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Abstract: Introduction: Awareness of psoriasis-related comorbidities has been established in the current
guidelines; however, evidence regarding the association of bone density or bone fragility with psoriatic
disease remains inconclusive. Methods: We conducted a systematic review and meta-analysis to
assess bone mineral density and the risk of osteoporosis and fractures in patients with psoriatic
disease, including those with cutaneous psoriasis and psoriatic arthritis. We searched electronic
databases for published observational studies. A meta-analysis was performed using the random-effect
model. Pooled estimates and their confidence intervals (CIs) were calculated. Small-study effects were
examined using the Doi plot and Luis Furuya–Kanamori index. Results: The analysis of the standardized
mean difference in the absolute value of bone mineral density at different measuring sites (lumbar
spine, femoral neck, and total hip) revealed no significant difference between patients with psoriatic
disease and non-psoriatic controls. The pooled results of the adjusted odds ratios (ORs) demonstrated
no increased risk of osteoporosis in patients with psoriatic disease. Notably, patients with psoriatic
disease had a higher OR of developing bone fractures (adjusted OR: 1.09; 95% CI: 1.06 to 1.12; I2: 0%).
Conclusion: Patients with psoriatic disease may be more likely to develop fractures compared with
non-psoriatic controls. This higher risk for fracture may not necessarily be associated with lower bone
mineral density nor a higher risk for osteoporosis.

Keywords: bone mineral density; osteoporosis; fracture; bone fragility; psoriasis; psoriatic arthritis;
meta-analysis

1. Introduction

Cutaneous psoriasis and psoriatic arthritis (PsA) are chronic inflammatory disorders recognized
on the spectrum of psoriatic disease [1–3]. Genetic and immunologic similarities identified in both
the affected skin and joints implicate shared mechanisms in psoriatic disease [4–7]. Therefore, it is
reasonable to consider combining the management of patients with cutaneous psoriasis and PsA
in clinical practice due to the common pathophysiological process [8,9]. With an improvement in
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molecular biology and immunopathology, abnormal bone remodeling discovered in experimental
and clinical research has prompted attention toward bone health in psoriatic disease [10–12].
Although the current guidelines on psoriatic comorbidities do not include bone health [13] recent
studies have indicated that patients with psoriatic disease may be at an increased risk of osteoporosis
and fractures [14]. However, the evidence regarding the association of psoriatic disease and bone
fragility remains inconclusive.

Reduction in bone mineral density (BMD) in patients with psoriatic disease has been reported in
a previous systematic review [15]. The prevalence of osteoporosis in patients with psoriatic disease
was reported to be 1.4–68.8% in some studies [15–17]. Moreover, patients with psoriatic disease were
shown to have a higher risk of developing bone fractures [18,19]. In contrast, other studies reported
negative results. Harrison et al., and Busquets et al., revealed no apparent associations between low
BMD and psoriatic disease upon clinical observation [20,21]. In several studies, no increased risk
of fractures was observed in patients with psoriatic disease than in non-psoriatic controls [22,23].
A complicated and unclear mechanism of bone quality and bone fragility in psoriatic disease may
contribute to the controversy above. Additionally, bone fragility and bone strength may be considered
beyond bone density alone, making the situation far more complicated [24].

Since the study population, sample sizes, and study designs in individual studies were
heterogenous, a comprehensive literature review with meta-analysis is warranted to yield the overall
effects. Therefore, in the present study we aimed to perform a systematic review and meta-analysis of
observational studies to determine the BMD and fracture risk in adult patients with psoriatic disease.

2. Materials and Methods

We conducted this systematic review and meta-analysis in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [25] and the Meta-Analyses
of Observational Studies in Epidemiology (MOOSE) guidelines [26]. We registered our protocol at
INPLASY.COM(registration number: INPLASY202080106). Two investigators (TL Chen and JW Lu)
independently searched for articles, collated data, and evaluated the quality of the qualifying studies.
In cases of discrepancies between the investigators, a third author (YW Huang) was consulted to reach
a consensus.

2.1. Literature Investigation and Search Strategy

We searched electronic databases (PubMed, Embase, Cochrane Library, and Web of Science)
and Chinese medical databases (Airiti Library and Chinese National Knowledge Infrastructure
databases) systemically for studies published from the inception of the relevant database until
15 September 2020. In brief, we used the following terms: “psoriasis”, “psoriatic arthritis”, “bone mineral
density”, “osteoporosis”, and “fracture”. The search strategies were modified for the requirements
of individual databases, and the details are described in Methods in the Supplementary Materials.
Studies in languages other than English or Chinese were excluded. Furthermore, we supplemented our
search by examining the reference lists or bibliographies of the available review articles and relevant
meta-analyses for additional candidates.

