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Background: Elevated matrix metalloproteinase-12 (MMP-12) levels have been shown to be elevated in 
patients with aortic dissection (AD) and aortic aneurysm (AA). However, whether MMP-12 is associated with 
AD and AA has not been conclusively examined. The aim of this study was to clarify the role of MMP-12 in 
AD and AA formation and to verify the correlation between MMP-12 and AD and AA development at the 
gene level via Mendelian randomization (MR) analysis.
Methods: The data for analyzing MMP-12 gene mutations were obtained from the Integrative 
Epidemiology Unit (IEU) OpenGWAS database, which includes data from 21,758 European residents. 
Data on the genetic variation of AD and AA were retrieved from the FinnGen database. In the forward MR 
analysis, we evaluated the causal effect of MMP-12 on AD and AA. Subsequently, the causal association of 
AD and AA with MMP-12 was investigated in the reverse MR study. The inverse-variance weighting (IVW) 
method was the principal statistical technique used in this study.
Results: In the forward MR analysis, the IVW results showed that serum MMP-12 levels were positively 
related to an increased risk of AD [odds ratio (OR) =1.301; 95% confidence interval (CI): 1.002–1.697; 
P=0.048] and AA (OR =1.121; 95% CI: 1.007–1.248; P=0.04). For the reverse MR studies, no genetic 
relationships were observed between AD or AA and MMP-12 levels, nor was any heterogeneity or pleiotropy.
Conclusions: There was a correlation between serum MMP-12 and the risk of AD and AA. MMP-12 may 
be a potential therapeutic target for AD and AA.

Keywords: Matrix metalloproteinase-12 (MMP-12); aortic dissection (AD); aortic aneurysm (AA); Mendelian 

randomization (MR)

Submitted Feb 23, 2025. Accepted for publication Apr 17, 2025. Published online Apr 27, 2025.

doi: 10.21037/jtd-2025-377

View this article at: https://dx.doi.org/10.21037/jtd-2025-377

2385

https://crossmark.crossref.org/dialog/?doi=10.21037/jtd-2025-377


Feng et al. MMP-12 and AD and AA2378

© AME Publishing Company. J Thorac Dis 2025;17(4):2377-2385 | https://dx.doi.org/10.21037/jtd-2025-377

Introduction

Aortic dissection (AD), an acute cardiovascular disease that 
can lead to sudden death, has a high rate of morbidity and 
mortality (1,2). Typical pathophysiological features of AD 
are characterized by the development of an aortic intimal 
tear and a false lumen between the intima and adventitia of 
the aorta wall, following blood entering the false lumen (3).  
AD can be divided into A and B types according to the site 
of intimal tear. The main treatment methods are surgical 
intervention (4), vascular intervention (5), and a hybrid 
approach (6). Despite significant improvement in the 
treatment of AD, in-hospital mortality remains high and 
the pathology is associated with major complications (7).  
Moreover, a proportion of patients may experience 
progression of the dissection during the follow-up and 
require re-operation (8). An aortic aneurysm (AA) is a 
pathological dilation of the aorta by more than 50% of the 
normal diameter of the aorta (9). Thoracic AA (TAA) is 
one of the most common AA types, with most of the cases 
occurring in older adults and male patients. A meta-analysis 
found that the total incidence of TAA is 5.3 million people/
year, with an incidence of 0.16% (10), and its incidence has 
increased significantly in recent years (11). Similar to AD, 
AA is a serious threat to human health (12). At present, 
aortic computed tomography angiography was mainly used 
to evaluate aortic diseases in clinical practice. However, 
this examination only can evaluate the severity of current 
aortic diseases, and cannot reflect the progression of aortic 

diseases. A current study reported that blood biomarkers 
could be regarded as diagnostic biomarkers and prognostic 
biomarkers for chronic diseases (13). However, there were 
limited researches of biomarkers for predicting clinical 
aortic diseases. We hope to find suitable blood biomarkers 
to predict the progression of aortic diseases and provide 
reference for clinical and preventive work of aortic diseases.

