry (DXA)

Bone mineral densities were determined by dual-energy X-

ray absorptiometry using a Hologic Discovery densitome-

ter. Bone mineral density (BMD; g/cm2) and bone area

(BA; cm2) were calculated in lumbar spine (L1-L4), fem-

oral neck and total femur. In order to minimize the con-

founding effect of skeletal size on DXA measures, bone

mineral apparent density (BMAD; g/cm3) was calculated

using the volumetric analysis. The calculation of volu-

metric density was obtained by dividing the bone mineral

density in lumbar spine, femoral neck and total femur by

the square root of their respective lumbar spinal, femoral

neck and total femur area [BMAD = BMD/HBA (where

BA = bone area of the region to be analyzed)] [22–24].

Coefficients of variation for bone mineral density in our

laboratory were 0.7% for lumbar spine (L1-L4), 1.5% for

femoral neck, 1.3% for total femur [20]. Z-score less than

-2 SD in lumbar spine, femoral neck and total femur were

defined as low bone mass for chronological age [22].

Statistical analysis

The results are reported as mean standard deviation and

percentage. The two groups were compared by the Student

t-test. The percentage of each variable was compared

between groups by Fisher’s exact test. Pearson correlation

was used to analyze the BMAD in lumbar spine, femoral

neck, total femur with following variables: disease dura-

tion, Rodnan score, presence of autoantibodies (Scl70 and

anticentromere), BMI, menarche age, physical activity and

25OHD serum level. Values of P \ 0.05 were considered

to be significant.
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Results

As expected by the matching design of the study, chrono-

logical age (P = 0.81), gender (P = 1.00), sun exposure

(0.11) and menarche age (P = 0.62) were comparable in

patients and controls. Other relevant factors associated with

bone mass were also alike in both groups: race (P = 1.00),

BMI (P = 0.07), regular menstrual cycle (P = 1.00) and

familial history of osteoporosis/fracture (P = 1.00), except

weight (46.4 ± 8.5 vs. 56.2 ± 3.5 kg, P = 0.01)

(Table 1). Physical activity, measure by MVPA (moderate

and vigorous physical activity) was similar in patients and

controls (0.56 ± 0.9 vs. 0.78 ± 1.23, P = 0.68) (Table 1).

Disease was classified according to LeRoy as diffuse

SSc in seven and limited in three patients [16]. The mean

Rodnan score was 21.9 ± 15.5. The mean disease duration

for all patients was 7.2 ± 3.5 years, the mean of CHAQ

scores were 0.88 ± 0.93, and the number of limited joints

were 17.5 ± 18.25.

Two patients had anti-topoisomerase (Scl70) and one

anticentromere antibody, and controls were uniformly

negative. The frequency of current and previous use of was

30% D-penicillamine, 30% methotrexate and 40% other

immunosuppressors (azathioprine or cyclophosphamide).

Biochemical bone metabolism evaluation revealed that

vitamin D levels were lower in JoSSc patient when com-

pared to control group (18.1 ± 6.4 vs. 25.1 ± 6.6 ng/mL;

P = 0.04) in spite of calcium (P = 0.69), phosphorus

(P = 0.12), alkaline phosphatase (0.11) and iPTH (0.33)

sera levels within normal range and alike in both groups

(Table 2).

The BMAD was significantly decreased in JoSSc com-

pared to controls in femoral neck (0.294 ± 0.060 vs.

0.351 ± 0.048 g/cm3, P = 0.001) and total femur (0.134 ±

0.021 vs. 0.171 ± 0.022 g/cm3, P = 0.002). A trend to

lower BMAD in lumbar spine (0.117 ± 0.013 vs. 0.119 ±

0.012 g/cm3, P = 0.06) was also found in these patients

(Table 3).

Low bone density for chronological age (Z score\-2.0

SD) was observed in lumbar spine in two (20%) patients,

femoral neck in four (40%) and total femur in two (20%) as

showed in Table 3. None of the controls had bone density

bellow the expected range for age in the three sites

analyzed.

Pearson correlation analysis revealed that BMAD in

femoral neck and total femur was correlated to 25OHD

(r = 0.82, P = 0.004; r = 0.707, P = 0.02). In contrast,

no correlation was observed between BMAD in femoral

neck and total femur with weight (r = 0.06, P = 0.87;

r = 0.42, P = 0.23, respectively).

Discussion

We have identified that JoSSc patients have a lower

BMAD and lower 25OHD levels compared to controls.

The status of this hormone seems to be an important con-

tributing factor for cortical bone mass in this disease.

In the present study, the careful matching for age and

gender is an essential factor to interpret the results. It is

well known that age has a major impact not only in bone

mass loss but also in acquisition. In fact, bone accrual in

adolescence is a major determinant of peak bone mass and

risk of osteoporotic fractures later in life [23]. The patho-

genesis of bone fragility is also distinct in male and female

gender since boys have higher bone mineral content than

girls [24]. The homogenous distribution of ethnicity

between groups is also relevant since there is a known

disparity in BMD and osteoporosis fractures between white

and black race.

In addition, there are strong evidences that estrogen

deficiency is a risk factor for later development of osteo-

porosis and hip fracture [25, 26]. The comparable fre-

quency of menstrual irregularities and age of menarche is

therefore important parameters to evaluate bone health

[27].

