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Abstract

Introduction: Psoriatic Arthritis (PsA) and Ankylosing spondylitis (AS) are chronic
inflammatory diseases associated with a higher risk of cardio-metabolic comorbidities compared
to the general population. Individual studies examining mortality in these patients have produced
conflicting results. We performed a systematic review and meta-analysis to analyze the all-cause
and cause-specific mortality in PSA and AS from the available literature.

Methods: A comprehensive database search was performed for studies reporting all-cause or
cause-specific mortality in patients with PsA and AS compared with the general population.
Pooled relative risks (RRs) were calculated using random-effects model.

Results: We included 19 studies (11 of PsA, 7 of AS, 1 of both). In PsA studies, there was no
increased mortality compared to the general population (RR: 1.12, 95% CI: 0.96-1.30, 10 studies).
We found a higher all-cause mortality in females (RR=1.19, 95% CI: 1.04-1.36) but not in male
(RR: 1.02, 95% CI 0.66-1.59) PsA patients. Cardiovascular, respiratory, and infection specific
mortality risks were significantly higher for PsA patients (RR: 1.21, 95% ClI: 1.06-1.38; RR: 3.37,
95% CI: 1.30-8.72; and 2.43, 95% CI: 1.01-5.84, respectively), but not cancer-related mortality
(RR: 1.01, 95% CI: 0.91-1.11). In AS, we found a higher risk of death from all causes (RR 1.64,
95% CI: 1.49-1.80, 6 studies) and cardiovascular causes (RR 1.35, 95% CI: 1.01-1.81, 3 studies)
compared to the general population. All-cause mortality was high in both males (RR 1.56, 95%
Cl: 1.43-1.71) and female (RR 1.85, 95% CI: 1.56-2.18) AS patients. The included AS studies
did not report mortality data for non-cardiovascular causes.
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Conclusion: This systematic review and meta-analysis showed a significantly increased risk of
overall mortality in AS, but not PsA. Cardiovascular-specific mortality was higher for both PSA
and AS, which emphasizes the importance of early screening and management of cardiovascular
risk factors.
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Introduction:

Spondyloarthritides (SpA), a group of chronic inflammatory diseases involving the

spine, peripheral joints, and entheseal sites, affect up to 2.5% of the population [1].
Epidemiological data in SpA is mostly limited to the two common subtypes: psoriatic
arthritis (PsA) and ankylosing spondylitis (AS), also known as radiographic axial SpA. The
increased mortality risk from autoimmune diseases such as systemic lupus erythematosus
and rheumatoid arthritis compared to the general population is well recognized [2-3].
However, the evidence for mortality risk in PSA and AS has been inconsistent, possibly
because of inherent heterogeneity in the study populations and protocols, along with the
limited number of observational studies performed to date. It is postulated that a higher
prevalence of cardiometabolic conditions such as hypertension, dyslipidemia, diabetes, and
obesity in comparison to the general population is associated with higher mortality in

SpA [3-7]. Other associated comorbidities include depression, infections, malignancies,
chronic obstructive and restrictive lung diseases with variable prevalence and unclear
association with mortality [8-10]. Shared genetic and immunologic pathways, systemic
inflammation, therapies used for SpA, and increased prevalence of risk factors such as
smoking, and alcohol intake may also have a contributory role. The objective of this study
was to perform a systematic review and meta-analysis combining all the available literature
to date to investigate whether overall mortality is increased in PSA and AS and how
associated comorbidities influence this risk. A better understanding of the overall mortality
in these two most prevalent subtypes of SpA and associated comorbidities may help devise
preventive and screening measures in this population and advance our knowledge of disease
pathogenesis.

Materials and methods:

This systematic review was reported according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement. Four authors (HC, NB, KS,
AD) in two pairs independently participated in the literature search, study selection, data
extraction, and methodological quality assessment. Any disagreements were resolved by
discussion, or by a fifth author (PK) if an agreement was not reached.

Literature search

A comprehensive search of several databases from each database’s inception to April 9,
2021, was conducted. The databases included Ovid MEDLINE® and MEDLINE® Epub
Ahead of Print, In-Process & Other Non-Indexed Citations, and Ovid MEDLINE® Daily,
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Ovid EMBASE, Ovid Cochrane Central Register of Controlled Trials, Ovid Cochrane
Database of Systematic Reviews, and Scopus. The search strategy was designed and
conducted by an experienced librarian with input from the study’s principal investigator
(Supplementary File 1). A controlled vocabulary supplemented with keywords was used to
search for studies of the risk of overall and cause-specific mortality in psoriatic arthritis and
ankylosing spondylitis patients. Only studies published in English were included.

