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Abstract
Background  Psoriasis is a chronic, inflammatory, T-cell-mediated disease with a multifactorial pathogenesis. MicroRNA 
(miRNA) alteration in psoriasis has been identified within the last few years. In particular, miR-146a levels were altered. 
However, previous studies have equivocal or even contradictory findings.
Objective  The current study aimed to perform a systematic review and meta-analysis to evaluate the miRNA expression 
profile in different tissues in patients with psoriasis. Further, the correlation between miR-146a levels and psoriasis severity 
as well as the specific expression patterns of the miR-146a profile in patients with psoriasis after treatment were evaluated.
Methods  To retrieve studies investigating the correlation between miRNA and psoriasis, a comprehensive search of databases 
including PubMed, Cochrane Library, and Embase was performed from inception to 30 June 2023. Relevant journals and refer-
ences of the included studies were also reviewed. A meta-analysis was conducted using the comprehensive meta-analysis version 3.
Results  The correlation between the miR-146a expression levels and psoriasis susceptibility in 14 studies was assessed. 
Results showed that the miR-146a expression level was upregulated in psoriasis samples [P = 0.001, standardized mean 
difference (SMD) = 1.489, 95% confidence interval (CI) = 0.618–2.360]. In a subgroup analysis based on sample type, the 
correlation between the peripheral blood mononuclear cell, blood, and tissue miR-146a expression level and psoriasis was 
significant (SMD = 1.293, 95% CI 0.310–2.276, P = 0.01; SMD = 2.526, 95% CI 1.710–3.342, P = 0.000; SMD = 3.153, 
95% CI 1.432–4.874, P = 0.00, respectively). A positive correlation was observed between the miR-146a expression levels 
and Psoriasis Area and Severity Index (PASI) score. However, the result was not statistically significant (correlation coeffi-
cient = 0.29, 95% CI − 0.038 to 0.575, P = 0.081). Further, the miR-146a levels decreased after treatment (SMD = − 1.592, 
95% CI − 2.067 to − 1.117, P = 0.000, I2 = 74.104).
Conclusions  The miR-146a expression level is positively correlated with and can contribute to the pathobiology of psoriasis.
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Key Points 

miR-146a was upregulated in psoriasis samples includ-
ing peripheral blood mononuclear cells (PBMCs), blood, 
and tissue.

There was also a positive correlation between miR-146a 
levels and Psoriasis Area and Severity Index (PASI) 
score, although without statistical significance and 
decrease in miR-146a level after treatment.

1  Introduction

Psoriasis is a chronic, inflammatory, T-cell-mediated skin dis-
ease associated with multifactorial immunologic, genetic, and 
environmental factors [1]. A previous study has shown genetic 
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predisposition to psoriasis. Moreover, microRNAs (miRNAs) 
have been found to play a role in the pathogenesis of psoriasis 
[2].

MicroRNAs are small noncoding regulatory RNAs 
involved in RNA silencing at the post-transcriptional level [3]. 
Some miRNAs are produced at high concentrations within 
cells in a tissue-specific manner, and they are stable in the 
blood. Therefore, they can be promising biomarkers for diag-
nosis, prognosis, or treatment response [4, 5]. miRNAs control 
gene expression by targeting messenger RNAs. Hence, they 
can be potential targets via either miRNA replacement therapy 
or miRNA function inhibition [6].

Accumulating evidence has revealed that miRNAs have a 
major contribution in the pathogenesis of cancer and viral, 
neurodegenerative, and autoimmune diseases [7]. In skin, 
miRNAs have various effects on the differentiation of keratino-
cytes, apoptosis, and atypical immune activation [8]. The fol-
lowing miRNAs, either upregulated or downregulated, are 
associated with psoriasis: miR-21, miR-31, miR-146, miR-
155, miR-203, miR-99, miR-125, miR-197, and miR-520 [2].

MiR-146a is a miRNA that negatively regulates innate 
immunity, inflammatory response, and antiviral pathways 
[9]. Previous studies established miR-146a as a key regulator 
in keratinocyte innate immunity through downregulation of 
the IRAK1/TRAF6/NF-κB pathway following TLR2 stimu-
lation [10]. Also, miR-146a serves as a powerful inhibitor of 
IL-17-induced skin inflammation, and its diminished levels 
could potentially contribute to the early onset of disease in 
genetically predisposed individuals [11].

