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Background: Several studies have shown a relationship between psoriasis and hypertension, but no meta-analysis has been
restricted to studies that adjusted for confounders. The aim of the study was to estimate the association between psoriasis and
hypertension with adjustment for covariates.

Methods: A systematic literature search in the MEDLINE, Embase, Cochrane databases, and Google Scholar was conducted to
identify relevant studies which reported the association of psoriasis with the risk of hypertension published up to November 2018 in
English. Data analysis was performed with Stata V.12, and Begg adjusted rank correlation test and Egger regression asymmetry test
were used to detect publication bias.

Results: A total of 16 adjusted-for-covariates studies, involving 50,291 cases with hypertension in 255,132 psoriasis patients and
76,547 cases with hypertension in 814,631 controls (no psoriasis), were included in this meta-analysis. The results indicated that
psoriasis was associated with an increased risk of hypertension compared to those without psoriasis, and the prevalence of
hypertension in severe psoriasis patients was higher than that in mild psoriasis patients, and the risk of hypertension in psoriasis
patients was higher than that in nonpsoriasis patients in Europe and Asia.

Conclusion: We conducted this meta-analysis using the adjusted-for-covariates odds ratio, demonstrating that psoriasis was
associated with an increased risk of hypertension compared to those without psoriasis.

Abbreviations: AOR/AHR = adjusted odds ratio or hazard ratio, Cl = confidence interval, Mesh = Medical Subject Heading, NOS
= Newcastle-Ottawa scale, OR = odds ratio, PRISMA = Preferred Reporting ltems for Systematic Reviews and Meta-analysis.
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1. Introduction

Psoriasis is a common, chronic inflammatory skin disease that
affects approximately ranging from 2% to 4% of the world’s
population."=*! It impairs patients’ physical and psychologic
well-being, leading to reduced health-related quality of life.”*! In
recent years, a large number of studies in abroad have confirmed
that psoriasis was associated with metabolic syndrome, cardio-
vascular disease, and it is believed that the concurrence of
psoriasis, metabolic syndrome, and cardiovascular disease may
be due to the nature of psoriasis itself as a chronic inflammatory
process.!

Hypertension is an extremely common finding in the
community, which is a major risk factor for myocardial
infarction, stroke, peripheral vascular diseases, and cardiovascu-
lar death.!®! However, there is still a huge controversy about the
association between psoriasis and hypertension, and elevated
levels of endothelin-1, dysregulation of the renin-angiotensin
system, and increased oxidative stress among patients with
psoriasis are possible etiologic links.”””! Some studies showed
that the prevalence of hypertension in psoriasis patients is
higher than that in nonpsoriasis patients.'°"'* But the studies
such as Huerta et al"* and Chen et al'"! suggested that there
was relation between psoriasis and hypertension. So far, the
controversy about the relationship between psoriasis and
hypertension has not been completely ended.

A great understanding about the association between psoriasis
and hypertension in epidemiology would help in screening of
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cardiovascular risk factors in patients with psoriasis, and would
help direct future clinical researches. A recent systematic review
and meta-analysis by Armstrong et al"®! found the pooled odds
ratio (OR) for hypertension among patients with psoriasis was
1.58 compared with the controls. However, such result has
exhibited high heterogeneity (I*=98.4%) and has included few
adjusted-for-covariates studies, to a certain extent, the result
would be biased. However, no meta-analysis has been restricted
to studies that adjusted for confounders heretofore in the
literature. Considering the strength of the association between
these 2 diseases is influenced by confounders (e.g., age, sex,
smoking, alcohol, body mass index), we performed the
systematic review and meta-analysis that every included study
had adjusted-for-covariates to better understand the association
between psoriasis and hypertension and provide more convincing
evidence about that.

2. Methods

The meta-analysis was conducted and reported according to
Preferred Reporting Items for Systematic Reviews and Meta-
analysis (PRISMA) statement.!”!