2.2. Study Selection and Eligibility Criteria

Peer-reviewed scientific articles were considered for inclusion. Studies in preprint status and those
published in open access journals that were absent on the Directory of Open Access Journals (DOAJ) were
considered non-peer-reviewed articles and, thus, were excluded. Studies that fulfilled the following
criteria were included: (1) those with observational study design (cross-sectional, case-control,
or cohort studies); (2) those in which target participants were adults diagnosed with psoriatic disease
(cutaneous psoriasis or PsA) based on clinical or histological information; (3) those in which comparison
groups included adult controls without psoriatic disease; (4) those in which the outcomes comprised
the absolute value of BMD and/or the effect estimates of osteoporosis or fractures; and (5) those in
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which BMD was assessed at lower extremities (e.g., lumbar spine, femoral neck, etc.) using dual-energy
X-ray absorptiometry (DXA), ultrasound bone density measurements, or other effective methods.
Case reports, case series, review articles, and abstracts from conference proceedings were excluded.
We also excluded animal studies or studies performed in laboratory settings.

2.3. Data Extraction and Outcome of Interest

We extracted data regarding the following items: first author, publication year, study design,
geographical location, study population (cutaneous psoriasis, PsA, or both), sample size,
patient characteristics (age, sex, and body mass index), characteristics of psoriatic disease
(disease duration and the usage of potential drugs that may affect bone formation),
BMD measurements (device, site, and outcomes), and reported outcomes of osteoporosis and fractures.
Systemic corticosteroids, methotrexate, and anti-tumor necrosis factor (TNF)-α agents were considered
potential drugs that could be related to bone quality and fragility [27–29]. The conflict of interest study
was also listed for each study. The primary endpoint was the absolute value of BMD. The secondary
endpoints included effect estimates regarding osteoporosis and fractures.

2.4. Qualitative Systematic Review

A modified Newcastle–Ottawa Scale (NOS) for non-randomized studies was utilized
for methodological quality appraisal of the included studies [30,31]; it consists of the following
three domains: the selection of study groups, comparability of study groups, and ascertainment of
the outcome of interest. Modified NOS for observational studies were demonstrated in Tables S1–S3 in
the Supplementary Materials.

2.5. Data Synthesis and Statistical Analysis

Considering the heterogeneity of the study populations, we calculated the pooled estimates
and their confidence intervals (CIs) using the DerSimonian and Laird random-effects model [32].
For continuous outcomes (absolute value of BMD), we calculated the standardized mean differences
(SMDs) and 95% CIs. SMD was considered because different manufactural modalities were
used across studies. For dichotomous outcomes (risk estimates of osteoporosis and fractures),
we calculated estimated odds ratios (ORs) and 95% CIs. We focused mainly on the pooled results using
maximally-adjusted estimates [33]. However, we still demonstrate the unadjusted ORs for emphasizing
the influence of confounding bias [34]. Furthermore, if the enrolled study number of each outcome was
less than ten and the pooled effect was statistically significant, modified Hartung–Knapp/Sidik–Jonkman
(HKSJ) adjustment was applied to control type I errors and avoid inaccurate CIs [35–37]. We contacted
the authors for the desired effect estimates and relevant information for studies that did not report
the data available for pooling.

Between-study heterogeneity was quantified using the I2 statistics [38]. An I2 value ≥50%
represents substantial heterogeneity. To explore the potential sources of heterogeneity apart from
random error, we conducted several predefined subgroup analyses according to the site of BMD
measurement, study population, study design, geographic location, age of participants, body mass
index (BMI), disease duration, potential osteoporotic/anti-osteoporotic drugs use, and study quality
according to NOS.

We also performed a sensitivity analysis to evaluate the influence of each study on the overall
effect by omitting them individually. All statistical tests were two-sided, and p-value < 0.05 was
considered statistically significant. The present meta-analysis was performed using Stata v16 (StataCorp,
College Station, TX, USA).

2.6. Small-Study Effects

Potential small-study effects, such as publication bias, were examined using Doi plots, a recently
developed graphical and alternative method [39]. It has been demonstrated to improve visualized
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asymmetry with treatment effects on the x-axis and a normal rank-based Z-score on the y-axis. Doi plot
asymmetry was quantified using the Luis Furuya–Kanamori (LFK) index, based on the rank-based
measure of precision (Z-score) instead of the standard error in funnel plots [39]. LFK indices less than
±1, greater than ±1 but less than ±2, or greater than ±2 were considered to represent no, minor, or major
asymmetry, respectively [39]. Moreover, the LFK index has been demonstrated to outperform Egger’s
regression test for possible small-study effects, especially when the study number is small. We applied
the Doi plot and LFK index to detect potential small-study effects in several outcomes of interest,
which may be ignored by the inapplicability of funnel plots and quantitative approaches, such as
the Egger’s p test. MetaXL v5.3 (EpiGear International Pty Ltd., Sunrise Beach, Queensland, Australia)
was used to generate the Doi plots and calculate the LFK indices [39].