Table 1 Demographic and

clinical features of juvenile

onset of systemic sclerosis

(JoSSc) patients and controls

MVPA moderate and vigorous

physical activity, CHAQ
childhood health assessment

questionnaire, N/A not available
a n = 9 cases

JoSSc (n = 10) Controls (n = 10) P

Age (years) 20.9 ± 1.8 21.1 ± 1.8 0.81

Gender (female, %) 9 (90) 9 (90) 1.00

Race (white, %) 7 (70) 8 (80) 1.00

Body mass index (kg/m2) 18.9 ± 3.2 21.2 ± 2.2 0.07

Weight (kg) 46.4 ± 8.5 56.2 ± 3.5 0.01

Menarche (age) 12.7 ± 0.5a 12.8 ± 0.4a 0.62

Regular menstrual cycles (%) 8 (88.9)a 9 (100)a 1.00

Physical activity—MVPA(scores) 0.56 ± 0.9 0.78 ± 1.23 0.68

Sun exposure per week (minutes) 131 ± 128.98 143.33 ± 145.28 0.11

Familial history of osteoporosis and/or fractures, n (%) 2 (20) 1 (10) 1.00

CHAQ scores 0.88 ± 0.93 0 N/A
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With regard to physical activity, it has been demon-

strated a relevant beneficial effect with a significant

increase in bone mineral content during the adolescent

years [28] which is maintained into young adulthood [29].

Thus, we have matched this factor in order to minimize the

influence of this variable.

Bone mineral apparent density, a volumetric three-

dimensional approximation of bone density was calculated

to diminish the effect of skeletal size on DXA measure-

ment. This method appears to offer advantages to areal

BMD technique due to intrinsic biases caused by bone

thickness differences [20, 30, 31].

To our knowledge, this is the first study to describe a

universal vitamin D deficiency in JoSSc patients. We have

used serum concentration of 25-OH vitamin D, since it is

the best marker of total body reserve of this hormone, and

the cutoff of \20 ng/mL established for adults to define

deficiency was also validated for healthy children [21].

Small bowel involvement manifesting with malabsorp-

tion may develop in adult and pediatric SSc patients during

the disease course [1]. This clinical complication does not

seem to have contributed to the finding of low vitamin D in

our patients, since none of them referred diarrhea or weight

loss and all of them had normal albumin levels.

Low sun exposure may explain in part our observation

in both groups. In spite of living in a tropical area with

reasonable sunlight availability, vitamin D deficiency is not

uncommon in our country [32], particularly in those with a

poorer physical health. In this regard, it has been demon-

strated that SSc adversely affects quality of life and func-

tional status in systemic sclerosis compared to other

rheumatic diseases [33].

Another cause of vitamin D deficiency in patients and

controls is the fact that in our country, food is not enriched

with this hormone, vitamin supplementation is uncommon,

and a diet high in fish oil is not part of the traditional

Brazilian food. The seasonal effect was excluded since all

sera during summer time.

We have identified in JoSSc patients a lower bone

mineral apparent density compared to controls, particularly

in cortical bone and a tendency in trabecular bone. This

finding is similar to previous studies in adult SSc; however,

none have evaluated concomitantly the level of vitamin D

[2–5, 15]. Other biochemical parameters within the normal

range have excluded additional causal factors for this bone

metabolic disturbance such as renal and hepatic insuffi-

ciency, osteomalacia and malabsorption.

Vitamin D levels are directly related to bone mineral

density in both gender and in diverse races with a maxi-

mum density accomplished with levels of 40 ng/mL or

more [34]. The finding of a direct correlation of bone

mineral apparent density in hip with this hormone in JoSSc

patients emphasizes its possible role in this metabolic

disturbance. In contrast, weight, a known relevant factor

for BMD [35], did not seem to contribute to this finding in

this subgroup of patients with a lack of correlation in hip

BMD. Likewise, the absence of correlation of 25OHD with

lumbar site is probably due to the small sample analyzed,

or to a preferential involvement of hip in JoSSc. In fact, we

have demonstrated previously a low bone mineral apparent

density in juvenile dermatomyositis in hip and not in

lumbar spine [20]. Likewise, rheumatoid arthritis followed

for up 20 years also had a predominant decrease in BMD

of femoral neck [36].

Table 2 Laboratory parameters

of juvenile onset of systemic

sclerosis (JoSSc) patients and

controls

JoSSc (n = 10) Controls (n = 10) P

Calcium (mg/dL) 9.3 ± 0.3 9.2 ± 0.3 0.23

Phosphorus (mg/dL) 4.1 ± 0.5 3.8 ± 0.3 0.12

Alkaline phosphate (U/L) 74.5 ± 21.9 59.6 ± 14.1 0.11

Albumin (g/dL) 3.7 ± 0.3 3.7 ± 0.2 0.96

25-hydroxyvitamin D (ng/mL) 18.1 ± 6.4 25.1 ± 6.6 0.04

Vitamin D deficiency (\20 ng/mL), n (%) 10 (100) 4 (40) 0.01

Intact parathyroid hormone (pg/mL) 31.2 ± 22.9 21.8 ± 8.2 0.33

Table 3 Bone mineral apparent

density (BMAD) values and the

percentage of low bone density

for chronological age (Z-score

\-2) in juvenile onset systemic

sclerosis (JoSSc) patients and

controls

JoSSc (n = 10) Controls (n = 10) P

L1-L4 BMAD (g/cm3) 0.117 ± 0.013 0.119 ± 0.012 0.06

Femoral neck BMAD (g/cm3) 0.294 ± 0.060 0.351 ± 0.048 0.001

Total femur BMAD (g/cm3) 0.134 ± 0.021 0.171 ± 0.022 0.002

L1-L4: Z-score \-2, n (%) 2 (20) 0 0.45

Femoral neck: Z-score \-2, n (%) 4 (40) 0 0.09

Total femur: Z-score \-2, n (%) 2 (20) 0 0.45
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In summary, this is the first study to identify a

remarkable high prevalence of vitamin D insufficiency in

JoSSc. The 25OHD level correlation with hip BMAD

suggests a causal effect and reinforces the need to incor-

porate this hormone evaluation in the optimal management

of this disease.
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