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l. BACKGROUND

I.1. Psoriatic arthritis

The prevalence of psoriasis is estimated at 1-3% of the world’s population. It is a
common skin disease associated with multiple comorbidities and the most prevalent coexisting
condition, psoriatic arthritis (PsA) develops in 19.7% of psoriatic patients. In majority of the
patients, arthritis is manifested following psoriasis, and in others, it develops simultaneously or
before the appearance of skin lesions. Spinal manifestations resemble those in ankylosing
spondylitis, and destructive peripheral joint characteristics resemble those of rheumatoid
arthritis. Pathologic de novo bone formation, including joint ankylosis, and syndesmophyte
formation, characteristically localize to sites of soft-tissue inflammation surrounding the

enthesis.

1.2. Osteoporosis

Osteoporosis is a systemic skeletal disease characterized by reduced bone mass,
microarchitectural damage and increased fragility of bone. Bone loss is a common comorbidity
in chronic inflammatory diseases including PsA. A systematic review by Chandran et al., where
21 studies conducted between 2001 and 2014 were included, highlighted the gap in our current
knowledge given the discordant findings reported on the prevalence of low bone mineral

density in PsA.



I.3. Bone mineral density

Osteoporosis has been operationally defined on the basis of bone mineral density
(BMD) assessment. The most widely validated technique to measure BMD is dual energy X-
ray absorptiometry (DXA), and diagnostic criteria based on the T-score for BMD are a
recommended criteria for prescription of pharmaceutical interventions in osteoporosis.
According to the WHO criteria, osteoporosis is defined as a BMD that lies at least 2.5 SD below
young healthy average, and therefore 2.5 or more SD below the average healthy young adult
(T-score<— 2.5 SD). A major problem with BMD measurement is that these tests alone are not
optimal for the detection of individuals at high risk of fracture. On the other hand, peripheral
quantitative computed tomography (pQCT) is excellent at three-dimensional quantification of
cortical and trabecular bone at various regions of interest, albeit, is not recommended for
conventional diagnostic classification. Recent reports have discussed the techniques’ utility in

patients suffering from inflammatory rheumatic disease.

1.4.Fracture risk

Fragility fractures are defined as fractures that occur spontaneously or following low-
trauma and are potential cause of severe disability along with increased mortality risk. Major
advance in fragility fracture risk stratification has been achieved by the development of the
fracture risk assessment tool (FRAX). The FRAX tool is based on country specific population-
based cohorts that assimilate the risks associated with clinical risk factors (age, sex, body mass
index, prior fragility fracture, parental history of hip fracture, steroid use, smoking, alcohol
intake, disorders strongly associated with osteoporosis and rheumatoid arthritis) and BMD at

the femoral neck. The percentage output is a 10-year probability of hip fracture and the 10-year



probability of a major osteoporotic fracture (clinical spine, forearm, hip, or shoulder fracture).
Given the clinical, social and economic burden of osteoporotic fractures, the FRAX tool is
considered ideal in identifying those at risk and advancing timely preventive or therapeutic
interventions.

Presently, studies on complex assessment of areal and volumetric bone mineral density,
fracture risk with the FRAX tool, vitamin D and markers of bone turnover in the same cohort
of PsA patients are unavailable and the aim of the present cross-sectional, case-control study is

to examine bone metabolism and evaluate its association with disease variables.

I.5. Role of Vitamin D

Vitamin D plays a vital role in maintenance of skeletal health. Vitamin D deficiency and
consequent secondary hyperparathyroidism are known to cause a decrease in bone mineral
density and increase in bone turnover. Vitamin D performs different functions besides its
traditional role in calcium-phosphorus metabolism, as suggested by the presence of CYP271B
(enzyme responsible for 25-hydroxyvitamin D synthesis) and vitamin D receptors (VDRS) in
various tissues. The regulatory role for vitamin D in the immune system is indicated by the
presence of VDRs on activated T lymphocytes, the suppressive or inhibiting effect of 1,25-
dihydroxyvitamin D in different autoimmune diseases, and in vitro and in vivo findings of
vitamin D-induced changes in immune functions. Furthermore, dermatologists and
rheumatologists have observed the effectiveness of vitamin D analogs to treat psoriasis plagques
and have observed statistically significant improvement in the tender joint count and physician
global impression. Additionally, 1,25-dihydroxyvitamin D3 and its synthetic analogs are being
increasingly recognized for their potent antiproliferative, prodifferentiative, and

immunomodulatory activities.



