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ABSTRACT

Introduction: Autoimmune rheumatic diseases (ARDs) are chronic inflammatory disorders with high
morbidity and mortality, strongly associated with increased osteoporosis risk. The underlying mechanisms
are multifactorial, and osteoporosis often remains asymptomatic until fractures occur. Therefore, bone
mineral density (BMD) assessment using dual energy X-ray absorptiometry (DXA) is essential for early
detection. However, data on BMD profiles in Indonesian ARD patients are limited. Methods: This retrospective
descriptive study evaluated the medical records of 283 ARD patients admitted to Dr. Soetomo General
Academic Hospital, Indonesia, between August 2023 and August 2024. Collected data included demographic,
clinical, and DXA findings (GE Lunar Prodigy series). Total sampling was employed, and data were analyzed
using Microsoft Excel and presented in frequency distribution tables. Results: The highest mean BMD was
observed at the lumbar spine (1.000 = 0.171 g/cm?), followed by the femoral neck and radius. Most patients
aged <50 years had normal BMD (78.73%), while osteopenia and osteoporosis were more prevalent in those
250 years (27.42% and 58.06%, respectively). BMD reduction was more common in females (93.52%),
patients with systemic lupus erythematosus (SLE) (53.70%), longer disease duration (55.56%), and high
cumulative glucocorticoid exposure. Kidney disease (31.48%) and malabsorption or malnutrition (24.07%)
were the most frequent comorbidities. Conclusion: Reduced BMD in ARD patients was strongly associated
with older age, female sex, prolonged disease duration, and chronic glucocorticoid therapy. The lumbar spine
had the highest mean BMD, but osteopenia and osteoporosis predominated in patients 250 years, especially
those with SLE.

Keywords: autoimmune rheumatic diseases; bone mineral density; dual energy x-ray absorptiometry;
osteoporosis; glucocorticoids; rheumatoid arthritis; systemic lupus erythematosus

INTRODUCTION

Autoimmune rheumatic diseases (ARDs) are a group
of chronic inflammatory disorders characterized by
the loss of immune tolerance to self-antigens,
leading to systemic or organ-specific tissue damage
[1]. This loss of tolerance is influenced by complex
interactions between genetic and environmental
factors [2]. The global incidence of autoimmune
diseases has been increasing over the past decades,
with an average annual rise of 19.1% [3]. A large-
scale study involving 22 million individuals reported
that approximately one in ten people suffers from an
autoimmune disease, with a markedly higher
prevalence in women [4].

More than 70 autoimmune diseases have been
identified, among which rheumatoid arthritis (RA),
systemic lupus erythematosus (SLE), and
spondyloarthritis (SpA) are the most prevalent
types of ARDs [5,6]. Their clinical manifestations
are highly variable, involving multiple organ
systems such as the musculoskeletal, renal,
pulmonary, cardiovascular, and hematologic
systems [7,8]. These variations depend on the
specific organs affected, disease duration, and
therapeutic history [9].
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Osteoporosis is a common complication among
patients with ARDs, with reported prevalence rates
0f 41% in SLE, 36.1% in RA, and 11.7-34.4% in SpA
[10,11]. This condition results from an imbalance
between immune cell subsets and the overexpression
of proinflammatory cytokines [12]. Long-term and
high-dose use of glucocorticoids or disease-
modifying antirheumatic drugs (DMARDs) further
contributes to bone loss [13]. Moreover, vitamin D
deficiency reported in 84% of RA patients
significantly increases the risk of osteoporosis [14].
Osteoporotic fractures are a major concern in this
population; for instance, a South Korean study found
that fracture incidence among SLE patients reached
19.085 per 1,000 persons per year, compared with
6.530 per 1,000 in the general population [15].

Accurate assessment of bone mineral density (BMD)
is essential for preventing fractures and improving
prognosis in patients with ARDs. Dual energy X-ray
absorptiometry (DXA) remains the gold standard for
BMD evaluation due to its high precision, short
scanning time, and minimal radiation exposure [16].
However, BMD screening using DXA is not routinely
performed in Indonesia, and local data on bone
density profiles in autoimmune patients remain
limited. The present study, conducted at Dr.
Soetomo General Academic Hospital, aims to
evaluate BMD values at the lumbar spine, femur, and
radius, along with the clinical and demographic
characteristics of ARD patients. The findings are
expected to provide valuable insights for optimizing
fracture prevention strategies and improving
patient outcomes within the Indonesian population.

METHOD

This study employed a descriptive design with
retrospective data collection using secondary data
obtained from medical records and bone mineral
density (BMD) test results measured by the GE Lunar
Prodigy DXA system. The research was conducted at
Dr. Soetomo General Academic Hospital between
August 2023 and August 2024. Medical records were
reviewed to obtain the patient’'s demographic
information and clinical profiles.

Ethical approval was obtained from the Health
Research Ethics Committee of Dr. Soetomo General
Academic Hospital (No. 1803/LOE/301.4.2/X/ 2024).
The study population consisted of all patients
diagnosed with autoimmune rheumatic diseases
(ARDs) who underwent DXA examination during the
study period. Samples were selected based on
predefined inclusion criteria. The inclusion criteria
were as follows: patients diagnosed with ARDs who
had complete medical records, underwent DXA
testing within the study period, and had no
anatomical abnormalities of the lumbar spine, femur,
or radius that could affect BMD measurements. A total
of 283 patients met these criteria and were included
in the final analysis.

Variables assessed in this study included sex, age,
education, occupation, body mass index (BMI), type
of ARD, disease duration, treatment history
(glucocorticoids, DMARDs, calcium, and vitamin D),
previous fracture history, parental fracture history,
smoking status, alcohol consumption, comorbidities
(including diabetes mellitus, hyperthyroidism, early
menopause, malnutrition or malabsorption, liver
disease, and kidney disease), and DXA results. All
collected data were processed using Microsoft Excel
and presented in frequency distribution tables.

RESULT

The total number of patients with autoimmune
rheumatic diseases (ARDs), including rheumatoid
arthritis (RA), systemic lupus erythematosus (SLE),
spondyloarthritis (SpA), and other ARDs such as
systemic sclerosis (SSc) and Sjogren’s syndrome, who
underwent DXA testing at Dr. Soetomo General
Academic Hospital between August 2023 and August
2024 was 317, of which 283 met the inclusion criteria.

As shown in Table 1, the mean bone mineral density
(BMD) values across skeletal regions demonstrated
the highest density at the lumbar vertebrae (1.000 *
0.171 g/cm?), followed by the right and left femoral
necks (0.802 * 0.144 g/cm? and 0.798 + 0.141
g/cm?, respectively). The lowest mean BMD was
observed at the radius (0.739 * 0.120 g/cm?),
suggesting a greater susceptibility to bone loss in
peripheral sites compared to axial regions.

TABLE 1: Distribution of Bone Mineral Density (BMD).

Region n Minimum Maximum Mean SD

Lumbar Vertebrae 280 0.537 1.892 1.000 0.171
Right Femoral (Neck) 278 0.367 1.218 0.802 0.144
Left Femoral (Neck) 279 0.423 1.228 0.798 0.141
Radius 196 0.303 0.995 0.739 1.120

SD: Standard Deviation.

