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Purpose: Based on a large number of systematic reviews and meta-analyses
exploring the relationship between psoriasis and various health outcomes, we
conducted an comprehensive analysis to assess the strength and evidence
for the association between psoriasis and medical end-point ramifications
in patients.

Methods: We searched related meta-analyses, investigating the links between
psoriasis and medical ramifications from three databases. All summary effect
sizes, 95% Cls, heterogeneity, and small-study effects in the included meta-
analyses were recalculated. We assessed the methodological quality of
included articles with the AMSTAR 2 tool and graded the epidemiological
evidence. Subgroup analysis based on the severity of psoriasis and study design
were also performed.

Results: A total of 38 articles comprising 85 unique meta-analyses were
included in this study. Although 69 outcomes were statistically significant, only
8 outcomes (nonvascular dementia, ulcerative colitis, pediatric dyslipidemia,
gestational diabetes, gestational hypertension, fracture, multiple sclerosis, and
schizophrenia) showed a high quality of epidemiological evidence.

Conclusion: We found that psoriasis increased the risk of 69 health outcomes,
and 8 outcomes were graded as high-quality evidence. No evidence was
found that psoriasis was beneficial for any medical end point. However, to
verify our results, more large-sample, multi-center prospective cohort studies
are needed.

KEYWORDS
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Introduction

Psoriasis, which can affect the skin, nails, and scalp, is a chronic, noncommunicable,
painful disfiguring, and disabling disease, involving hyperproliferative keratinocytes and
infiltration of T cells, dendritic cells, macrophages, and neutrophils (1, 2). So far, even
with the proper treatments, psoriasis is still not cured but controlled (3). Affecting
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approximately 125 million adults and children all over the
world, psoriasis results in serious global health issues and
burdens (4). The overall prevalence of psoriasis ranges from
0.5 to 11.4% (5) and is higher in adults than in children.
However, the majority of data on psoriasis prevalence are
focused on a small number of countries (the UK, the USA,
and some European countries), causing that the prevalence of
psoriasis is only known in 19% of countries worldwide (6).
The psychosocial health of most patients with psoriasis may
also receive a substantial and negative effect. Depression seems
to be more common in patients with psoriasis (up to 20%)
and even shows suicidal ideation extending to suicidal behavior
when compared with the general population (7). The possibility
of future development of psoriasis arthritis (PsA), another
comorbidity of psoriasis, cannot be completely protected against
the use of biological drugs (8). Therefore, psoriasis imposes a
heavy burden on patients.

Until now, a large body of systematic reviews and meta-
analyses investigated the association between psoriasis and
certain medical ramifications. Except for psychiatric disorders,
psoriasis seems to be linked with other comorbidities, including
metabolic syndrome, uveitis, cardiovascular diseases (CVDs),
and chronic kidney disease (9-12), which may further lead
to impaired quality of life. However, most of the studies
focused on a single health-related outcome, and to the best
of our knowledge, no study has systematically summarized
the strength of these relationships between psoriasis and
multiple medical ramifications. A comprehensive analysis
focuses on a specific topic and has the potential to provide
the highest quality of evidence if performed and interpreted
properly (13).

Consequently, this
analysis to gain a comprehensive overview of the existing

we  conducted comprehensive
published studies that investigated the association between
psoriasis and health end point and assess its strength
and validity. Our study shows that psoriasis has a major
harmful effect on human health and can raise awareness

of psoriasis.

Methods

We have registered the protocol in PROSPERO
(CRD42022306771). The study was conducted
according to the preferred reporting items for
systematic ~ reviews and  meta-analyses  (PRISMA)

regulations (14).

Abbreviations: PsA, psoriasis arthritis; CVD, cardiovascular disease; ACM,
all-cause mortality; RR, relative risk; NAFLD, nonalcoholic fatty liver

disease; CKD, chronic kidney disease; VTE, venous thromboembolism.
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Literature search

Using “psoriasis” AND “meta-analysis” OR “meta-analyses”
OR “systematic review” as search terms, we searched PubMed,
Web of Science, and Embase for relevant studies from the
initiation to January 2022 with no other restrictions. We also
screened the references in each selected article in order to avoid
missing the potential meta-analyses.

Study selection

Two authors selected independently the full texts for
potentially eligible articles. Any discrepancies were discussed
and resolved with ST. Studies were included if they met the
following criteria:

(1) Meta-analysis was based on observational studies with
quantitative analysis.

(2) Meta-analysis reported the association between psoriasis
and the direct results on human health (risk of disease
and mortality).

Studies were excluded if they met the following criteria:

(1) Meta-analysis only reported the relationship between
psoriasis and indirect indicators (e.g., lipid levels and
blood pressure).

(2) Studies were protocols, letters, and conference abstracts.

(3) Studies were only reviews.

(4) Psoriasis was not the exposure of interest.

When multiple meta-analyses investigated the same medical
ramifications, we selected the one with the largest number of
included primary studies.

Data extraction

For each included meta-analysis, two authors (YZ and LZ)
independently extracted the following information: name of
the first author, publication year, health outcomes, severity of
psoriasis, study design (case-control, cross-sectional, or cohort
studies), number of studies included in each meta-analysis,
number of participants and events, metric-type (OR, odds ratio;
RR, relative risk; HR, hazard ratio), summary effect size, 95%
confidence interval (CI) of the results, P-values for statistically
significant level, Q-test, and Egger’s test. All differences were
discussed and resolved by consensus with a third person (ST).

