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ARTICLE INFO ABSTRACT
Keywords: Background: Psoriasis has been linked to dyslipidemia. However, the magnitude of the association
Psoriasis between psoriasis and serum apolipoproteins Al and B remains unclear.
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Methods: We systematically searched PubMed, Embase, and Cochrane Library databases for
eligible studies published before August 10, 2023. Data were pooled using Stata software. We
adopted a random-effects model for the meta-analysis. Additionally, we conducted subgroup
analyses of the studies according to the psoriasis type and matched body mass index (BMI).
Results: Seventeen studies involving 2467 participants were included. Psoriasis was associated
with decreased serum apolipoprotein Al (weighted mean difference [WMD] = —9.05, P < 0.001)
and increased serum apolipoprotein B (WMD = 11.68, P < 0.001). In subgroup analysis after
matching BMI, the findings showing an association of psoriasis with serum apolipoprotein Al
(WMD = —14.07, P < 0.001) and serum apolipoprotein B (WMD = 13.07, P < 0.001) were
consistent with the overall results. The subgroup analysis for the presence or absence of psoriatic
arthritis showed that serum apolipoprotein Al was significantly decreased in psoriasis with
(WMD = —11.29, P < 0.001) and without arthritis (WMD = —8.69, P = 0.039); whereas serum
apolipoprotein B was significantly increased in psoriasis with (WMD = 13.57, P < 0.001) and
without arthritis (WMD = 9.21, P < 0.001).

Conclusions: Our study revealed that psoriasis is associated with decreased serum apolipoprotein
Al and increased serum apolipoprotein B levels compared with healthy controls.

1. Introduction

Psoriasis is a chronic immune-mediated disease characterized primarily by scaly and erythematous plaque [1,2]. The prevalence of
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psoriasis among adults varies worldwide, ranging from 0.4 % to 8.5 %. In the United States, more than 7.5 million adults are estimated
to have psoriasis [3]. Psoriasis is gradually being recognized as a systemic inflammatory disease linked with multiple comorbidities,
including psychiatric disturbances, dyslipidemia, and metabolic syndrome, leading to impaired quality of life and reduced life ex-
pectancy [4-6].

Over the past several decades, the knowledge of the cellular and molecular mechanisms of psoriasis has been expanded, and
emerging evidence indicates that immune-mediated inflammatory responses in psoriasis, resulting in endothelial cell dysfunction,
dyslipidemia, and atherosclerotic processes, might represent key pathological mechanisms underlying the complications associated
with psoriasis [4,7]. Lipid metabolism in psoriasis attracted attention as early as the beginning of the 20th century, and it has been
reported that the continuous detachment of psoriatic scales leads to permanent loss of lipids, which may result in abnormal serum
lipids [8]. A previous meta-analysis has reported that psoriasis is associated with higher total cholesterol, low-density lipoprotein
cholesterol, and triglyceride levels, suggesting that patients with psoriasis are at risk for dyslipidemia [9]. Apolipoproteins are
structural protein components of lipoproteins that play a critical role in lipid transportation and metabolism [10]. There are six types of
apolipoproteins, among which apolipoprotein A1 and B have received widespread attention in the context of psoriasis [8,10].
However, no consensus on the association between psoriasis and apolipoprotein A1 and B levels was exist [11,12]. Notably, obesity is
an independent risk factor for both psoriasis and dyslipidemia [4,13]. Thus, the association between psoriasis and apolipoprotein Al
and B levels might be obscured by obesity.

This study aimed to examine the association between psoriasis and serum apolipoprotein Al and B levels. Additionally, we con-
ducted subgroup analyses of the studies according to the psoriasis type and matched body mass index (BMI).

2. Materials and methods

Our results were reported in accordance with Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)
statement (ID: CRD42022352229) [14].

2.1. Search strategy

We systematically searched PubMed, Embase, and Cochrane Library databases for eligible studies published before August 10,
2023. The literature search combined the medical subject headings terms and free words related to psoriasis and apolipoproteins. We
restricted the search to human studies and English articles (Supplemental Appendix 1). FW and YW independently screened the search
results and assessed their eligibility for inclusion. Disagreements were resolved by consulting X-S Y.