Based on Table 2, among patients aged below 50
years, the majority (78.73%) exhibited normal bone
mineral density (BMD) values, while 21.27%
showed reduced BMD according to Z-scores.

The 41-49 year-old age group had the highest
proportion of patients with low or below the
expected range of BMD, indicating an early decline
in bone mass that may precede the postmenopausal
or elderly stage.
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TABLE 2:

DXA Test Results in Patients Aged <50 Years Using Z-Score.

Age Group Normal Range BMD % Low or Below Expected %
(<50 Years) (n=221) Range BMD (n=221)

0-10 Years 0 0.00 0 0.00
11-20 Years 15 6.79 6 2.71
21-30 Years 70 31.67 16 7.24
31-40 Years 43 19.46 7 3.17
41-49 Years 46 20.81 18 8.14
Total 174 78.73 47 21.27

Normal BMD: Z-score > -2.0 SD; Low or Below Expected Range BMD: Z-score < -2.0 SD.

Based on Table 3, among patients aged =50 years,
only 1.61% exhibited normal bone mineral density
(BMD), while the majority showed varying degrees
of bone loss. Osteoporosis was the most prevalent
condition (58.07%), followed by osteopenia

(27.42%) and severe osteoporosis (12.90%). The
highest proportion of osteoporosis was observed in
the 50-55-year age group, indicating that
substantial bone loss may begin early in the
postmenopausal period.

TABLE 3: DXA Test Results in Patients Aged =250 Years Using T-Score.

Age Group Ngll;anll)al o Osteopenia o Osteoporosis o Ostzf)v?)l::)sis o
(250 vears) "o 0 (n=62) ° (n=62) 0 (nf&) °
50-55 Years 1 1.61 9 14.52 13 20.97 2 3.23
56-60 Years 0 0.00 3 4.84 11 17.74 2 3.23
61-65 Years 0 0.00 3 4.84 6 9.68 2 3.23
66-70 Years 0 0.00 1 1.61 4 6.45 1 1.61
71-75 Years 0 0.00 1 1.61 2 3.23 0 0.00
>75 Years 0 0.00 0 0.00 0 0.00 1 1.61
Total 1 1.61 17 27.42 36 58.07 8 12.90

Normal BMD: T-score = -1.0 SD; Osteopenia: T-score between -1.0 and -2.5 SD; Osteoporosis: T-score < -2.5 SD;
Severe Osteoporosis: T-score < -2.5 SD with fragility fracture(s).

Based on Table 4, the mean age of patients was 38.35
+ 14.01 years, with most participants aged below 50
years (78.09%) and predominantly female
(95.76%). Low BMD was more prevalent among
patients aged 50 years and older (56.48%), whereas
younger patients mostly exhibited normal BMD

values. Most participants had “other” educational
backgrounds (83.04%) and were primarily
housewives (33.92%), suggesting that lower
physical activity and postmenopausal status may
contribute to bone density reduction.

TABLE 4: Demographic Characteristics.

Variable N=283 % 1(\11;):;1173.51) % %1‘1’;”15:[)[’ %
Age (Years) Mean+SD 38.35 + 14.01
<50 Years 221 78.09 174 99.43 47 43.52
250 Years 62 21.91 1 0.57 61 56.48
Sex
Male 12 4.24 5 2.86 7 6.48
Female 271 95.76 170 97.14 101 93.52
Education
Elementary School 1 0.35 0 0.00 1 0.93
Junior High School 6 212 5 2.86 1 0.93
Senior High School 31 10.95 25 14.28 6 5.56
Diploma/Bachelor 8 2.83 5 2.86 3 2.78
Master/Doctorate 2 0.71 1 0.57 1 0.93
Others 235 83.04 139 79.43 96 88.89
Occupation
Student 48 16.96 36 20.57 12 11.11
Housewife 96 33.92 45 25.71 51 47.22
Civil Servant 3 1.06 2 1.14 1 0.93
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Variable N=283 % 1(\11?:33.51) % '(‘r‘l’:"lgg[)') %
Occupation

Private Employee 71 25.09 50 28.57 21 19.44
Entrepreneur 6 2.12 5 2.86 1 0.93
Farmer 3 1.06 3 1.71 0 0.00
Others 56 19.79 34 19.43 22 20.37

Normal BMD: Z-score > -2.0 SD atau T-score = -1.0 SD; Low BMD: Z-score <-2.0 SD atau T-score < -1.0 SD.

Based on Table 5, the majority of patients were
diagnosed with systemic lupus erythematosus (SLE)
(72.79%), followed by spondyloarthritis (SpA)
(12.37%) and rheumatoid arthritis (RA) (7.77%).
The mean disease duration was 5.67 + 4.96 years,
with more than half of patients with low bone
mineral density (BMD) experiencing disease for
over five years (55.56%), suggesting a relationship

The mean body mass index (BMI) was 22.42 + 4.49
kg/m?, with most participants classified as having a
normal BMI (44.17%). Nearly all patients received
glucocorticoid therapy (95.05%), highlighting
prolonged steroid exposure as a major risk factor for
reduced BMD. A small proportion (3.89%) had a
history of fractures, while renal disease (39.93%)
was the most common comorbidity.

between chronic inflammation and bone loss.

TABLE 5: Clinical Characteristics.

Variable N=283 % (S % ovioe %
Type of ARD
RA 22 7.77 8 4.57 14 12.96
SLE 206 72.79 148 84.57 58 53.70
SpA 35 12.37 13 7.43 22 20.37
Others (SSc & Sjogren” Syndrome) 20 7.07 6 3.43 14 12.96
Disease Duration (Years) Mean+SD 5.67 +4.96
<1 Year 23 8.13 17 9.71 6 5.56
1-3 Years 78 27.56 57 32.57 21 19.44
3-5 Years 56 19.79 35 20.00 21 19.44
>5 Years 126 44.52 66 37.71 60 55.56
BMI (kg/m?) Mean+SD 22.42 +4.49
Underweight 47 16.61 28 16.00 19 17.59
Normal 125 4417 79 45.14 46 42.59
Overweight 73 25.79 43 24.57 30 27.78
Obese 38 13.43 25 14.29 13 12.04
Medication History
Glucocorticoids 269 95.05 172 98.28 97 89.81
DMARDs 148 52.30 88 50.29 54 50.00
Calcium 264 91.60 161 92.00 103 95.37
Vitamin D 64 22.61 38 21.71 26 24.07
Smoking
Yes 7 2.47 3 1.71 4 3.70
No 276 97.53 172 98.29 104 96.30
History of Fracture
Yes 11 3.89 1 0.57 10 9.26
No 272 96.11 174 99.43 98 90.74
Parental History of Fracture
Yes 0 0.00 0 0.00 0 0.00
No 283 100.00 283 100.00 283 100.00
Comorbidities
Diabetes Mellitus 14 4.95 5 2.86 9 8.33
Hyperthyroidism 8 2.83 7 4.00 1 0.93
Malabsorption/Malnutrition 81 28.62 55 31.43 26 24.07
Liver Disease 10 3.53 4 2.29 6 5.56
Kidney Disease 113 39.93 79 45.14 34 31.48
Others 80 28.27 41 23.43 39 36.11