Data analysis

We used the extracted data obtained from the eligible studies
to reanalyze each meta-analysis. The summary effect size and
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its 95% CI were all reestimated. We used the I> metric and
Cochran’s Q-test to evaluate the heterogeneity. When the I? is
>50%, we choose the random effect model; otherwise, we choose
the fixed effect model. Egger’s regression test was used to evaluate
the publication bias. A P-value of < 0.1 for heterogeneity and
publication bias was considered statistically significant. If a
meta-analysis reported the severity and type of study of psoriasis,
we performed subgroup analyses on basis of these data.

Evaluation of methodological quality and
epidemiological evidence quality

We applied A Measurement Tool to Assess Systematic
Reviews 2 (AMSTAR?2), a robust and validated tool, to assess
the methodological quality of each included study. AMSTAR2
contains 16 items, seven of which are key items, and it classifies
the study quality into four ranks as follows: critically low, low,
moderate, and high (15). To evaluate the evidence quality of
the association between psoriasis and each medical end point,
grading parameters that have been adapted in various studies
(16-19) were used in this study. According to the criteria
(precision of the estimate, number of cases, heterogeneity, and
small-study effects), the strength of epidemiological evidence
was categorized into high, moderate, weak, or not applicable.
Two authors independently finished the above evaluations.

Results

Search result

Figure 1 shows the flowchart of the selection process.
Overall, a total of 3,893 articles were identified from three
databases (1,068 articles from Web of Science, 646 from
PubMed, and 2,179 from Embase). After excluding 1,508
duplicates, we carefully screened for the inclusion and exclusion
criteria and finally found 38 eligible articles with 85 unique
medical end points in this study. The remaining articles were all
published between 2012 and 2021. The characteristics of these
meta-analyses are all shown in Supplementary Table 1. Medical
end points related to psoriasis were involved in the following
17),
cardiovascular system disease (n = 7), nervous system disease (n

categories of diseases: mortality (n = 8), cancer (n =

= 4), gastrointestinal system disease (n = 6), respiratory system
disease (n = 3), metabolic disease (n = 9), pregnancy outcomes
(n = 14), and other outcomes (n = 17) (Figure 2).

Mortality

A meta-analysis of 6 cohort studies showed that
psoriasis and all-cause mortality (ACM) exhibited a
Frontiersin Medicine
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positive correlation, with a RR of 1.21 (1.14-1.28) (20).
Psoriasis was found to increase the mortality in CVD, liver
disease, respiratory disease, kidney disease, and infections
(20).
and mortality in malignancy (20) and cancer (21) were
found (Figure 3).

But no significant associations between psoriasis

Cancer

Psoriasis increased the incidence of total cancer (21).
Compared with people without psoriasis, those with psoriasis
had an increased risk of respiratory tract cancer (22), upper
aerodigestive tract cancer (22), urinary tract cancer (22),
colorectal cancer (23), colon cancer (23), nonmelanoma
and cell carcinoma (22).

skin cancer (24), squamous

Except for total hematological malignancy, we found

that psoriasis was significantly correlated to evaluate the
Hodgkin
lymphoma, cutaneous T-cell lymphoma, multiple myeloma,

risk of lymphoma, lymphoma, non-Hodgkin
and leukemia (25). In addition, we found no relationship
between psoriasis and rectal cancer (23) and melanoma (22)

(Figure 4).

Cardiovascular system

In Figure 4, the adverse effects of psoriasis on cardiovascular
that 7
CVDs were linked to psoriasis. Previous data revealed
evaluated the incidence of CVD (26),
(26), @7),
(28), pediatric hypertension (29), pediatric ischemic heart
disease or heart failure (30), and atrial fibrillation (31)
(Figure 5).

system diseases are presented. We observed
that psoriasis

myocardial  infarction stroke hypertension

Nervous system

Compared with individuals without psoriasis, those with
psoriasis were more likely to develop a dementia (32),
nonvascular dementia (32), vascular dementia, (32) and

Parkinson’s disease (33) in our study (Figure 5).

Gastrointestinal system

Our data indicated that psoriasis can enhance the likelihood
of developing Crohn’s disease (34), ulcerative colitis (34),
nonalcoholic fatty liver disease (NAFLD) (35), helicobacter
pylori infection (36), hepatitis C (37), and celiac (38) (Figure 5).
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£ Records identified from:
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= PubMed (n=646)
§ Embase (n=2179)
*| 1508 duplicates were excluded
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sp 238S articles reviewed by titles and
E abstracts
é’ 2252 articles were excluded:
“ »| Not related articles (n=2249)
Full text not available (n=3)
133 articles reviewed by full text 7 arficles were excluded:
() screening Only review n=20
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& » [ Conference abstracts (n=8)
% Indirect indicators (n=24)
= : Psoriasis was not exposure of
= 63 articles eligible full text T —— (n=10)
» | Excluding (n=25):
Not the most included studies
38 articles including 85 unique outcomes
were included
FIGURE 1

The PRISMA consort flow diagram of literature search and study selection.

