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Abstract

Background The risk of osteoporosis in patients
with psoriatic arthritis (PsA) still remains unclear. The
aim of this study was to investigate bone mineral density
(BMD) at the hip and lumbar spine measured by dualenergy X-ray absorptiometry in patients with PsA.
Methods From an outpatient clinic in southern Norway,
140 patients with PsA were consecutively recruited and
assessed for osteoporosis as part of a prospective study
from January 2013 to May 2014. An extensive data
collection was performed including demographic data and
measures reflecting disease activity and health status.
Results Mean age was 52.4 years and 71 (50.7%)
were women. Median disease duration was 7.8 years.
The proportion of patients with low BMD (defined as Z
score≤−1.0 SD) was comparable to the expected value of
16%, according to the normal distribution of the Z score in
the population. Osteoporosis was only found in 6.4% (95%
CI3% to 11%) of the patients. No significant associations
were found between BMD and disease activity measures.
Conclusion The prevalence of PsA patients with
osteoporosis or low BMD was low and in the range seen
in the reference population. This supports that patients
with PsA are not at high risk for osteoporosis compared
with the general population. Therefore, clinicians may
follow the general population guidelines for monitoring of
osteoporosis for patients with PsA.

Background
Psoriatic arthritis (PsA) is an inflammatory
arthritis associated with psoriasis. The clinical presentation of PsA is heterogeneous and
may involve both the peripheral joints and
the axial skeleton (sacroiliitis or spondylitis)
and also skin, nails and entheses. In PsA, activation of both osteoclasts and osteoblasts can
be involved, and as a consequence, patients
may show signs of both bone destruction and
new bone formation.1 In rheumatoid arthritis
(RA), osteoclast activation is dominating, and
the increased risk of generalised bone loss
and the development of osteoporosis is well
established.2–5 Data on systemic bone loss
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patients with PsA.

in patients with PsA are conflicting and are
likely highly dependent on patient selection.6
An association between PsA and osteoporosis
has been reported,7 8 whereas others find
comparable bone mineral density (BMD) in
patients with PsA and the background population.9–13 The major advances in pharmacological treatment of PsA, particularly the
arrival of biologic therapies, have led to an
improvement in controlling disease activity
and inflammation, which may impact the
systemic bone loss in patients with PsA. Thus
in light of these improvements there is a need
for updated data on the risk of osteoporosis
in PsA.
In this cross-sectional study from a
Norwegian outpatient clinic, we report
the BMD measured with dual-energy X-ray
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Methods
Study population
Of the 581 patients carrying a diagnosis of PsA registered at
the Department of Rheumatology outpatient clinic of the
Hospital of Southern Norway Trust, Kristiansand, during
the study period from January 2013 to May 2014, 471
fulfilled the Classification of Psoriatic Arthritis criteria.14
Of these, 141 patients were consecutively recruited at
routine visits for more extensively investigation, and
140 patients, both men and women, had DXA scanning
of lumbar spine and hip.15 All the included patients
had peripheral inflammatory involvement clinically as
patients with only axial manifestations were excluded.
The included and non-included patients were similar in
most disease activity measures including 28 swollen joint
count; however, 28 tender joint count and disease activity
score for 28 joints with erythrocyte sedimentation rate
(ESR) (DAS 28) was marginally higher for the included
patients. Also the included patients were younger than
the non-included. A comparison of the included and
non-included patients from the PsA cohort at Hospital
of Southern Norway Trust has previously been described
in detail.16 Informed consent was obtained according to
the Declaration of Helsinki. The study was approved by
the Regional Committee for Medical Research Ethics in
South-Eastern Norway (REK number: 2012/101).
Collection and measurement of data
Data collection included demographics, clinical and
laboratory measures, treatments and fracture history. The
following data were recorded: age, sex, postmenopausal
status, weight, height, body mass index (BMI), duration
of PsA, smoking status (current or previous), alcohol
consumption (more than three units pr day), ESR (Westergren’s method), C-reactive protein (CRP, lowest detectable value 1 mg/dL), level of physical activity (>1 time
pr. week or <1 time pr. week), DAS 28, Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI), Maastricht Ankylosing Spondylitis Enthesitis Score (MASES),
cutaneous involvement (Psoriasis Area Severity Index
(PASI)), patient’s global assessment (PGA), investigator’s
global assessment (IGA), tender joint count 68, swollen
joint count 66, Modified Health Assessment Questionnaire (MHAQ), non-steroidal anti-inflammatory drug
(NSAID) use, disease modifying antirheumatic drug
(DMARD) use, tumour necrosis factor (TNF) inhibitors,
glucocorticoid treatment (current use or ever use of
≥5 mg>3 months), vitamin D and calcium supplements
and anti-osteoporotic treatment. Fragility fracture was
defined as vertebral or peripheral fracture occurring
spontaneously or caused by low-impact trauma at any
2

