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Disease-related Risk of Vertebral Fracture During

Glucocorticoid Treatment of Collagen Vascular Diseases

To the Editor:

Collagen vascular diseases, including systemic lupus erythematosus (SLE),

rheumatoid arthritis (RA), Sjögren’s syndrome (SS), systemic sclerosis

(SSc)/mixed connective tissue disease (MCTD), polymyositis/dermato-

myositis (PM/DM), and microscopic polyangiitis, are chronic and some-

times involve multiple organs, and are thus occasionally life-threatening.

Immunosuppressive treatment with longterm high-dose glucocorticoids is

necessary, but the treatment causes a high incidence of osteoporosis1,2,3.

Recently, we demonstrated that patients treated with longterm high-dose

glucocorticoids have a high risk of symptomatic vertebral fractures in col-

lagen vascular diseases, based on the analysis of the Chiba-Shimoshizu

Rheumatic Cohort4,5.

The chronic and systemic inflammation in patients with RA and SLE

has been recognized as causing secondary osteoporosis independently of

glucocorticoids6, and many studies demonstrated that patients with RA

have lower bone mineral density (BMD) and an increased risk of frac-

ture7,8,9. However, it was not known whether there is a disease-specific or

disease-related risk of osteoporotic fracture under glucocorticoid treatment

among the collagen vascular diseases. We investigated the disease-specific

or disease-related risk for osteoporotic symptomatic vertebral fracture by

focusing on women treated with high-dose glucocorticoids for the long

term for collagen vascular diseases, subanalyzing a cohort at Shimoshizu

National Hospital in Japan.

The study subjects were newly treated with an initial dose of > 20

mg/day prednisolone (PSL) equivalent for at least 6 months without prior

prophylactic treatment with bisphosphonate, hormone replacement thera-

py, or selective estrogen receptor modulator to prevent bone loss. We

defined glucocorticoid dose increase as the reintroduction of ≥ 20 mg/day

of glucocorticoid (PSL equivalent) due to increased disease activity in

patients whose doses were once tapered to < 20 mg/day. Symptomatic ver-

tebral fracture was defined as vertebral deformity that was confirmed by

thoracolumbar radiograph when the patient presented with a new

 backache4,5.

In our study, we followed 539 women patients on high-dose glucocor-

ticoid therapy (mean initial age 44.6 ± 16.0 yrs) and 161 women as nonglu-

cocorticoid controls (mean initial age 49.0 ± 12.5 yrs) between 1986 and

2006. The underlying diseases were diverse among the patients in both

groups, consisting of SLE (29.9%), RA (22.4%), SS (14.6%), SSc/MCTD

(10.1%), PM/DM (8.1%), microscopic polyangiitis (3.1%), and others

(11.7%). In the high-dose glucocorticoid group, the mean initial gluco-

corticoid dose was 40.2 mg/day and the mean glucocorticoid dose was

14.6 mg/day (both in PSL equivalents). Cumulative glucocorticoid dose

was estimated to be 33.6 g (PSL equivalent). Glucocorticoid pulse thera-

py was given to 14.7% of the patients over the entire study. The disease

activity-related glucocorticoid dose increase involving 20 mg/day or

higher (PSL equivalent) occurred in 40.6% of the patients. Symptomatic

vertebral fractures occurred in 24.7% of the high-dose glucocorticoid

group, significantly higher than the 3.1% of the no-glucocorticoid group.

A Cox model demonstrated that the adjusted hazard ratio (HR) for age,

body mass index (BMI), smoking, and alcohol use was 10.64 (95% CI

4.35–36.03).

We focused on the high-dose glucocorticoid group to analyze the risks

for symptomatic vertebral fractures including specific type of disease in

glucocorticoid-induced osteoporosis. The fracture group had significantly

higher mean age, lower rate of menstruation, shorter followup time, high-

er mean daily dose, lower cumulative dose, and higher prevalence of glu-

cocorticoid dose increase (Table 1). No significant differences were

observed between the 2 groups in BMI, use of alcohol, smoking, initial glu-

cocorticoid dose, or glucocorticoid pulse therapy. We compared the preva-

lence of each disease between the fracture and no-fracture groups (Table

1); a lower rate of SLE and a higher rate of microscopic polyangiitis were

observed in comparison to the no-fracture group. There were no significant

differences between the 2 groups in rates of RA, SS, SSc/MCTD, and

PM/DM (Table 1).

To analyze the disease-related risk among the collagen vascular dis-

eases, the risk factors were evaluated with Cox regression models (Table

2). The risk for symptomatic vertebral fracture was independently higher

with every 10-year increment of initial age, with HR 1.83 (95% CI

1.51–2.23), with every 10 mg/day of initial glucocorticoid dose (PSL

equivalent; HR 1.44, 95% CI 1.22–1.69), with every glucocorticoid-dose

increase (HR 2.52, 95% CI 2.04–3.12), in SLE (HR 2.02, 95% CI

1.08–3.76), in SSc/MCTD (HR 2.47, 95% CI 1.27–4.80), and in micro-

scopic polyangiitis (HR 2.87, 95% CI 1.30–6.32). However, symptomatic

vertebral fracture risk was independently higher with a decrease of each

gram of cumulative glucocorticoid dose (PSL equivalent; HR 0.92, 95% CI

0.91–0.94).

Chronic and systemic inflammation has been known to cause second-

ary osteoporosis independently of glucocorticoid in systemic autoimmune

diseases such as RA and SLE6. In addition, a study demonstrated that

patients with SSc may have increased risk of osteoporosis10, although it

has also been reported that there is no strong evidence in the literature for

consistently lower BMD scores in SSc11. To analyze disease-related frac-

ture risks, we focused on the 6 most frequent (> 2.5%) collagen vascular

diseases found in our study: SLE, RA, SS, SSc/MCTD, PM/DM, and

microscopic polyangiitis.