Respiratory system

As shown in Figure 5, only three medical ramifications (39-
41) (i.e., chronic obstructive pulmonary disease, obstructive
sleep apnea, and asthma) of the respiratory system were rated
as psoriasis with an evaluated incidence.

Metabolic diseases
Psoriasis had an adverse effect on metabolic disease in

both adults and children. There were statistically significant
associations found between psoriasis and incidence of obesity
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(42), diabetes (43), and metabolic syndrome (44) in adults.
Sincerely, psoriasis also increased the risk of developing
overweight (30), hyperlipidemia (30), metabolic syndrome (30),
obesity (29), diabetes, (29) and dyslipidemia (29) in children
(Figure 6).

Pregnancy-related outcomes

A study assessed the possible association between
psoriasis and pregnancy medical end points (45). Compared
with pregnant women without psoriasis, those pregnant
women with psoriasis seemed more likely to have harmful
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FIGURE 2
Map of medical end points associated with psoriasis.

m Mortality

m Cancer
Cardiovascular system

20% Nervous system

u Gastrointestinal system
Respiratory system
Metabolic diseases

Pregnancy outcomes

Other outcomes

FIGURE 3
Associations between psoriasis and mortality.

Outcome Study Total No of Risk Estimates  Estimates (95%CI) P Small-study  Quality of
studies events (95%CI) effects evidence
Mortality
ACM Dhana et al, 2019 6 19262 + RR: 1.21 (1.14-1.28) 90.2 0.108 Moderate
CVD mortality Dhana et al, 2019 5 6131 * RR: 1.14 (1.09-1.21) 65.9 0.508 Moderate
Mortality in liver disease Dhana et al, 2019 3 51 " RR:231(1.61-331) NA NA Weak
Mortality in respiratory disease Dhana et al,2019 3 542 [+ RR: 1.12 (1.02-1.22) 41.0 NA Weak
Mortality in kidney disease Dhana et al, 2019 3 29 " RR:2.16(137-340) NA NA Weak
Mortality in infections Dhana et al,2019 3 810 hd RR: 1.23 (1.15-1.32) 12.1 NA Weak
Mortality in malignancy Dhana et al, 2019 3 2465 p RR: 1.03 (0.99-1.08) 0.0 NA NA
Mortality in cancer Trafford etal, 2019 2 2455 > RR: 1.05 (0.96-1.16) 30.5 NA NA

pregnancy-related outcomes such as cesarean delivery,
preterm birth, (pre)eclampsia, gestational diabetes, gestational

hypertension, premature of membranes, and prematurity;

Frontiersin Medicine 05

however, psoriasis was not associated with an increased
of
stillbirth, spontaneous abortion, antepartum or postpartum

risk congenital malformations, neonatal mortality,

frontiersin.org


https://doi.org/10.3389/fmed.2022.998815
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Zhou et al. 10.3389/fmed.2022.998815
Outcome Study Total No of Risk Estimates Estimates (95%CI) P Small-study ~ Quality of
studies events (95%CI) effects evidence
Cancer
Cancer incidence Trafford etal, 2019 7 9485 + RR: 1.18 (1.06-1.31) 90.2 0.328 Weak
Respiratory tract cancer Pouplard et al, 2013 7 >310 4= RR: 1.36 (1.11-1.68) 53.1 0.014 Weak
Upper aerodigestive tract cancer Pouplard et al, 2013 5 >90 —— RR:3.05(1.74-5.32) 0.0 0.230 Moderate
Urinary tract cancer Pouplard etal, 2013 5 >205 -+ RR: 1.30 (1.08-1.55) 72 0.527 Weak
Colorectal cancer Fuet al, 2020 8 5871 ¢ HR: 1.16 (1.08-1.25) 2.6 0.024 Moderate
Colon cancer Fueet al, 2020 5 4880 0 HR: 1.14 (1.05-1.24) 6.4 0.029 Weak
Hematologic malignancy Bellinato et al, 2021 5 297 -- HR: 1.55 (1.24-1.94) 0.0 0.431 Moderate
Lymphoma Bellinato et al, 2021 10 858 - HR: 1.33 (1.09-1.64) 60.0 0.578 Weak
Hodgkin lymphoma Bellinato et al, 2021 4 4 —_— HR: 1.74 (1.13-2.69) 49.7 0.773 Moderate
Non-Hodgkin lymphoma Bellinato et al, 2021 10 791 - HR:1.33 (1.09-1.64) 60.0 0.469 Weak
Cutaneous T-cell lymphoma Bellinato et al, 2021 3 21 —4—  HR:5.45(3.49-8.50) 9.5 0.180 Weak
Multiple myeloma Bellinato et al, 2021 2 932 - HR: 1.32 (1.03-1.69) 0.0 NA Weak
Leukemia Bellinato et al, 2021 6 1583 —r— HR: 1.51 (1.10-2.08) 64.5 0.254 Weak
Non-melanoma skin cancer Wang et al, 2020 16 >551939 -+~ RR: 1.72 (1.46-2.02) 96.8 0.324 Moderate
Squamous cell carcinoma Pouplard et al, 2013 7 449 —— RR:5.31(2.63-10.71)  95.0 0.562 Weak
Rectal cancer Fuet al, 2020 3 125 M- HR: 1.18 (0.99-1.41) 0.0 0.492 NA
Melanoma Pouplard et al, 2013 6 253 == RR: 1.07 (0.85-1.35) 39.0 0.231 NA
FIGURE 4
Associations between psoriasis and cancers.

hemorrhage, low birth weight, and small for gestational age
(Figure 7).