2.2. Inclusion and exclusion criteria

The included studies must fulfill the following criteria: 1) adult patients diagnosed with psoriasis; 2) a control group composed of
individuals who reported being healthy; and 3) the study included data on serum apolipoprotein Al and B levels. Letters, editorials,
books, or studies that did not provide sufficient data were excluded.

2.3. Data extraction and quality assessment

We extracted the following data from included studies: first author, location, publication year, study type, sample size, BMI, age,
psoriasis type, psoriasis area and severity index (PASI), and serum apolipoprotein A1 and B levels. The Newcastle-Ottawa Scale (NOS)
was utilized for the evaluation of case-control and cohort studies, which consist of eight items [15,16]. The Agency for Healthcare
Research and Quality (AHRQ) was utilized for the evaluation of cross-sectional studies, which include 11 items [17]. Two reviewers
(FW and YW) independently performed the data extraction and risk of bias assessment. Disagreements were resolved by consulting a
third reviewer (X-S Y).

2.4. Statistical analysis

To assess the differences in serum apolipoprotein Al and B levels between patients with psoriasis and healthy controls, we reported
the results as weighted mean differences (WMDs) with 95 % confidence intervals (CIs). The threshold for statistical significance was
defined as P < 0.05. Heterogeneity was assessed using Cochran’s Q and I statistics. In Cochran’s Q statistic, statistical significance was
set at P < 0.1. For the I? statistic, we considered ?>50%to represent substantial heterogeneity [5]. We adopted a random-effects
model for the meta-analyses because this model provides more conservative results [18]. We evaluated publication bias using fun-
nel plots and Egger’s test [19]. Additionally, we conducted a sensitivity analysis by sequentially removing each study [20]. We
conducted subgroup analyses of the studies according to matched BMI and the psoriasis type. All analyses were conducted using Stata
15.
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3. Results
3.1. Search results

Our literature search identified 697 records after removing duplicates, of which 645 were excluded after screening the title and
abstract. After examining the full text, 17 studies [21-37] with a total of 2467 participants were included. Fig. 1 and Supplemental
Appendix 2 illustrate the detailed information of the literature selection procedure.

3.2. Study characteristics and quality

Among the 2467 participants, 1346 had psoriasis and 1121 were healthy controls. The mean age of the participants was 33-50.45
years, mean BMI was 20.88-29.78 kg/m?, and mean PASI of the patients with psoriasis was 3.04-28.07. Fourteen studies reported on
serum apolipoprotein Al levels, while 15 reported on serum apolipoprotein B levels. Twelve case-control and five cross-sectional
studies were included. The characteristics of the included studies and the RoB assessed by NOS or AHRQ are summarized in Table 1.

3.3. Association between psoriasis and serum apolipoprotein A1l

A total of 1930 participants were selected from fourteen studies which compared the levels of serum apolipoprotein Al in patients
with psoriasis and healthy controls. The pooled WMD was —9.05 (95 % CI = —14.03, —4.06, P < 0.001) (Fig. 2), with statistical
heterogeneity among the studies (P < 0.001; I? = 80 %). The sensitivity analysis revealed that removing any individual study did not
significantly change the overall result (Fig. 3).

3.4. Association between psoriasis and serum apolipoprotein B

Fifteen studies involving 2265 participants reported the levels of serum apolipoprotein B in patients with psoriasis and healthy
controls. The pooled WMD was 11.68 (95 % CI = 8.38, 14.98, P < 0.001) (Fig. 4), with statistical heterogeneity among the studies (P =
0.006; I = 54.4 %). The sensitivity analysis revealed that removing any individual study did not significantly change the overall result

(Fig. 5).

Records identified through
database searching
(n=1038)
PubMed: 374
EMBASE: 596
The Cochrane Library: 68

Records after duplicates removed

(n=697)
N
Records screened (records in which the Records excluded after screening
titles and abstracts were examined) - the titles and abstracts
(n=697) (n=645)

A
Full-text articles assessed
for eligibility
(n=52)

Full-text articles excluded (n=35)
Inappropriate controls (n=13)
Inappropriate outcome (n=18)
Overlapping population (n=3)

Full text could not be traced (n=1)

!