Matrix metalloproteinase-12 (MMP-12), secreted mainly 
from macrophages, figures prominently in the regulation 
of extracellular matrix (ECM) decomposition and tissue 
remodeling (14). Research indicates that serum MMP-12 
levels are connected with cardiovascular disease (15) and 
ischemic stroke (16). In one clinical study, MMP-12 levels 
were found to be significantly increased in abdominal AA 
tissues as compared with healthy aorta tissues (17). Another 
clinical study observed that elevated MMP-12 levels were 
present in both the aortic tissues and plasma of patients 
with AD (18). Furthermore, MMP-12 was reported to 
play a crucial role in the emergence of thoracic aneurysm 
and dissection (19), and MMP-12 deficiency was shown to 
attenuate aneurysm growth in mice (20). In the context of 
AD and AA, MMP-12 has been regarded as an outstanding 
biomarker for the incidence and progression of AA.

Despite the increasing number of studies showing that 
MMP is associated with AA, the conclusions of the current 
study do not provide a very firm and positive explanation.

The primary factors which included previous clinical 
studies always with small sample sizes, and the presence 
of confounding factors. In addition, observational studies 
tend to indicate the correlation, which may exist the 
potential reverse causality. Therefore, it is very necessary to 
conduct large-scale research to establish a definitive causal 
relationship between MMP and AA, further exploring their 
role as therapeutic targets in mitigating AD. Of course, the 
genetic association of MMP-12 with AD or AA remains 
unclear.

Mendelian randomization (MR) is an analytical method 
used for evaluating variable exposure or risk factors and 
clinical prognoses (21). Randomized controlled trials and 
observational studies cannot reliably determine causality 
due to the potential for confounding or reverse causality; 
however, MR is not subject to these pitfalls, as genetic 
variants affect outcomes only through exposure factors and 
are randomly allocated at conception (21,22). We present 
this article in accordance with the STROBE-MR reporting 
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-2025-377/rc).

Highlight box

Key findings 
•	 Mendelian randomization (MR) analysis provides genetic evidence 

for a link between serum matrix metalloproteinase-12 (MMP-12)  
level and the emergence of aortic dissection (AD) and aortic 
aneurysm (AA).  

What is known and what is new? 
•	 Previous research has indicated a relationship between serum 

MMP-12 level and AD and AA; however, a causal relationship 
between these factors has not been established.

•	 In this study, we used bidirectional MR analysis to determine the 
causal relationship between MMP-12 and AD and AA. Serum 
MMP-12 and the occurrence of AD or AA were found to be 
correlated to some extent.

What is the implication, and what should change now?
•	 MMP-12 may be a potential therapeutic target for AD and AA.

https://jtd.amegroups.com/article/view/10.21037/jtd-2025-377/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-2025-377/rc
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Methods

Study design

This study was designed as a bidirectional two-sample MR 
analysis. First, we examined the causal effects of serum/
plasma of MMP-12 on AD and AA. Subsequently, the 
estimation of the causal effects of AD or AA on MMP-12 
was conducted (Figure 1). Genetic variants were required to 
meet three rigorous criteria: (I) instrumental variables (IVs) 
were closely associated with exposed factors; (II) IVs were 
independent of the confounding factors that could influence 
exposure and outcome; and (III) IVs affected the outcome 
only via exposure. For the processing of palindromic SNPs, 
the main method is to discard those SNPs with palindromic 
structure. This is because palindromic sequences can cause 
confusion in genetic analysis, especially when trying to infer 
allele frequencies. According to the way the Harmonize 
software processes it, if a SNP has a palindromic structure 
and its allele frequency information no longer provides 
information about the chain, this will result in an inability 
to perform a valid genetic analysis. Therefore, we deleted 

the palindromic sequence before determining the IVs.

Data source and single-nucleotide polymorphism (SNP) 
selection of MMP-12

The genome-wide association study (GWAS) summary 
statistics for serum MMP-12 levels were obtained from 
the Integrative Epidemiology Unit (IEU) OpenGWAS 
project created by Folkersen et al. (23), which includes the 
data of 21,758 European individuals. The selection criteria 
IVs associated with MMP-12 in this MR analysis were as 
follows: (I) P values below 5×10−8, which indicated that the 
IVs were significantly related to MMP-12 levels; and (II) 
the measured value of R2 for linkage disequilibrium (LD) 
in the 10,000-kilobase window of 0.001. A total of seven 
SNPs (rs1144398, rs7126430, rs181951510, rs626750, 
rs12288698, rs117953762, and rs12975366) met the above 
requirements. In this study, the seven SNPs associated with 
MMP-12 were screened through platform PhenoScanner 
(Phenoscanner.medschl.cam.ac.uk). After rs12975366 was 
removed and palindrome sequences were excluded, only 
six SNPs were used for the MR study. This study was 
conducted in accordance with the Declaration of Helsinki 
and its subsequent amendments.