Other medical conditions

We observed that psoriasis also evaluated the risk of
CKD (46), end-stage CKD (46), uveitis (47), fracture (48),
geographic tongue (49), multiple sclerosis (50), erectile
(52),
(53), prevalence and incidence of depression (54), and

dysfunction (51), aortic aneurysm schizophrenia
prevalence of anxiety (54). However, meta-analyses also
reported the lack of significant correlation between psoriasis
and osteoporosis (55), osteopenia (55), suicide (56), suicide
attempt (56), and venous thromboembolism (VTE) (57)

(Figure 8).
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Subgroup analysis

In a subgroup analysis of 22 meta-analyses that reported the
severity of psoriasis, we found that only 6 outcomes were affected
by the severity of psoriasis, while the remaining 16 outcomes
were not (Table 1). We also conducted a subgroup analysis of
19 meta-analyses that concluded with cohort studies and case-
control studies. The result showed that 16 medical end points
were not influenced by the study design, whereas 3 medical end
points were affected by the type of study (Table 2).

Heterogeneity

Among 85 included meta-analyses, we could not reanalyze
the heterogeneity for 2 meta-analyses due to the lack of detailed
data from the original studies. A total of 33 meta-analyses
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Outcome Study Total No of Risk Estimates  Estimates (95%CI) E Small-study ~ Quality of
studies events (95%CI) effects evidence

Cardiovascular system
CVD Gaeta et al, 2013 13 567569 . RR: 1.24 (1.18-1.31) 934 0.017 Weak
MI Gaeta et al, 2013 8 105088 » RR: 1.25 (1.11-1.39) 83.2 0.429 Moderate
Stroke Raaby et al, 2017 5 16110 + HR:1.17 (1.07-1.28) 78.5 0.343 Moderate
Hypertension Duan et al, 2020 16 126838 OR: 1.46 (1.28-1.66) 94.1 0.043 Weak
Pediatric hypertension Cho et al, 2021 8 61384 = OR:2.73 (1.79-4.17) 72.0 0.638 Moderate
Pediatric IHD or heart failure  Phan et al, 2020 3 7145 T T OR:3.14(1089.10) 837 0.687 Weak
Atrial fibrillation Upala et al, 2016 4 12755 * HR: 1.42 (1.22-165) 68.5 0.255 Moderate
Nervous system
Dementia Liu et al, 2020 7 69414 —— RR: 1.16 (1.06-1.27) 56.0 0.685 Weak
Non-vascular dementia Liu et al, 2020 3 63464 RR: 1.13 (1.11-1.16) 0.0 0.468 High
Vascular dementia Liu et al, 2020 2 601 —_— RR: 1.41 (1.09-1.82) 0.0 NA Weak
Parkinson's Disease Ungprasert et al, 2016 4 46827 h— OR: 1.38 (1.15-1.53) 35.0 0.72 Weak
Gastrointestinal system
Crohn's disease Fuetal, 2018 9 >19322 —— OR: 1.93 (1.52-2.47) 859 0.977 Moderate
Ulcerative colitis Fuetal, 2018 8 >26985 - RR: 1.77 (1.66-1.88) 243 0.614 High
NAFLD Candia et al, 2014 6 1994 —_— OR: 2.15 (1.57-2.94) 74.0 0.710 Moderate
Helicobacter pylori infection Yuetal, 2019 11 787 —_— OR: 1.70 (1.15-2.52) 60.0 0.154 Weak
Hepatitis C Zhang et al, 2019 8 3577 —_— OR: 1.70 (1.12-2.57) 84.2 0.632 Weak
Celiac disease Acharya et al, 2019 7 136536 — OR: 2.10 (1.66-2.66) 52.3 0.202 Moderate
Respiratory system
COPD Ungprasert et al, 2015 7 >19098 —— OR: 1.53 (1.29-1.83) 81.1 0.352 Moderate
Obstructive sleep apnea Ger et al, 2020 3 834 —_— OR:2.60 (1.07-6.32) 89.3 0.193 Weak
Asthma Wang et al, 2018 6 35933 e OR: 1.33 (1.21-1.46) 52.5 0.739 Moderate

FIGURE 5

Associations between psoriasis and cardiovascular diseases (CVDs), nervous system, gastrointestinal system disease, and respiratory system

disease.

showed low heterogeneity, while the remaining 50 showed high We observed that there was no high/moderate

heterogeneity in our study. methodological quality according to the strict AMSTAR2
tool. Only 4 (11%) articles were rated as low, and the other
34 (89%) articles were rated as critically low (Figure 9). The
detailed information of 16 items in AMSTAR?2 and the results of

specific quality scores are shown in Supplementary Table 3.