2.1. Data sources and searches

A systematic literature search in the MEDLINE, Embase,
Cochrane databases, and Google Scholar was conducted to
identify relevant studies which reported the association of
psoriasis with the risk of hypertension published up to November
2018 in English. The Medical Subject Heading (Mesh) terms and/
or key words and/or free words were psoriasis AND (hyperten-
sion OR high blood pressure). Additional manual searches were
made using the reference lists from relevant studies to retrieve
other papers relevant to our topic. We have tried to contact all
corresponding authors when data were missing.

2.2. Study selection

Two reviewers (XD and JL) reviewed the full texts of the included
studies which met the following inclusion criteria were included
in the meta-analysis: Participants were female and male adults
with psoriasis diagnosed with specific criteria and controls
(participants without psoriasis). Studies had to evaluate the
prevalence or incidence of hypertension by diagnostic codes,
billing codes, clinician diagnosis, patient-self report, blood
pressure measurement, or medical chart review; The risk estimate
was reported as an adjusted OR or hazard ratio (AOR/AHR)
with the 95% confidence interval (CI); The study had a cohort
design or retrospective case—control design or cross-sectional or
randomized control design; The study evaluated psoriasis
with hypertension; The study language was published in English.
We excluded studies lack of crude data after exhausting efforts
to contact the authors for complete data. Overlapping studies
were included after discarding the study with the smaller
study population. Studies that did not meet the above criteria
were excluded.

2.3. Data extraction and quality assessment

Data were extracted via a standardized data extraction form,
collecting information on the year of publication, country, study
design, number of cases and controls, AOR/AHR, adjusted
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factors, and diagnosis approach of hypertension, when available.
Each included article was appraised by 2 reviewers (MY And TL),
who assessed the methodologic quality of selected studies
independently with the quality of included studies using New-
castle-Ottawa scale (NOS) to assess the methodologic quality of
selected studies independently. We defined scores as 6 to 9 being
high methodologic quality and <6 being low quality. NOS
quality scores were presented as part of descriptive summaries
for each study and did not influence decisions to pool studies in
meta-analysis.

2.4. Data synthesis and meta-analysis

The results of the meta-analysis are presented in forest plots.
Heterogeneity, that is, the proportion of variability across studies
was assessed using Cochran Q statistic and quantified using the
I? statistic. If high heterogeneity (I*> 50) was found, subgroup
analysis or influence analysis (sensitivity analysis) would be
performed. Data analysis was performed with Stata V.12
(StataCorp, College Station, TX). Subgroup analysis was also
used to evaluate the heterogeneity by dividing the group
according to the patient geographic location and severity of
psoriasis. We used Begg adjusted rank correlation test and Egger
regression asymmetry test to detect publication bias, and P <.05
for both tests was considered to represent significant statistical
publication bias.

3. Results

3.1. Literature search and study election

A PRISMA flow chart of screening and selection results is shown
as Figure 1. Using prespecified search strategy, our initial search
identified 1573 articles, and after application of the criteria
selection, from 234 studies initially identified, 79 were considered
potentially suitable. After a full-text review, 16 adjusted-for-
covariates studies!>191318281 were included in this meta-
analysis. Table 1 provides a description of the 16 studies.[*%~
13:18-28] There are 50,291 cases with hypertension in 255,132
psoriasis patients and 76,547 cases with hypertension in 814,631
controls (no psoriasis). Among all 16 studies,!>1071318-281 3 \yag
cohort study,?*?8! 10 were case—control studies,!'%1%18-
21.23:2526] and the rest 4 studies were cross-sectional.>!32%27]
Among the 16 studies,’>'%1318281 1 was performed in South
America,'”®! 10 in Europe,[>1011:18:20.22,24-26.281 5,4 5 jp
Asia 12131921271 The number of stars of studies assessed by
NOS ranged from 6 to 9 (Table 1).