Although the rate of SLE in the patients with vertebral fracture was sig-

nificantly lower than in those without SLE, a Cox regression model con-

versely demonstrated that SLE is an independent risk factor in our model.

This discrepancy might be attributed to age difference, as the patients with

SLE were significantly younger (36.1 ± 13.5 yrs) than those without it

(50.0 ± 15.2 yrs; p < 0.001). Among the collagen vascular diseases ana-

lyzed, SLE, MCTD/SSc, and microscopic polyangiitis were independent

risk factors as confirmed by Cox regression analysis.

There are many risk factors for fracture and bone loss in collagen vas-

Table 1.  Characteristics of study patients at baseline and during glucocor-

ticoid (GC) treatment. Data are expressed as mean ± SD unless otherwise

indicated.

Characteristics Fracture No-Fracture p

Group Group

No. patients 133 406

Age, yrs 55.4 ± 14.1 41.1 ± 15.0 < 0.001*

Body mass index 21.3 ± 3.2 21.1 ± 3.1 NS*

Smoking, % 18.0 18.1 NS**

Alcohol use, % 8.6 11.3 NS**

Menstruation, % 30.1 67.0 < 0.001**

Followup time, mo 63.1 ± 65.3 109.3 ± 74.4 < 0.001*

Initial dose of PSL, mg/day 38.3 ± 15.2 40.8 ± 14.1 NS*

Mean dose of PSL, mg/day 20.1 ± 11.6 12.8 ± 6.3 < 0.001*

Cumulative dose of PSL, g 24.8 ± 21.8 36.5 ± 27.2 < 0.001*

GC pulse therapy, % 15.1 13.5 NS**

No. GC dose increases 

0/1/2/3/4 58/51/16/6/2 262/81/39/20/4 < 0.001**

SLE, % 27.8 42.1 < 0.01**

RA, % 9.0 6.9 NS**

SS, % 10.5 15.8 NS**

SSc/MCTD, % 15.8 11.1 NS**

PM/DM, % 12.0 10.1 NS**

Microscopic polyangiitis, % 9.0 2.5 < 0.01**

PSL: prednisolone; SSc: systemic sclerosis; MCTD: mixed connective tissue

disease; PM/DM: polymyositis/ dermatomyositis; SLE: systemic lupus ery-

thematosus; RA: rheumatoid arthritis. * Unpaired t test. ** Chi-squared test.
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cular diseases independent of glucocorticoid3,6. Some examples are

reduced motility, renal impairment, induction of bone-resorbing

chemokines and cytokines, endocrine disorders (amenorrhea, premature

menopause, low plasma androgen level, and hyperprolactinemia), sunshine

avoidance (low vitamin D3 status), chronic anticoagulation, and

immunomodulant/suppressive drugs. Studies have attracted attention to

interactions between the immune and skeletal systems (osteoimmunology).

In these interactions, not only is the release of chemokines and cytokines

[receptor activator of nuclear factor-κB ligand, interleukin 1 (IL-1), IL-6,

IL-11, IL-15, IL-17, monocyte colony-stimulating factor, tumor necrosis

factor-α, prostaglandins, and parathyroid hormone-related peptide] critical,

but so also is direct cell-cell contact6,12. In any event, our study did not

clarify the precise pathophysiological mechanism of symptomatic vertebral

fractures during treatment with high-dose glucocorticoid in collagen vas-

cular diseases.

It was of major interest, as well as unexpected, that SLE, SSc/MCTD,

and microscopic polyangiitis were found to be independent risk factors of

symptomatic vertebral fractures. MCTD is characterized by manifestations

that overlap SLE, SSc, inflammatory myopathy, and RA13. Apart from RA,

it is known that SLE, SSc, and systemic vasculitides including microscop-

ic polyangiitis are associated with vascular inflammation, altered angio-

genesis, and increased cardiovascular morbidity and mortality14.

Therefore, it might be reasonable to speculate that vascular involvement in

these systemic autoimmune diseases impaired skeletal functions such as

osteoblastic lineage and osteocytes, leading to bone fragility.

In our study, 3 of the independent risk factors related to glucocorticoid

were higher initial dose, greater number of glucocorticoid dose increases,

and lower cumulative glucocorticoid dose. Positive correlations between

cumulative dose and fracture risk were contrarily found in previous stud-

ies15,16. Although it is difficult to determine the basis for the negative asso-

ciation, the presence of some genetic or environmental risk factor(s) in the

symptomatic vertebral fracture group is suggested. These factors may

shorten the duration until vertebral fracture and thus reduce the cumulative

dose of glucocorticoid. As a result, the cumulative dose might be negative-

ly associated with fracture risk.

Our study has several limitations. We started from 1986 without a base-

line radiograph and measurement of BMD, and we used symptomatic ver-

tebral fracture determined by clinical observation followed by radiograph

as an endpoint. Although it has been known that prior fracture is one of the

important fracture risk factors in glucocorticoid-induced osteoporosis17,18,

we could not analyze the prior fracture as a glucocorticoid-induced fracture

risk. In addition, because vertebral fracture associated with glucocorticoid

therapy is often asymptomatic19,20, there may have been more fractures

than we observed.

Although the correlation between BMD and glucocorticoid-induced

fracture risk has been discussed for years, we had no data on BMD. Studies

have suggested that bone strength is determined not only by BMD but also

by bone quality, and bone quality rather than mineral density may be criti-

cal in glucocorticoid-induced fracture risk18.

The vertebral fracture risks of SLE, MCTD/SSc, and microscopic

polyangiitis were independently higher during the high-dose glucocorti-

coid treatment.
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