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Abstract

Purpose Axial spondyloarthritis (axSpA) is a chronic inflammatory disease that primarily affects the axial skeleton and typically
has an early onset. Although earlier onset is associated with worse prognosis, there have been few studies of bone mineral density
(BMD) in adolescent patients with axSpA.

Methods We analysed the clinical characteristics of 43 adolescent patients with axSpA at a baseline assessment and at a follow-
up 2 years later. The baseline assessment included age, disease duration, treatment agents, and clinical, radiologic, and laboratory
data. BMD of the lumbar spine, femoral neck, and total hip were measured by dual-energy X-ray absorptiometry during both the
baseline assessment and the 2-year follow-up. We performed multivariate linear regression analyses to identify factors indepen-
dently associated with BMD. We analysed the associations between changes in BMD and reductions in inflammatory markers.
Results The average age of participants was 17.9 years and the mean disease duration was 2.2 years. Of the 43 patients, 10 (23%)
had low BMD at any site (lumbar spine, femoral neck, and/or total hip). At baseline, multivariate analysis showed that body mass
index (BMI), erythrocyte sedimentation rate (ESR), and spinal structural damage were associated with lumbar spine Z-scores.
Increases in BMD in the lumbar spine were correlated with reductions in ESR (r=0.40, P =0.02) and C-reactive protein (CRP) (»
=0.40, P = 0.02). Increases in BMD in the total hip were correlated with reductions in CRP (» = 0.38, P = 0.03).

Conclusion In adolescent axSpA patients, bone health was associated with systemic inflammation and the severity of structural
damage. Reduced systemic inflammation was associated with improvements in bone health.

Keywords Adolescent - Axial spondyloarthritis - Bone health

Introduction

Spondyloarthritis (SpA) is an umbrella term for a group of
heterogeneous conditions, occurring in both adults and chil-
dren, that differ from other types of inflammatory arthritis in
genetic predisposition, pathogenesis, and outcome [1].
Juvenile SpA is a group of human leukocyte antigen (HLA)
B27-associated disorders that begin at age 16 years or younger
[2]. Axial SpA (axSpA) is a chronic inflammatory disease that
primarily affects the axial skeleton. Patients present with
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chronic inflammatory pain, predominantly of the pelvis and
lower back. Patients with axSpA onset at a young age may
have worse functional outcomes and more comorbidities than
those with later onset [3].

Bone loss and structural damage can occur in the axial skel-
eton as a consequence of inflammation. The increased risk of
osteoporosis in axSpA is related to systemic inflammation, de-
creased mobility, and mineralization defects due to subclinical
gut involvement [4, 5]. In patients with axSpA, bone mineral
density (BMD) is lower than in the age- and sex-matched gen-
eral population, and the fracture risk is greater [6, 7]. Monitoring
the bone status of axSpA patients is therefore important for the
prevention of fractures and osteoporosis [8]. A recent study
showed that the prevalence of low BMD in children and ado-
lescents with juvenile onset AS was 16.1% (18/112) [3].

Measurement of BMD at the hip and spine using dual-
energy X-ray absorptiometry (DXA) is commonly used to
establish or confirm a diagnosis of osteoporosis and to mon-
itor patients [S]. Most data related to bone loss in patients with
axSpA are based on measurements of BMD [9].
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There are few studies of the changes in BMD in adoles-
cents with axSpA. The aims of the present study were to
identify the factors related to low BMD in adolescent patients
with axSpA and to examine the association between systemic
inflammation and bone health over 2 years.

Patients and methods
Participants

The study included 43 patients with axSpA who fulfilled the
imaging arm of the Assessment of SpondyloArthritis
International Society (ASAS) axSpA criteria [10] and who
were followed up consecutively between September 2013 and
June 2019. After retrospective review of the clinical records, we
included patients who had more than two BMD evaluations. No
patients had thyroid, parathyroid, renal, or liver disease.

The patients included in the study were not treated with
glucocorticoids during the study period. The study was
reviewed and approved by the local Institutional Review
Board, which has jurisdiction over the local study populations
(IRB number: OC20RISI0069).

Clinical data

We collected disease-related data, disease activity scores, and
treatment agents for patients with axSpA. The clinical data
included age, gender, body mass index (BMI), disease dura-
tion, age of disease onset, and HLA-B27 status. Disease ac-
tivity was measured with the Bath Ankylosing Spondylitis
Disease Activity Index (BASDAI) [11]. All scores were re-
corded on a visual analogue scale from 0 to 10. The Bath
Ankylosing Spondylitis Functional Index (BASFI) [12] and
patient global assessment (PGA) scores were also recorded.
The Ankylosing Spondylitis Disease Activity Score (ASDAS)
was calculated as described previously [13]. The erythrocyte
sedimentation rate (ESR) and level of C-reactive protein
(CRP) were measured during the baseline and follow-up
evaluations.