time in the life of the subjects as reported by the patients.
Blood samples were analysed by standard laboratory techniques at the participating hospital. Use of medications
was self-reported by the patients.
Bone density measurements
BMD (as g/cm2) was measured at the lumbar spine
(L1–L4), and hip (femoral neck and total hip) by DXA
(Lunar Prodigy, GE Healthcare). We preferably used
measurements from the left hip. Scans from the right
hip were used in five (3.6%) patients because of missing
values from the left hip. All participants had measurements of the lumbar spine. The DXA machine was
stable during the whole study period and all DXA measurements were performed by experienced technicians.
As a measure of BMD variability, the in vitro long-term
coefficient of variance (CV) for the spine phantom was
0.62%. The in vivo CV was 0.91% for L1–L4 measurements, 1.56% for left femoral neck and 0.88% for left
total hip.
The T score (comparison with normal, young subjects
of same sex) and Z score (comparison with age, sex and
weight matched normal controls) were based on the
reference values in the DXA machine provided by the
manufacturer (NHANES). Further, we also calculated
the percentage of patients with T score ≤−2.5 SDs and
Z score ≤−1.0 SD. The WHO definition was applied for
osteoporosis (T score ≤−2.5 SD) and normal BMD (T
score ≥ −1.0 SD).17
Statistical analyses
All statistical analyses were performed with SPSS for
Mac V.21. Statistical significance level was defined as
p<0.05. To test whether data were normally distributed,
we used Q–Q plots. Continuous data are presented as
mean with SD when normally distributed or median with
IQR when non-normally distributed. CIs were used to
assess the difference between the mean Z score at each
anatomical site and the reference population data from
the DXA machine provider. Assuming a normal distribution, the risk is 68% of being within ±1 SD of the mean
Z score, thus, the expected proportion of Z scores ≤ −1.0
SD in the reference population is 16% by default. The
proportions of patients having a Z score of ≤ −1.0 SD was
compared with the expected value of 16% by a binomial
test and the 95% CIs for the proportions of patients with
T score ≤−2.5 and Z score ≤−1.0 were calculated. T score
was compared between users and non-users of glucocorticoids and biological DMARDs with linear regression
adjusting for age and sex.
Association between clinical and demographic factors
and BMD was analysed using linear regression. Variables
from the univariable analyses with a p value ≤0.10 were
included in a multivariable model, which also included
sex and age regardless of the significance in the univariable analyses. For missing data, we excluded cases pairwise. This method excludes patients only if they have
missing data required for the specific analysis. They are
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absorptiometry (DXA) at the hip and lumbar spine
in patients with PsA in the biological treatment era.
Further, we wanted to identify demographic, clinical and
treatment factors that might be associated with BMD in
patients with PsA.

Psoriatic arthritis
Demographic and clinical variables of the 140 patients with psoriatic arthritis included*
All patients with
psoriatic arthritis
N=140

Females
N=71

Males
N=69

Age, years, mean (SD)
Female, n (%)

52.4 (10.3)
71 (50.7)

52.9 (10.3)
 NA

51.9 (10.3)
 NA

Postmenopausal, n (%)

34 (24.3)

34 (47.9)

 NA

Weight, kg, mean (SD)

82.5 (14.7)

79.2 (13.6)

91.9 (13.0)

Height, cm, mean (SD)

174.0 (8.8)

168.2 (6.5)

180.0 (6.6)

BMI, kg/m2, mean (SD)

28.2 (4.2)

28.0 (4.8)

28.4 (3.6)

7.8 (9.3)

7.6 (8.8)

 Current

23 (16.4)

14 (19.7)

9 (13.0)

 Previous

72 (51.8)

33 (46.5)

39 (56.5)

Disease duration, median (IQR)

7.8 (10.4)

Smoking, n (%)

Alcohol consumption (more than 3 units per day), n (%)

1 (0.7)

0

1 (1.4)

CRP, mg/L, median (IQR)

2.0 (4.0)

2.0 (3.0)

3.0 (6.0)