BMI: Body Mass Index; Underweight: < 18.5 kg/m? Normal: 18.5 - 23 kg/m? Overweight: 23 - 27.5 kg/m%

Obese: > 27.5 kg/m?
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Based on Table 6, patients with SLE constituted the
largest group experiencing reduced bone mineral
density (53.70%), followed by those with SpA
(20.37%) and RA (12.96%). The majority of patients
with low BMD were aged 250 years, particularly in
the RA (78.57%) and SpA (90.91%) groups. Most
patients were female across all autoimmune
rheumatic disease (ARD) types. In terms of disease
duration, over half of SLE (68.97%) and RA (50%)
patients had been diagnosed for more than five
years, suggesting a cumulative effect of chronic

inflammation and prolonged therapy on bone loss.
The normal BMI category predominated across
groups, with a tendency toward overweight and
obesity among SpA patients. Nearly all SLE and other
ARD patients received glucocorticoids, and calcium
supplementation was also frequent (=85%).
Notably, fracture history was more common in SpA
patients (27.27%), while renal disease (55.17%)
was the most prevalent comorbidity among SLE
patients with low BMD.

TABLE 6: Characteristics in Patients with Autoimmune Rheumatic Diseases
Experiencing Reduced Bone Mineral Density.

. RA SLE SpA Others
Variable (n=14) % (n=58) % (111)=22) % (n=14) %
Age
<50 Years 3 21.43 37 63.79 2 9.09 5 35.71
=50 Years 11 78.57 21 36.21 20 9091 9 64.29
Sex
Male 0 0.00 2 3.45 2273 0 0.00
Female 14 100.00 56 96.55 17 77.27 14 100.00
Education
Elementary School 0 0.00 0 0.00 1 4.55 0 0.00
Junior High School 0 0.00 1 1.72 0 0.00 0 0.00
Senior High School 1 7.14 1 1.72 1 4.55 3 21.43
Diploma/Bachelor 2 14.29 0 0.00 0 0.00 1 7.14
Master/Doctorate 1 7.144 0 0.00 0 0.00 0 0.00
Others 10 71.43 56 96.55 20 9091 10 71.43
Occupation
Student 0 0.00 11 1897 1 4.55 0 0.00
Housewife 6 42.86 26 4483 10 4545 9 64.29
Civil Servant 1 7.14 0 0.00 0 0.00 0 0.00
Private Employee 0 0.00 12 2069 6 27.27 3 21.43
Entrepreneur 0 0.00 1 1.72 0 0.00 0 0.00
Farmer 0 0.00 0 0.00 0 0.00 0 0.00
Others 7 50.00 8 13.79 5 2273 2 14.29
Disease Duration
<1 Year 0 0.00 2 3.45 4 1818 0 0.00
1-3 Years 7 50.00 8 13.79 3 13.64 3 21.43
3-5 Years 0 0.00 8 13.79 5 22.73 8 57.14
>5 Years 7 50.00 40 68.97 10 4545 3 21.43
BMI
Underweight 1 7.14 15 2586 2 9.09 1 7.14
Normal 6 42.86 22 3793 8 3636 10 71.43
Overweight 7 50.00 16 2757 5 2273 2 14.29
Obese 0 0.00 5 8.62 7 3182 1 7.14
Medication History
Glucocorticoids 10 71.43 58 100.00 15 68.18 14 100.00
DMARDs 14 100.00 20 3448 16 7272 4 28.57
Calcium 14 100.00 56 96.55 17 77.27 12 85.71
Vitamin D 3 21.43 13 2241 4 18.18 6 42.86
Smoking
Yes 0 0.00 1 1.72 4 1818 0 0.00
No 14 100.00 57 98.28 18 8182 14 100.00
Alcohol
Yes 0 0.00 1 1.72 0 0.00 0 0.00
No 14 100.00 57 98.28 22 100.00 14 100.00
History of Fracture
Yes 1 7.14 1 1.72 6 27.27 1 7.14
No 13 92.86 57 98.28 16 7273 13 92.86
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. RA SLE SpA Others
Variable (n=14) % (n=58) % (rl:=2 2) % (n=14) %
Parental History of Fracture
Yes 0 0.00 0 0.00 0 0.00 0 0.00
No 14 100.00 58 100.00 22 100.00 14 100.00
Comorbidities
Diabetes Mellitus 3 21.43 1 1.72 4 18.18 1 7.14
Hyperthyroidism 0 0.00 3.45 2 9.09 1 7.14
Malabsorption/ 3 2143 17 2931 3 1364 1 7.14
Malnutrition
Liver Disease 0 0.00 3 5.17 1 4.55 1 7.14
Kidney Disease 0 0.00 32 55.17 2 9.09 0 0.00
Others 2 14.29 19 3256 9 4091 6 42.86

Based on Table 7, the majority of patients received
methylprednisolone at a dose of 4 mg/day (81.14%
in the normal BMD group and 71.30% in the low
BMD group), indicating that low to moderate
glucocorticoid doses were commonly prescribed.
Among disease-modifying antirheumatic drug
(DMARD) users, methotrexate at 10-12.5 mg/week

was the most frequently used regimen, while
cyclosporine and azathioprine were less commonly
administered. Most patients also received calcium
supplementation (500 mg/day in 82.86%) and
vitamin D (1000 IU/day in 20.57%), reflecting
standard preventive measures aimed at maintaining
bone health during long-term therapy.

TABLE 7: Daily Dosage of Medications.

Medication Regimen

Nomal BMD (n=175)

Low BMD (n=108)

(Dosage) N n % n %
Glucocorticoids 269
Methylprednisolone
1x 2 mg/day 12 6 3.43 6 5.56
1 x4 mg/day 219 142 81.14 77 71.30
1x 6 g/day 4 4 2.29 0 0.00
1x 8 mg/day 23 15 8.57 8 7.41
1x 10 mg/day 1 0 0.00 1 0.93
2 x 16 mg/day 1 1 0.57 0 0
3x 16 mg/day 3 1 0.57 2 1.86
Prednisolone
1x 5 mg/day 5 1.71 2 1.86
3 x5 mg/day 1 1 0.57 0 0.00
DMARDs 148
Methotrexate
1x 5 mg/week 2 2 1.14 0 0.00
1x 7.5 mg/week 2 0 0.00 2 1.86
1x 10 mg/week 16 11 6.29 5 4.63
1x12.5 mg/week 19 11 6.29 8 7.41
1x 15 mg/week 1 0 0.00 1 0.93
1x22.5 mg/week 1 0 0.00 1 0.93
Cyclosporine
1x 25 mg/day 8 5 2.83 3 2.78
1 x50 mg/day 4 0 0.00 4 3.70
2 x 25 mg/day 21 16 9.14 5 4.63
2 x50 mg/day 15 12 6.86 3 2.78
Azathioprine
1x 25 mg/day 3 2 1.14 1 0.93
1x50 mlg/day 8 6 3.43 2 1.86
2 x 25 mg/day 10 9 5.14 1 0.93
2 x50 mg/day 21 11 6.29 10 9.26
Sulfasalazine
1x 500 mg/day 1 0 0.00 1 0.93
2x 500 mg/day 5 2 1.14 3 2.78
3x500 mg/day 1 1 0.57 0 0.00
2x 1000 mg/day 2 1 0.57 1 0.93
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Medication Regimen Nomal BMD (n=175) Low BMD (n=108)