BMD measurement

Areal BMD was measured using DXA (Lunar Prodigy densi-
tometer, GE Healthcare, Madison, WI, USA). All measure-
ments were taken by experienced operators using the same
machine and standardized procedures for participant position-
ing. BMD was measured at the lumbar spine (L1-L4) and the
left hip (femoral neck and total proximal femur) and expressed
as the number of grams of bone mineral per square centimetre
(g/cm?). A position statement by the International Society for
Clinical Densitometry (ISCD) recommends the use of Z-
scores in females prior to menopause and in males younger
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than age 50 years. A Z-score less than or equal to — 2.0 is
defined as “below the expected range for age” and a Z-score
greater than — 2.0 is “within the expected range for age” [14].
As recommended by the ISCD, we also use Z-scores in our
analysis of BMD measurements. We used the manufacturer’s
reference values. Low BMD was defined as a Z-score less
than or equal to — 2.0.

Radiographic scoring

For all patients, radiographs of the cervical spine, lumbar
spine, and pelvis were obtained. Lateral views of the cervical
and lumbar spines were scored according to the modified
Stoke Ankylosing Spondylitis Spine Score (mSASSS) [15].
Sacroiliitis was scored from right- and left-sided pelvic radio-
graphs using the modified New York criteria [16]. We used
the average score from both sides in our analysis. Sacroiliitis
and the mSASSS were scored by a single trained expert who
was blinded to the patient characteristics.

Statistical analysis

Statistical analysis was performed in SPSS version 21.
Continuous data are expressed as the mean (SD), and categor-
ical data are expressed as percentages. Clinical variables were
compared with an independent #-test and categorical variables
were compared with a chi-squared test. Pearson’s correlation
coefficient was used to analyse the correlations between var-
iables. Multiple linear regression models were used to assess
the associations between lumbar spine Z-scores and the clin-
ical variables. Linear regression analysis was used to evaluate
the factors affecting BMD at baseline. Pearson’s correlation
analysis was performed to assess the influence of disease ac-
tivity and severity on BMD in the follow-up. The Wilcoxon
signed-rank test was used to compare measurements of BMD
and inflammatory markers at baseline and at the 2-year fol-
low-up. P < 0.05 was considered statistically significant.

Results
Patient characteristics

Table 1 shows the characteristics of the axSpA patients at
baseline, for all patients combined and for the groups with
normal BMD and low BMD. Forty-three patients (36 male,
seven female) were included in this study. The mean age at
disease onset was 17.9 + 1.6 years. The mean duration of
disease symptoms was 2.2 + 2.2 years. Thirty-seven (86.4
%) patients were positive for HLD-B27. The mean mSASSS
and sacroiliitis scores were 0.7 + 1.7 and 2.1 £ 0.8. Of the 43
patients, eight had low BMD in the lumbar spine, three had
low BMD in the femoral neck, and two had low BMD in the
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Table 1 Demographic, clinical, and laboratory data at baseline for adolescent patients with axial SpA
Characteristic All patients: mean = SD BMD Z-score (> —2.0) (N =33) BMD: Z-score P value
or number (%) (£-2.0)(N=10)
Age, years 179+ 1.6 18+1.5 179+1.7 0.99
Male 36 (83.7) 32 (50.8) (58.1) 0.11
BMI, kg/m” 22.1+43 21.9+3.7 22.8+6.1 0.76
Laboratory findings
Baseline ESR, mm/h 183 +17.9 15.5+16.7 27.7+19.4 0.03
Baseline CRP, mg/L 93+17.5 7.4 +15.7 15.7+22.1 0.11
Bone-specific ALP, U/L 303 +£21.2 249+123 46.5+32.7 0.09
CTX-L, ng/mL 1.3+3.1 1.4+3.6 08+04 0.64
25-Hydroxy vitamin D, ng/dL 16.0+7.2 159+75 16.5£6.3 0.85
Disease-related data
Symptom duration, years 22422 24+23 1413 0.29
Family history of axSpA 7(16.3) 7 (16.3) 7(16.3) 0.54
HLA B 27-positive 37 (86.4) 37 (86.4) 37 (86.4) 0.19
Peripheral arthritis 10 (24.4) 10 (24.4) 10 (24.4) 0.23
Grade of sacroiliitis on radiograph 2.1+0.8 20+09 2.4+ 0.94 0.37
mSASSS 0.7+1.7 03+09 2.1+28 0.013
BASDALI score, range 0-10 44+£22 44+£23 43+2.1 0.98
ASDAS-ESR 27+09 2.7+09 32+09 0.09
ASDAS-CRP 24+1.1 23+1.0 29+12 0.23
BMD, g/cm?
Lumbar spine 1.12+0.19 1.19+0.16 091+1.33 0.00
Femoral neck 1.03 £0.17 1.08£0.13 0.86 +0.19 0.00
Total hip 1.05+0.17 1.10+£0.13 0.89 +0.18 0.00
Z-score
Lumbar spine —0.64+1.52 —0.11+1.25 —242+0.86 0.00
Femoral neck 0.17+0.20 0.58 =£0.90 —-1.18+1.05 0.00
Total hip 0.39+1.19 0.77 £0.95 -0.89+1.01 0.00
Low BMD, Z-score < — 2.0 10 (23.3)
NSAIDs 42 (97.7) 32(97.0) 10 (100.0) 1.00
Sulfasalazine 19 (44.2) 14 (42.4) 5(50.0) 0.73
TNF inhibitor 3(7.0) 1(3.0) 2 (20.0) 0.13