3. Results

3.1. Search Results

The selection and detailed identification processes are summarized in Figure 1. A total of 3300
unique publications fulfilled the initial screening. We removed 950 duplicates, and the titles and abstracts
of the remaining studies were screened for inclusion. The full text of 201 studies was retrieved;
of them, 15 met the inclusion criteria. Ultimately, 15 observational studies were included in this
quantitative meta-analysis.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow
diagram of the process of screening and including the studies.

3.2. Characteristics of Qualifying Studies

Table S4 outlines the characteristics of the 15 observational studies [16,18,19,22,23,40–49]. A total
of 1,277,673 participants, investigated between 2009 and 2020, were evaluated. The demographic
data and the reported outcomes of interest were summarized. Female-predominant sex distribution
could be observed in most of the studies. The participants were mostly categorized as overweight
(25 ≤ BMI < 29.9) or obese (BMI ≥ 30) [50].
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After critical appraisal of the studies, eight studies were judged to have “high quality” because
they scored ≥7 points on the NOS. Additionally, seven articles were deemed to have “moderate quality
(scored 4–6 points)”, whereas no studies were considered to have “low quality (scored ≤3 points)”.
The results of the appraisal are also summarized in Table S4. Two of the enrolled studies declared their
conflict of interest with either an institution or company and two studies did not mention their funding
source or conflict of interest.

3.3. Pooled Effects of the Primary Outcome

In terms of the overall effect regarding the absolute BMD value, patients with psoriatic disease
demonstrated no significantly decreased SMD despite different sites of measurement (SMD in lumbar
spine: 0.07; 95% CI: −0.19 to 0.32; I2: 73.8%; SMD at femoral neck: −0.08; 95% CI: −0.36 to 0.20; I2: 72.3%;
SMD at total hip: −0.05; 95% CI: −0.22 to 0.13; I2: 34.7%; Figure 2). Subgroup analysis in Table 1
revealed that the age of patients might be a moderator in lumbar spine BMD. After omitting the papers
individually for sensitivity analysis, SMD results were similar to the above.
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Table 1. Subgroup analysis of primary outcome.

Lumbar Spine Femoral Neck Total Hip

Subgroups N SMD (95%CI) I2 (%) N SMD (95%CI) I2 (%) N SMD (95%CI) I2 (%)

Study population
Psoriasis 1 −0.07 (−0.40 to 0.27) NA 0 NA NA 1 −0.24 (−0.58 to 0.09) NA

Psoriatic arthritis 6 0.07 (−0.19 to 0.33) 73.5 5 −0.08 (−0.36 to 0.20) 72.3 5 −0.04 (−0.22 to 0.14) 31.0

Study design
Cross-sectional 5 0.00 (−0.28 to 0.29) 71.9 4 −0.16 (−0.49 to 0.17) 70.0 4 −0.15 (−0.32 to 0.03) 0

Cohort 1 0.33 (0.10 to 0.57) * NA 1 0.19 (−0.05 to 0.42) NA 1 0.20 (−0.04 to 0.43) NA

Geographic location
America 1 0.00 (−0.28 to 0.28) NA 0 NA NA 1 −0.16 (−0.44 to 0.12) NA

Asia 2 −0.06 (−0.96 to 0.83) 91.3 2 −0.30 (−0.90 to 0.29) 80.1 2 −0.13 (−0.39 to 0.13) 0
Europe 3 0.19 (−0.04 to 0.42) 42.8 3 0.08 (−0.12 to 0.29) 29.5 2 0.06 (−0.28 to 0.40) 54.9

Age (years)
<50 1 −0.52 (−0.89 to −0.15) * NA 1 −0.60 (−0.97 to −0.23) * NA 1 −0.25 (−0.61 to 0.12) NA

50–59 3 0.31 (0.14 to 0.47) * 0 3 0.13 (−0.03 to 0.30) 0 2 0.14 (−0.06 to 0.34) 0
≥60 2 −0.04 (−0.27 to 0.19) 0 1 −0.21 (−0.61 to 0.19) NA 2 −0.16 (−0.39 to 0.07) 0