Autoimmune conditions associated with decreased vitamin D levels include insulin-
dependent diabetes mellitus, rheumatoid arthritis, and multiple sclerosis, which share certain
immunologic characteristic with psoriasis, such as Th1/Th2 dysregulation. We found no study
in literature that compared vitamin D status of PSA men with age- and sex-matched controls.
As such, the aim of the present study was to determine the prevalence of hypovitaminosis D in
a treatment naive, de novo psoriatic arthritis male cohort in a cross-sectional, analyst blinded,

age- and sex-matched, case-control study.

1. AIMS

1. The aim was to determine the prevalence of hypovitaminosis D in a treatment
naive, de novo psoriatic arthritis male cohort in a cross-sectional, analyst blinded, age- and sex-

matched, case-control study.

2. Evaluation of the bone turnover markers to determine the source of the bone
remodelling.

3. Comparison of arial and volumetric BMD values in a PSA patient population.

4. Investigation of the correlations between arial and volumetric BMD values,

fracture risk calculated based on FRAX, levels of vitamin D and bone metabolism markers.

1. METHODS



I11.1. Patients and controls

1. Vitamin D status in men with psoriatic arthritis:

Men, suffering from psoriasiform skin lesions with articular manifestations, referred to
the out-patient division of the Department of Rheumatology, Faculty of Medicine, University
of Debrecen, for initial assessment were invited to participate in the study. Recruitment was
done consecutively between July 2009 and July 2014. All procedures were carried out after
receiving written informed consent. The ethics committee of the Faculty of Medicine,

University of Debrecen approved the study protocol.

2. Characterization of bone metabolism in hungarian psoriatic arthritis patients

We enrolled a total of 118 patients presenting for regular scheduled follow-up at the
Division of Rheumatology, Faculty of Medicine, University of Debrecen, Hungary between
September 2017 and June 2018. All were diagnosed with PsA as per the Classification Criteria
for Psoriatic Arthritis (CASPAR). Data from patients with psoriatic arthritis was compared to
age- and gender-matched volunteers. The control group was constituted by volunteers from our
hospital staff or companions (friends or relatives) accompanying the PsSA patients to their
routine follow-up visit. All volunteers were briefed verbally about the aim of the study and the
procedures involved, and all study participants gave written informed consent. For the control
group, inclusion criteria were: generally known to be healthy, community dwelling and
ambulatory; and exclusion criteria were known prevalent metabolic bone disease or
rheumatological condition, any malignancy, liver or renal disease (routine laboratory results for

alkaline phosphatase, gamma-glutamyl transpeptidase, alanine aminotransferase, aspartate



aminotransferase, total bilirubin, lactate dehydrogenase, urea, creatinine, uric acid and
cholinesterase twice the upper limit of normal resulted in exclusion). Volunteers with the closest
dates of birth and blood drawing were selected for pairing with the PsA patients. All participants
were Hungarian nationals as assessed by proof of identity. The study was performed according
to the Declaration of Helsinki and approved by the Hungarian Scientific Research Council

Ethical Committee.

I11.2. Disease activity

All patients underwent physical examination and disease severity assessment. Disease
Activity Score in 28 joints (DAS28), in those with peripheral involvement, Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI), in those with spinal involvement, and Psoriasis

Area and Severity Index (PASI) were calculated.

I11.3. Laboratory

Blood sampling was done after overnight fasting to measure levels of osteocalcin (OC),
C-terminal telopeptides of type-I collagen (CTx), procollagen type | amino-terminal propeptide
(PINP), parathyroid hormone (PTH) and 25-hydroxyvitamin D (250HD). Serum OC, CTX,
PINP and PTH were measured using electrochemiluminescence immunoassay (Roche
Diagnostics GmbH, Mannheim, Germany). The automated Liaison DiaSorin total 250HD
chemiluminescence immunoassay (CLIA) (DiaSorin Inc., Stillwater, MN, USA) was used to
analyze serum 250HD. The inter-assay CV was < 4% for OC (lower detection limit: 0.5 pg/L,
upper detection limit: 300 pg/L), < 7% for CTx (lower detection limit: 0.010 pg/L, upper

detection limit: 6 pg/L), < 6% for PINP (lower detection limit: 5 pg/L, upper detection limit:



1200 pg/L), < 7% for PTH (lower detection limit: 0.127 pmol/L, upper detection limit: 530
pmol/L) and < 7.8% for 250HD (lower detection limit: 10 nmol/L, upper detection limit: 375
nmol/L). As suggested by Dawson-Hughes et al., hypovitaminosis D was defined as 250HD
levels < 75 nmol/l. The erythrocyte sedimentation rate (ESR) was assessed with the Westergren

method and used in the calculation of the DAS28 score.

I11.4. Dual energy X-ray absorptiometry (DXA)

The LUNAR Prodigy (GE-Lunar Corp., Madison, WI, USA) densitometer was used to
perform DXA examination to measure L1-L4 lumbar spine and left femoral neck (FN) areal
BMD. Using the anatomical spine phantom measured daily, the coefficient of variation (CV)
of the technique was 0.8%. Bone mineral density was expressed as a T-score, hormalcy, low

BMD and osteoporotic BMD were defined according to the WHO classification.

I11.5. Peripheral quantitative computer tomography (pQCT)

Single-slice pQCT assessments of the ultradistal region of the left forearm were
performed using a Stratec XCT-2000 instrument (Stratec Medizintechnik GmbH, Pforzheim,
Germany. In summary, distal sites at 4% of the radius length mainly contain trabecular bone.
Peripheral quantitative computer tomography can differentiate between cortical and trabecular
bone. Total, trabecular, and cortical BMD values are expressed as mg/cm3. The applied setting
to acquire the image was 0.59mm voxel. Analysis was done with the XCT 6.00 B software
(Stratec Medizintechnik GmbH, Pforzheim, Germany) with measuring mask set to radius and

threshold density to 269 mg/cma3 to define trabecular bone.



I11.6. Fracture risk assessment tool (FRAX)

A trained study nurse administered a questionnaire to assess the country-specific FRAX
index using the tool available online. The data collected were age, sex, weight, height, non-
traumatic fracture in the history, parental history of hip fracture, current smoking and alcohol
consumption habits, corticosteroid use, diagnosis of rheumatoid arthritis or any condition

known to cause low bone mass and femoral BMD.

I11.7. Statistical analysis

Descriptive statistics are presented as median and range. The Kolmogorov-Smirnov test
was used to check for normality of distribution. The Wilcoxon signed ranks test was used to
compare the age- and gender-matched pairs. The Spearman’s p was calculated for correlation
analysis. Univariate and multiple regression analysis using the stepwise method was used to
determine correlations and independent associations between parameters. Dual energy X-ray
absorptiometry, pQCT and FRAX parameters were the dependent variables and other
parameters were independent variables. The B standardized linear coefficients showing linear
correlations between two parameters were determined. The B (95% CI) regression coefficient
indicated independent association between the dependent and independent variable during
changes. p values < 0.05 indicated statistical significance. All analyses were performed using

the SPSS. Statistics software, version 25.0 (IBM Corps., Armonk, NY, USA).
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IV.RESULTS

1. Vitamin D status in men with psoriatic arthritis:

Men (n=53) presenting with de novo psoriatic arthritis, using CASPAR diagnostic
criteria, were included in this cross-sectional, analyst blinded, age- and sex-matched, case-
control study. In terms of recruitment, there were no nonresponders in either group. The mean
age (range) of the individuals in both groups was 54.7 (31-84) years. The prevalence of
hypovitaminosis D (25-OH-D <75 nmol/L) was 81 and 57 % in the PsA and control groups,
respectively. Although outlined as non-exclusion criteria, we observed that none of the
participants used calcium and vitamin D supplementations.

The mean (range) disease duration for psoriasis was 10.8 (0-50.9) years. In a small
percentage of the patients (n=12, 22.6 %), the diagnosis of psoriasis was confirmed following
the diagnosis of PSA (on an average in 3 months).

