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Abstract
Summary We determined hypovitaminosis D prevalence in
men with psoriatic arthritis. This is a cross-sectional, analyst
blinded, age- and sex-matched, case-control study. Men with
psoriatic arthritis have significantly lower 25-hydroxyvitamin
D levels. Men with psoriatic arthritis are at increased odds of
suffering from hypovitaminosis D.
Introduction Skeletal manifestations as a result of abrupted
bone metabolism may be predominant in psoriatic arthritis
(PsA). Vitamin D plays a vital role in maintenance of skeletal
health and is known to modulate the immune system in vari-
ous autoimmune diseases including PsA. The aim of the pres-
ent study was to determine the prevalence of hypovitaminosis
D in a treatment naïve, de novo psoriatic arthritis male cohort
in a cross-sectional, analyst blinded, age- and sex-matched,
case-control study.
Methods 25 hydroxyvitamin D (25OHD), parathyroid (PTH),
osteocalcin (OC) and C-terminal telopeptides of type-I colla-
gen (CTx) levels, and lumbar spine and femoral neck bone
mineral density were compared between 53 PsA and controls.

Results The prevalence of hypovitaminosis D (25
hydroxyvitamin D (25OHD) levels <75 nmol/L) was 81 and
57 % in the PsA and control groups, respectively. Compared
to the healthy controls, 25OHD (67.2 (12–137) nmol/L vs.
51.9 (15–95) nmol/L; p=0.001) was significantly lower, and
osteocalcin (13.6 (5–33) μg/L vs. 18.2 (6–35) μg/L; p=0.003)
and C-terminal telopeptides of type-I collagen (0.20 (0.01–
0.71) μg/L vs. 0.28 (0.06–0.69) μg/L; p=0.008) were signif-
icantly higher in the PsA group. A significant association was
found between hypovitaminosis D and PsA; the odds for pa-
tients with PsA of having hypovitaminosis D was 3.297 (95%
confidence interval 1.372 to 7.922).
Conclusion The results of this study suggest that men with
PsA have significantly lower 25-hydroxyvitamin D levels,
and furthermore, men with PsA are at statistically significant
increased odds of suffering from hypovitaminosis D.
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Introduction

Approximately 1–3 % of the world’s population is affected by
psoriasis [1]. Inflammatory arthritis known as psoriatic arthri-
tis (PsA), which contributes significantly to the patient’s dis-
ease burden with reduction in quality of life, develops in 6–
39 % of psoriatic patients [2, 3]. Psoriatic arthritis presents
with clinical features of joint inflammation, including erythe-
ma, swelling, and warmth. It presents initially in one or a few
joints in an asymmetric manner and gradually involves more
joints as time passes; ultimately presenting a polyarticular
manifestation that is usually symmetric. Joint damage and
deformity are typically present in this stage of the disease. In
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majority of patients, the arthritis follows the development of
psoriasis, and in the remainder, it develops simultaneously or
before the appearance of skin lesions [4–9]. As such, skeletal
manifestations as a result of abrupted bone metabolism may
be predominant.

Vitamin D plays a vital role in maintenance of skeletal
health [10]. Vitamin D deficiency and consequent secondary
hyperparathyroidism are known to cause a decrease in bone
mineral density and increase in bone turnover [11–13].

Vitamin D performs different functions besides its tradi-
tional 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 [14–17]. 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 au-
toimmune diseases, and in vitro and in vivo findings of vita-
min D-induced changes in immune functions [18, 19]. Fur-
thermore, dermatologists and rheumatologists have observed
the effectiveness of vitamin D analogs to treat psoriasis
plaques and have observed statistically significant improve-
ment in the tender joint count and physician global impression
[20, 21]. Additionally, 1,25-dihydroxyvitamin D3 and its syn-
thetic analogs are being increasingly recognized for their po-
tent antiproliferative, prodifferentiative, and immunomodula-
tory activities [22].

Autoimmune conditions associated with decreased vitamin
D levels include insulin-dependent diabetes mellitus, rheuma-
toid arthritis, and multiple sclerosis, which share certain im-
munologic characteristic with psoriasis, such as Th1/Th2 dys-
regulation [23–25]. We found no study in literature that com-
pared vitamin D status of PsAmen with age- and sex-matched
controls. As such, the aim of the present study was to deter-
mine the prevalence of hypovitaminosis D in a treatment na-
ïve, de novo psoriatic arthritis male cohort in a cross-sectional,
analyst blinded, age- and sex-matched, case-control study.