N

(Dosage) n % n %
Leflunomide
1 x 20 mg/day 8 6 3.43 2 1.86
Calcium
1x 500 mg/day 226 145 82.86 81 75.00
2x500 mg/day 33 14 8.00 19 17.59
3x 500 mg/day 5 2 1.14 3 2.78
Vitamin D
1x400IU/day 1 1 0.57 0 0.00
1x 1000 IU/day 61 36 20.57 25 23.15
1x2000 IU/day 1 1 0.57 0 0.00
1x 5000 1U/day 1 0 0.00 1 0.93
Based on Table 8, most patients (91.52%) received a a higher proportion of low BMD (40%), suggesting a
cumulative glucocorticoid dose of less than 5 g per potential dose-dependent effect of long-term
year, with 35.91% of them exhibiting low BMD. In glucocorticoid exposure on bone mineral density.

contrast, patients receiving =5 g/year demonstrated

TABLE 8: Annual Cumulative Glucocorticoid Doses.

Category n Normal BMD % Low BMD %

> 5 g/year 10 6 60.00 4 40.00

<5g/year 259 166 64.09 93 3591
Based on Table 9, the distribution of total 18.25 g had the highest proportion of low BMD
cumulative glucocorticoid doses among patients (58.7%), compared to 27.42% and 32.92% in the
with autoimmune rheumatic diseases (ARDs) at Dr. lower dose groups. These finding indicates a strong
Soetomo General Academic Hospital showed that association between higher cumulative
the mean + SD in patients with low bone mineral glucocorticoid exposure and reduced bone mineral

density (BMD) was 11.84 *+ 9.67 g. Patients with a density among patients with ARDs.
total cumulative glucocorticoid dose exceeding

TABLE 9: Total Cumulative Glucocorticoid Doses.

Category n  Normal BMD % Low BMD %

<365¢g 62 45 72.58 17 27.42

>3.65gand<1825g 161 108 67.08 53 32.92

>1825¢g 46 19 41.30 27 58.70
Based on Table 10, patients receiving high-dose These findings suggests that prolonged exposure to
glucocorticoid therapy (=5 g/year and 230 mg/day) high-dose glucocorticoids contributes to an
exhibited a higher proportion of low BMD (44.44%) increased risk of bone mineral density reduction.

compared to those on lower daily doses (34.00%).

TABLE 10: History of High Daily and Cumulative Glucocorticoid Doses.

Category n  Normal BMD % Low BMD %

> 5 g/year and = 30 mg/day 9 5 55.56 4 44.44

=30 mg/day 50 33 66.00 17 34.00
DISCUSSION
Distribution of Bone Mineral Density (BMD) This pattern aligns with the findings of Themeli et
Among 283 patients with autoimmune rheumatic al. (2021), which reported that lumbar vertebrae
diseases (ARDs), including rheumatoid arthritis are the most commonly assessed region in DXA
(RA), systemic lupus erythematosus (SLE), measurements, followed by the femoral neck and
spondyloarthritis (SpA), and other ARDs such as the radius [17]. The lumbar vertebrae are typically
systemic sclerosis (SSc) and Sjogren’s syndrome, selected as the primary site due to their high
bone mineral density (BMD) measurements using proportion of metabolically active trabecular bone,
DXA were performed at the lumbar vertebrae making them particularly sensitive to disease-
(n=280), right femoral neck (n=278), left femoral related and treatment-induced bone changes [18].

neck (n=279), and radius (n=196).
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The femoral neck and total hip regions are standard
sites for evaluating fracture risk, especially in
elderly populations, whereas the radius serves as
an alternative site when central measurementis not
feasible, such as in cases of vertebral fracture,
spinal surgery, or hip arthroplasty [18,19].

The mean lumbar BMD in this study was 1.000 *
0.171 g/cm?, indicating relatively low variability.
The right femoral neck showed a mean BMD of
0.802 + 0.144 g/cm? while the left femoral neck
demonstrated a comparable mean of 0.798 + 0.141
g/cm?. The radius exhibited the lowest mean BMD
(0.739 + 0.120 g/cm?), suggesting greater
susceptibility to bone loss at peripheral skeletal
sites. These findings are consistent with Cvijeti¢ et
al. (2011), who reported mean BMD values of 1.088
+0.186 g/cm? (lumbar spine), 0.887 + 0.124 g/cm?
(femur), and 0.618 * 0.108 g/cm? (radius) among
ARD patients [20]. Although the absolute values
differ slightly, the distribution pattern remains
consistent, with the lumbar spine exhibiting the
highest BMD and the radius the lowest. These
differences may be attributed to variations in
population characteristics, disease type, or disease
severity.

The higher lumbar BMD is likely due to the
predominance of trabecular bone, which undergoes
faster turnover and is more responsive to metabolic
and hormonal influences, including estrogen. In
contrast, long-term glucocorticoid exposure in ARD
patients primarily affects trabecular bone but can
progressively lead to cortical bone thinning,
explaining the lower BMD observed at the radius
[21,22]. The similarity between right and left
femoral BMD values (0.802 + 0.144 g/cm? vs. 0.798
+ 0.141 g/cm?) indicates bilateral symmetry,
consistent with Kim et al. (2023), who found no
significant inter-side differences in individuals
without unilateral orthopedic history [23].
Importantly, femoral neck BMD remains a key
predictor of hip fracture risk, a major complication
of osteoporosis [24].

Nevertheless, interpretation of lumbar BMD
requires caution due to possible overestimation
caused by degenerative changes such as
osteophytes, ligament calcification, or scoliosis
[25]. Technical factors, including DXA calibration,
patient positioning, and interoperator variability,
may also influence measurement accuracy.
Inadequate calibration can introduce systematic
bias, particularly when DXA devices are used long-
term without regular standardization [26].

DXA Test Results in Patients Aged <50 Years
Using Z-Score.

The bone densitometry (DXA) assessment using Z-
scores among autoimmune rheumatic disease
(ARDs) patients aged below 50 years in this study
demonstrated that the majority of patients had
normal BMD (78.73%), while the remaining
21.27% had BMD values below the age-matched
average. The age group of 21-30 years exhibited the

highest proportion of patients with normal BMD
(31.67%), whereas those aged 41-49 years had the
highest proportion of patients with low or below
the expected range of BMD (8.14%). This
distribution indicates that although most patients
under 50 years maintain normal bone density, a
notable proportion already shows reduced BMD,
particularly among individuals approaching 50
years of age. These findings suggest that bone loss
may begin relatively early in patients with ARDs.