Studies included in meta-analysis
(n=17)

[ Included ] [ Eligibility ] [ Screening ] [Identiﬂcation]

Fig. 1. Flow diagram for the study selection process.
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Table 1
Baseline characteristics of the included studies.
Study Design  Location Pso Group Control Group Outcome Quality
N (F/ Age BMI Pso type PASI N (F/  Age BMI
M) (year) (kg/ M) (year) (kg/
m?) m?)
Aguilar CCs Spain 61 47.8 NR Pso NR 34 44 NR Apo Al, 4
Martinez (28/ 19/ Apo B
etal, 33) 15)
1989"7
Seckin et al., CCS Turkey 32 (0/ 35.53 NR Vulgaris NR 13 (0/ 35.69 NR Apo Al, 5
199418 32) pso 13) Apo B
Rocha-Pereira CCS Portugal 48 47 NR Pso NR 40 47 NR Apo Al, 4
et al., 18/ 18/ Apo B
2001 30) 22)
Uyanik et al., CCS Turkey 72 38.4 NR Pso NR 30 NR NR Apo Al, 4
200220 * 43/ (NR) Apo B
29)
Vanizor Kural CCS Turkey 30 34.2 NR Pso 5.52 30 36.7 NR Apo Al, 5
etal., az/ 15/ Apo B
2003* 13) 15)
Tam et al., CCs Hong 102 48.7 25.4 PsA NR 82 48.1 23.7 Apo B 6
200872 Kong (54/ 48/
48) 34)
Nemati et al., CSS Iran 90 34.7 25.5 Pso without ~ NR 90 33 25.3 Apo Al, 7
2013% * 41/ PsA 41/ Apo B
49) 49)
Asefi et al., CCS Iran 100 35.3 25.53 Pso 16.7 100 35.7 24.66 Apo Al, 5
20142 * 57/ 6/ Apo B
43) 44)
Asha et al., ccs India 80 40.58 24.76 Pso 15.6 80 41.23 24.18 Apo Al, 4
2014 * 0/ @0/ Apo B
60) 60)
He et al., CSS China 25 42.52 20.9 Vulgaris 15.24 25 43.04 20.88 Apo Al, 6
20142 * 13/ pso (14/ Apo B
12) 11)
Pang et al., CCS China 86 38.53 24.82 Vulgaris NR 84 41.33 23.87 Apo Al 5
2015% * 22/ and other a4/
64) 70)
Dini¢ et al., CCS Serbia 66 36.77 26.87 Pso NR 20 37.7 24.41 Apo Al, 3
201628 21/ 10/ Apo B
45) 10)
Kolliker Frers CCSs Argentina 9(3/6) 50.3 27 Vulgaris 5.86 91/ 45.3 25.9 Apo Al 5
et al., pso 8)
2018A% *
Kolliker Frers CCS Argentina 14 (3/ 49.4 29.1 PsA 3.04 9(1/ 45.3 25.9 Apo Al 5
etal., 11) 8)
20188
Colak et al., CSs Turkey 50 44.58 29.78 PsA 7.91 36 43.08 26.31 Apo Al, 6
2019%° @as/ a1/ Apo B
35) 25)
Pietrzak et al., CCs Poland 31 40.68 27.52 PsA 28.07 60 41.02 26.31 Apo B 4
2019A% * (NR) (NR)
Pietrzak et al., CCS Poland 62 40.87 26.48 Vulgaris 26 60 41.02 26.31 Apo B 4
201983 * (NR) pso (NR)
AriasdelaRosa  CSS Spain 100 46.75 28.51 PsA NR 100 44.59 25.07 Apo B 5
et al., 60/ 56/
2022%2 40) 44)
Wang et al., CSS China 136 50.45 25.01 PsA 14.04 136 NR NR Apo Al, 6
2022A33 (50/ (NR) Apo B
86)
Wang et al., CSS China 152 42.87 24.48 Pso without 13.78 152 NR NR Apo Al, 6
2022B% 49/ PsA (NR) Apo B
103)