All values given as mean + SD or as number (%) unless otherwise stated

SD standard deviation, BMI body mass index, ESR erythrocyte sedimentation rate, CRP C-reactive protein, bone-specific ALP bone-specific alkaline
phosphatase, CTX-I C-terminal telopeptide of collagen type 1, axSpA axial spondyloarthritis, mSASSS Modified Stokes Ankylosing Spondylitis Score,
BASDAI Bath Ankylosing Spondylitis Disease Activity Index, ASDAS Ankylosing Spondylitis Disease Activity Score, BMD bone mineral density,

NSAIDs nonsteroidal anti-inflammatory drugs, 7NF' tumour necrosis factor

total hip. Ten patients (23.3%) had low BMD at one or more
sites (lumbar spine, femoral neck, and/or total hip). ESR and
mSASSS were higher in the set of patients with low BMD (P
=0.03 and P = 0.013, respectively).

Correlations between clinical data, inflammatory
markers, and BMD at baseline

BMD in the lumbar spine was negatively correlated with ESR.
BMD in the femoral neck and total hip was positively

correlated with age and BMI, and negatively correlated with
ESR (Table 2).

Linear regression analyses of lumbar spine Z-scores

Table 3 shows the results of univariate and multivariate anal-
yses of BMD at baseline. Univariate analysis revealed that
lumbar spine Z-score was associated with BMI, peripheral
arthritis, ESR, and mSASSS. In the multivariate analysis,
BMI (8, — 0.10; 95% CI, — 0.21 to — 0.01), ESR (8, — 0.03;
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Table 2 Correlations between clinical data, inflammatory markers, BMD, and trabecular score: baseline data

Variable Age BMI (kg/mz) ESR (mm/h) CRP (mg/l) ASDAS- ASDAS- BASDAI
ESR CRP

BMD, lumbar spine -0.260 0.119 —0.435%* -0234 -0.289 -0.174 0.102

BMD, femoral neck 0.325%: 0.3637% —0.290%* —0.141 0.048 0.083 0.3077%*

BMD, total hip 0.313%** 0.345%* = 0.360%* -0.190 -0.034 0.040 0.318%:

Z-score, lumbar spine 0.087 —0.3233%:* — 0.420%* -0.171- —0.396%* -0.285 -0.037

Z-score, femoral neck 0.244 0.122 —0.365% -0.160 -0.059 -0.023 0.297

Z-score, total hip 0.210 0.078 — 0.466%* -0.209 —0.147 —0.063 0.248

BMI body mass index, ESR erythrocyte sedimentation rate, CRP C-reactive protein, axSpA axial spondyloarthritis, BASDAI Bath Ankylosing
Spondylitis Disease Activity Index, ASDAS Ankylosing Spondylitis Disease Activity Score, BMD bone mineral density

**P <0.05

95% CI, - 0.05 to—0.01), and mSASSS (5, — 0.25;95% CI, —
0.49 to — 0.01) were significantly associated with lumbar
spine Z-scores (P = 0.032, P = 0.018, and P = 0.042, respec-
tively) (Table 3).