BMI status
Overweight 4 0.23 (0.06 to 0.40) * 26.2 3 0.13 (−0.03 to 0.30) 0 3 0.02 (−0.20 to 0.25) 45.4

Obesity 2 −0.32 (−0.72 to 0.08) 53.6 2 −0.41 (−0.80 to −0.03) * 50.6 2 −0.21 (−0.48 to 0.06) 0

Disease duration
≥10 years 5 0.00 (−0.28 to 0.29) 71.9 4 −0.16 (−0.49 to 0.17) 70.0 4 −0.15 (−0.32 to 0.03) 0
<10 years 1 0.33 (0.10 to 0.57) * NA 1 0.19 (−0.05 to 0.42) NA 1 0.20 (−0.04 to 0.43) NA

Medication use
Yes 5 0.10 (−0.19 to 0.38) 77.6 4 −0.05 (−0.38 to 0.28) 77.7 4 −0.03 (−0.24 to 0.18) 47.0
No 1 −0.11 (−0.51 to 0.29) NA 1 −0.21 (−0.61 to 0.19) NA 1 −0.16 (−0.56 to 0.24) NA

Risk of bias
NOS ≥ 7 2 0.29 (0.11 to 0.47) * 0 2 0.16 (−0.02 to 0.35) 0 1 0.20 (−0.04 to 0.43) NA
NOS < 7 4 −0.06 (−0.41 to 0.29) 74.3 3 −0.27 (−0.63 to 0.08) 61.4 4 −0.15 (−0.32 to 0.03) 0

* p < 0.05 N, Number of studies; SMD, standardized mean difference; CI, confidence interval; NA, not applicable; BMI, body mass index; DXA, dual-energy X-ray absorptiometry;
NOS, Newcastle–Ottawa Scale.
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3.4. Pooled Effects of Secondary Outcomes

As presented in Figure 3A, psoriatic patients tended to have a higher risk of developing osteoporosis
before adjusting confounding factors (unadjusted OR: 1.35; 95% CI: 1.02–1.78, I2: 76.4%). However,
after adjustment, patients with psoriatic disease were not likely to possess high ORs of developing
osteoporosis (adjusted OR: 1.33; 95% CI: 0.78–2.26; I2: 92.7%) compared with the non-psoriatic controls.
In Figure 3B, psoriatic patients were not likely to develop fractures before confounding adjustment
(unadjusted OR: 1.16; 95% CI: 0.86–1.57; I2: 81.0%), but after adjusting for confounding factors,
they possessed higher ORs of developing fractures compared with the non-psoriatic controls (adjusted
OR: 1.09; 95% CI: 1.06–1.12; I2: 0%).
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(B). CI, confidence interval.

We focused on the adjusted estimates for drawing conclusions and compared them to
the unadjusted estimates. The results were opposite before and after confounding adjustment, indicating
the substantial role of confounding bias in terms of the overall effect size. Sensitivity analysis yielded
similar results, making our pooled effects robust.

3.5. Heterogeneity and Small-Study Effects

Substantial heterogeneity was indicated in nearly all outcomes, except for the group regarding
total hip BMD and the adjusted OR of fracture. Subgroup analyses revealed that psoriatic patients’ age
might serve as a possible moderator in the primary outcome.

Small-study effects were detected using the Doi plot and LFK index. Major asymmetry was
indicated in the subgroups of the femoral neck (LFK index: −2.60; Figure S1) in terms of the absolute
value of BMD. Minor asymmetry was seen in the lumbar spine group regarding BMD (LFK index:
−1.76; Figure S2) and in the adjusted outcome of osteoporosis (LFK index: 1.59; Figure S3). On the other
hand, no asymmetry in the Doi plot was observed in the total hip group regarding BMD (LFK index:
0.60) and in the adjusted outcome of fracture (LFK index: −0.13), respectively.4. Discussion

Despite numerous studies concerning bone involvement in the investigative field of psoriatic
disease, the findings remain controversial. In this systematic review and meta-analysis, we demonstrated
no significant association between psoriatic disease and the absolute value of BMD in the lumbar
spine, femoral neck, or total hip. Additionally, patients with psoriatic disease did not have higher
risks of developing osteoporosis than the controls; nevertheless, they did have increased OR of
sustaining fractures.