Apo, apolipoprotein; BMI, body mass index; CG, control group; CSS cross sectional study; CCS, case—control study; F, female; M, male; N, number; NR,
not report; PASI, Psoriasis Area and Severity Index; Pso, psoriasis; PsA, psoriatic arthritis.
*The study matched BMI.
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%
Study (Year) Effect (95% CI) Weight
Aguilar Martinez et al. (1989) : + —3.75 (-13.06, 5.56) 7.78
Seckin et al. (1994) i__’_ 5.10 (—8.80, 19.00) 5.83
Rocha—Pereira et al. (2001) i —_— 18.00 (5.83, 30.17) 6.52
Uyanik et al. (2002) — E —17.40 (-23.04, -11.76) 9.39
Vanizor Kural et al. (2003) —i—%—— —3.00 (—12.90, 6.90) 7.51
Nemati et al. (2013) —_— —-12.30(-26.31, 1.71) 5.79
Asefietal. (2014) —Oi—— —12.20 (-26.53, 2.13) 5.67
Ashaetal. (2014) + E —16.00 (—34.24,2.24) 4.40
Heetal. (2014) —4—%— —13.00 (-25.21, -0.79) 6.51
Pang et al. (2015) — E —23.00 (—28.28,-17.72) 9.53
Dini? et al. (2016) < - —23.00 (—45.79, —0.21) 3.30
Kolliker Frers et al. (2018) E—‘—— —3.32 (-9.56, 2.92) 9.14
Colak et al. (2019) + —9.82 (-17.93,-1.71) 8.32
Wang et al. (2022) - i —13.00 (-15.82, -10.18) 10.32
Overall, DL (I* = 80.0%, p = 0.000) <> 9,05 (~14.03, ~4.06) 100.00
T T
=) 0 50

NOTE: Weights are from random~effects model

Fig. 2. Forest plot for meta-analysis on the association between psoriasis and serum apolipoprotein Al (weighted mean difference). CI: confidence

interval; I%: inconsistency.
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-4.06 -2.30

Fig. 3. Sensitivity analysis of the association between psoriasis and serum apolipoprotein Al. CI: confidence interval.

3.5. Subgroup analyses

In the subgroup analysis after matching BMI, the findings regarding the association of psoriasis with serum apolipoprotein Al
(WMD = —14.07; 95 % CI = —20.75, —7.39, P < 0.001; I> = 74.3 %) (Supplementary Fig. 1) and B (WMD = 13.07; 95 % CI = 7.66,
18.48, P < 0.001; I2 = 36.5 %) (Supplementary Fig. 2) were consistent with the overall results. The subgroup analysis according to the
presence or absence of psoriatic arthritis showed that serum apolipoprotein Al levels were significantly decreased in psoriasis with
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%

Study (Year) Effect (95% CI) Weight
Aguilar Martinez et al. (1989) +—é 1.33(-9.01, 11.67) 6.15
Seckin et al. (1994) + : 6.28 (—12.13, 24.69) 2.66
Rocha—Pereira et al. (2001) —%—*— 20.60 (10.36, 30.84) 6.22
Uyanik et al. (2002) i—-o— 20.70 (12.47, 28.93) 7.89
Vanizor Kural et al. (2003) - : 4.00 (-9.17, 17.17) 4.47
Tam et al. (2008) i —_— 20.60 (15.28, 25.92) 11.06
Nemati et al. (2013) E 7.90 (—10.00, 25.80) 2.79
Asefietal. (2014) -+ 5 7.70 (-9.31,24.71) 3.03
Ashaetal. (2014) —%—0— 18.00 (6.95, 29.05) 5.66
Heetal. (2014) —4—%— 7.00 (0.26, 13.74) 9.41
Dini? et al. (2016) e T E— 8.00 (—2.64, 18.64) 5.93
Colak et al. (2019) - i 9.97 (-3.52, 23.46) 431
Pietrzak etal. (2019) —%—0— 13.00 (2.88, 23.12) 6.31
Arias de la Rosa et al. (2022) —4——%— 7.23 (0.82, 13.64) 9.78
Wang et al. (2022) —*-e— 10.47 (8.08, 12.86) 14.34
Overall, DL (I = 54.4%, p = 0.006) 0 11.68 (8.38, 14.98) 100.00
T T