Compared to the healthy controls, 250HD (67.2 (12-137) nmol/L vs. 51.9 (15-95)
nmol/L; p=0.001) was significantly lower, and OC (13.6 (5-33) pg/L vs. 18.2 (6-35) ug/L;
p=0.003) and CTX-I (0.20 (0.01-0.71) pg/L vs. 0.28 (0.06-0.69) pg/L; p=0.008) were
significantly higher in the PSA group. There was no statistically significant difference in LS
and FN BMD between the two groups.

In order to reduce the confounding effect of age, using the median age of 55 years, the
study population was divided into two broad age groups, i.e., <55 years (n=27) and >55 years
(n=28) of age. Comparing the PsA and the healthy agematched groups, vitamin D levels were
significantly lower in PsA patients in <55 years (49.1 (18-95) nmol/L vs. 67 (12-125) nmol/L,

p=0.015) and >55 years (54.8 (15-91) nmol/L vs. 67.3 (14-137) nmol/L, p=0.015) age groups.
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A significant association was found between hypovitaminosis D and PsA; the odds for
PsA patients to suffer with hypovitaminosis D was 3.297 (95 % confidence interval 1.372 to
7.922).

Although DAS28 score did not correlate with 25-OH-D values (r=0.107, p=0.610), there
was a statistically significant inverse correlation between vitamin D levels and psoriasis

extension as measured by PASI (r=0.440, p=0.001).

2. Characterization of bone metabolism in hungarian psoriatic arthritis patients

Patients (n = 118) presenting with psoriatic arthritis, confirming to the CASPAR
diagnostic criteria, were included in this cross-sectional, analyst blinded, age- and sex-matched,
case-control study. The median age (range) of the patients was 54 (25-85) years, with a
women:men ratio of 67:51. The median (range) disease duration for psoriasis and arthritis was
16 (1-72) and 9 (0-39) years, respectively. In a small percentage of the patients (n = 14, 12%),
the diagnosis of psoriasis was confirmed following the diagnosis of arthritis (on an average
within 5 years). Compared to the controls, L1-L4 areal BMD (1.274 (0.920-1.760) gm/cm2 vs.
1.170 (0.793-1.184) gm/cm2; p < 0.001), FN areal BMD (1.016 (0.760-1.550) gm/cm2 vs.
0.952 (0.607-1.292) gm/cm2; p = 0.001), distal radius (DR) total volumetric BMD (367.0
(287.0-412.0) gm/cm3 vs. 284.3 (138.9-470.3) gm/cm3; p < 0.001), DR trabecular volumetric
BMD (207.0 (145.0-255.0) gm/cm3 vs. 190.0 (63.0-351.5) gm/cm3; p = 0.002), DR cortical
volumetric BMD (537.0 (411.0-537.0) gm/cm3 vs. 365.9 (175.8-686.5) gm/cm3; p < 0.001)
and 250HD (64 (10-137) nmol/L vs. 47.5 (10-120) nmol/L; p < 0.001) was significantly lower,
and the 10 year probability for a major osteoporotic fracture (2.6 (0-17.5) % vs. 3.7 (0.7-32)
%; p =0.003) and hip fracture (0.05 (0-6.1) % vs. 0.4 (0-16) %; p =0.002), CTx (0.200 (0.100—

0.511) pug/L vs. 0.255 (0.040-1.090) pg/L; p < 0.001) and PINP (35.0 (8.2-72.5) pg/L vs. 46.2
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(11.0-253.7) ug/L; p < 0.001) were significantly higher in the PSA group. Areal and volumetric
BMD showed statistically significant correlation with each other.

Fracture risk characteristics used in the FRAX tool are presented in Table 4 for PSA
patients (n = 100) between 40 and 90 years of age. A 10 year probability of >20% for major
osteoporotic fracture and 10 year probability of >3% for hip fracture was observed in 1 (1%)
and 8 (8%) patients, respectively. One patient had probability above treatment threshold for
both fracture types.