ESR, mm/hour, median (IQR)

13 (15)

16 (16)

10 (11)

Physical activity≥1 time per week, n (%)

62 (44.3)

33 (46.5)

29 (42.0)

HLA B 27, n (%)

34 (24.3)

14 (19.7)

20 (29.0)

DAS 28, mean (SD)

3.16 (1.14)

3.55 (1.08)

2.74 (1.05)

BASDAI, mean (SD)

3.35 (2.24)

3.84 (2.34)

2.84 (2.03)

MASES, mean (SD)

2.97 (3.19)

4.14 (3.39)

1.77 (2.45)

PASI, mean (SD)

2.56 (3.63)

1.88 (2.94)

3.24 (4.12)

Patient global assessment, mean (SD)

36.12 (24.32)

41.69 (25.15)

30.39 (22.18)

Investigator global assessment, mean (SD)

14.56 (12.11)

14.69 (11.69)

14.43 (11.00)

TJC 68, median (IQR)

6 (14)

8 (16)

4 (9)

SJC 66, median (IQR)

0 (1)

0 (1)

0 (1)

MHAQ, mean (SD)

0.43 (0.40)

0.50 (0.44)

0.35 (0.33)

Current use of NSAIDs, n (%)

45 (32.1)

24 (33.8)

21 (30.4)

Current use of synthetic DMARDs, n (%)

80 (57.1)

38 (53.5)

42 (60.9)

Current use of biological DMARDs n (%)

45 (32.1)

18 (25.4)

27 (39.1)

Current use of glucocorticoids, n (%)

15 (10.7)

10 (14.1)

5 (7.2)

Ever use of glucocorticoids ≥5 mg ≥3 mg, n (%)

37 (26.4)

19 (26.8)

18 (26.1)

Use of calcium or vitamin D supplements,n (%)

17 (12.1)

16 (22.5)

1 (1.4)

3 (2.1)
9 (6.4)

3 (4.2)
6 (8.5)

0
3 (4.3)

Osteoporosis medication, n (%)
Previous low energy fracture, n (%)

*Unless stated, results are mean (±SD) for continuous variables or absolute values (percentages) for categorical variables.
Anti-TNFtherapy, anti-tumour necrosis factor therapy; BMI, body mass index; CRP, C-reactive protein;DAS-28, disease activity score for 28
joints with ESR; DMARD, disease modifyinganti rheumatic drug; ESR, erythrocyte sedimentation rate; HLA B 27, human leucocyteantigen B
27; MHAQ, Modified Health Assessment Questionnaire; NSAIDs, non-steroidalanti-inflammatory drugs; SJC 66, swollen joint count 66 joints;
TJC 68, tenderjoint count 68 joints.

still included in any of the analyses for which they have
the necessary information.
Results
Demographic characteristics are presented in table 1.
Mean±SD age was 52.4±10.3 years and 71 (50.7%)
were women. The age of the included patients ranged
from 23 to 74 years, and 60.7% were >50 years. Median
Gulati AM, et al. RMD Open 2018;4:e000631. doi:10.1136/rmdopen-2017-000631

(IQR) disease duration was 7.8 (9.3) years. Bone density
data are presented in table 2. Mean ±SD BMD of the
patients with PsA was 0.967±0.141 g/cm2 at femoral
neck, 1.017±0.148 g/cm2 at total hip and 1.208±0.170
g/cm2 at lumbar spine 1–4. The percentage of patients
with PsA with Z score ≤−1.0 SD was comparable to the
DXA reference population for the overall patients
with PsA and for women separately. For men, there was an
3
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Table 1

RMD Open
Bone mineral density (BMD) of the patients with psoriatic arthritis (PsA) .
Femoral neck

Total hip

Lumbar spine 1–4

Any site

 BMD g/cm2 (SD)

0.967 (0.141)

1.017 (0.148)

1.208 (0.170)

−

 T score (95% CI)

−0.68 (−0.87 to −0.49)

−0.25 (−0.44 to −0.06)

0.10 (−0.15 to 0.33)

−

 Z score (95% CI)

−0.11 (-0.26 to 0.06)

−0.05 (−0.22 to 0.12)

0.14 (−0.08 to 0.35)

−

 T score≤−2.5
 n (%, 95% CI)

6 (4.3%, 1.6% to 9.1%)

2 (1.4%, 0.2% to 5.1%)

3 (2.1%, 0.4% to 6.1%)

9 (6.4%, 3.0% to 11.9%)