Information and IV selection for AD and AA

Data for the SNPs related to AD and AA were obtained 
from the FinnGen project. The GWAS data on AD 
included 470 patients and 206,541 control individuals, with 
16,380,411 SNPs (Table 1). In the initial search for proxy 
SNPs for AD, this threshold yielded only two potential 
IVs (P<5×10−8), and the limited SNPs will add increase the 
instability of the analysis results. We selected the genetic 
variants related to AD at P<5×10−6 as the IVs, with LD 
criteria of r2<0.001 and 10,000 kb. Four SNPs (rs118055578, 
rs2302688, rs145146588, and rs36029774) that met the 
above conditions were examined in PhenoScanner V2 to 

IVs IVs

Confounders

Confounders

MMP-12 AD/AA

Figure 1 Study design of the bidirectional MR study on the 
association of serum MMP-12 levels with AD and AA. The 
black lines mean positive MR. The exposure is MMP-12 and 
the outcome is AD/AA. The red lines mean reverse MR. The 
exposures are AD/AA and the outcome is MMP-12. AA, aortic 
aneurysm; AD, aortic dissection; IV, instrumental variable; MMP-
12, matrix metalloproteinase-12; MR, Mendelian randomization.

Table 1 Baseline characteristics of the MMP-12, AA, and AD datasets

Trait IEU GWAS ID Database Population Sample size SNPs (n)

MMP-12 ebi-a-GCST90012070 NA European 21,758 13,100,092

AD finn-b-I9_AORTDIS FinnGen European 207,011 16,380,411

AA finn-b-I9_AORTANEUR FinnGen European 209,366 16,380,417

AA, aortic aneurysm; AD, aortic dissection; GWAS, genome-wide association study; IEU, Integrative Epidemiology Unit; MMP-12, matrix 
metalloproteinase-12; NA, not available; SNP, single-nucleotide polymorphism.
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exclude confounders. Finally, only three SNPs were used as 
IVs due to rs36029774 being related to height, which is a 
confounding factor for AD.

GWAS analysis on AA included 2,825 patients and 
206,541 control individuals, comprising 16,380,417 
SNPs. In the initial search for proxy SNPs for AA, this 
threshold yielded also only two potential IVs (P<5×10−8), 
and to facilitate the identification of additional SNPs, we 
relaxed the threshold to a more lenient value (P< 5×10−6). 
But there were 21 SNPs for AA which we considered that 
the number of SNPs were an increase in the number level 
compared to AD (P<5×10−6 as the IVs for AD). Therefore, 
the cutoff values of independently associated SNPs were 
set as P<5×10−7, r2<0.001, and 10,000 kb. After screening, 
five SNPs associated with AA were examined online with 
PhenoScanner, and palindromes were excluded. rs77097530 
was removed due to its uneven palindrome sequence. 
Finally, only four SNPs (rs12406058, rs79958663, 
rs61914381, and rs9316871) were selected as IVs for AA.

Statistical analysis

In this bidirectional MR study, inverse-variance weighting 
(IVW) was selected as the primary means to determine the 
causality between exposure and outcome. First, in forward 
MR, we used two-sample MR analysis to estimate the causal 
effect of serum MMP-12 levels on AD and AA. Subsequently, 
the genetic associations of AD or AA on serum MMP-12 
levels were calculated in the reverse MR study. We used the 
Cochran’s Q statistic to quantify the heterogeneity among 
SNPs. When heterogeneity was present, the multiplicative 
random effect in IVW was adopted; otherwise, a fixed-
effect model was used (24). The MR-Egger intercept test 
was conducted to assess multiple effects. The MR pleiotropy 
residual sum and outlier (MR-PRESSO) global test was used 
to search for outliers. Identified outliers were removed, and 
MR analysis was repeated. The leave-one-out method was 
used to evaluate the robustness of the outcomes.