Patients and methods

Men, suffering from psoriasiform skin lesions with articular
manifestations, referred to the out-patient division of the De-
partment 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 ofMedicine, University of Debrecen approved the
study protocol.

Blood sampling was done after overnight fasting to mea-
sure levels of 25-hydroxyvitamin D (25OHD), PTH,
osteocalcin (OC), C-terminal telopeptides of type-I collagen

(CTX-I), and procollagen type I amino-terminal propeptide
(PINP).

Dual energy X-ray absorptiometry examination was per-
formed using the LUNAR Prodigy (GE-Lunar Corp., Madi-
son, Wisc., USA) densitometer. Bone mineral density (BMD)
was measured at L1–L4 lumbar spine (LS) and femoral neck
(FN). The coefficient of variation (CV) of the technique at our
institute was 0.8 % using the anatomical spine phantom mea-
sured daily. Samples from matched healthy controls were tak-
en in the same meteorological season in order to control for
seasonal variability.

Plasma 25-OH-D was analyzed by high pressure liquid
chromatography (HPLC) using a Jasco HPLC system (Jasco,
Tokyo, Japan) and Bio-Rad reagent kit (Bio-Rad Laboratories,
Hercules, CA, USA). Serum PTH, OC, CTX-I, and PINP
were measured using electrochemiluminescence immunoas-
say (Roche Diagnostics GmbH, Mannheim, Germany). The
inter-assay CV was <3.5 % for 25-OH-D (lower detection
limit: 16.5 nmol/L, upper detection limit: 624 nmol/L), <7 %
for PTH (lower detection limit: 0.127 pmol/L, upper detection
limit: 530 pmol/L), <4 % for OC (lower detection limit:
0.5 μg/L, upper detection limit: 300 μg/L), <7 % for CTX-I
(lower detection limit: 0.010 μg/L, upper detection limit:
6 μg/L), and <6 % for PINP (lower detection limit: 5 μg/L,
upper detection limit: 1200 μg/L). Hypovitaminosis D was
defined as 25-OH-D levels <75 nmol/l as suggested by
Dawson-Hughes et al. [26].

Disease severity was evaluated in the PsA group using the
disease activity score (DAS28) and psoriasis area and severity
index (PASI) [27, 28].

Data from men with psoriatic arthritis was compared to
age- and gender-matched healthy volunteers. Men with the
closest dates of birth and with blood drawn in the same mete-
orological season were selected for pairing with their PsA
counterparts. Majority of the controls belonged to the
HunMen cohort [29]. This matching was feasible for those
over 50 years of age (n=35); the younger healthy age-
matched volunteers were escorts, generally family members
of the PsA patients (n=18). Only data from those healthy
volunteers that confirmed to the inclusion and/or did not con-
firm to the exclusion criteria was included in the statistical
analysis. Inclusion criteria were male sex, ambulatory, com-
munity dwelling, and generally regarded as healthy. Exclusion
criteria were known prevalent metabolic bone disease, liver or
renal disease (values ≥2× upper limit of normal for total bili-
rubin, aspartate aminotransferase, alanine aminotransferase,
gamma-glutamyl transpeptidase, alkaline phosphatase, lactate
dehydrogenase, cholinesterase, urea, creatinine, and uric acid
resulted in exclusion), and use of medication influencing bone
metabo l i sm (exc lud ing ca lc ium and vi t amin D
supplementation).

Descriptive statistics are presented, as applicable, as mean,
range, and standard deviation (SD). The Kolmogorov-
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Smirnov test was used to check for normality of distribution.
Depending on the distribution of the parameters examined, the
paired samples t test or the Wilcoxon signed ranks test was
used to compare the age- and gender-matched pairs. The χ2

test was used to compare categorical variables. The
Spearman’s ρwas calculated for correlation analysis. All anal-
yses were performed using the SPSS Statistics software, ver-
sion 22.0 (IBM Corps., Armonk, NY, USA).