 Z score≤−1.0
 n (%, 95% CI)

28 (20.0%,
13.7% to 27.6%)

25 (17.9%,
11.9% to 25.2%)

25 (17.9%, 11.9 to 25.2%) 43 (30.7%,
23.2% to 39.1%)

 BMD g/cm2 (SD)

0.954 (0.151)

0.987 (0.161)

1.188 (0.184)

−

 T score (95% CI)

−0.69 (−0.98 to −0.39)

−0.15 (−0.45 to 0.16)

0.11 (−0.26 to 0.47)

−

 Z score (95% CI)

0.05 (−0.19 to 0.29)

0.12 (−0.15 to 0.40)

0.345 (0.02 to 0.66)

−

 T score≤−2.5
 n (%, 95% CI)

5 (7.0%, 2.3% to 15.7%)

2 (2.8%, 0.3% to 9.8%)

1 (1.4%, 0.0% to 7.6%)

6 (8.5%, 3.2% to 17.5%)

 Z score≤−1.0
 n (%, 95% CI)

10 (14.1%,
7.0% to 24.4%)

12 (16.9%,
9.0% to 27.7%)

10 (14.1%,
7.0% to 24.4%)

16 (22.5%,
13.5% to 34.0%)

0.981 (0.130)

1.047 (0.128)

1.229 (0.152)

−

Overall patients with
PsA (N=140)

Females (N=71)

Males (N=69)
 BMD g/cm2 (SD)
 T score (95% CI)

−0.67 (−0.91 to −0.43)

−0.36 (−0.58 to −0.15)

0.09 (−0.21 to 0.39)

−

 Z score (95% CI)

−0.27 (−0.48 to −0.05)

−0.24 (−0.43 to −0.04)

−0.09 (−0.36 to 0.21)

−

 T score≤−2.5
 n (%, 95% CI)

1 (1.4%, 0.0% to 7.8%)

0 (0%, 0.0% to 5.2%)

2 (2.9%, 0.4% to 10.1%)

3 (4.3%, 0.9% to 12.2%)

 Z score≤−1.0
 n (%, 95% CI)

18 (26.1%,
16.3% to 38.1%)

13 (18.8%,
10.4% to 30.1%)

15 (21.7%,
12.7% to 33.3%)

27 (39.1%,
27.6% to 51.6%)

95% CIs for the proportion of patients with T score≤2.5 and Z score≤1.0 were calculated by using a binomial test.

increased proportion with low BMD at all three anatomical locations compared with the expected value of 16%
in the reference population, however only statistically

Figure 1
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significant for femoral neck (26.1% (95% CI 16.3% to
38.1%), p=0.02) (figure 1). As shown in table 2, T score
≤−2.5 was found in six (4.3%) patients at femoral neck,

Percentages of patients with psoriatic arthritis with low Z score (95% CI).
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Table 2

Psoriatic arthritis

Discussion
In this cross-sectional study, we found a low prevalence
of osteoporosis and low BMD in PsA outpatients. Thus
according to our data generalised bone loss does not
seem to be a major comorbidity in patients with PsA in
the biological treatment era. Our data showed that
Norwegian outpatients with PsA had similar age, weight
and gender-adjusted BMD (Z score) compared with the
normative reference population data. However, in the
male group there was a slightly higher proportion of
patients with low Z score compared with the expected
reference population. Our findings support other
publications reporting comparable BMD in patients
with PsA and the general population.9 11–13 18 19 In a recent
population-based study from Norway, BMD in patients
with PsA was also found to be comparable to the background population.20
There is great diversity in the reported proportion of
osteoporosis in PsA, ranging from 1.4% to 68.8%.7 9 19 21
The findings from this study, of 6.4 %, lie in the lower
range of the results reported. Comparing results across
studies is difficult as outcomes, patient selections and
control groups differ.6 A study from 2001 reported a
Gulati AM, et al. RMD Open 2018;4:e000631. doi:10.1136/rmdopen-2017-000631