Study selection

We screened the titles and abstracts that resulted from database search and then reviewed full
texts of studies that were included by at least one reviewer based on the abstract and title.

We included all original reports fulfilling the following criteria: 1) published, peer-reviewed,
English-language cohort studies, 2) reported all-cause or cause-specific mortality risk
estimates (relative risks [RRs], crude mortality rate ratios, standardized mortality ratios
[SMRs], or hazard ratios with 95% confidence intervals [Cls]), and 3) compared mortality
in PsA and AS patients with the general population. For cause-specific mortality, we
examined cardiovascular, respiratory, renal, accident/suicide, and malignancy. Case reports,
case series, review articles, commentaries, and editorials were excluded. Bibliographies
belonging to included studies, reviews, and relevant articles were screened for additional
studies.

Studies that investigated only certain subgroups within PsA or AS were also excluded
(e.g., studies including only HLA-B27 positive AS patients [11] or only those with
vertebral fractures) [12]. We screened out duplicate publications. Full-text articles were
given preference over abstracts.

Data extraction and assessment of risk of bias

We extracted information from the included studies on a standardized form. The extracted
data included first author, publication year and country, representativeness of the population
of PsA and AS patients (inpatient and/or outpatient), adjustments to age and sex,
representativeness of comparison group, all-cause and cause-specific mortality estimates.
The methodological quality (risk of bias) was evaluated using the Newcastle Ottawa Scale
(NOS), (Supplementary File 2)[13]. We modified the tool so that we did not use a numeric
value to represent quality, rather, we identified the factors that would increase the risk of
bias in this specific context and used them to make an overall judgment about bias. We
considered studies that did not adjust mortality estimates or used administrative codes for
PsA diagnosis to be at high risk of bias. Overall certainty in the evidence was evaluated
using the GRADE approach (Grading of Recommendations, Assessment, Development and
Evaluation [14]. To assess heterogeneity, we used the I2 statistic, assuming values of 25%,
50%, and 75% to represent low, moderate, and high heterogeneity, respectively [15]. We
conducted sensitivity analyses for only population-based studies and assessed the influence
of individual studies on the overall effect by omitting one study at a time with overlapping
data or high risk of bias. We performed subgroup analyses of older (before 2010) and newer
(after 2010) studies to see if any difference could be seen in the studies in the post-biologic
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era. Finally, to assess the potential for publication bias, we visually inspected the funnel
plots (Supplementary File 3).

Statistical analyses

Results

All statistical analyses were conducted using RevMan 5.4 (Copenhagen: The Nordic
Cochrane Centre, The Cochrane Collaboration, 2014). Meta-analyses of all-cause mortality,
sex-adjusted overall mortality, and cause-specific mortality were performed. We calculated
relative risks (RRs) with 95% confidence intervals (CI) as the measure of association.
Standardized mortality ratios (SMRs), hazard ratios, mortality rate ratios, and odds

ratios were considered comparable estimates of RRs. We chose a random-effects model
(DerSimonian and Laird) [16] because of potential heterogeneity among the studies. If

a study provided multiple estimates, we used the multivariable-adjusted values from the
best-reported model. Similarly, if mortality rates were provided for multiple time points,
we included data from the last follow-up provided [17]. To maintain independence results
from the same administrative data in different studies were included only in separate
meta-analyses. For example, among the two studies by Ogdie et al. using the UK THIN
Database, one of them reporting all-cause mortality [18] was used in overall mortality
meta-analysis, and the more recent study reporting cause-specific mortality was used for
separate meta-analyses [19] for cause-specific mortality. We did include the two studies
from Olmsted County, MN, [20,21] for overall PsA mortality because these studies were
non-overlapping and included patients from different years in both case and comparison
groups.