3.2. Overall analysis

The relationship between psoriasis and the risk of hypertension
using data from 16 studies”'% 31828 a5 examined, and
total AOR/AHR reported by the 14 adjusted-for-covariates
studies!>! %12131827] were used to assess the associations between
them. Overall, there was statistically significant association between
psoriasis and hypertension risk (OR 1.43; 95% CI 1.25-1.64;
P=.000; *=94.1%) (Fig. 2). Despite the random effects model
used, the studies appeared high heterogeneous (I*=94.1%).

3.3. Subgroup analysis

We performed subgroup analysis to attempt to explain the high
heterogeneity. Based on the different the severity of illness and
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Figure 1. Flowchart for records selection process of the meta-analysis.

geographic locations of these trials, 2 subgroup analyses were
performed.

Among the 16 studies, studies
reported associations between hypertension and mild psoriasis
and 5 reported associations between hypertension and severe
psoriasist! 1132227281 (Fjg 3). The heterogeneity was acceptable
among those studies with severe psoriasis (I>=49.5%) (Fig. 3).
There was no significant association for studies between psoriasis
and hypertension risk observed in the group with mild psoriasis
(OR 1.09; 95% CI 0.98-1.22; P=.118; I*=51.5%) (Fig. 3), but
a significant association between psoriasis and hypertension risk
observed in the group with severe psoriasis (OR 1.13;
95% CI 1.03-1.25; P=.011; [*=49.5%) (Fig. 3). In addition,
a significant association for studies between psoriasis and
hypertension risk was observed basing on overall effect (OR
1.11; 95% CI 1.04-1.18; P=.002; I*=59.2%) (Fig. 3).

With regard to geographic location, we grouped the studies,
but the heterogeneous was still high, so the random effects model
was used. And we observed European studies (OR 1.46; 95% CI
1.20-1.77; P=.000; *=96.0%; random-effects model) and
Asian studies (OR 1.46; 95% CI 1.26-1.68; P=.000; I*=73.9%
random-effects model) exhibiting significant association between
psoriasis and hypertension risk (Fig. 4), respectively. However,

[5,10-13,18-28] 4 [11,13,22,27]

we found that the OR of South American study was 0.9 (95% CI
0.59-1.37; P=.626) (Fig. 4).

3.4. Sensitivity analysis

To further assess the heterogeneity in these pooled studies, a
sensitivity analysis was performed to thereby evaluate the influence
of individual studies on the overall risk of psoriasis and hypertension.
The results are shown in Figure 5. We found that when each 1 or
each 2 trials were excluded, the heterogeneity has not yet decreased
from high to the level that we could accept. Finally, the heterogeneity
was significantly reduced (I*=23.0%) when 5 trials!>!318-20:221
were excluded from the meta-analysis (Supplemental Table 1, http://
links.lww.com/MD/D851). Consequently, after analyzing the
existing data, we finally attributed the high heterogeneity to the
difference in diagnostic criteria for hypertension and psoriasis,
instruments for measuring blood pressure, case source, and so on.

3.5. Publication bias

There was no evidence of publication bias to be observed by
visual inspection of the funnel plots (Fig. 6) or by the application
of Begg test (P=.743) or Egger test (P=.072).
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Study adjusted %
1D OR (95% Cl) Weight
Langan 2012 = ! 1.07 (0.96, 1.19) 8.68
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Parisi2015 @ 1.37 (1.29, 1.45) 9.03
Xiao 2009 | —— 183(151,221) 776
Sommer 2006 —— 327(2.41,4.43) 6.24
Armesto 2011 _— 1.4 (1.07, 1.94) 6.33
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Cohen 2008 & 1.37 (1.29, 1.46) 9.01
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11ani2016 e 242(1.44,407) 387
Menegon2014 _— 0.90(060,140)  4.80
Gerdes 2008 - 1.93(1.63,2.28) 8.04
Shapiro 2011 —-.-.- 1.31(1.09, 1.58) 7.82
Wamecke 2011 ‘ 1.40 (0.68, 2.90) 250
Overall (I-squared = 94.1%, p = 0.000) <> 1.43 (1.25, 1.64) 100.00
.