A fragility fracture is defined as a pathological fracture that results from low energy insults [51].
It is believed that fractures are associated with decreased bone strength, which reflects the integration of
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both bone quality and bone density [52]. However, the modalities measuring areal BMD (i.e., DXA) have
limited ability to determine bone strength since they have limitations in measuring bone quality, such as
microarchitecture, mineralization, collagen cross-links, crystal size, and marrow composition [53,54].
Therefore, osteoporosis defined by DXA may not reflect the actual bone strength reduction and may
not serve as an accurate predictor for fractures. This inference may explain why psoriatic patients had
increased fracture risk but displayed no association in BMD and osteoporosis in our meta-analysis.

Another explanation for our results is that the increased fracture risk may be attributed to reduced
bone quality, namely, the depletion in bone microarchitecture and demineralization. Simon et al. [55]
reported that the cortical and trabecular volumetric BMD was significantly decreased in the psoriatic
population. Pfeil et al. [56] demonstrated periarticular demineralization in psoriatic disease by measuring
the Metacarpal Index at the metacarpal bones. Further in vivo or in vitro experiments and clinical
observation are required to clarify the pathogenic process.

Since the pathogenesis of psoriatic disease is complex and multifactorial, potential moderators
were identified. Our subgroup analysis found that age may be a potential moderator for the analysis of
BMD. Based on previous studies, aging may be related to bone loss with complex interaction between
genetic, hormonal, biochemical, and environmental factors [57]. According to the World Health
Organization, psoriasis most affects people at the age of 50–69 years [58]. In our study, the lumbar
spine BMD increased in this age group, whereas it decreased in patients aged less than 50 years.

Apart from age, several possible confounding factors may affect our results. Previous studies
suggested that low bone density in psoriatic disease was identified exclusively in men, usually less
affected by bone destruction [16,17]. In contrast, one study reported that there was an increased BMD
with postmenopausal women [59]. Hence, the sex of the patients may be a potential confounding
factor. Additionally, chronic use of drugs that affect bone formation may also act as a confounding
factor in our analysis. Systemic corticosteroids, methotrexate, and anti-TNF-α agents were reported to
be either osteoporotic or anti-osteoporotic [27–29]. Finally, the body mass index of patients can also be
considered a confounding factor. Epidemiologic research has indicated positive associations between
obesity and bone health [60]; while adiposity and weight gain are associated with higher psoriasis
risks [61].

Methodological problems regarding the representation of unpublished studies may have a
considerable impact on the decision-making in clinical practice [62]. Concerns have been raised about
the Egger’s asymmetry test and its power to detect asymmetry when the number of studies is small.
We then used Doi plot and LFK index to evaluate small-study effects. Compared with the Egger’s p test,
the LFK index had a superior area under the receiver operating characteristic curve (0.58 to 0.75 vs. 0.74
to 0.88, respectively) as well as higher sensitivity (18.5% to 43.0% vs. 71.3% to 72.1%, respectively) [39].
In contrast, the specificity is higher with the Egger’s p test (87.6% to 90.0% vs. 64.7–87.1%, respectively).

To the best of our knowledge, this is the first meta-analysis of observational studies to evaluate
the BMD, osteoporosis, and fracture risk in adult patients with psoriatic disease (psoriasis and PsA).
This analysis included not only osteoporosis and fracture risks, but also BMD measurements at
different sites. This allowed us to estimate the total effect size with large sample size and a higher
statistical power. Furthermore, we performed an up-to-date literature search and enrolled in the latest
studies in the analysis. We applied sensitivity analyses after omitting each study one at a time,
and the pooled results were robust with few changes. We used the novel Doi plot and LFK index to
detect small-study effects.

There were some limitations in our studies. First, the inconsistency due to high between-study
heterogeneity was observed. We were not able to perform meta-regression due to the availability
of <10 studies in each outcome. Although it was a time-consuming effort, we used subgroup
analysis to identify moderators in observational studies. Second, our study results could only
explain the relationship between psoriatic disease and BMD, osteoporosis, and fractures. Further
studies regarding pathogenetic clarification may be necessary. Third, while the LFK index has been
demonstrated to discriminate asymmetry better and has higher sensitivity than the Egger’s p-value,
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its specificity is lower than that of the latter. Finally, the opposite results in the secondary outcomes
revealed a crucial issue in terms of confounding factors in our enrolled studies, which can introduce
bias; therefore, our results should be interpreted with caution.

4. Conclusions

Our results indicate that patients with psoriatic disease may be more likely to develop fractures
compared with non-psoriatic controls. This higher risk for fracture may not necessarily associated
with lower BMD nor a higher risk of osteoporosis. Future studies are warranted to establish stronger
evidence regarding the understanding of bone strength and bone quality in patients with psoriasis or
PsA. Based on our findings, we suggest that preventive measures for fractures may be beneficial in
current clinical practice for such patients.

Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/9/11/
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