Studies selected and characteristics

The study selection flowchart is depicted in Figure 1. We screened 3124 articles by title and
abstract and assessed 88 full-text articles for eligibility. We ultimately included 19 studies
that met our inclusion criteria: eleven for PsA, seven for AS, and one study mentioned
outcomes for both PsA and AS (Tables 1,2). The studies were conducted in 10 countries:
Canada, Denmark, France, Hong Kong, Korea, Norway, Sweden, Taiwan, UK, and USA
[17-34]. The study period (including follow-ups) varied between 4 to 40 years. Because

of possible sample overlap, we compared studies with similar country of origin and data
sources. In case of overlapping data, the most recently published and largest studies from

a given population were included. Among PsA studies, we found overlapping data or data
from different years in a few databases, including three from Canada [22,35,36] two studies
each from Denmark, [23,37] Taiwan [24,38], and Olmsted County, MN USA [31,32].
Similarly, there were two studies from the UK The Health Improvement Network (THIN)
database [18,19]. Out of these studies, the following containing the most recent data were
included to maintain independence: 1) for all-cause mortality, we included Ogdie et al.
(2014), Dai et al. (2018), Skov et al. (2019), and Elalouf et al. (2020) [18,22-24]; 2) for
cause-specific and cardiovascular mortality, we included Ogdie et al. (2017), Skov et al.
(2019) and Elalouf et al. (2020) [19,22,23]. Among two AS studies from Korea that had
overlapping data [25,39] we included the study by Bae et al. (2019) for all-cause mortality
as it included data from more recent years. The mean age of PsA patients ranged from 43.7

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2024 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chaudhary et al.

Page 5

to 59.5 years, and the percentage of female patients ranged from 44.0-49.6%. The mean
age of AS patients was 37.0 to 70.5 years, with females representing 18.3—-47.0% of patients
included in the studies.

All-cause and cause-specific mortality in psoriatic arthritis

All included studies were cohort studies and used the general population as a comparison
group (Table 1). Among the ten included studies for PsA, seven studies were population-
based studies [17,18,20,21,23,24,32]. The remaining three studies were retrospective
single-center, retrospective multi-center, referral, and specialty center-based cohort studies
[22,28,29] Most of the studies were from North America [17,20,21,22] and Europe
[18,23,28,29] with a few studies from southeast Asia [24,32]. Six studies defined PsA based
on CASPAR criteria [20,21,22,24,28,29] and the remaining four studies used administrative
codes [17,19,22,32]. Mortality was defined using administrative codes and death certificates.
There were 46,244 patients with PsA with a pooled RR for all-cause mortality of 1.12

(95% CI: 0.96—1.30, 12= 89%) (Figure 2A). For sex-adjusted all-cause mortality, we
included four studies with 11,946 PsA patients [22,28,29,38] For males, we identified an
all-cause mortality rate of 1.02 (95% CI: 0.66—1.59, 12=92%). We found a higher all-cause
mortality in females, RR=1.19 (95% CI: 1.04-1.36, 12=23%). (Supplementary File 4). The
subgroup analysis comparing the more recent eight studies published after the year 2010
showed higher all-cause mortality with a pooled RR of 1.17 (95% CI:1.00-1.38, 12 =91%)
compared to two studies before 2010 with a pooled RR of 0.85 (95% Cl:0.65-1.11 12 =0%)
(Supplementary File 6). The all-cause mortality based on the geographical location was
higher in two studies from the Asian population [24,32] with a pooled RR of 1.56 (95% ClI
1.44-1.70 12 =0) as opposed to most studies from Europe and North America that did not
show an increase in overall mortality with a pooled RR 1.04 (95% CI 0.92-1.12 12= 7%) and
1.01 (95% Cl1 0.78-1.31 12 =83%) [17,19,20-23,28,29] (Supplementary File 8).

Among studies for cause-specific mortality, there were five PsA studies [17,19,22,24,28]
that reported cardiovascular mortality with a total of 35,907 PsA patients (Figure 3). The
pooled RR was 1.21 (95% Cl: 1.06-1.38, 12= 8%). Among four studies [17,19,22,23]

the pooled RR for respiratory-specific mortality was 3.37 (95% Cl: 1.30-8.72, 12=97%).
The mortality risk from infectious diseases in four studies was 2.43 (95% CI: 1.01-5.84,
12=87%). The risk of death from malignant causes was 1.01 (95% CI: 0.91-1.11, 12=0%)

in five studies [17,19,22,23,28]. The pooled mortality rate from injury and poisoning in two
studies [22,23] was 1.15 (95% CI: 0.61-2.18, 12=60%), and mortality from suicides and
self-injury in the other included two studies [21,24] was 1.62 (95% CI: 0.42—-6.32, 12 =78%)
(Supplementary file 7).