Several studies have investigated the miR-146a expression 
in psoriasis. However, the heterogeneity in specimens includ-
ing PBMCs, blood, and tissue further increased the difficulty 
in evaluating the risk. Current studies on the miR-146a level in 
psoriasis have equivocal or even contradictory findings.

This study aimed to perform a systematic review and meta-
analysis to evaluate the miRNA expression profile in differ-
ent tissues in patients with psoriasis. Further, the correlation 
between the miR-146a levels and psoriasis severity as well 
as the specific expression patterns of the miR-146a profile in 
patients with psoriasis after treatment were evaluated.

2 � Materials and Methods

The current meta-analysis was performed based on the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines. The systematic review and meta-anal-
ysis protocols were prospectively registered in PROSPERO 
(CRD42023456150).

2.1 � Literature Search Strategy

To retrieve studies investigating the correlation between 
miRNA expression levels and psoriasis, a comprehensive 
search of databases including PubMed, Cochrane Library, 
and Embase was performed from inception to 30 June 2023. 
The search terms were: “psoriasis,” “microRNA-146a,” and 
“miR-146a.” The relevant journals and references of the 
included studies were also reviewed. Only English language 
publications and human subject studies were included.

2.2 � Inclusion and Exclusion Criteria

The eligible studies included case-control studies on the 
miRNA-146a expression level of patients diagnosed with 
psoriasis (case group) and healthy people (control group); 
studies on the correlation between the miRNA-146a 
expression level and the Psoriasis Area and Severity Index 
(PASI) score in patients with psoriasis; and studies on the 
miRNA-146a expression level before and after psoriasis 
treatment. All studies provide detailed information about 
the miRNA expression level. Duplicate publications were 
excluded. The quality of the studies was evaluated by two 
investigators (Huang and Ho) using the Newcastle-Ottawa 
Quality Assessment Scale (NOS) for case-control studies 
and the Methodological Index for Nonrandomized Studies 
(MINORS) for case series (Online Supplementary Material 
(OSM) Tables S1 and S2).

2.3 � Outcomes

The primary outcome was the miRNA-146a level between 
patients with psoriasis and those without (controls). The 
secondary outcome was the correlation between the miR-
146a levels and psoriasis severity and the level of miR-146a 
alteration after treatment.

2.4 � Data Extraction

Two researchers (Huang and Ho) independently conducted 
literature searches, article screening, data extraction, and 
quality assessment according to the inclusion and exclu-
sion criteria. The data were compared, and discrepancies 
were resolved through discussion and consensus, with a 
third reviewer engaged if needed. The following data were 
retrieved: author list, year of publication, sample size, 
specimen origin, detection method, study design, ethnicity, 
psoriasis severity (Table 1), and miRNA expression level, 
including mean, standard deviation, and correlation coef-
ficient (Table 2). ImageJ was used for the image processing 
of miRNA expression levels in articles for which original 
data were not provided.



381MicroRNA-146a Signature in Psoriasis

2.5 � Data Analysis

We produced a pooled estimate of the miRNA-146a level 
in patients with psoriasis and controls, the correlation 
between the miRNA-146a level and psoriasis severity, and 
the miRNA-146a level of patients with psoriasis before and 
after treatment. Subgroup analyses were stratified according 
to the different miRNA sample origins: blood (including 
the plasma and serum), peripheral blood mononuclear cells 
(PBMCs), and skin tissue.

Continuous data were analyzed using the standardized 
mean difference (SMD) corresponding to the 95% confi-
dence interval (CI) to manage various and non-standardized 
outcomes across studies. Correlation analyses were per-
formed using the correlation coefficient (r) with 95% CI. The 
heterogeneity between studies was examined using the Q 
test and I2 statistics. The random-effects model was adopted 

in all analyses because of the high degree of heterogeneity. 
Publication bias was evaluated using Egger’s test. All analy-
ses were performed using the Comprehensive Meta-Analysis 
version 3 (Biostat, Inc., Englewood, NJ, USA) software.