NOTE: Weights are from random—effects model

—20

Fig. 4. Forest plot for meta-analysis on the association between psoriasis and serum apolipoprotein B (weighted mean difference). CI: confidence

interval; 1% inconsistency.
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Fig. 5. Sensitivity analysis of the association between psoriasis and serum apolipoprotein B. CI: confidence interval.

(WMD = —11.29; 95 % CI = —14.43, —8.05, P < 0.001; I* = 0 %) and without arthritis (WMD = —8.69; 95 % CI = —16.97, —0.42, P =
0.039; I2 = 85.8 %) (Supplementary Fig. 3); whereas the serum apolipoprotein B levels were significantly increased in psoriasis with
(WMD = 13.57; 95 % CI = 7.74, 19.4; P < 0.001; I? = 71.4 %) and without arthritis (WMD = 9.21; 95 % CI = 6.42, 12; P < 0.001; 1> =0
%) (Supplementary Fig. 4).
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3.6. Publication bias

For serum apolipoprotein Al levels, the funnel plot (Supplementary Fig. 5) showed no obvious asymmetry. Furthermore, the
Egger’s test results were not statistically significant (P = 0.219; Supplementary Fig. 6). For serum apolipoprotein B, an asymmetric
funnel plot (Supplementary Fig. 7) showed that publication bias might exist, although the Egger’s test did not reach statistical evidence
(P = 0.966; Supplementary Fig. 8).

4. Discussion

This study found that patients with psoriasis showed lower serum apolipoprotein Al and higher serum apolipoprotein B levels than
healthy controls. Meanwhile, two subgroup analyses supported this result. Specifically, a significant association between psoriasis and
serum apolipoprotein Al and B levels remained in subgroup analyses according to matched BMI and presence or absence of psoriatic
arthritis. Our results revealed that patients with psoriasis may be at risk for dyslipidemia, which emphasizes the need for lipid
metabolism screening in patients with psoriasis.

Psoriasis is correlated with multiple comorbidities, and early identification and management of these comorbidities may be a
crucial step in the holistic approach to patient health [4]. The correlation between psoriasis and metabolic diseases has been shown in
many epidemiological studies and has also been found in pediatric psoriasis [9,38]. High-density lipoprotein contains the highest
proportion of apolipoproteins to lipids and is widely known for its potential anti-atherosclerotic, anti-inflammatory, immunomodu-
latory, and antioxidant functions [39-41]. Apolipoprotein Al is the principal protein component of high-density lipoprotein and can
stabilize all high-density lipoprotein subclasses due to its conformational adaptability [42]. Therefore, the functions of high-density
lipoprotein are closely linked to apolipoprotein Al [40]. Lipid function is reported to depend more on structural and functional al-
terations than the level of lipid in psoriasis [43]. Our results revealed that psoriasis was associated with decreased serum apolipo-
protein Al levels, suggesting that psoriasis may be associated with impaired high-density lipoprotein functions. Considering the
growing evidence suggesting that the simple concentration of high-density lipoprotein may not always reflect its functions, our results
may partially explain the presence of multiple comorbidities in psoriasis [44]. Similarly, apolipoprotein B is a critical structural protein
of atherogenic lipoproteins, and evidence shows that apolipoprotein B is a more reliable indicator of cardiovascular risk than either
low-density lipoprotein cholesterol or total cholesterol [45]. Our results revealed an association between psoriasis and increased serum
apolipoprotein B levels, suggesting the importance of screening lipid metabolism in patients with psoriasis. A previously published
meta-analysis investigated similar topics, and revealed no significant correlation between psoriasis and serum apolipoprotein Al levels
[46]. Our study included more studies with approximately double the sample size, and revealed that psoriasis was associated with
decreased serum apolipoprotein A1 levels. Meanwhile, we added sensitivity analyses to demonstrate the robustness of our results and
we added subgroup analyses, which were not conducted in the published meta-analysis. Obesity is an independent risk factor for
psoriasis, which leads to worse clinical outcomes [47,48]. It is well known that obesity can impair lipid metabolism; therefore, we
conducted a subgroup analysis of studies for matched BMI [49]. The findings were consistent with the overall result. Our study adds to
the accumulating evidence that patients with psoriasis may be at risk for dyslipidemia.