All-cause and cause-specific mortality in ankylosing spondylitis

Among the six included AS studies for all-cause mortality, five were population-based
[25,27,30,32,34] and the remaining one study was specialty clinic-based [26]. Most of the
studies were from Europe [26,30,34] with two studies from Southeast Asia [25,32] and
one study from North America [27]. Three studies defined AS based on administrative
codes [25,32,34], two studies used Modified New York Criteria for AS [28,29], and the
remaining one study defined it as per clinical diagnosis [30]. Mortality was defined using
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administrative codes and death certificates. The total number of AS patients was 28,464 in
these studies (Table 2). The pooled RR for all-cause mortality was 1.64 (95% CI :1.49-1.80,
12= 36%) (Figure 2B). For sex-adjusted all-cause mortality, pooled RR for males was 1.56
(95% Cl: 1.43-1.71, 12=0%) and for females was 1.85 (95% CI: 1.56-2.18, 12=0%) in the
three studies providing mortality data stratified by sex [25,26,34] (Supplementary File 5).
The results were consistent among all included studies from Asia and European countries
[25,26,30,32,34]. One small study from North America did not show increase in overall
mortality [27] (Supplementary File 9). The pooled RR for cardiovascular mortality in AS
patients from three studies [28,29,31] was 1.35 (95% CI 1.01-1.81, 12=83%) (Figure 4).

Sensitivity analysis, publication bias, and risk of bias

Sensitivity analysis, publication bias, and risk of bias of included studies were assessed if
more than five studies were included for a given analysis. Sensitivity analysis performed
with only population-based studies for PsA and AS (Figure 2), and subgroup analysis
performed for studies in PsA published before and after 2010 did not show any difference
in results. All the included AS studies were published after 2010.Sensitivity analyses
performed replacing the included studies with those excluded due to overlapping data,
also showed no significant change in the pooled estimates. As there were only a few
studies included in each analysis, funnel plot was difficult to interpret, but no publication
bias was identified visually (Supplementary file 3). For PsA studies, five studies included
were judged to have low risk of bias with six studies moderate risk of bias. For AS

study quality, five studies were judged to have low risk and three studies moderate risk

of bias (Supplementary file 2A&B). All the included studies were observational; therefore,
the certainty in evidence evaluated using the GRADE approach methodology was low to
moderate [14] (Supplementary file 2C).

Discussion

This systematic review did not show a significantly increased risk of all-cause mortality

in patients with PsA compared to the general population. However, mortality was slightly
higher in the female PsA patients but not in males. There was an increased risk of death
from cardiovascular, respiratory, and infectious causes. No increase in malighancy-related
deaths was seen in PSA. For AS, there was an increased risk of all-cause mortality compared
to the general population, and higher mortality was seen in both males and females. Similar
to PsA, higher cardiovascular mortality was noted in AS.

Studies on overall mortality in PSA and AS show conflicting results, even among the
included population-based studies. Most population-based studies [17,18,20,21,23,24] do
not show increased overall mortality in PSA (Figure 2A). However, there are differences
among study results from these population-based studies over time. Recent studies from the
Denmark nationwide cohort [23], University of Toronto cohort [22], UK THIN database
[19], and Olmsted County, MN, USA [21] did not show higher overall mortality in PsA.

On the contrary, earlier studies from the first two cohorts had shown higher mortality in

PsA compared to the general population but were limited by considerably smaller population
size [35,37]. Moreover, longitudinal data from the University of Toronto cohort showed
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that mortality decreased over four decades of follow-up [36]. In contrast, two other recent
population-based studies from the Taiwan National Health Insurance by Dai et al. [24]

and Ontario Health Insurance Plan by Colaco et al. [17] showed excess mortality risk in
PsA patients. Furthermore, the latter study did not report any change in relative excess
mortality from 1996 to 2016. While it seems plausible that early recognition and improved
management over time might underlie improved mortality seen in some studies, not all
studies have confirmed this trend. This is further elucidated by our subgroup analysis of
studies published after 2010, which also showed heterogeneous mortality risk ratios, but an
overall estimate showing increase in all-cause mortality [17,19,21-24,28] (Supplementary
File 6). Furthermore, study results vary among population-based studies from various
geographic locations (Supplementary file 8). While no higher mortality was noted in the
PsA population from Europe and North America, two population-based studies from Asia
showed higher mortality [24,32]. The difference in results across geographical locations
suggest a likely genetic and environmental influence.