3 � Results

3.1 � Characteristics of the Study

In total, 175 articles were identified from PubMed, Embase, 
and Cochrane Library. After reviewing the title and abstract, 
24 studies were selected for full-text review. Finally, 14 
studies [12–25] were included in the meta-analysis (Fig. 1). 
Table 1 shows the characteristics of the included studies. 
Of the 14 included studies, 11 were case-control stud-
ies and three were case series. Nine studies compared the 

Table 1   Summary of included studies

AD atopic dermatitis, B/A before and after, PBMC peripheral blood mononuclear cell, RT-PCR real-time polymerase chain reaction

First author (refer-
ence)

Year Sample Psoriasis (n) Control (n) Methods Study design Country

Psoriasis vs. control
Xia et al. [12] 2012 Tissue 19 19 (perilesional unin-

volved skin)
RT-PCR Case control study China

Xia et al. [12] 2012 PBMC 20 10 RT-PCR Case control study China
Koga et al. [13] 2014 Blood serum 15 15 (AD) 15 (healthy 

controls)
RT-PCR Case control study Japan

Ele-Refaei et al. [14] 2015 Blood whole blood 20/20 10 RT-PCR Case control study Egypt
Yang et al. [16] 2016 PBMC 25 15 RT-PCR Case control study China
Hermann et al. [17] 2017 Tissue 22 22 (non–lesion) 22 

(healthy controls)
RT-PCR Case control study Germany

Leal et al. [19] 2021 Blood serum 99 78 RT-PCR Case control study Portugal
Chen et al. [20] 2021 Blood plasma 70/62 (after acitretin) 80 RT-PCR Case control study China
Gu et al. [21] 2022 Tissue 30 30 (perilesional unin-

volved skin)
RT-PCR Case control study China

Gu et al. [21] 2022 PBMC 30 30 (healthy controls) RT-PCR Case control study China
Gu et al. [21] 2022 Blood serum 30 30 (healthy controls)  RT-PCR Case control study China
Carreras-Badosa et al. 

[22]
2022 Tissue 12 12 (AD) 9 (healthy 

controls)
RT-qPCR Case control study Estonia

Blood serum 19 33 (AD) 18 (healthy 
controls)

RT-PCR Case control study Estonia

Shen et al. [23] 2022 Blood plasma 84 80 (disease control: 
dermatitis) 80 
(healthy controls)

RT-PCR Case control study China

Uzun et al. [24] 2022 Blood serum 91 91 RT-PCR Case control study Turkey
Psoriasis without control
Raaby et al. [15] 2015 Tissue 10 10 (non–lesion) RT-PCR Non-randomized 

studies
Denmark

Mensà et al. [18] 2018 PBMC 9 (B/A adalimumab) 10 (healthy controls) RT-PCR Non-randomized 
studies

Italy

Diotallevi et al. [25] 2023 Blood plasma 8 – RT-qPCR Non-randomized 
studies

Italy
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Table 2   miRNA expression level, including mean, standard deviation, and correlation coefficient

AD atopic dermatitis, MTX methotrexate, NB-UVB narrow band UVB phototherapy, PBMC peripheral blood mononuclear cell, PsO psoriasis, 
Q1 Quartile 1, Q3 Quartile 3, RT-PCR real-time polymerase chain reaction

Psoriasis vs. control

First author Sample Psoriasis (n) Control (n)

Sample size Mean Standard deviation Sample size Mean Standard devia-
tion

Xia et al. [12] Tissue 19 2.31 0.43 19 (perilesional 
uninvolved skin)

1.17 0.24

PBMC 20 2.6 1.02 10 0.42 0.07
Koga et al. [13] Blood 15 0.34 0.34 15 (AD) 0.77 0.48

Serum 15 (healthy con-
trols)

1.05 0.48

Ele-Refaei et al. 
[14]

Blood 20 22.6 3.3 10 9.3 3.8
Whole blood 20 17.3 1.3

Yang et al. [16] PBMC 25 2.08 0.96 15 0.61 0.38
Leal et al. [19] Blood serum 99 25.74 0.91 78 24 1.96
Chen et al. [20] Blood plasma 70 30.618 (median) 19.593 (Q1)

37.552 (Q3)
80 11.634 (median) 5.918 (Q1)

17.551 (Q3)
Gu et al. [21] Tissue 30 2.18 0.59 30 (peri-lesion) 1.12 0.37

PBMC 30 4.13 1.05 30 (healathy con-
trols)

1.41 0.62

Blood serum 30 2.71 0.37 30 (healthy con-
trols)