This observation aligns with the study by Hu et al.
(2020), which reported that among patients with
RA, SLE, and SSc, the percentages of patients with
normal BMD were 77.6%, 60.4%, and 64.3%,
respectively, while those with below average BMD
were 22.4%, 39.6%, and 35.7%. Although specific
age data were not detailed, these findings indicate
that a considerable proportion of ARD patients
experience decreased BMD even at a younger age,
with variability depending on the specific
autoimmune condition [27]. Supporting evidence
from Khiabani et al. (2023) also demonstrated that
younger SLE patients, particularly those with active
disease and prolonged glucocorticoid exposure,
showed significantly lower BMD compared to
healthy controls, even before menopause [28].

The use of Z-score for patients under 50 years old
carries several important limitations. The Z-score
compares an individual’s BMD to the average value
of an age- and sex-matched reference population
but does not directly assess fracture risk, unlike the
T-score [29,30]. In children and young adults, bone
size and growth status significantly influence BMD
measurements, and  without  appropriate
adjustments for height or skeletal maturity, the Z-
score may yield inaccurate classifications [31].
Furthermore, variations in the reference
population used by different DXA machines may
affect the interpretation of Z-scores, particularly
when reference data do not accurately represent
local population characteristics. This limitation can
result in underestimation or overestimation of a
patient’s true bone density status [32].

DXA Test Results in Patients Aged =50 Years
Using T-Score

The bone densitometry (DXA) assessment using T-
scores among autoimmune rheumatic disease
(ARDs) patients aged 250 years at Dr. Soetomo
General Academic Hospital demonstrated a varied
distribution. Only one patient (1.61%) presented
with normal bone density, while 17 patients
(27.42%) were classified as osteopenic, 36 patients
(58.06%) as osteoporotic, and 8 patients (12.90%)
as having severe osteoporosis. The most common
fracture site was the vertebrae (6 patients),
followed by the symphysis pubis (1 patient), femur
(1 patient), humerus (1 patient), and wrist (1
patient).

These findings are consistent with the study by Hu
et al. (2020), which reported that in patients with
RA, SLE, and SSc, the proportions of normal BMD
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were 3.8%, 7.0%, and 5.1%, respectively;
osteopenia was observed in 34.1%, 37.0%, and
35.9%; and osteoporosis in 56.1%, 47.0%, and
56.4%. Severe osteoporosis was reported in 6.0%,
9.0%, and 2.6% of patients, respectively [33].
Although the proportions vary, these results
consistently indicate a high prevalence of
osteopenia and osteoporosis among autoimmune
rheumatic disease patients aged =50 years.

Supporting evidence from Hu et al. (2021)
demonstrated that RA patients have nearly twice
the risk of osteoporosis compared to the general
population, with risk increasing with age [33].
Similarly, Zhu et al. (2014) found that female SLE
patients, with a mean age of 46.5 years, showed
significant BMD reduction, particularly at the
femoral neck and total hip, especially in those with
a history of active disease or long-term
glucocorticoid use [34]. The highest proportion of
osteoporosis was observed in patients aged 50-55
years, suggesting that substantial bone loss occurs
early in the elderly phase.

Among the eight patients with severe osteoporosis,
vertebral fractures predominated (six cases),
followed by fractures at the symphysis pubis,
femur, humerus, and wrist (one case each). The
predominance of vertebral fractures aligns with
epidemiological evidence showing that vertebral
fractures are the most common osteoporotic
fractures globally, accounting for nearly half of all
cases [35]. These fractures frequently occur in
elderly women and are associated with increased
morbidity, mortality, and healthcare burden. The
vertebrae are highly susceptible to osteoporotic
fractures due to their trabecular composition,
which is metabolically active and prone to rapid
bone loss, combined with substantial mechanical
loading during weight bearing. Furthermore,
vertebral fractures often remain asymptomatic or
present with mild back pain, leading to delayed
diagnosis and progressive structural deterioration,
which increases the risk of subsequent fractures
[36,37].

Despite its diagnostic utility, the T-score has
limitations. It assesses bone density only at specific
anatomical sites (typically the femoral neck) and
does not account for non-BMD factors such as bone
microarchitecture, cortical thickness, medication
effects (e.g., glucocorticoids), or fracture history
that contribute to bone fragility [38]. Moreover,
variations in ethnicity, sex, and body mass may
affect T-score interpretation, particularly when
reference data are not representative of the local
population [39].

Demographic Characteristics

Age is a nonmodifiable risk factor for bone mineral
density (BMD) reduction in the general population,
and this risk is further amplified in patients with
autoimmune rheumatic diseases (ARDs) [40]. In the
present study, among 283 patients with ARDs,
including SLE, RA, SpA, SSc, and Sjogren’s syndrome,

most were aged <50 years (n = 221; 78.09%), of
whom 174 patients (99.43%) had normal BMD
values. Conversely, among 62 patients aged =50
years (21.91%), only one (0.57%) had normal BMD,
whereas the remaining 61 (56.48%) exhibited
reduced bone density. These findings are consistent
with previous studies. Xia et al. (2019) reported a
45%  prevalence of low BMD among
postmenopausal autoimmune patients, and Zhang et
al. (2020) found that 41.1% of male patients aged
=250 years and 50.8% of postmenopausal women
had lumbar spine osteoporosis [41,42].

Female patients predominated in this cohort
(95.76%). Among those with normal BMD, 97.14%
were female, while in the low BMD group, 93.52%
were female. Although men constituted only 4.24%
of all patients, the proportion of males with reduced
BMD was slightly higher. This finding aligns with the
known female predominance in ARDs such as SLE
and Sjogren’s syndrome, where the female-to-male
rasio is approximately 9:1. RA is also more common
in women, who are two to three times more
susceptible than men [43]. Women also exhibited
lower mean bone density (T-score: -2.33 + 1.14 vs.
-1.31 + 1.55; p < 0.001), likely due to smaller bone
size, lower bone mass reserves, and accelerated
bone resorption resulting from decreased estrogen
levels postmenopause, as estrogen plays a key role
in inhibiting osteoclast activity [44].

Education level also appeared to influence BMD
outcomes. Among patients with reduced BMD
(n=108), most fell under the “other” category
(88.9%), likely representing those with non-formal
education or unrecorded data. Only a small
proportion had formal education: high school
(5.56%), higher education (2.78%), and middle or
primary school (0.93% each). In contrast, among
those with normal BMD (n=175), 14.28% completed
high school and 2.86% held higher education degrees.
This pattern suggests an association between low
education levels and increased BMD reduction risk, as
individuals with lower education often have limited
access to health information, including nutritional
awareness related to calcium and vitamin D intake
[45]. Zhang et al. (2023) similarly reported that lower
socioeconomic and educational status correlates with
poorer nutritional and bone health [46].