Upon univariate analysis of the PSA cohort data, patients with lower FN areal BMD
were older, with longer duration of psoriasis and arthritis disease duration, and those with higher
FN areal BMD had higher body mass index (BMI) (p < 0.05); women had significantly lower
L1-L4 areal BMD (p < 0.05); those with lower DR total volumetric BMD were older and had
longer menopause duration (p < 0.05); older patients and women had lower DR trabecular
volumetric BMD and those with higher DR trabecular volumetric BMD had longer fertility
duration (p < 0.05); those with lower DR cortical volumetric BMD were older (p < 0.05); the
10 year probability of major osteoporotic fracture was higher in patients with more severe
disease as evaluated by DAS28, longer psoriasis and arthritis disease duration, and menopause
duration (p < 0.05); and the 10 year probability of hip fracture was higher in patients with longer
psoriasis and arthritis disease, and menopause duration, in those on conventional DMARDs and
insufficient vitamin D status with 250HD levels < 75 nmol/L or < 50 nmol/L (p <0.05).

Multiple linear regression analyses revealed that age was an independent predictor of
both areal and volumetric BMD. Additionally, BMI and arthritis disease duration also predicted
FN areal BMD, female sex was an independent predictor of DR trabecular volumetric BMD.
Disease activity score (DAS28) predicted the 10 year probability of major osteoporotic fracture

and conventional DMARD predicted the 10 year probability of hip fracture.
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The prevalence of hypovitaminosis D (250HD < 75 nmol/L) was 79 and 58% in the
PsA and control groups, respectively. A significant association was found between
hypovitaminosis D and PsA; the odds for PsA patients to suffer with hypovitaminosis D was

2.74 (95%Cl: 1.54-4.85, p < 0.001).

V. DISCUSSION

1. Vitamin D status in men with psoriatic arthritis:

In this cross-sectional, age- and gender-matched case-control study, we observed a
higher prevalence of hypovitaminosis D in Hungarian men with psoriatic arthritis. Our finding
of high hypovitaminosis D prevalence is in concordance with results from one previous study
comparing men and women with psoriatic patients (without arthritis) with healthy controls.
Another study has reported that there is no difference in vitamin D levels between patients
suffering from psoriasis with and without arthritis. We found no study in literature that
compared vitamin D status of PsAmen with age- and sex- matched controls. A probable
assumption for the decreased vitamin D levels in the PSA cohort may be due to the limiting
nature of their condition, and as such, they may not involve in physical activity that may be
assumed for a healthy age- and sex-matched counterpart; in addition, the psychological burden
related to the skin condition may further limit outdoor activity in this patient population.

Based on the levels of the biochemical markers of bone turnover, our study supports
assumptions of high bone turnover in the PSA population. High bone turnover, where bone loss
is expected, may explain the decreased, although statistically non-significant, BMD in our PSA

cohort. Nonetheless, the literature on BMD findings in PsA patients in nonconclusive.

14



One recent study has reported that fracture risk is increased in patients with PsA. The
comparatively high bone turnover complemented with low vitamin D levels may explain this
finding.

There are limitations to our study. Due to no commercially available population registers
and difficulties in getting access to the local population register, we employed a method where
recruitment of healthy volunteers may have been biased; we compensated for this by screening
all volunteers using uniform inclusion/exclusion criteria, and only those results were included
in the final data analysis where criteria were adhered to. Nonetheless, all the subjects studied
were Caucasian, which is true for the majority of the Hungarian population. Since the
demographic and ethic constitution of the population of Debrecen is not different from other
regions of Hungary, we consider our control population representative of the general
population. Physical activity habits of the subjects were not recorded, as such we cannot account
for the contribution of this strong confounder. Foods such as fortified diary products, eggs, and
fish contain vitamin D; in general, food is not fortified in Hungary and in addition, there is no
uniform fortification policy in Europe. Nonetheless, a dietary questionnaire was not
administered in the present study. Determining the amount provided by the sun or food is
difficult. The duration and intensity of exposure to sunlight are not easily measurable, and age,
skin pigmentation, sunscreens, clothing, and even window glass reduce its effects. In equatorial
regions, exposure to the sun alone is adequate, but at latitudes above 40° north or south, people
make little vitamin D in the winter. Measurement of 25-OH-D provides direct information, and
its concentration depends on age, sunlight exposure, vitamin D dietary intake, or
supplementation.