1.18 0.27

Uzun et al. [24] Blood serum 91 0.046 0.222 91 0 0.001
Shen et al. [23] Blood plasma 84 0.366 (median) 0.242 (Q1)

0.543 (Q3)
80 (disease control: 

dermatitis)
0.554 (median) 0.409 (Q1)

0.833 (Q3)
80 (healthy con-

trols)
1 (median) 0.607 (Q1)

1.527 (Q3)

Psoriasis severity

First author Sample Sample size r First author Sample Sample size r

Ele-Refaei et al. 
[14]

Blood whole blood 40 0.2 Xia et al. [12] Tissue (plaque PsO 
lesional skin)

19 0.531

Leal et al. [19] Blood serum 99 0.202 PBMC 20 0.671
Shen et al. 2022 

[23]
Blood plasma 84 − 0.32 Yang et al. [16] PBMC 25 r2 = 0.772

Uzun et al. [24] Blood serum 91 − 0.053 Hermann et al. [17] Tissue 30 r2 = 0.0307

Psoriasis treatment before and after

First author Sample Before treatment After treatment

Sample size Mean Standard deviation Sample size Mean Standard devia-
tion

Yang et al. [16] PBMC 25 2.26 0.93 25 1.05 0.37
Mensà et al. [18] PBMC 9 30.2 28.4 9 18.7 14.6
Chen et al. [20] Blood plasma 70 30.618 (median) 19.593 (Q1)

37.552 (Q3)
62 13.878 (median) 8.776 (Q1)

19.184 (Q3)
Ele-Refaei Blood 20 22.6 3.3 20 (MTX) 16.3 1.7
et al. [14] Whole blood 20 17.3 1.3 20 (NB-UVB) 14 1.3
Raaby et al. [15] Tissue 6 0.94 0.29 6 0.35 0.12
Gu et al. [21] PBMC 30 4.13 1.05 30 2.13 0.55

Blood serum 30 2.71 0.37 30 1.69 0.42
Diotallevi et al. 

[25]
Blood plasma 8 0.0038 0.003 8 0.0021 0.002
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miRNA-146a expression levels between patients with pso-
riasis and controls. Seven studies evaluated the miRNA-146a 
expression levels according to psoriasis severity. Seven stud-
ies assessed the miRNA-146a expression levels before and 
after psoriasis treatment. The miRNA-146a expression level 
in the PBMC, blood, and skin tissue samples was examined.

3.2 � Quality Assessment

The NOS and MINORS scores ranged from 7 to 9 and from 
11 to 13, respectively. Points were deducted in the items of 
comparability based on the design and nonresponse rate in 
NOS, inclusion of consecutive patients, prospective collec-
tion of data, unbiased assessment of the study endpoint, and 
loss to follow-up (< 5% in MINORS).

3.3 � Meta‑Analysis Results

Table 3 shows the meta-analyses results.

3.3.1 � MiR‑146a Expression Between Patients With Psoriasis 
and Controls

Overall, the meta-analysis of nine studies revealed that 
patients with psoriasis had an upregulated miR-146a 
expression level (P = 0.001, SMD = 1.489, 95% CI 0.618, 
2.360) based on a pooled analysis using blood and PBMC 
samples. Tissue samples were excluded initially from the 
analysis due to the representativity of perilesional for con-
trols. A subgroup analysis was performed on patients with 
psoriasis using blood, PBMC, and tissue samples. Strati-
fication by adjustment for blood samples revealed that the 
blood and PBMC miR-146a levels were upregulated (SMD 
= 1.293, 95% CI 0.310–2.276, P = 0.01; SMD = 2.526, 

Fig. 1   Flow diagram for selec-
tion of eligible studies included 
in the systematic review and 
meta-analysis



384	 P.-Y. Ho, Y.-C. Huang 

95% CI 1.710–3.342, P = 0.000, respectively). Stratifica-
tion by tissue samples showed that the miR-146a levels were 
upregulated (SMD = 3.153, 95% CI 1.432–4.874, P = 0.00) 
(Table 3, Fig. 2).