NOTE: Weights are from random effects analysis :

22 1 443

Figure 2. Pooled estimate of association between psoriasis and the risk of hypertension. Cl = confidence interval, OR = odds ratio.

4. Discussion

The present meta-analysis results demonstrated that psoriasis
was positively associated with an increased risk of hypertension
compared to those without psoriasis. Our study was the 1st meta-
analysis to examine the relationship between psoriasis and risk of
hypertension with adjustment for covariates in the literature to
date with 255,132 psoriasis patients and 814,631 controls. Over
the included studies in our meta-analysis, 16 were all of high
quality based on NOS quality scores.

There were many confounding factors between psoriasis and
hypertension. First of all, psoriasis itself might lead to stress,
anxiety, depression, more likely to smoke, drink, lack of exercise,
and lead to abnormal blood pressure, and moreover, drugs for
psoriasis, such as cyclosporine and compound glycyrrhizin,
might affect blood pressure,’*”) and diabetes mellitus and
metabolic syndrome were also confounding factors associated
with psoriasis and hypertension.*®! In the literature, there was
one previous meta-analysis!*®! assessing the effect of psoriasis on
hypertension, they identified 24 observational studies with a total
of approximately 2.7 million study participants fulfilling their
inclusion criteria in that meta-analysis. However, the meta-
analysis''®! had some limitations. In that meta-analysis,'*®! only
some studies adjusted for confounders and most studies did not
completely adjust for important confounders such as obesity and
smoking. Given that observational studies might have a high
potential for bias due to confounding variables, adjusted-for-
covariates ORs were preferred to avoid the heterogeneity and
bias.!*'-*2 Therefore, it is more possible to get a convincing result

after more thorough adjustment for confounders of the
association between psoriasis and hypertension. All studies
adjusted for confounders to get more convincing evidence, in our
study, to illustrate the link between both.

At present, the etiology of psoriasis is unclear, and it is
considered as an inflammatory skin disease mediated by T
lymphocyte, and psoriasis is a common and frequently occurring
disease in dermatology, which cannot be absolutely cured.!®?!
Hypertension is a clinical syndrome caused by many factors, such
as heredity and environment, characterized by persistent
elevation of systemic and circulatory arterial blood pressure,
which is also a major risk factor for cardiovascular and
cerebrovascular diseases such as coronary heart disease and
stroke, and it is one of the most common cardiovascular
diseases.!** Hypertension and psoriasis are chronic diseases with
high incidence, which seriously affect the quality of life and health
of patients. These findings have led to the recommendation that
all patients with psoriasis should undergo detailed screening and
management of hypertension. However, the biologic mechanism
underlying the association of psoriasis and risk of hypertension
are uncertain.

The study of the correlation between psoriasis and hyperten-
sion has been a hot topic in dermatology and internal medicine in
recent years, and many literatures have elucidated the correlation
from the epidemiologic point of view and the biologic mechanism
by means of basic research, cohort studies, cross-sectional
studies, and case—control studies.!>7?71318-28:351 Some  peo-
ple!”-?*I have done basic researches on the relationship between
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Yang 2011 1.28 (0.95, 1.71) 407
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Langan 2012 —h——— 1.03 (0.89, 1.20) 11.15
Xiao 2009 1.39(1.04,185) 422
Subtotal (I-squared = 51.5%, p = 0.103) L 1.09(0.98,1.22) 46565
Severe E
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Overall (I-squared = 59.2%, p = 0.012) <> 1.11(1.04,1.18)  100.00
NOTE: Weights are from random effects analysis :.