While the exact pathogenesis of psoriasis remains unclear, it is largely attributed to chronic inflammation. To some extent, psoriasis
is also regarded as the initiator of the systemic inflammation [50]. Specifically, T cells and their secretion of inflammatory cytokines,
such as TNF-a, largely mediate the development of psoriasis [51,52]. Some studies have revealed a significant negative correlation
between serum apolipoprotein Al levels and some systemic markers of inflammation [53,54]. TNF-a is reported to affect the lipid
profile by decreasing the concentration of apolipoproteins in chronic inflammatory states, and TNF-a inhibitors may improve dysli-
pidemia in patients with psoriasis [55,56]. Other inflammatory cytokines, such as IL-1 and IL-6, have also been reported to inhibit
apolipoprotein Al synthesis by upregulating pentraxin expression [57]. Hence, it is acceptable to speculate that psoriasis and dysli-
pidemia may share common inflammatory pathways, which may underlie the etiology of psoriasis affecting dyslipidemia [58].
Moreover, psoriasis, as a driver of systemic inflammation, contributes to increased lipoprotein oxidation, manifesting as oxidatively
modified lipoproteins. This phenomenon can lead to cholesterol accumulation and impaired lipid metabolism [59]. Notably, dysli-
pidemia may also play an important role in the pathogenesis of psoriasis, and high-cholesterol levels may exacerbate the inflammatory
state of psoriasis [60]. Meanwhile, apolipoprotein B was reported to exacerbate inflammation by inducing TNF-a and IL-6 production
through the p38 mitogen-activated protein kinase and NF-kB pathways [53]. Apolipoprotein B may be an important independent
immunomodulator linking lipid metabolism to local and systemic inflammatory responses [53,61]. Thus, there may be a bidirectional
relationship between psoriasis and abnormal lipid metabolism. Considering the beneficial effects of early identification and man-
agement of comorbidities, screening for lipid metabolism may have positive clinical implications for psoriatic patients, regardless of
the bidirectional relationship between psoriasis and dyslipidemia.

To our knowledge, this study is the largest meta-analysis to investigate the relationship between psoriasis and serum apolipoprotein
Al and B levels. This meta-analysis followed the PRISMA statement and revealed that patients with psoriasis may be at risk for
dyslipidemia. However, our study had some limitations. First, the majority of the included studies is a case-control design. Conse-
quently, establishing the temporal or causal relationships between psoriasis and serum apolipoprotein Al and B levels is difficult.
Second, the included studies showed evidence of heterogeneity, which may be linked to the quality and clinical characteristics of the
included studies, as well as other factors. Third, although we performed subgroup analyses of the studies according to the psoriasis type
and matched BMI, we failed to match other possible influences owing to limited data availability. Similarly, limited data restricted our
ability to investigate sex differences in the relationship between psoriasis and serum apolipoprotein Al and B levels. In addition,
among the included studies, only eight studies reported PASI scores, half of which were considered moderate psoriasis, as assessed by
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the mean PASI score. Our study failed to investigate the effect of psoriasis severity on serum apolipoprotein Al and B levels. To
overcome these limitations, further studies are required to clarify our findings.

5. Conclusions

Our study revealed that psoriasis is associated with lower serum apolipoprotein Al and higher serum apolipoprotein B levels than
healthy controls. Our results also show that patients with psoriasis may be at risk for dyslipidemia, which emphasizes the need for lipid
metabolism screening in psoriatic patients. Further well-designed controlled studies are warranted to extend our findings.
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