3.3.2 � Correlation Between miR‑146a Levels and Psoriasis 
Activity

A meta-analysis of seven studies showed a tendency toward 
a positive correlation between the miR-146a levels and 
PASI. However, it did not reach statistical significance (cor-
relation coefficient = 0.29, 95% CI − 0.038 to 0.575, P = 

Table 3   Results of meta-analysis of all studies and sensitivity analysis

COR correlation coefficient, PBMC peripheral blood mononuclear cell, SMD standardized mean difference

Study (n) Effect size Effect estimate (95% CI) p I2

Psoriasis vs. control
 Blood sample 9 SMD 1.489 (0.618, 2.360) 0.001 96.577
 Group by sample
  PBMC 3 SMD 2.526 (1.710, 3.342) 0.000 65.348
  Blood 7 SMD 1.293 (0.310, 2.276) 0.01 97.165
  Tissue 4 SMD 3.153 (1.432, 4.874) 0.000 93.033

Psoriasis severity
 All 7 COR 0.299 (− 0.038, 0.575) 0.081 90.445
 Group by sample
  PBMC 2 COR 0.802 (0.506, 0.929) 0.000 66.604
  Blood 4 COR − 0.002 (− 0.252, 0.247) 0.986 79.510
  Tissue 2 COR 0.339 (− 0.048, 0.638) 0.085 42.126

Psoriasis treatment: Before & 
after

 All 8 SMD − 1.592 (− 2.067, − 1.117) 0.000 74.104
 Group by sample
  PBMC 3 SMD − 1.392 (− 2.322, − 0.461) 0.003 84.307
  Blood 3 SMD − 1.969 (− 2.689, − 1.249) 0.000 71.160
  Tissue 1 SMD − 2.338 (− 3.883, − 0.792) 0.003 0.000

Fig. 2   Forest plots. The forest plots showed that compared with controls, patients with psoriasis had a significantly higher level of miRNA-146a 
(SMD = 1.489; 95% CI 0.618–2.360; I2 = 96.577%)



385MicroRNA-146a Signature in Psoriasis

0.081). A meta-analysis was performed on each subgroup 
using blood, PBMC, and tissue samples.

Stratification by adjustment revealed that the PBMC 
samples had a significantly higher miR-146a levels than the 
blood and tissue samples (correlation coefficient = 0.802, 
95% CI 0.506–0.929, P = 0.000; correlation coefficient = 
− 0.002, 95% CI − 0.252 to 0.247, P = 0.986; correlation 
coefficient = 0.339, 95% CI − 0.048 to 0.638, P = 0.085; 
respectively) (Table 3, Fig. 3).

3.3.3 � MiR‑146a Expression Levels Before and After 
Treatment

A comprehensive meta-analysis of seven studies analyzed 
the miR-146a expression levels before and after psoriasis-
related treatment. Results obtained using the whole data 
showed that the miR-146a levels decreased after treat-
ment (SMD = − 1.592, 95% CI − 2.067 to − 1.117, P = 
0.000, I2 = 74.104). We obtained similar pooled results in 
the subgroup analyses stratified by blood, PBMC, and tis-
sue samples (SMD = − 1.969, 95% CI − 2.689 to − 1.249, 
P = 0.000, I2 = 71.160; SMD = − 1.392, 95% CI − 2.322 
to − 0.461, P = 0.003, I2 = 84.307; SMD = − 2.338, 95% 
CI − 3.883 to − 0.792, P = 0.003, I2 = 0.000, respectively) 
(Table 3, Fig. 4).

3.3.4 � Publication Bias

In this meta-analysis, only studies with seven or more arti-
cles were included for publication bias analysis. There was 
no publication bias noted (OSM Figs. S1–S3).

4 � Discussion

This study evaluated the correlation between the miR-146a 
levels and psoriasis susceptibility in 14 studies. Results 
showed that the miR-146a expression was upregulated in 
patients with psoriasis. A subgroup analysis based on sam-
ple type showed that the correlation between the PBMCs, 
blood, and tissue miR-146a expression level and psoriasis 
was significant. A positive correlation was found between 
the miR-146a levels and PASI score. However, the results 
were not statistically significant. Further, the miR-146a lev-
els decreased after treatment.

MiRNAs can be found in various human tissues [26]. 
Blood has been a useful resource in biomedical studies, and 
the major specimen types include PBMCs and whole blood. 
Whole blood, which is easy to process and store, is excellent 
for producing gene expression data with minimal variability 
and good sensitivity compared with PBMC samples [27]. 
Whole blood can also accurately reflect miRNA levels in 
PBMCs and detect changes in autoimmune diseases.