Occupational data showed that most patients with
reduced BMD were housewives (47.22%), followed
by private employees (19.44%) and students
(11.11%). This finding is consistent with the study
by Din and Hashmi (2020), who reported that 46.5%
of osteoporosis patients were housewives [47]. The
high prevalence in these groups may be attributed to
low physical activity levels, limited sunlight
exposure, chronic stress, and suboptimal dietary
patterns, all of which contribute to bone mass loss
[48]. Furthermore, hormonal factors, particularly
estrogen decline during menopause, accelerate bone
resorption and inhibit bone formation, thereby
significantly reducing bone mass and increasing
osteoporosis risk among women [49].
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Clinical Characteristics

Among patients with normal bone mineral density
(BMD) (n=175), the majority were diagnosed with
SLE (84.57%), followed by SpA (7.43%), RA
(4.57%), and other ARDs (SSc/Sjogren’s syndrome)
(3.43%). In contrast, among patients with reduced
BMD (n=108), the distribution was more balanced,
with SLE accounting for 53.70%, SpA 20.37%, RA
12.96%, and SSc/Sjogren’s syndrome 12.96%.
These findings differ from those of Hu et al. (2020),
who reported that 77.6% of RA, 60.4% of SLE, 64.3%
of SSc, and 46.1% of AS patients had normal BMD,
while 22.4%, 39.6%, 35.7%, and 53.9% respectively,
showed reduced BMD [27]. The variation arises
from methodological differences; this study
categorized patients based on BMD status before
identifying disease distribution, while Hu et al.
(2020) analyzed each disease separately by BMD
status. Additionally, differences in sample size, age,
disease duration, glucocorticoid use, and BMI likely
contributed to the discrepancy. Gilboe et al. (2000)
reported that BMD in SLE patients is strongly
influenced by corticosteroid exposure and chronic
organ damage related to disease duration and
activity [50].

A study conducted in Mumbai demonstrated a
significant decrease in spinal, femoral, and hip BMD
with longer RA duration (p < 0.05) [51]. Similarly, in
the present study, 55.56% of patients with reduced
BMD had been diagnosed for more than five years.
Disease-related factors such as elevated serum
tumor necrosis factor-a (TNF-a), interleukin-6 (IL-
6), and interleukin-1 (IL-1) promote bone
resorption and inhibit bone formation [41].

Regarding body mass index (BMI), most patients
with normal BMD (45.14%) and those with reduced
BMD (42.59%) had a normal BMI, followed by
overweight (27.78%), underweight (17.59%), and
obese (12.04%) categories. These findings differ
from El-Sherbiny et al. (2021), who reported that
obesity and overweight were more prevalent among
SLE patients and were associated with higher
osteoporosis and osteopenia rates compared to
those with normal BMI (osteoporosis: 35.2%,
22.2%, and 20.0%; osteopenia: 35.2%, 38.9%, and
16.7%, respectively) [52]. Similarly, Baba et al.
(2023) found that in RA patients, 21.9% were obese,
31.5% overweight, and 2.3% underweight, with
osteoporosis observed in 38.4%, showing a negative
correlation between BMI and osteoporosis risk [53].
These discrepancies may stem from ethnic and
racial variations, as body composition, fat
distribution, and metabolism factors differ among
populations, influencing osteoporosis risk [54].

Glucocorticoids (GCs), which are frequently
prescribed for RA, SLE, SpA, and SSc, are well known
to reduce bone density and increase fracture risk,
particularly in trabecular bone, when used long term
[55]. Shinoda and Taki (2021) reported that 63.8%
of autoimmune patients continued GC therapy, with
the risk of osteoporosis increasing in proportion to
cumulative dose and treatment duration [56].

In contrast, in the present study, 95.05% (269
patients) had a history of GC use, and among those
with reduced BMD, 89.81% (97 patients) were GC
users. This discrepancy may be explained by
differences in disease severity, treatment adherence,
or sample characteristics.

Traditional DMARDs, such as methotrexate,
sulfasalazine, and hydroxychloroquine, have been
shown to exert protective effects on BMD by
reducing systemic inflammation. Biologic DMARDs,
including TNF inhibitors, IL-6 inhibitors, abatacept,
and rituximab, demonstrate variable impacts on
BMD preservation, which may depend on factors
such as vitamin D status and disease control [55]. In
this study, 50% of patients with low BMD and
50.29% with normal BMD were receiving DMARDs
therapy. This suggests that, although DMARDs are
effective in suppressing inflammation, they do not
necessarily prevent bone loss in all patients.

Adami et al. (2019) reported that approximately
45% of patients with ARDs, particularly those with
RA, received both calcium and vitamin D
supplementation [55]. In contrast, vitamin D use in
this study was low, only 24.07% among those with
reduced BMD, indicating limited awareness or
suboptimal implementation of supplementation
strategies. Calcium supplementation, however, was
more prevalent, with 91.6% of all patients and
95.37% of those with reduced BMD reporting
regular calcium intake. A previous study in SLE
patients demonstrated that six months of combined
calcium and vitamin D supplementation led to
improvements in bone density, although it did not
significantly affect disease activity [57].

Smoking negatively impacts bone metabolism by
suppressing osteoblast differentiation and enhancing
osteoclast activity, resulting in decreased BMD and
increased risk of osteoporosis and mortality [58].
Among patients with reduced BMD (n = 108), 3.7%
had a history of smoking, compared with 1.71%
among those with normal BMD. These findings align
with Hafez et al. (2011), who reported that 33.3% of
RA patients with osteoporosis were smokers versus
8.3% without osteoporosis (p = 0.2), suggesting no
statistically significant causal relationship between
smoking and osteoporosis risk [59].

Chronic alcohol consumption disrupts bone
homeostasis by enhancing osteoclastic activity and
suppressing osteoblastic function, contributing to
lower BMD and increased fracture risk [60]. In this
study, none of the patients with normal BMD
consumed alcohol, while only one (0.93%) of those
with reduced BMD reported alcohol use. This finding
is consistent with Khiyali et al. (2024), who noted
that alcohol consumption was more common in
osteoporotic patients, though at very low rates,
likely due to religious and cultural restrictions in
Indonesia [61].

Of the 108 patients with reduced BMD, 10 (9.26%)
had a history of fractures, compared with only one
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(0.57%) in the normal BMD group. This confirms the
well-established pathophysiological association
between BMD loss and fragility fractures [62].
Similar findings were reported in Korea, where 19 of
127 SLE patients with osteoporosis had fractures,
and in RA patients, 16.9% had osteoporotic
fractures [63,64].

Parental fracture history is a recognized independent
risk factor for osteoporosis and fragility fractures
[65]. In this study, no patients, regardless of BMD
status, reported a parental history of fractures (0%),
differing from Kuru et al. (2015), who found that
12.5% of parents of osteoporotic patients had hip
fractures [66]. This discrepancy may reflect
incomplete family history data or recall bias.

Comorbidities associated ~ with  secondary
osteoporosis were also prevalent among patients
with low BMD. The most frequent were
hypertension and cardiovascular diseases (36.11%),
followed by renal disorders (31.48%), malnutrition
or malabsorption (24.07%), diabetes (8.33%), liver
disease (5.56%), and hyperthyroidism (0.93%).
These findings are consistent with Zhang et al.
(2020), who reported that RA patients with low
BMD frequently had hypertension (21.9%), diabetes
(8.9%), and hyperthyroidism (2.3%) [42]. Mir et al.
(2017) further noted that 31.6% of CKD patients had
osteoporosis [67]. The Indonesian Rheumatology
Association (2020) also emphasized that chronic
kidney disease is a common comorbidity in
rheumatic patients and significantly increases
osteoporosis risk [68]. Routine renal monitoring is
therefore recommended in managing rheumatic
patients at risk of osteoporosis.