Strength of epidemiological evidence
and AMSTAR2 results

According to the criteria (Supplementary Table 2), the
assessment of epidemiological evidence was not applicable Discussion
for 16 (19%) medical ramifications because the P-values for
their summary effects were >0.05. Among 69 significant Main ﬁndings and possible explanation
medical ramifications, 8 (9%), 23 (27%), and 38 (45%)
medical ramifications were rated as high, moderate, and weak Based on the existing evidence from 38 articles that

epidemiological evidence, respectively (Figure 9). covered 85 unique medical end points, our study showed

Frontiersin Medicine 07 frontiersin.org


https://doi.org/10.3389/fmed.2022.998815
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Zhou et al. 10.3389/fmed.2022.998815
Outcome Study Total No of Risk Estimates Estimates (95%CI) P Small-study ~ Quality of
studies events (95%CT) effects evidence
Metabolic diseases
Obesity Armstrong et al, 2012 16 230248 - OR: 1.66 (1.46-1.89) 97.3 0.653 Moderate
Diabetes Mamizadeh et al, 2019 38 464990 - OR: 1.69 (1.51-1.89) 98.5 0.087 Weak
Metabolic syndrome Qiao et al, 2021 22 25917 —— OR:2.02 (1.67-2.43) 83.6 0.119 Moderate
Pediatric overweight Phan et al, 2020 8 398 —— OR: 1.54 (1.21-1.95) 40.8 0.628 Moderate
Pediatric hyperlipidemia Phan et al, 2020 6 14594 - OR: 1.84 (1.65-2.04) 28.8 0.060 Moderate
Pediatric metabolic syndrome Phan et al, 2020 5 310 — OR: 2.35 (1.75-3.16) 382 0.044 Weak
Pediatric obesity Cho et al, 2021 13 77086 ——  OR:240 (1.60-3.59) 91.1 0.808 Moderate
Pediatric diabetes Cho et al, 2021 8 25656 OR: 2.01 (1.09-3.73) 89.7 0.985 Weak
Pediatric dyslipidemia Cho et al, 2021 7 12592 - OR: 167 (142197) 0.0 0.114 High
FIGURE 6
Associations between psoriasis and metabolic diseases.
Outcome Study Total No of  Risk Estimates  Estimates (95%CI) P Small-study ~ Quality of
studies events (95%CI) effects evidence
Pregnancy outcomes
Caesarean delivery Xie et al, 2021 10 >1148489 —— OR: 1.35 (1.14-1.60) 87.1 0.105 Moderate
Preterm birth Xie et al, 2021 10 >475541 — OR: 1.45(1.21-1.74) 76.6 0.007 Weak
(Pre)eclampsia Xie et al, 2021 8 >245519 —— OR: 1.28 (1.10-1.49) 54.7 0.202 Weak
Gestational diabetes Xie et al, 2021 5 >276483 -4 OR: 1.21 (1.12-1.31) 0.0 0.349 High
Gestational hypertension Xie et al, 2021 4 >2261 -- OR: 1.28 (1.17-1.40) 2.7 0.989 High
Premature rupture of membranes Xie et al, 2021 3 >693 -+ OR: 1.17 (1.06-1.29) 64.9 0.373 Weak
Prematurity Xie et al, 2021 2 >4 4 OR: 1.12 (1.01-1.25) 0.0 NA Weak
Congenital malformations Xie et al, 2021 4 >40432 -+ OR: 1.02 (0.91-1.14) 0.0 0.207 NA
Neonatal mortality Xie et al, 2021 3 >1155 4 OR: 1.14 (0.90-1.43) 0.0 0.518 NA
Still birth Xie et al, 2021 5 >3630 —4— OR: 1.23 (0.93-1.47) 358 0.665 NA
Spontaneous abortion Xie et al, 2021 4 >288 i ) OR: 1.44 (0.95-2.17) 773 0.274 NA
Ante- or postpartum hemorrhage Xie et al, 2021 3 >2392 . OR: 1.12(0.71-1.76) 91.2 0.785 NA
Low birth weight Xie et al, 2021 5 >841 44 OR: 1.15(0.93-1.42) 70.0 0.94 NA
Small for gestational age Xie et al, 2021 7 >257327 - OR: 1.05 (0.99-1.12) 15.6 0.725 NA

FIGURE 7
Associations between psoriasis and pregnancy outcomes.

a broad overview of the association between psoriasis and
other medical end points. The results covered mortality,
cancer, cardiovascular system disease, nervous system
disease, gastrointestinal system disease, respiratory system
disease, metabolic disease, pregnancy outcomes, and other