Among AS studies, most population-based studies showed an increased risk of overall
mortality [25,32,34]. In contrast, two consecutive population-based studies from Olmsted
County, MN, USA had similar survivorship compared to the general population [27,40]. The
studies from Olmsted County included a limited number of patients and a shorter median
follow-up (8.7 years) compared to most other studies, which might have led to differences

in these populations in mortality rates. Additionally, a large population-based, prospective
study from the UK biobank also did not show significantly higher mortality in AS [30].
Among two studies from Korean National Insurance Database [25,39], we included the more
recent study by Bae et al. that showed significantly higher mortality in AS compared to the
general population [36]. The more recent study had considerably larger size (total Korean
population in contrast to a stratified sample of the population in the older study) reaching
statistical significance, while the smaller study only showed a trend towards increased
mortality. Substituting the Bae et al. study with the smaller study [39] did not change our
final results. No clear geographical differences in mortality were noted in AS (supplemental
file 9). Unlike conflicting trends in mortality of PsA [17,36], mortality rates for AS patients
seem to be stable from 1969 to 2009 [33] (more recent trend data were not available).

Beyond population-based studies, studies from hospital-based registries and specialty clinics
might include patients with more severe disease, leading to selection bias [32]. In PsA, a
large proportion of patients in the general population have mild disease and may be less
likely to be managed by a specialist. As seen with psoriasis, the severity of PSA may

be associated with increased mortality that has not been clearly demonstrated in studies

of PsA to date [41]. Supporting this notion, a recent study from the British Society for
Rheumatology Biologics Register showed significantly higher mortality (SMR 1.56; 95%
Cl: 1.12-2.11) in PsA patients on biologics (which likely represents severe PSA patients)
compared to the general population [42]. Therefore, population-based cohort studies may
provide estimates closer to true mortality rates.

While most studies reported SMRs comparing mortality in PsA to the national estimates,
only a few used an internal comparison group [18,24,25,30,31]. SMRs might overestimate
the risk compared to an internal comparison group, which could better approximate the true
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effect [43]. Lastly, while most studies provided age and sex-adjusted mortality rates, only a
few studies reported mortality rates among males and females separately. Our review noted
higher mortality in female PsA patients but not in males (supplementary file 4), unlike in the
general population where females have lower mortality [44]. This differential effect was not
seen in AS (supplementary file 5).

Our meta-analysis also examined cause-specific mortality in SpA and noted an increased
risk of cardiovascular deaths in both PsA and AS. While both are associated with increased
cardio-metabolic disease compared to the general population, data for cardiovascular
mortality in SpA is conflicting, unlike data in rheumatoid arthritis [45]. Among the
included studies for PsA, only one study by Juneblad et al. [28] had shown a significantly
increased mortality risk in this group (mortality risk was numerically higher but not
statistically significant in other studies). Interestingly, a 2013 systematic review that
examined cardiovascular mortality in PsA that included earlier studies from some of the
included databases had not shown increased cardiovascular mortality in PsA [46]. Two of
the four newer studies published following this systematic review have shown significantly
increased cardiovascular mortality [17,28].

Amongst the three included population-based studies for cardiovascular mortality in AS,
two studies reported higher cardiovascular mortality [30,31]. Haroon et al. found increased
vascular mortality (both cardiovascular and cerebrovascular) compared to population
controls in their study from Ontario administrative data. Significant risk factors for vascular
death in the study were age, male sex, lower income, dementia, chronic kidney disease,
peripheral vascular disease, and lack of nonsteroidal anti-inflammatory drug exposure and
statins in those over 65 years [31]. Similarly, Dregan et al. also demonstrated a greater risk
of cardiometabolic events in AS compared to the general population [30]. The third study
by Prati et al. showed increased deaths from cardiovascular causes in a younger French AS
population aged 25-64 years, but results were not statistically significant [33].

Beyond cardiovascular causes, our meta-analysis showed increased mortality from
respiratory diseases in PsA (Figure 3). In a study by Wong et al., pneumonia was a major
cause of death along with respiratory arrest secondary to underlying COPD in PsA [35]. A
more recent study from this University of Toronto cohort (included in our meta-analysis),
Denmark, and Ontario, Canada [17,22,23] also showed similar results. However, a study
from the UK THIN database [19] did not show an increase in mortality related to respiratory
disease. Increased prevalence of risk factors for lung disease such as smoking and obesity,
and the association of asthma, chronic obstructive lung disease, obstructive sleep apnea, and
rarely interstitial lung disease with psoriatic disease have been described. [34-35]. While
these factors could account for increased respiratory mortality, the included studies did

not specifically report the characteristics of respiratory illnesses associated with increased
mortality.