Characteristics in Patients with ARD Experiencing
Reduced Bone Mineral Density (BMD)

In this study, the majority of rheumatoid arthritis
(RA) patients with reduced bone mineral density
(BMD) were aged 250 years (78.57%), and all were
female. Most had an overweight body mass index
(BMI) (50%) and a disease duration exceeding five
years (50%). All patients received disease-
modifying antirheumatic drugs (DMARDs) and
calcium supplementation, while glucocorticoid use
was observed in 71.43% of patients. A history of
fracture, alcohol consumption, smoking, and
comorbidities contributing to osteoporosis was found
in a small proportion of cases. Uysal et al. (2025)
reported that the combination of DMARDs and
glucocorticoids leads to greater BMD loss [69].
Conversely, Ketabforoush et al. (2023) demonstrated
that RA patients are at risk of developing osteoporosis
regardless of glucocorticoid or DMARD use.
Demographic factors (e.g.,, older age and female sex)
and disease-related parameters (such as DAS-28 and
positive CRP levels) were associated with BMD
reduction [70]. Studies investigating the impact of
obesity on RA outcomes noted that overweight and
obese BMI categories influence treatment persistence
and inflammatory processes [71]. These findings
align with the present study, in which many RA
patients with low BMD were overweight.

Among patients with systemic lupus erythematosus
(SLE) who exhibited decreased BMD, most were
aged <50 years (63.79%) and female (96.55%). The
majority had a normal BMI (37.93%) and a disease
duration exceeding five years (68.97%). All patients
received  glucocorticoids, nearly all were
supplemented with calcium (96.55%), and a minority
alsoreceived vitamin D. The most common secondary
osteoporosis risk factors were renal disease (55%)
and malnutrition or malabsorption (29.31%). These
findings are consistent with the study by Zhou and
Chai (2025), which indicated that younger age and
the presence of comorbidities are significant risk
factors for osteonecrosis in SLE patients [72]. Xu and
Wu (2024) further stated that SLE increases
osteoporosis risk through direct effects on bone
metabolism and remodeling, ultimately leading to
reduced bone mass [73]. Another contributing
mechanism involves corticosteroid therapy, which
negatively affects bone balance. In addition, renal
involvement in SLE can induce secondary
hyperparathyroidism, enhance osteoclastic bone
resorption, and decrease the synthesis of 1,25(0H),D,
all of which contribute to bone loss. Limited physical
activity and reduced sunlight exposure in SLE
patients further exacerbate BMD reduction [73].

In the spondyloarthritis (SpA) group with low BMD,
most patients were aged =50 years (90.91%), with a
higher proportion of males (22.73%) compared to
other rheumatic diseases. The most common BMI
categories were normal (36.36%) and obese
(31.82%), with disease duration exceeding five
years in 45.45% of patients. Most patients received
glucocorticoids, DMARDs, and calcium therapy. A
history of fractures was most frequently observed in
this group (27.27%), along with comorbid diabetes
and hyperthyroidism in some cases. Several studies
have shown that male SpA patients generally
experience faster radiological progression and more
severe spinal damage than females. Moreover, men
with SpA have a higher risk of low BMD and
osteoporosis, particularly at younger ages or in the
early disease stages, with reports indicating up to a
fourfold greater risk of low BMD compared to
women [74,75]. Ceolin et al. (2025) similarly
reported that glucocorticoids, DMARDs, and calcium
are the most commonly prescribed therapies in SpA
patients, emphasizing the high proportion of
individuals with fracture history and comorbidities
such as diabetes and hyperthyroidism [76].

Among patients in the “other” category (systemic
sclerosis and Sjogren’s syndrome) who presented
with reduced BMD, most were aged 250 years
(64.29%), and all were female. The majority had a
normal BMI (71.43%) and a disease duration of 3-5
years (57.14%). All patients were treated with
glucocorticoids, and most received calcium
supplementation. Secondary risk factors identified
included diabetes mellitus, hyperthyroidism, and
liver disease, each with a low proportion. According
to Both et al. (2016), most primary Sjogren’s
syndrome patients are female and aged over 50
years, exhibiting variable BMD results [77].
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Shi et al. (2025) noted that Sjogren’s syndrome
patients have an increased risk of osteoporosis due
to chronic inflammation, glucocorticoid therapy, and
vitamin D deficiency [78]. Regarding systemic
sclerosis, previous studies have demonstrated a
high prevalence of low BMD and osteoporosis,
particularly among postmenopausal women, with
many patients showing vitamin D deficiency and
comorbidities such as diabetes, hyperthyroidism,
and liver disease, which contribute to secondary
osteoporosis risk [79,80].

Daily Dosage of Medications

Based on Table 2, In this study, the most frequently
used methylprednisolone regimen was 4 mg once
daily, prescribed to 142 patients with normal BMD
(81.14% of users) and 77 patients with low BMD
(71.30%). The 8 mg once-daily regimen was used by
15 patients with normal BMD (8.57%) and 8 with
low BMD (7.41%). Other regimens of 2 mg, 5 mg, 6
mg, and 10 mg monotherapy provide inadequate
protection and should be complemented with
vitamin D or antiresorptive therapy. They were used
by only one patient with normal BMD and none with
low BMD.

Glucocorticoids contribute to bone mineral density
(BMD) loss by inhibiting osteoblast activity,
stimulating osteoclast function, reducing intestinal
calcium absorption, and increasing renal calcium
excretion. These mechanisms promote osteoporosis
and fracture risk, particularly at doses = 2.5-7.5 mg
prednisone equivalent daily for = 3 months [81,82].
American College of Rheumatology (ACR) guidelines
(2022/2023) recommend osteoporosis risk
assessment and prophylactic calcium, vitamin D,
and/or antiresorptive therapy for long-term users.
Findings from this study align with these
recommendations, as BMD reduction occurred
across various regimens, including the most
common low dose (4 mg/day). Although a dose-
response relationship could not be established, the
pattern  supports  evidence that chronic
glucocorticoid exposure, even at low doses, can
induce bone loss [21,83].

Methotrexate (MTX) 10 mg weekly was used by 11
patients with normal BMD (6.29%) and 5 with low
BMD (4.63%), while the 12.5 mg weekly regimen
was prescribed to 11 patients with normal BMD
(6.29%) and 8 with low BMD (7.41%). Other
dosages were less frequent. Low to moderate MTX
doses (7.5-25 mg/week) are generally considered
safe for bone, with most studies reporting neutral or
protective effects when disease activity is well
controlled [84,85]. In this study, similar proportions
of normal and low BMD among MTX users suggest
that bone loss may be influenced by other factors,
such as glucocorticoid exposure, disease activity,
aging, or vitamin D deficiency [86].

Cyclosporine 25 mg twice daily was prescribed to 16
patients with normal BMD (9.14%) and 5 with low
BMD (4.63%), while 50 mg twice daily was used by
12 and 3 patients, respectively.