The relatively low number of study participants is the main limitation of this study;
nonetheless, we report findings from one of the largest male psoriatic population with arthritis

studied as far, and report increased prevalence of hypovitaminosis D in a male PSA cohort
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complemented with high bone turnover; furthermore, the comparison to a systematically
selected healthy age- and gender-matched population discards the effect of confounding risk

factors.

2. Characterization of bone metabolism in hungarian psoriatic arthritis patients

Both areal and volumetric bone mineral density in our patient population was
significantly lower than the age and sex-matched controls. This finding is in agreement with a
number of studies that have reported PSA patients with an increased risk of low areal bone
mineral density. But simultaneously is in disagreement with another series of studies that did
not report low areal BMD. This dichotomy may be due to the non-consistent comparison groups
and reported outcomes. Our finding of FN areal BMD significantly correlating with disease
duration.

Bone mineral density measured by pQCT have been reported previously by Kocijan et
al. They reported that trabecular and not cortical density was significantly lower in the patient
population as compared to the controls, this finding is in contrast to our results of decreased
trabecular and cortical density in the patient population. A probable explanation for this
discrepancy may be due to the fact that our patient cohort is older, with longer psoriasis and
arthritis disease duration. The present study is the first where areal BMD has been compared to
volumetric BMD in PsA patients, with statistically significant correlation between the two
methodologies. This finding is in tally with 2 other studies in patients with inflammatory
rheumatic disease.

We observed a significantly increased 10-year probability of both major and hip
osteoporotic fractures as assessed by the FRAX tool in the studied cohort with psoriatic arthritis.

Probability of fragility fractures has not been reported previously in PSA patients using the
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FRAX tool. Our probability findings are in concordance with findings where osteoporotic
fractures were studied as primary endpoints, reporting higher odds of diagnosis with
pathological fractures and elevated risk of all fractures. A cross-sectional study from Spain
reported increased prevalence of fragility fractures in postmenopausal PsA patients. A Brazilian
study reported longer disease duration as predictor of lowimpact fractures. Nonetheless, an
Italian study reported no difference in the prevalence of fragility fractures between cases and
controls.

Beside known predictors of the 10-year probability of fragility fractures, i.e., age and
BMD, our findings suggest that in PsA, severe disease activity as assessed by DAS28 is also a
noteworthy risk factor.

Fracture risk assessment using the FRAX tool and DR volumetric BMD measurement
are excellent alternatives when FN BMD cannot be measured, as in our study where one patient
had total bilateral hip replacement.

Although patients identified as being osteoporotic with FN areal BMD measurement
were also classified as osteoporotic with DR volumetric BMD measurement, volumetric
measurements identified a significantly greater number of patients with low bone mineral
density (34% vs. 88%, p < 0.001). Although manufacturer provided German reference
population is used to derive the T-score with both methodologies, the absence of agreement has
also been reported by Marshall et al.

Fracture risk assessment using the FRAX tool identified more patients deserving anti-
osteoporosis treatment as compared to FN areal BMD assessment (n = 8 vs. n = 6). Patients
with major osteoporotic or hip fracture probability in the intervention range, i.e., >20% (n = 8)
and > 3% (n = 1), respectively, were also osteoporotic when assessed for DR volumetric BMD,
nonetheless, a wide discrepancy was noticed as a significant proportion of the cohort with non-

intervention level FRAX probability was identified as osteoporotic (n = 28, 24%). The FRAX
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tool offers optional inclusion of FN areal BMD, and its clinical utility in identification of those
at increased risk of fragility fractures may be improved were volumetric BMD values and
psoriatic arthritis, as a secondary risk factor, also facilitated in the calculation of fracture
probability.

The FRAX tool is designed to assess those between 40 and 90 years of age, given this
inherent limitation the fracture probability of the young cannot be assessed. Among those under
40 years of age (n = 18), areal FN BMD assessment identified 3 (17%) and DR volumetric
BMD examination identified 16 (89%) psoriatic arthritis patient with low bone density (T-score
< — 1.0). Our observation suggests that volumetric BMD assessment better identifies those at
increased fracture probability, and offers opportunity to initiate fracture risk reduction
intervention promptly at a younger age. The true burden to osteoporosis may be underestimated
with areal BMD measurement alone.