Our review also found a higher risk of death from infectious causes in PSA compared to the
general population [17,19,22,23]. Most biologic registry studies show higher risk of serious
infections in PSA with biologics, although the risk does not seem to be as high as that seen
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in rheumatoid arthritis (RA) [49]. Whether the risk of serious infections is associated with
longer disease duration or severity of the underlying disease is unclear.

Our review did not show an increased risk of mortality from malignant causes in PSA
[17,20,22 23,28,31,38] (Figure 3). This is consistent with the literature showing only a
higher incidence of nonmelanoma skin cancer in PSA, but no association with hematologic
and solid organ malignancies unlike RA [50]. Similarly, the risk of malignancies with
traditional immunosuppressive agents or biologics in PsA, if any seems to be quite small
[50]. Suicide and poisoning-related deaths were not observed to be higher in the studies
from the University of Toronto and Denmark, [22,23] with only one study from the UK
THIN database [20] showing higher mortality from self-injury (Supplementary file 7). This
further highlights the importance of managing mental health in PsA, although more studies
are needed to address this association. Our review found limited studies on cause-specific
mortality in AS beyond cardiovascular diseases.

The strengths of our meta-analyses include an extensive review of the literature to date,
including only cohort studies, the general population as a comparison group, and overall
low to medium risk of bias in the included studies. However, we do note some limitations.
First, our study included observational studies with retrospective cohorts, including specialty
center, and registry-based studies. Studies with hospital-based SpA diagnoses could have
contributed to an overestimation of mortality rates [22,28,30]. However, we performed a
sensitivity analysis of only population-based studies, which did not show any difference in
outcomes. Second, most studies used death certificates as the method of ascertaining the
cause of death, which may not be complete as the diagnosis of SpA is not invariably
documented on the death certificate [31]. Finally, worldwide disease synopsis studies
make implicit assumptions that the diseases studied are diagnosed at similar stages across
health systems, have similar disease severity, homogeneous disease domain involvement,
comorbid disease prevalence, treatment access, and similar disease monitoring. It is quite
plausible that these diseases and their complications are different across populations, given
the heterogeneity of the genetic prevalence of risk that we now recognize exists. Future
population-wide genetic analysis will hopefully shed light on this.

Conclusion

Our meta-analysis showed a significantly increased risk of overall mortality in AS, but not
PsA. Interestingly, mortality risk in PsA was higher in females, but not males. There was a
significantly increased risk of death from cardiovascular causes in PSA and AS. PsA patients
also had increased mortality related to respiratory and infectious causes compared to the
general population. These findings emphasize the importance of early comorbidity screening
and management to potentially mitigate the mortality risk in SpA.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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KEY POINTS

. Overall mortality in Psoriatic Arthritis (PsA) is not higher compared to the
general population but there is higher risk of cardiovascular mortality in PSA.

. Both overall mortality and cardiovascular specific mortality is higher
in patients with Ankylosing Spondylitis (AS) compared to the general
population.

. The findings from this meta-analysis emphasize the importance of early
screening and management of cardiovascular risk factors in patients with
spondyloarthritis.
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Figure 1.
Flow chart describing systematic search and study selection process
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Figure 2.

General Population Ankylosing Spondylitis

Forest plot for overall mortality in A) psoriatic arthritis B) ankylosing spondylitis
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Figure 3.

Forest plot for cause-specific mortality in psoriatic arthritis A) cardiovascular B) respiratory
C) infections D) malignancy
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Figure 4.
Forest plot for cause-specific cardiovascular mortality in ankylosing spondylitis
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Table 1.

Study characteristics of all cause and cause-specific mortality in psoriatic arthritis

Author, year Geographic Study design  Study Population  No. of Definition of ~ No. of Comparison  Mean Female
location (data source)  period patients  cases PsA group age, (%)
(total patients years
duration
in years
with
follow
up)

All- cause mortality

Wilson et al. Olmsted Population- 1970- 18+ 124,277  CASPAR 147 General 427+ 39
2009 [20] Country, USA based, 1999 Population -15.2

retrospective (29)

cohort

(Rochester

epidemiology

project)
Buckley etal.  Bath, UK Retrospective ~ 1985- 18+ 453 Moll and 453 General 49 48.8
2010 [29] cohort, single 2007 Wright/ population

center (23) CASPAR

(National

death

registry/NHS

strategic

tracing

service)
Mok et al. Hong Kong, Population- 1999- NR 18627 ICD-9 778 General 51.7+/ 46
2011 [22] China Based, 2008 (9) population -13.2