prevalence of osteoporosis in Italian patients with PsA of
30%; however, this was before the biological therapy
era.7 Disease activity of patients with PsA is probably
lower today than it was 17 years ago, with greater focus
on early diagnosis and more effective treatment options.
A frequency of osteoporosis of 16% was reported in a
study including premenopausal and postmenopausal
female and male patients with PsA from an outpatient
clinic.9 Grazio et al reported a similar frequency of osteoporosis to our data, along with a negative correlation with
MHAQ.19 In the present study, we did not discover any
association between BMD and disease duration, disease
activity or outcome measures, except for subgroup analyses of men that showed an association between BMD
and ESR. However, the disease activity of the patients
in the present study was low, with a median 66 swollen
joint count of 0, as well as low CRP and ESR. This is what
would be expected in a contemporary clinic population
as doctors adhere to the goal of getting patients to the
lowest possible disease activity. Also, in Norway healthcare
is publicly funded and the use of biological DMARDs is
liberal. Very low disease activity and high remission rates
were also shown in patients with RA in the Norwegian
ARCTIC study from 2016.22 Another Norwegian study
showed a twofold increase in remission rates in patients
with RA between 2000 and 2010, with more and earlier
use of synthetic and biological DMARDs.23 However, the
low disease activity of this PsA population may explain
why no association between BMD and disease activity
measures were found in this study.
Based on the existing data, it seems that the risk of
osteoporosis is lower in PsA than in RA. In normal bone,
the osteoclast-mediated bone resorption is followed by a
replacement of the resorbed bone by osteoblasts. In spondyloarthropathies, including PsA, the so-called 'coupling'
of bone formation and resorption is deregulated such that
there is local loss of bone at the enthesal insertion sites,
and excessive bone formation in periosteal sites adjacent
to the sites of bone erosion. The characteristic skeletal
changes that occur are results of this endochondral ossification, in which new bone is formed by replacement of
cartilaginous matrix.24 This enhanced bone formation
at sites of inflammation is a typical feature of PsA and
the other spondyloarthropaties compared with RA. This
difference in pathophysiological mechanism between
the spondyloarthropaties and RA may explain the difference in bone density reported in the literature. Further,
clinical differences such as age of onset, the potential for
more intermittent inflammation and less use of glucocorticoids in PsA compared with RA may also influence the
difference in risk of systemic bone loss. In our outpatient
clinic, we have previously reported current prednisolone
treatment in 13.7% of all the patients with PsA compared
with 54.3% of all the patients with RA.25 In the present
study, only 11% were currently using glucocorticoids.
TNF inhibitors have been shown to increase BMD in
lumbar spine and hip in spondyloarthropaties.26–28 Some
relate this to a possible increase in new bone formation
5
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two (1.4%) at total hip and three (2.1%) at lumbar spine
(table 2). At any site, nine (6.4%) patients had osteoporosis, three men and six women. A normal BMD both in
the lumbar spine and hip (femoral neck and total hip) was
found in 55.7% of patients. Patients with a normal BMD
were younger (49.3±9.2 vs 56.3±10.2 years, p<0.001) and
had higher BMI (28.8±4.6 vs 27.3±3.6 kg/m2, p=0.03),
but were similar in terms of disease duration, disease
activity and outcome measures. There was no difference
in T score between users and non-users of glucocorticoids and biological DMARDs for all three measurement
sites. Post-hoc analyses calculating T score only in postmenopausal women and men 50 years or older (N=76)
gave a mean T score (95% CI) of −0.32 (−0.62 to −0.03)
at lumbar spine, −0.69 (−0.90 to −0.50) at total hip and
−1.19 (−1.41 to −0.97) at femoral neck. In this subgroup,
eight patients had osteoporosis according to T score (two
patients at lumbar spine, two patients at total hip and six
patients at femoral neck).
Multivariable linear regression showed a negative association between BMD and age, and a positive association
between BMD and BMI for the overall series, but not
with ESR or swollen joint count 66 (online supplementary table). No association was found between BMD and
use of medications (DMARDs, TNF inhibitors, glucocorticoids, NSAIDs or anti-osteoporotic medication) or
other disease activity measures (DAS28, MHAQ, BASDAI,
MASES, PGA or IGA). For men, ESR was associated with
total hip BMD (p<0.01) and lumbar spine BMD (p<0.01).
Swollen joint count 66 showed significant association with
BMD in the univariable analysis; however, the association
was only significant for BMD at lumbar spine of women
in the multivariable analyses (p=0.02).

RMD Open
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for the subgroup analyses we had only 71 women and 69
men, which may have led to the higher proportion of low
Z score observed in men failing to reach statistical significance (type 2 error).
Conclusion
Data from this study suggest that low BMD is not a
significant clinical problem in patients with PsA in the
biological treatment era. The results therefore support
the recommendation that patients with PsA may follow
guidelines for osteoporosis assessment developed for the
general population.
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