Although beyond the scope of this present study, it may be worthwhile to examine the
utility of diagnostic imaging techniques such as ultrasonography of the knee and magnetic
resonance imaging in PsA disease severity assessment.

The Hungarian National Healthcare System subsidises antiosteoporotic therapy for
those with an osteoporotic T-score, based on the WHO classification (T-score < — 2.5), or with
FRAX probability of more than 3 and 20% for hip and major osteoporotic fracture, respectively.
Our results suggest that a number of osteoporotic and osteopenic patients deserving fracture
risk reducing intervention are missed using areal BMD measurement alone, and as such FRAX
assessment.

As compared to the control groups, the studied biochemical markers of bone turnover
were significantly elevated suggesting a high bone turnover in the PSA population.

This finding is supported by one previous study. Grisar et al. reported that CTx levels

were significantly higher in the PSA group as compared to the healthy controls. Szentpetery et
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al. reported correlation between the studied bone markers and hand BMD. Borman et al.
reported correlation between CTx and duration of arthritis and no difference in marker levels
comparing patients with and without arthritis. Nonetheless, in our study we found no correlation
between the studied parameters and bone markers. The inconsistency in bone marker results in
the numerous studies published has been summarized in a review by Jadon et al. The finding
of high prevalence of hypovitaminosis D in our study cohort is in agreement with previous
studies. Nonetheless, no difference in 250HD levels was reported upon comparison of psoriasis
patients with and without arthritis in one previous study and another study found lack of
correlation between 250HD levels and the disease activity score. A predisposition for
hypovitaminosis D in the PSA cohort may be due to the debilitating nature of the condition,
henceforth, they may involve only in limited physical activity; furthermore, patients may shy
away from outdoor activity given the mental burden of the skin manifestations of the disease.

Although not supported by correlation analysis in our study cohort, hypovitaminosis D,
high bone turnover and low bone mineral density may contribute to the increased fragility
fracture probability in this population.

Our study has limitations. Given the difficulties in getting access to the local population
register and absence of commercially available population registers, our control group
recruitment method may not have been unbiased. Validation of our results is deemed mandatory
optimally with a substantially larger cohort.

A higher number of study participants could have improved the statistical power of our
analyses, nonetheless, we report a high 10-year probability of fragility fractures along with an
increased prevalence of hypovitaminosis D in a PSA cohort with low bone mineral density and
high bone turnover; additionally, the case-control study design minimizes the effect of

confounding risk factors.
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Although warranting validation, the clinical utility of volumetric BMD examination
complemented with traditional DXA-based areal BMD measurement and FRAX assessment,
are readily applicable in the PsA patient population and serve as an inexpensive tool in
identifying patients with low bone mineral density. Prompt identification, treatment and follow-
up of patients at risk would help in reducing the burden of fragility fractures in the PsA patient

population.
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VI.  Summary

Vitamin D is known to be important in the well-being of the musculoskeletal and the
immune system. Furthermore, skeletal manifestations, as a consequence of dysregulated bone
metabolism, are characteristic in psoriatic arthritis (PsA). The aim of our case and age-matched
control studies was two fold, firstly to determine the prevalence of hypovitaminosis D in a well
defined treatment naiv, de novo PsA male cohort (n=53) and secondly to characterize bone
metabolism in another larger PsA cohort (n=118). Femur neck and lumbar spine bone mineral
density using DXA methodology, measurement of markers of bone turnover (osteocalcin, PLNP
and CTx), PTH and 25 hydroxyvitamin D and disease activity scores (DAS28 and PASI) were
studied in both cohorts, additionally, volumetric BMD measurements, using pQCT, and the
administration of the FRAX questionnaire was executed in the larger cohort of 118 participants.

Significantly lower 25-hydroxyvitamin D levels and significantly increased odds for
suffering from hypovitaminosis D was observed in both the PSA cohorts.

Disease activity (DAS28) was an independent predictor of the 10 year probability of
major osteoporotic and hip fractures, and volumetric BMD measurements out performed areal
BMD in identifying those with low bone mineral density. Although not a tool designed for
routine diagnostics, volumetric BMD measurements showed better efficacy in screening
patients with non-normal bone mineral density, those that would benefit best upon timely

initiation of preventive or therapeutic interventions.
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