Retrospective

cohort

(CDARS -

outpatient

clinics and

inpatient

admissions)
Ogdie et al. UK Population- 1994— 18+ 132031  READ Code 8706 General 50.54 48.9
2014 [18] based, 2010 Population /

longitudinal (16) Rheumatoid

cohort study Acrthritis

(THIN

database)
Juneblad et Vasterbotten Retrospective,  1995- 18+ 464 CASPAR 464 General 59.5 49.6
al. 2016 [28] County, referral 2011 ICD-9 Population

Sweden cohort (16)

(National

death

registry)
Dai et al. Taiwan Nationwide, 2000— 18+ 106701  CASPAR, 8795 General 451 40.5
2018 [24] population- 2001 ICD-9 Population,

based cohort (12) Psoriasis

(National

Health

Insurance)
Skov et al. Denmark Nationwide, 1998- 18+ 21,977 ICD-10 9817 General 49.6 48.8
2019 [23] population- 2014 Population

based, (16)

retrospective

Cohort

(National

patient

registry)
Elalouf et al. Toronto, Prospective, 1978- 18+ 1490 CASPAR, 1490 General 455 44
2020 [22] Canada specialty 2017 ICD-9, Population

clinic cohort (39) ICD10
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Author, year Geographic

location

Study design
(data source)

(University of
Toronto PsA
clinic)

Colaco et
al.2020 [17]

Ontario, Population-

Canada based,
retrospective
cohort
(Ontario
Health
Insurance
databases)

Karmacharya Olmsted Population-

etal. 2021 County, MN, based,

[21] USA retrospective
cohort
(Rochester
epidemiology
project)

Cardiovascular mortality

Juneblad et
al. 2016 [28]

Vasterbotten Retrospective,

County, referral

Sweden cohort
(National
death

registry)

Ogdie et al. United Population-

2017 [19] Kingdom based,
longitudinal
cohort (THIN
database)

Skov et al. Denmark Population-

2019 [23] based,
retrospective
cohort
(National
patient

registry)

Prospective,
specialty
center cohort
(University of
Toronto PsA
clinic)

Elalouf et al.
2020 [22]

Toronto,
Canada

Colaco et al. Ontario,Canada  Population-

2020 [17] based,
retrospective
Cohort
(Ontario
Health
Insurance
databases)

Respiratory disease-related mortality

Ogdie et al. United Population-

2017 [19] Kingdom based,
longitudinal
cohort (THIN
database)
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Study Population  No. of Definition of

period patients  cases

(total

duration

in years

with

follow

up)

2008— 20+ 192288 Validated

2016 admistrative

(20) case
definitions

2000- 18+ 484 CASPAR

2017

(19)

1995- 18+ 464 CASPAR,

2005 ICD9

(16)

1994— 18+ 132031  READ code

2010

(16)

1998- 18+ 21977 ICD-10

2014

(16)

1978- 18+ 1490 CASPAR,

2017 ICD-9,

(39) ICD-10

2008- 20+ 192288  Validated

2016 admistrative

(20) case
definitions

1994— 18+ 132031  READ Code

2010

(16)

No. of Comparison  Mean
PsA group age,
patients years

15430 General -
Population

164 General 46.4
Population (+12.0)

464 General 59.5
Population

8706 General 50.54
Population/
Rheumatoid
Arthritis

9817 General 49.6
Population

1490 General 455
Population

15430 General -
Population

8706 General 50.54
Population/
Rheumatoid
Arthritis

Female
(%)

47%

48.9

44

48.9
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Author, year Geographic

location
Skov et al. Denmark
2019 [23]
Elalouf et al. Toronto,
2020 [22] Canada
Colaco et al. Ontario,
2020 [17] Canada

Study design
(data source)

Population-
based,
retrospective
cohort
(National
patient
registry)

Prospective,
specialty
center cohort
(University of
Toronto PsA
clinic)

Population-
based,
retrospective
cohort
(Ontario
Health
Insurance
databases)

Infection and malignancy related mortality

Juneblad et Vasterbotten
al. 2016 [28]"  County,

Sweden
Ogdie et al. UK
2017 [19]
Skov et al. Denmark
2019 [23]
Elalouf et al. Toronto,
2020 [22] Canada
Colaco et al. Ontario,
2020 [17] Canada