outcomes. We found that psoriasis had no beneficial
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effects on medical end points, while it was associated with
an increased risk of 69 medical outcomes. However, the
epidemiological evidence was graded as high only for 8
medical end points (i.e., nonvascular dementia, ulcerative
colitis, pediatric dyslipidemia, gestational diabetes, gestational
hypertension, fracture, multiple sclerosis, and schizophrenia).
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Outcome Study Total No of Risk Estimates  Estimates (95%CI) P Small-study ~ Quality of
studies events (95%CI) effects evidence
Other outcomes
CKD Ungprasert et al, 2018 4 199808 -+~ RR: 1.34 (1.14-1.58) 95.8 0.044 Weak
End-stage CKD Ungprasert et al, 2018 3 151729 - RR:1.29 (1.05-1.60) 12.6 0.427 Weak
Uveitis Liet al, 2020 4 >15004 —;— RR: 1.50 (1.08-2.08) 91.0 0.466 Weak
Fracture Chen et al, 2020 5 67233 U OR: 1.09 (1.06-1.11) 0.0 0.674 High
Geographic tongue Alvarez et al, 2019 11 784 =+ OR:3.31(2.66-4.11) 48.2 0.198 Weak
Multiple sclerosis Islam et al, 2019 B 53863 - RR: 1.67 (1.46-1.91) 0.0 0.443 High
Erectile dysfunction Wuet al, 2018 3 87545 —— OR: 1.93 (1.51-2.46) 86.0 0.036 Weak
Aortic aneurysm Yu et al, 2020 3 24864 -+~ HR: 1.30 (1.10-1.55) 53.5 0.426 Weak
Schizophrenia Ungprasert et al, 2018 5 405421 -+ OR: 1.35 (1.20-1.53) 33.1 0.345 High
Prevalence of depression Zusman et al, 2020 4 >178 —_— OR: 1.69 (1.37-2.08) 96.7 0.911 Weak
Incidence of depression Zusman et al, 2020 4 >5270 b RR: 1.44 (1.20-1.73) 94.7 0.759 Moderate
Prevalence of anxiety Zusman et al, 2020 2 >122 -+ OR: 1.48 (1.34-1.64) 0.0 NA Weak
Osteoporosis Sepehri et al, 2021 7 1672184 - OR: 1.28 (0.86-1.90) 99.2 0.483 NA
Osteopenia Sepehri et al, 2021 2 309110  m—pr—— OR: 1.50 (0.74-3.02) 99.5 0.601 NA
Suicide Chi et al, 2017 2 1074 -— RR: 1.13 (0.87-1.46) 57.0 NA NA
Suicide attempt Chi etal, 2017 3 2102 -+ RR: 1.25(0.89-1.75) 9.7 0.339 NA
VTE Hillary et al, 2021 5 86830 o RR: 1.29 (0.92-1.80) 96.8 0.281 NA
FIGURE 8
Associations between psoriasis and other outcomes.

The remaining 61 associations were rated as moderate/weak in
our study.

The management and treatment of psoriasis are complex,
and there are currently data showing that Risankizumab, a
biological agent, can improve psoriasis (58, 59). In particular,
elderly patients represent an increasing proportion of patients
with psoriasis. Biologics and small molecules seem to be
a valuable option (60). In addition, anti-interleukin (IL)-23
therapies are assessed as safe and effective options for elderly
patients (61). Therefore, early selection of appropriate drugs for
psoriasis-related diseases is also very important.

Psoriasis is a complex disease involving many pathogeneses.
The main pathogenesis of psoriasis highlighted the crosstalk
between the innate and adaptive immune system, the central
role of IL-23 and helper T cell type 17 responses, the role
of TNFa and interferons, and the link to genetics (62).
Our analysis found that psoriasis offers a harmful effect
on nonvascular dementia, including Alzheimer’s disease, with
high epidemiological evidence. Another meta-analysis included
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eight observational studies that were consistent with our
findings (63). Psoriasis and nonvascular dementia may share
some genetic, immune, and inflammatory pathways. Ulcerative
colitis, associated with psoriasis, also involves immune and
inflammatory diseases and is of concern. In our study,
the epidemiological evidence was graded as high for the
association between them. There also exists common genetic
abnormalities (chromosomal locus 6p21, IL23R, and IL12B)
(64-66), immune dysfunction, and inflammation (IL17) (67, 68),
or gut dysfunction (69) of disease progression both in both
psoriasis and ulcerative colitis.

Dyslipidemia, hypertension, and diabetes in psoriasis are
receiving more and more attention. We found that psoriasis
increased the risk of pediatric dyslipidemia, gestational diabetes,
and gestational hypertension with high-quality evidence.
The correlation between cardiovascular risk factors (obesity,
dyslipidemia, hypertension, and diabetes) and psoriasis has
been arousing awareness and, consequently, with CVDs. In
2018, the American Heart Association and American College of
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TABLE 1 Subgroup analysis results by severity of psoriasis.

10.3389/fmed.2022.998815

Outcome References Total studies  Estimates  Mild (studies) Mild Severe (studies)  Severe
Consistent effect

ACM (20) 6 RR:1.21 (1.14-1.28) 4 1.13 (1.09-1.16) 6 1.52 (1.35-1.71)
CVD mortality (20) 5 RR: 1.14 (1.09-1.21) 3 1.05 (0.92-1.20) 4 1.38 (1.09-1.74)
Mortality in liver disease (20) 3 RR:2.31 (1.61-3.31) 1 2.00 (1.34-2.99) 3 3.97 (2.87-5.50)
Mortality in infections (20) 3 RR: 1.23 (1.15-1.32) 1 141 (1.11-1.79) 3 1.58 (1.24-2.02)
Mortality in malignancy (20) 3 RR: 1.03 (0.99-1.08) 1 1.02 (0.93-1.12) 3 1.21 (0.98-1.50)
Hodgkin lymphoma (25) 4 HR: 1.74 (1.13-2.69) 1 1.42 (1.00-2.02) 1 3.18 (1.01-10.01)
Cutaneous T-cell lymphoma (25) 3 HR: 5.45 (3.49-8.50) 2 3.70 (2.73-5.01) 2 9.67 (4.89-19.12)
Non-melanoma skin cancer (24) 16 RR: 1.72 (1.46-2.02) 7 1.61 (1.25-2.09) 8 1.82(1.38-2.41)
Stroke 27) 5 HR: 1.17 (1.07-1.28) 5 1.10 (1.01-1.19) 5 1.38 (1.20-1.50)
Atrial fibrillation (31) 4 HR: 1.42 (1.22-1.65) 2 1.22 (1.15-1.30) 2 1.51 (1.22-1.87)
Aortic aneurysm (52) 3 HR: 1.30 (1.10-1.55) 3 1.23 (1.10-1.37) 3 1.55(1.21-1,97)
Obstructive sleep apnea (20) 3 OR:2.60 (1.07-6.32) 1 1.36 (1.21-1.53) 1 1.53 (1.08-2.18)
Asthma (41) 6 OR: 1.33 (1.21-1.46) 2 1.34 (1.14-1.57) 2 1.36 (1.03-1.80)
Obesity (42) 16 OR: 1.66 (1.46-1.89) 4 1.46 (1.17-1.82) 5 2.23 (1.63-3.04)
Suicide (56) 2 RR: 1.13 (0.87-1.46) 2 1.05 (0.84-1.31) 2 0.78 (0.45-1.35)
Suicide attempt (56) 3 RR: 1.25 (0.89-1.75) 3 1.01 (0.51-2.01) 3 1.69 (1.00-2.84)
Inconsistent effect