T

T
521 1

Figure 3. Pooled estimate of the subgroup analysis on the association between psoriasis and the risk of hypertension according to the severity of psoriasis.

Cl = confidence interval, OR = odds ratio.

psoriasis and hypertension, and their conclusions indicated that
shared pathways including systemic endothelial dysfunction,
increased oxidative stress, and the altered renin-angiotensin
system in psoriasis patients might link the pathogenesis of
psoriasis with the development of hypertension. The result of a
meta-analysis performed by Armstrong et all’®! indicated that
psoriasis was associated with greater prevalence of hypertension,
and it was put forward that both of mild and severe psoriasis were
associated with hypertension. In addition, the result of Al-
Metairie’s study!>®! supported that the correlation between severe
psoriasis and hypertension was significantly higher than that of
mild psoriasis, suggesting that the more severe the psoriasis was,
the higher the risk of hypertension might be. Meanwhile,
Langan’s study!*?! suggested that this trend was not obvious. Five
of the articles!" 3227281 that we included studied the
relationship between psoriasis and hypertension based on the
severity of psoriasis, and our result, that the prevalence of
hypertension in severe psoriasis patients was higher than that in
mild psoriasis patients, was roughly the same as that of Al-
Metairie’s study.*®! But our result was somewhat different from
that of previous study,'®! therefore, it was necessary to further
study the correlation between the severity of psoriasis and
hypertension and its related mechanisms in the future.

The prevalence of hypertension in the world ranged from
10% to 20%.71 Generally speaking, hypertension was more
common among white people, followed by yellow race and
less black race, moreover the morbidity and prevalence of

hypertension are often higher in economically developed areas,
high altitude areas, and high salt diet areas.!*®! At present, there
was no related research about the effect of the incidence of
hypertension in psoriasis based on regional difference. Fourteen
of the studies®!%1213:1827] that we included studied the
relationship between psoriasis and hypertension based on
regional difference, and our result showed that psoriasis was
associated with hypertension, and the risk of hypertension in
psoriasis patients was higher than that in nonpsoriasis patients
in Europe and Asia. Because the included literature of our meta-
analysis did not classify the population’s ethnic origins, we
could not do the analysis of the correlation between psoriasis
and hypertension among different ethnic groups. The better
well-designed studies should be carried out to obtain more
evidence in this regard in the future.

There were several limitations in our meta-analysis. First, we
did not obtained missing data despite repeated attempts to
contact the authors. Secondly, the included studies of our meta-
analysis were mostly case—control studies and cross-sectional
studies, which had some limitations owing to its weakness to
determine cause and effects,>*! and we recorded the data on each
participant only once. Thirdly, this was a heterogeneous trial.
The difference in diagnostic criteria for hypertension and
psoriasis, instruments for measuring blood pressure, and case
source might contribute to the heterogeneity. In an attempt to
reduce or explain the high heterogeneity, we performed subgroup
analysis and sensitivity analysis. When 5 trials!®1318:20:22] were
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Figure 4. Pooled estimate of the subgroup analysis on the association between psoriasis and the risk of hypertension according to regional differences. Cl =

confidence interval, OR = odds ratio.
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Figure 6. Funnel plot to detect publication bias.

excluded from the meta-analysis, the heterogeneity was within
acceptable. And in the future, the better well-designed, large-scale
nationwide and the sufficient power studies will be needed to
offer the more comprehensive evidence to clarify the association
of psoriasis and hypertension.

5. Conclusion

We conducted this meta-analysis using the adjusted-for-
covariates OR, demonstrating that psoriasis was associated with
an increased risk of hypertension compared to those without
psoriasis. Based on this result, we suggest that, in our clinical
work, physicians should pay attention to screening whether
psoriasis patients suffered from hypertension, and carry out
appropriate intervention and health education for patients with
hypertension or high blood pressure. It not only helps to improve
the prognosis of primary diseases, but also prevents adverse
events such as coronary heart disease and stroke.
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