Comparison of baseline and follow-up data

Table 4 shows the BMD, ESR, and CRP data from the baseline
assessment and from the follow-up assessment 2 years later.
Lumbar spine and femoral neck Z-scores were significantly
greater in the follow-up assessment than at baseline. Both
ESR and CRP levels were lower in the follow-up assessment,
but the differences were not statistically significant. The chang-
es in lumbar spine and femoral neck Z-scores were not related
to age, therapy, or baseline clinical data (BASFI, BASDAI, data
not shown). Table 5 shows the relationships between changes
in BMD and the changes in inflammatory markers. The

increase in lumbar spine BMD was correlated with the reduc-
tions in ESR (= 0.40, P = 0.02) and CRP (r = 0.40, P = 0.02).
The increases in lumbar spine and total hip Z-scores were sig-
nificantly correlated with the reduction in ESR (lumbar spine Z-
score: 7 =0.37, P = 0.04; total hip Z-score: »=0.37, P = 0.046).
The increase in the total hip Z-score was positively correlated
with the reduction in CRP (» = 0.40, P = 0.03).

Discussion

Our study found a significant improvement in BMD in ado-
lescent axSpA patients after treatment. The data further re-
vealed a relationship between the gains in bone mass and
reductions in inflammatory activity in these patients.
Currently, classification of SpA is approached differently
in adults and children. In juveniles, the International League

Table 3 Linear regression analysis of lumbar spine Z-scores: baseline data

Variable Univariate model 3 (95% CI) P value Multivariate model® 3(95% CI) P value
Age (years) 0.086 (— 0.223 to 0.394) 0.578

Gender (male) 0.923 (— 0.330 to 2.176) 0.145

Symptom duration (years) 0.063 (— 0.158 to 0.284) 0.569

BMI (kg/m?) —0.114 (= 0.219 to — 0.009) 0.035 =0.107 (= 0.205 to — 0.010) 0.032
HLA B27 —0.005 (- 1.486 to 1.477) 0.995

Peripheral arthritis —1.290 (- 2.218 to — 0.362) 0.008

ESR (mm/h) —0.036 (— 0.060 to — 0.011) 0.005 —0.029 (- 0.052 to — 0.005) 0.018
CRP (mg/L) —0.015 (- 0.042 t0 0.012) 0.274

BASDAI —0.025 (- 0.242 t0 0.191) 0.813

ASDAS —0.402 (- 0.828 to 0.025) 0.064

Sacroiliitis grade —0.401 (—0.935t0 0.132) 0.136

mSASSS —0.238 (— 0.505 to 0.028) 0.079 —0.250 (= 0.490 to — 0.010) 0.042

BMI body mass index, ESR erythrocyte sedimentation rate, CRP C-reactive protein, BASDAI Bath Ankylosing Spondylitis Disease Activity Index,
ASDAS Ankylosing Spondylitis Disease Activity Score, mSASSS Modified Stokes Ankylosing Spondylitis Score

# Adjusted by BMI, peripheral arthritis, ESR, and mSASSS
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Table 4 BMD, ESR, and CRP: baseline versus follow-up

Variables Baseline 2-year follow-up P value
ESR (mm/h) 209 +16.7 18.8 £22.1 033
CRP (mg/L) 93+17.5 6.0+10.8 021
Z-score, lumbar spine -0.64+15 - 048 £1.65 0.002
Z-score, femoral neck 0.17+1.2 027+1.3 0.02
Z-score, total hip 039+1.2 046+1.3 0.08

of Associations for Rheumatology (ILAR) system for juvenile
idiopathic arthritis (JIA) is used for classification, and most
childhood cases of SpA are classified as enthesitis-related ar-
thritis (ERA) [17]. Unlike the adult form, in which inflamma-
tory lower back pain is the predominant clinical symptom, the
juvenile form has more severe peripheral enthesitis and arthri-
tis (predominantly of the lower extremities) as its main clinical
features [18]. While HLA-B27 positivity is reported in more
than 95% of adults with ankylosing spondylitis, juvenile SpA
studies demonstrate a lower prevalence of approximately 50%
[19].

Systemic bone loss with osteoporosis and increased frac-
ture rates are observed in axSpA patients. In the study by
Robinson et al. conducted in Sweden, the rate of spinal frac-
tures in AS patients increased from 0.82% in 1987 to 11.3% in
2008 [20]. Kang et al. reported an incidence of vertebral frac-
tures of 4.7% and 13.6% at 2 and 4 years, respectively [21].
Previous studies have reported bone health in JIA patients,
including those with ERA, but there have been no prior re-
ports on bone health in adolescent patients who fulfil the
criteria for axSpA. The current study observed both bone den-
sity and bone quality in adolescent patients with axSpA.