Mortality in kidney disease (20) 3 RR: 2.16 (1.37-3.40) 1 2.20 (1.36-3.56) 2.28 (0.95-5.46)
Mortality in respiratory disease (20) 3 RR: 1.12 (1.02-1.22) 1 1.36 (1.07-1.74) 3 1.06 (0.52-2.19)
Lymphoma (25) 10 HR: 1.33 (1.09-1.64) 1 1.15 (0.97-1.36) 1 0.73 (0.28-1.90)
Non-Hodgkin lymphoma (25) 10 HR: 1.33 (1.09-1.64) 1 1.15 (0.97-1.36) 1 0.73 (0.28-1.90)
Leukemia (25) 6 HR: 1.51 (1.10-2.08) 1 0.95 (0.85-1.06) 1 0.88 (0.57-1.36)
Hypertension (28) 16 OR: 1.46 (1.28-1.66) 4 1.09 (0.98-1.22) 5 1.13 (1.03-1.25)

ACM, all-cause mortality; CVD, cardiovascular disease.

Cardiology identified that chronic inflammatory diseases, such
as psoriasis, act as a risk factor for CVD (70). It is not uncommon
that psoriasis happens in children and adolescents as well as
pregnant women. According to current screening guidelines,
clinicians should screen for dyslipidemia from 9 years of age
for psoriatic children and adolescents (71). Pregnant women
with psoriasis had a higher risk to develop hypertension and
diabetes than pregnant women without psoriasis in this study.
For pregnant women, early treatment of psoriasis seems to be
more important in order to avoid adverse pregnancy outcomes
as well as CVD events. However, the underlying mechanism
of the relationship between psoriasis and these cardiovascular
risk factors remains unclear, and genetic susceptibility, cellular
mediators, and the common inflammatory pathways seem to
link these together.

Our study found a significant positive correlation between
psoriasis and fracture with high epidemiological evidence, with
a pooled RR of 1.09 (1.06-1.11). The following aspects might
explain the mechanism. Long-term increased expression of
inflammatory factors affects bone metabolism and exacerbates
systematic bone loss (72). From the point of view of medicine,
psoriatic patients taking methotrexate or ciclosporin can directly
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damage bone structure (73). Multiple sclerosis, which is
considered to be an immune-mediated inflammatory disorder,
has been reported as a comorbidity in psoriatic patients and
vice versa (50, 74). With the high-quality evidence, psoriasis
significantly increased the risk of multiple sclerosis in this study.
These two diseases seem to have some biological similarities,
involving common genes, immunity factors, and tumor necrosis
factor, and these may mediate the inextricable link between
them. Another notable correlation is between mental diseases
and psoriasis. There has high epidemiological evidence that
psoriasis enhanced the risk of schizophrenia in our study. Few
possible interpretations can explain the result. T helper (Th17)
is dysregulated in both diseases, which may share underlying
etiology (75, 76). The proximity of chromosomes 6p21.3 and
6p22.2 to psoriasis and schizophrenia, respectively, may lead to
the simultaneous transmission of these two susceptibility genes
(77, 78). Both conditions are more likely to happen to the same
person. Therefore, in the treatment of psoriasis, in addition, to
pay attention to the treatment of the disease itself, it also needs
to pay attention to these comorbidities.

In this study, the heterogeneity between studies has been
observed in 50 meta-analyses. We think that the following
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TABLE 2 Subgroup analysis results by study design.