Typical doses for rheumatic diseases range from 2.5
to 5 mg/kg/day, whereas higher doses (> 5
mg/kg/day) used in transplant patients are linked to
bone loss and fracture risk [87]. At lower
rheumatologic doses, findings are inconsistent.
Experimental studies still suggest potential adverse
skeletal effects, though clinical relevance remains
uncertain [88]. The current findings are consistent
with literature, as most cyclosporine users
maintained normal BMD.

Azathioprine 50 mg twice daily was used by 11
patients with normal BMD (6.29%) and 10 with low
BMD (9.26%). Evidence on its skeletal impact
remains mixed; while some studies report no
adverse effects and even steroid-sparing benefits in
chronic inflammatory disease, others suggest an
increased fracture risk [89,90].

Sulfasalazine 500 mg twice daily was used by 2
patients with normal BMD (1.14%) and 3 with low
BMD (2.78%). Data on sulfasalazine’s impact on
bone are limited. One study in men with rheumatoid
arthritis found an association with lower BMD,
although causality is uncertain and likely reflects
more severe disease. Other research found no
significant link with fracture risk [91,92].

Leflunomide was prescribed to 8 patients, 6 with
normal BMD (3.43%) and 2 with low BMD (1.86%).
Prior studies in rheumatoid arthritis suggest
leflunomide has a neutral or even beneficial effect on
BMD, particularly in osteoporotic patients [93].
These results are consistent with this study, where
most leflunomide users had normal BMD, though the
sample size was small.

Calcium supplementation ranged from 500 to 1500
mg/day, with 500 mg once daily being most
common, used by 82.86% of patients with normal
BMD and 75.00% with low BMD. The twice-daily
regimen was used by 8.00% and 17.59%, and the
thrice-daily regimen by 1.14% and 2.78%,
respectively. Vitamin D doses varied between 400-
5000 IU/day, with 1000 IU daily being most
frequent (20.57% in normal BMD, 23.15% in low
BMD). Literature supports combined calcium and
vitamin D supplementation for glucocorticoid users
to prevent bone loss [81,94]. However, calcium
alone is often insufficient for patients at moderate to
high risk, such as those on chronic steroids or with
systemic inflammation [21,95]. Consistent with this,
a substantial proportion of patients in this study
experienced BMD loss despite calcium intake,
indicating that calcium monotherapy provides
inadequate protection and should be complemented
with vitamin D or antiresorptive therapy to optimize
bone health.

Annual Cumulative Glucocorticoid Doses

The cumulative annual dose represents the total
glucocorticoid exposure per year throughout the
treatment duration, calculated from the time of
diagnosis until data collection. In this study, ten
patients received a cumulative dose of =5 g/year,
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consisting of six patients (60%) with normal bone
mineral density (BMD) and four patients with
reduced BMD. Among those with a cumulative dose
of <5 g/year, 64.4% exhibited normal BMD. These
findings indicate a trend toward lower BMD in
patients with higher cumulative doses; however, a
considerable proportion maintained normal bone
density, suggesting that factors beyond cumulative
dose also contribute to BMD status.

This result aligns with the findings of Ilias et al.
(2022), who reported a dose-response relationship
between long term glucocorticoid use and BMD
reduction, although not all high-dose users develop
osteoporosis due to protective factors such as
younger age, hormonal status, calcium and vitamin D
supplementation, and antiresorptive therapy [96].
This observation is consistent with the theory of
glucocorticoid-induced osteoporosis (GIOP), which
posits that osteoporosis risk significantly increases
with daily prednisone doses =5 mg for over three
months, particularly when the cumulative dose
exceeds 2.5 to 7.5 g per year [21,97]. The underlying
mechanisms include enhanced bone resorption via
osteoclast activation, decreased bone formation
through osteoblast inhibition, and reduced intestinal
calcium absorption [21].

Total Cumulative Glucocorticoid Doses

The total cumulative dose refers to the overall
amount of glucocorticoids administered throughout
the treatment period, from diagnosis until data
collection. In this study, the mean total cumulative
glucocorticoid dose among patients with reduced
bone mineral density (BMD) was 11.84 grams,
which is lower than that reported by Phang et al.
(2018), who found an average cumulative dose of
18.6 grams [98]. The discrepancy may be attributed
to differences in disease duration, glucocorticoid
administration patterns (intermittent high dose
versus chronic low dose), and population
characteristics.  Nevertheless, patients with
cumulative doses exceeding 18.25 grams were more
likely to exhibit low BMD (58.7%) compared to
those with normal BMD (41.3%). These findings
support the cumulative dose-response relationship
between glucocorticoid exposure and bone loss,
where higher cumulative exposure (218.25 g, as
categorized in the Hopkins cohort) is associated
with a greater prevalence of low BMD [99].

History of High Daily and Cumulative
Glucocorticoid Doses

In this study, among patients receiving
glucocorticoid doses of 25 g/year and =30 mg/day,
5 patients (55.56%) had normal BMD, while 4
patients (44.44%) showed reduced BMD. In those
receiving 230 mg/day alone, 33 patients (66%) had
normal BMD and 17 patients (34%) had low BMD.
These findings align with previous evidence
indicating that long-term high-dose glucocorticoid
therapy (=5 g/year), particularly at daily doses 230
mg prednisone equivalent, significantly increases
the risk of osteoporosis and fractures [100]. De Vries
et al. (2006) reported that oral glucocorticoid use of

230 mg/day and a cumulative dose of >5 g/year
increased the risk of osteoporotic fractures (RR
3.63) and vertebral fractures (RR 14.42) [100]. The
relatively high proportion of patients with normal
BMD in this study may be attributed to variations in
treatment duration, short-term exposure in some
cases, or the use of prophylactic osteoporosis therapy
such as calcium, vitamin D, or bisphosphonates,
which can mitigate glucocorticoid-induced bone loss.
Consistent with existing literature, bone loss is more
strongly associated with cumulative exposure and
treatment duration rather than transient high daily
doses [101]. A meta-analysis by Hansen et al. (2014)
further confirmed that glucocorticoid-related
skeletal effects are dose-duration dependent, with
longer and higher cumulative exposure leading to
greater reductions in BMD [102].

CONCLUSIONS

The characteristics of bone mineral density (BMD)
among 283 patients with autoimmune rheumatic
diseases showed that most measurements were
performed at the lumbar vertebrae, where the mean
BMD values were the highest. Patients aged <50 years
predominantly had normal BMD, whereas those aged
250 years demonstrated a markedly higher
prevalence of osteopenia and osteoporosis,
particularly within the 50-60 year age group.
Reduced BMD was more frequent in older female
patients with normal to overweight nutritional status
and disease duration exceeding five years. Clinically,
systemic lupus erythematosus (SLE) was the most
common diagnosis among patients with low BMD,
followed by spondyloarthritis (SpA) and rheumatoid
arthritis (RA). Most patients received glucocorticoid
and calcium therapy, while DMARD use varied. Bone
loss was more pronounced in those with high
cumulative glucocorticoid doses (=5 g/year and
>18.25 g total) and in patients with comorbidities
such as renal disease and malnutrition. These
findings highlight that advanced age, female sex,
prolonged glucocorticoid exposure, and chronic
disease duration are the major contributing factors to
decreased bone mineral density in patients with
ARDs.
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