In our study, low BMD had a prevalence of 23.3% in ad-
olescents with axSpA. A different study showed a low BMD
prevalence of 16.1% in children and adolescents with juvenile
onset ankylosing spondylitis [3]. Forty-three axSpA patients
from rheumatology clinic at Incheon St. Mary’s Hospital (ter-
tiary centre) were recruited to this study; therefore, it may
include relative severe patients. In adults, a high prevalence

(47%) of low BMD has been reported for both femur and
lumbar spine in SpA patients with early onset disease [22].
Furthermore, in a recent study, the prevalence of low BMD
was about five times higher in axSpA patients than in the
general population. Together, these results suggest that eval-
uation and treatment of BMD is important in both young and
older axSpA patients [23].

Although osteoporosis is a well-recognized feature of
axSpA, its pathogenesis remains unclear. Various factors such
as treatment type, the presence of hormone disorders, alter-
ation of the patient’s vitamin D status, and immobility or de-
creased physical activity may all contribute to the loss of bone
activity [24-26]. Other risk factors for low bone mass in JIA
include chronic inflammation, delayed pubertal maturation,
malnutrition, and muscle weakness.

A number of longitudinal studies demonstrated that signif-
icant loss of bone mass in axSpA was strongly associated with
inflammatory activity [4, 27, 28]. In our present study of ad-
olescent patients with axSpA, markers of systemic inflamma-
tion, such as ESR and CRP, were negatively correlated with
BMD. Increases in BMD in the lumbar spine and total hip
were correlated with reductions in ESR and CRP, respective-
ly. In a previous cross-sectional study, there was no correla-
tion between bone density and serum CRP levels. However,
several longitudinal studies found that the loss of bone mass in
axSpA was related to inflammatory activity [28, 29], and
Maillefer et al. showed that the BMD gains in the femoral
neck were related to persistent systemic inflammation. Our
results are thus in accordance with previous data showing that
a reduction in systemic inflammation is correlated with gains
in BMD.

Our longitudinal assessment suggests that axSpA patients
show significant improvements in lumbar spine and femoral
neck Z-scores after anti-inflammatory treatment. Most pa-
tients were treated with NSAIDs and about half of the patients
were treated with sulfasalazine, a tumour necrosis factor
(TNF) inhibitor. The BMD gains were significantly correlated
with the reductions in systemic inflammatory markers. This
suggests that the inflammatory activity of the disease itself

Table 5 Correlations between the

changes in BMD and the changes Variable Reduction in ESR (n = 32) Reduction in CRP (n = 32)
in inflammatory markers
r P value r P value

BMD, lumbar spine 0.40 0.02 0.40 0.02
BMD, femoral neck 0.32 0.07 0.17 0.36
BMD, total hip 033 0.07 0.38 0.03
Z-score, lumbar spine 0.37 0.04 0.33 0.06
Z-score, femoral neck 0.32 0.08 0.32 0.08
Z-score, total hip 0.36 0.046 0.40 0.03

Reduction in inflammatory markers = baseline value — follow-up value
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plays a major role in the pathophysiology of bone loss in
adolescent patients with axSpA. However, a previous study
reported that JIA patients experienced no significant improve-
ments in bone mass at a follow-up assessment [29].

The peak bone mass attained at the end of adolescent
growth is critical in determining the risk of osteoporosis in
adult life [30]. Decreased bone mass is common in children
and adolescents with JIA and has been observed at the onset of
the disease, throughout childhood, and into adulthood, thus
increasing the risk of osteoporosis and fracture later in life
[31]. TNF inhibitors appear to be associated with improve-
ments in BMD, as well as a decrease of disease activity in
adult AS [32]. This suggests that regulation of inflammation
through treatment with biologic agents improves bone health
in axSpA. In the present study, there was a trend toward great-
er Z-score increases at the femoral neck and hip in the TNF
inhibitor and NSAID treatment group than in the only NSAID
treatment group (data not shown). New potential drugs that
target the IL-12/23 and IL-17 axis include usterkinmab, an
anti-IL-12/23 human monoclonal antibody [33, 34]. In addi-
tion, there are multiple promising biologic agents on the hori-
zon for the treatment of SpA patients, including the PDE4
inhibitor apremilast [35], but additional clinical trials are war-
ranted prior to their use in the paediatric population.

In conclusion, bone health in adolescent axSpA patients
was associated with systemic inflammation and the severity
of structural damage. Reductions in systemic inflammation
were associated with improvements in bone health. To reduce
the risk of osteoporosis and fracture in adolescent axSpA pa-
tients, we advocate for close monitoring of bone density and
bone quality and better control of disease activity.
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