10.3389/fmed.2022.998815

Outcome References Total studies Estimates Cohort Cohort Case-control Case-control
(studies) (studies)

Consistent effect

CVD (26) 13 RR: 1.24 (1.18-1.31) 4 1.18 (1.09-1.29) 4 1.24 (1.11-1.39)
MI (26) 8 RR: 1.25 (1.11-1.39) 1.17 (0.99-1.38) 2 1.19 (1.05-1.36)
Hypertension (28) 16 OR: 1.46 (1.28-1.66) 1 1.37 (1.29-1.45) 10 1.37 (1.14-1.64)
Dementia (32) 7 RR: 1.16 (1.06-1.27) 5 1.13 (1.11-1.16) 1 1.25 (1.09-1.43)
Crohn’s disease (34) 9 OR: 1.93 (1.52-2.47) 4 2.53 (1.65-3.89) 5 1.70 (1.20-2.40)
Ulcerative colitis (34) 8 OR: 1.77 (1.66-1.88) 4 1.72 (1.56-1.90) 4 1.75 (1.50-2.05)
Celiac (38) 7 OR: 2.10 (1.66-2.66) 3 1.71 (1.48-1.98) 4 3.09 (1.92-4.97)
Asthma (41) 6 OR: 1.33 (1.21-1.46) 3 1.34 (1.19-1.51) 3 1.26 (1.00-1.58)
Diabetes (43) 38 OR: 1.69 (1.51-1.89) 12 1.40 (1.24-1.60) 15 1.89 (1.47-2.35)
Pediatric overweight (30) 8 OR: 1.54 (1.21-1.95) 1 1.42 (0.44-4.53) 6 1.65 (1.05-2.60)
Pediatric hyperlipidemia (30) 6 OR: 1.84 (1.65-2.04) 5 1.84 (1.65-2.04) 1 2.21 (0.33-14.64)
Cesarean delivery (45) 10 OR: 1.35 (1.14-1.60) 8 1.28 (1.08-1.50) 2 2.22 (0.68-7.22)
Multiple sclerosis (50) 9 RR: 1.67 (1.46-1.91) 5 1.55 (1.24-1.95) 4 2.01(1.22-3.34)
Osteoporosis (55) 7 OR: 1.28 (0.86-1.90) 2 1.04 (1.03-1.09) 3 1.38 (0.95-1.99)
Erectile dysfunction (51) 9 OR: 1.93 (1.51-2.46) 1 1.27 (1.12-1.450 2 3.94 (2.87-5.41)
Schizophrenia (46) 5 OR: 1.35 (1.20-1.53) 1 1.37 (1.01-1.86) 4 1.35 (1.19-1.54)
Inconsistent effect

Parkinson’s Disease (33) OR: 1.38 (1.15-1.53) 3 1.38 (1.20-1.58) 1 1.25 (0.51-3.06)
Hepatitis C (37) 8 OR: 1.70 (1.12-2.57) 2 2.01 (1.67-2.42) 2 0.92 (0.14-6.00)
Helicobacter pylori Infection (36) 11 OR: 1.70 (1.15-2.52) 3 1.64 (0.73-3.70) 4 1.20 (0.55-2.65)

CVD, cardiovascular disease; MI, myocardial infarction.

confounding factors may be the causes of heterogeneity:
age, severity of psoriasis, study design, geographical regions,
and follow-up period. The methodological quality of studies
included in this comprehensive analysis was all rated as
low/critically low, and none was graded as high/moderate based
on the AMSTAR?2 criteria. We concluded that lack of protocol,
list of excluded studies, founding source of primary studies, and
the bias risk assessment were the main reasons for affecting
the methodological quality. Only eight medical end points
showed high-quality evidence. We observed that remarkable
heterogeneity and small-study effects might contribute to the
evidence rating downgrade in this study.

Strength and limitations

To the best of our knowledge, this is the first time to
systematically clarify the relationship between psoriasis and
various medical end points. We applied robust search terms to
identify eligible articles in three important databases to ensure
the research result was as reliable as possible. Then, two authors
independently screen the articles and extract the data from
eligible studies. In the meanwhile, the AMSTAR2 tool and
a strong evaluation method of evidence were used to assess
the quality of the methodology of included studies and the
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epidemiological evidence. We suggest that this study can provide
scientific evidence for arousing the awareness of psoriasis.
Inevitably, there are some limitations in our study. We
included studies that focused on direct health-related outcomes,
and thus we may have missed some data on indirect health-
related results. We conducted the review based on the published
studies with the largest number of included primary studies,
and some individual studies might be missed, which could
affect the results through selection bias. In the meanwhile, due
to a lack of raw data, most of the meta-analyses failed to be
conducted in subgroup analyses. Both prevalence and incidence
of psoriasis are lower in children than in adults (79, 80). A
systematic review conducted by Iskandar et al. suggests that
there is a clear bimodal age pattern in psoriasis onset, showing
the first and second peaks at around 30-39 and 60-69 years,
respectively (81). Psoriasis occurs earlier in women than men,
with a bimodal onset at the ages of 16-22 and 55-60 years
(82). But the prevalence of psoriasis did not differ significantly
between genders. Except for age, the prevalence of psoriasis is
unequally distributed across a geographical area. According to
some studies, the prevalence of psoriasis is unequally distributed
across geographical regions, with the highest prevalence in high-
income countries and prevalence ranging from 0.1% in east
Asia to 1.5% in western Europe (6). Unfortunately, many of the
included meta-analyses lacked data on these two aspects, and
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there was no way to perform subgroup analyses across age and
geographic regions to provide more reliable and accurate results
in our study.

Conclusion

We found high-quality evidence showing that psoriasis is
adverse for nonvascular dementia, ulcerative colitis, pediatric
dyslipidemia, gestational diabetes, gestational hypertension,
fracture, multiple sclerosis, and schizophrenia. No evidence
was found to be beneficial for medical end points in our
comprehensive analysis. Nonetheless, more large-sample, multi-
center prospective cohort studies are needed to verify our results.
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