Retrospective,
referral
cohort
(National
death
registry)

Population-
based,
longitudinal
Cohort
(THIN
database)

Population-
based,
retrospective
cohort
(National
patient

registry)

Prospective,
specialty
center cohort
(University of
Toronto PsA
clinic)

Population-
based,
retrospective
cohort
(Ontario
Health)

Study
period
(total
duration
in years
with
follow
up)

1998-
2014
(16)

1978-
2017
(39)

2008-
2016
(20)

1995-
2005
(16)

1994-
2010
(16)

1998-
2014
(16)

1978-
2017
(39)

2008~
2016
(20)

Population

20+

18+

20+

No. of

patients

21977

1490

192288

464

132031

21977

1490

192288

Definition of
cases

ICD-10

CASPAR,
ICD-9,
ICD-10

Validated
admistrative
case
definitions

CASPAR
ICD 9

READ Code

ICD-10

CASPAR,
ICD-9,
ICD-10

Validated
administrative
case
definitions

No. of
PsA
patients

9817

1490

15430

464

8706

9817

1490

15430

Comparison  Mean
group age,
years

General 49.6
Population

General 455
Population

General -
Population

General 59.5
Population

General 50.54
Population/
Rheumatoid

Aurthritis

General 49.6
Population

General 455
Population

General -
Population

ICD= International Classification of Disease, CASPAR=-Classification Criteria for Psoriatic Arthritis, THIN= The Health Improvement Network,
CDARS= Clinical Data Analysis and Reporting System, NR= not reported.

*
not included for infections related mortality

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2024 May 01.

Female
(%)

44

44
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Table 2.
Study characteristics of all cause and cause-specific mortality in ankylosing spondylitis
Author, Geographic  Study design  Study Population  No. of Definition ~ No. of Comparison Mean Female
year location (data source)  period patients  of cases AS group Age (%)
(total patients (year)
duration
in years
with
follow
up)
All-cause mortality
Mok etal. Hong Kong  Population- 1999- NR 18627 ICD -9 2154 General 51.7+ 46
2011 [32] Based, 2008 (9) population -13.2
Retrospective
cohort
(CDARS -
outpatient
clinics and
inpatient
admissions)
Baklandet Tromsgand  Retrospective, 1977- 18+ 677 Modifed 677 General 23.2+/ 245
al. 2011 Finnmark single 2009 New York Population -85
[26] counties, hospital (32) Criteria
Norway cohort
(University
Hospital of
Northern
Norway)
Wrightet ~ Olmsted Population- 1980- 18+ 86 Modified 86 General 349+/- 345
al. 2015 County, based 2009 New York Population 9.9
[27] MN, USA retrospective (31) Criteria
cohort
(Rochester
Epidemiology
Project)
Exarchaou  Sweden Population- 2006— 18+ 8600 ICD-code 8600 General 49.3 345
etal. 2016 based, 2012 Population
[34] retrospective (12)
cohort
(National
patient
registry)
Dregan et UK Population- 2006- NR 19082 Clinical 1400 General 37 38
al. 2017 based, 2010 (4) diagnosis Population
[30] prospective
cohort (UK
biobank data)
Bae et al. Korea Population- 2010- 20+ 12988 Medical 15,547 General 40 +/- 27.6
2019 [25] based, 2014 (5) Expenses Population 14.2
retrospective for Rare
cohort Complaints
(National Code,
health V14.0,
insurance ICD-10
database)
Cardiovascular-related mortality
Haroonet  Ontario, Population- 1995- 15+ 108079 ICD9-CM 21,164 General 45.6 47
al. 2015 Canada based, 2011 720 Population
[31] retrospective (16)
cohort
(Provincial
health
database;
Ontario
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Author, Geographic  Study design  Study Population  No. of Definition  No. of Comparison Mean Female
year location (data source)  period patients  of cases AS group Age (%)
(total patients (year)
duration
in years
with
follow
up)
registrar
database)
Dreganet UK Population- 2006— - 19082 Clinical 1400 General 37 38
al. 2017 based, 2010 (4) diagnosis Population
[30] prospective
cohort (UK
biobank data)
Pratietal. France Population- 1969- 18+ 1969 ICD-8 2940 General 60.1 22
2017 [33] based 2009 712.4 Population
retrospective (40)
cohort
(National
death
registry)

ICD= International Classification of Disease, CDARS= Clinical Data Analysis and Reporting System, THIN= The Health Improvement Network,

NR= not reported.
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