Increasing evidence has revealed that miRNAs play 
important roles in the development and pathogenesis of 
various diseases. MiR-146a is an important modulator of 

Fig. 3   Forest plots. The forest plots showed a tendency toward a positive correlation between miR-146a levels and Psoriasis Area and Severity 
Index (PASI) score (correlation coefficient = 0.29, 95% CI − 0.038 to 0.575, P = 0.081)
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cell differentiation in innate and adaptive immunity [28], 
as well as a potential regulator involved in the pathogen-
esis of various diseases including cardiac dysfunction 
and type I /II diabetes [29, 30]. For autoimmune diseases, 
miR-146a blocked the autocrine IL-6- and IL-21-induced 
Th17 differentiation pathways in autoreactive CD4 T cells. 
Autoreactive CD4 T cells that differentiate into pathogenic 
Th17 cells trigger downstream autoimmunity [31] Moreo-
ver, miR-146a is expressed in Treg cells, and it regulates 
the suppressive function of Treg cells. The deficiency of 
miR-146a resulted in a breakdown of immunological tol-
erance [32].

In a cutaneous model, miR-146a targets the expression of 
the IRAK1 gene and suppresses the innate immune response 
in keratinocytes by decreasing Toll-like receptors-depend-
ent epidermal inflammation and further reducing the acti-
vation of the nuclear factor kappa-light-chain-enhancer of 
activated B-cell pathway [33]. IRAK1 deletion decreased 
the interleukin-17 expression and suppressed inflammatory 
responses in acute and chronic inflammatory mouse models 
[34]. The expression of miR-146a is elevated in keratino-
cytes and chronic skin inflammation of atopic dermatitis, 
with a suppressive effect on allergic skin inflammation by 
directly targeting upstream nuclear factor kappa B signal 
transducers [35].

With regard to the genetics of psoriasis, there was a dis-
tinct miRNA expression profile in psoriatic skin compared 
to healthy skin, highlighting the overexpression of miR-146a 
that regulated inflammation and the proliferation of keratino-
cytes in psoriatic skin lesions [36]. miR-146a was ±twofold 
differentially expressed in psoriatic skin compared to normal 
skin according to microarray studies in human skin biopsies 

[37]. Hence, miR-146a can be a biomarker and therapeutic 
target in clinical settings.

Further research must be performed to evaluate whether 
miR-146a upregulation in psoriasis is a compensatory mech-
anism in response to exacerbated inflammatory response. 
Moreover, the upregulation of miR-146a enhanced immune 
suppression by increasing the regulatory T-cell population. 
Hence, further studies must be conducted to evaluate its role 
as a possible therapeutic target.

5 � Limitations

This meta-analysis aimed to assess the correlation between 
the miR-146a level and psoriasis susceptibility using a larger 
sample size and higher statistical capacity. The current study 
had several limitations. First, the samples (blood, PBMC, 
and tissue) were diverse. We have already done subgroup 
analysis in the three different samples; however, it should 
be noted that due to the limited amount of data available, 
we were unable to further distinguish between serum and 
plasma samples within the blood category for statistical 
analysis. Secondly, although 14 studies were included, not 
all studies provided information on the severity of psoriasis, 
and the treatments were not standardized. These confound-
ing factors led to significant statistical heterogeneity in our 
observations. Variations in miR-146a expression levels, 
influenced by factors such as age, sex, other medical condi-
tions, or the presence of specific polymorphisms, may also 
contribute to this heterogeneity. However, due to limited 
information, we were unable to conduct further subgroup 
analysis or meta-regression. Due to the limited quantity and 

Fig. 4   Forest plots. The forest plots showed a decrease in miR-146a level after treatment (SMD = − 1.592, 95% CI − 2.067, − 1.117, P = 0.000, 
I2 = 74.104)
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quality of the included studies, large, well-designed studies 
should be performed to further validate the conclusions of 
this study.

6 � Conclusion

miR-146a upregulation is associated with psoriasis suscepti-
bility. Furthermore, miR-146a is a potent marker for predict-
ing the clinical severity and treatment outcome of psoriasis. 
Nevertheless, further clinical investigations with larger sam-
ple sizes should be performed to validate our results.
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