Results

Men (n=53) presenting with de novo psoriatic arthritis, using
CASPAR diagnostic criteria, were included in this cross-sec-
tional, analyst blinded, age- and sex-matched, case-control
study [30]. In terms of recruitment, there were no non-
responders in either group. The mean age (range) of the indi-
viduals in both groups was 54.7 (31–84) years. The preva-
lence of hypovitaminosis D (25-OH-D <75 nmol/L) was 81
and 57 % in the PsA and control groups, respectively. Al-
though 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, 25OHD (67.2 (12–137)
nmol/L vs. 51.9 (15–95) nmol/L; p=0.001, Fig. 1) was sig-
nificantly lower, and OC (13.6 (5–33) μg/L vs. 18.2 (6–35)
μg/L; p=0.003) and CTX-I (0.20 (0.01–0.71) μg/L vs. 0.28
(0.06–0.69) μg/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 (Table 1).

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 age-
matched 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.

A signi f icant associa t ion 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 signifi-
cant inverse correlation between vitamin D levels and psoria-
sis extension as measured by PASI (r=−0.440, p=0.001).

Discussion

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
[31]. Another study has reported that there is no difference
in vitamin D levels between patients suffering from psoriasis
with and without arthritis [32]. We found no study in literature
that compared vitamin D status of PsAmen with age- and sex-

Fig. 1 Box andwhisker’s plot for
25-hydroxyvitamin D levels in
men with psoriatic arthritis and
age- and sex-matched healthy
controls
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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 bur-
den 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 turn-
over in the PsA population [33]. High bone turnover, where
bone loss is expected, may explain the decreased, although
statistically non-significant, BMD in our PsA cohort. None-
theless, the literature on BMD findings in PsA patients in non-
conclusive [34–36].

One recent study has reported that fracture risk is increased
in patients with PsA [37]. The comparatively high bone turn-
over 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 uni-
form 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 popula-
tion of Debrecen is not different from other regions of Hun-
gary, 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 contri-
bution 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 pig-
mentation, sunscreens, clothing, and even window glass
reduce its effects [38]. 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. Mea-
surement 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 stud-
ied as far, and report increased prevalence of hypovitaminosis
D in a male PsA cohort complemented with high bone turn-
over; furthermore, the comparison to a systematically selected
healthy age- and gender-matched population discards the ef-
fect of confounding risk factors.

Conclusion

In conclusion, the results of this study suggest that men with
PsA have significantly lower 25-hydroxyvitamin D levels,
and furthermore, men with PsA are at statistically significant
increased odds of suffering from hypovitaminosis D.
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Table 1 Subject characteristics

25OHD 25-hydroxyvitamin D,
LS BMD L1-L4 bone mineral
density, FN BMD femoral neck
bone mineral density, PTH
parathyroid hormone, OC
osteocalcin, CTX-I C-terminal
telopeptides of type-I collagen,
PINP total procollagen type 1
amino-terminal propeptide, PASI
psoriasis area and severity index,
DAS28 disease activity score

Men with psoriatic arthritis (n=53) Healthy men (n=53) p value

Age, years (mean, range) 54.7 (31–84) 54.7 (31–84) 1.000

25OHD, nmol/L (mean, range) 51.9 (15–95) 67.2 (12–137) 0.001

25OHD levels <75 nmol/L 81 % (n=43) 57 % (n=30) 0.006

25OHD levels <50 nmol/L 51 % (n=27) 28 % (n=15) 0.028

LS BMD, gm/cm2 (mean±SD) 1.221±0.185 1.261±0.170 0.316

FN BMD, gm/cm2 (mean±SD) 0.972±0.130 1.032±0.122 0.202

Total calcium, mmol/L (mean, range) 2.4 (2.2–2.6) 2.3 (2.1–2.6) 0.048

Phosphate, mmol/L (mean, range) 0.9 (0.5–1.2) 1.0 (0.6–1.4) 0.014

PTH, pmol/L (mean, range) 4.4 (1.8–9.0) 3.7 (1.6–6.5) 0.064

OC, μg/L (mean, range) 18.2 (6–35) 13.6 (5–33) 0.003

CTX-I, μg/L (mean, range) 0.28 (0.06–0.69) 0.20 (0.01–0.71) 0.008

PINP, μg/L (mean, range) 44.5 (14–91) 34.1 (8.2–82.4) 0.059

Psoriasis disease duration, years
(mean, range)

10.8 (0–50.9) –

PASI (mean, range) 5.1 (0–26.1) –

DAS28 (mean, range) 2.17 (0.26–5.64) –
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