All the analyses were performed in R version 4.2.1 (The 
R Project for Statistical Computing, Vienna, Austria). The 
R packages included “two-sample MR” and “MR-PRESSO” 
packages.

Results

The causal effects of MMP-12 levels on AD and AA

Ultimately, six SNPs were selected as IVs for serum 
MMP-12 levels according to the above-described setting 

conditions and testing procedures (Table S1). The F statistic 
was used to quantify the strength of the IVs, and the F 
values for each IV were greater than 10, indicating that our 
selected IVs were not affected by weak IVs.

We primarily selected the IVW-fixed-effect model to 
assess the causal effect of MMP-12 on AD and AA. The 
outcomes of the IVW method indicated that elevated serum 
MMP-12 levels are a risk factor for AD [odds ratio (OR) 
=1.301; 95% confidence interval (CI) 1.002–1.697; P=0.048] 
and AA (OR =1.121; 95% CI: 1.007–1.248; P=0.04). The 
clinical interpretation of our results showed that the risk 
of AD increased by 30.1% for each additional elevated 
serum standardized unit of MMP-12 level, and the risk of 
AA increased by 12.1% for each additional elevated serum 
standardized unit of MMP-12 level. The results of the other 
four methods of MR showed a similar tendency but did not 
reach statistical significance (Figure 2). It was worth noting 
that in our study, the borderline statistical significance (P 
values near 0.05) was observed in the IVW analysis results 
showed statistical significance between MMP-12 and the 
risk of AA (P=0.04) and AD (P=0.048), which leaded us to 
be more careful in interpreting and generalizing our results.

As shown in Figure 2 based on the Cochran’s Q test, 
heterogeneity was ruled out. MR-Egger intercept tests 
showed no horizontal pleiotropy. The MR-PRESSO 
analysis indicated no significant outliers for the included 
IVs that could influence the results. The scatter plots for 
the causal effect of MMP-12 are shown in Figure 3. The 
leave-one-out method indicated that the results would not 
be affected after removal of each SNP (Figure S1). The 
forest plots and funnel plots are shown in Figures S2,S3.

The causal effects of AD and AA on MMP-12 levels

According to the P value and LD agglutination method, 
three and four gene variants were selected as grade IV 
AD and AA, respectively (Tables S2,S3). The F statistic 
confirmed the strength of the selected IVs, and MR-
PRESSO analysis revealed no obvious outliers. Based on the 
IVW-FE model, there was an increased risk of AA observed 
with elevated MMP-12 level (OR =1.033; 95% CI: 0.964–
1.107; P=0.36), but there was no statistical significance. In 
addition, no genetic association was observed for AD (OR 
=1.013; 95% CI: 0.971–1.057; P=0.56) on MMP-12 levels in 
the IVW-FE model. Neither heterogeneity nor pleiotropy 
was observed in the reverse MR (Figure 4). Moreover, the 
results of leave-one-out method, forest plots, funnel plots, 
and scatter plots are provided in Figures S1-S4.

https://cdn.amegroups.cn/static/public/JTD-2025-377-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JTD-2025-377-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JTD-2025-377-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JTD-2025-377-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JTD-2025-377-Supplementary.pdf
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Figure 2 Associations of serum MMP-12 levels with AD and AA. MMP-12 was found to be a potential risk factor for AD and AA. AA, aortic 
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nonsynonymous single-nucleotide polymorphism; OR, odds ratio; PRESSO, pleiotropy residual sum and outlier.

0.1 0.2 0.3 0.4 0.5
SNP effect on matrix metalloproteinase-12 levels || id:ebi-a-GCST90012070

0.1 0.2 0.3 0.4 0.5
SNP effect on matrix metalloproteinase-12 levels || id:ebi-a-GCST90012070

0.6

0.4

0.2

0.0

S
N

P
 e

ffe
ct

 o
n 

ao
rt

ic
 a

ne
ur

ys
m

 ||
 id

:fi
nn

-b
-l

9-
A

O
R

TA
N

E
U

R

0.1

0.0

−0.1

S
N

P
 e

ffe
ct

 o
n 

ao
rt

ic
 a

ne
ur

ys
m

 ||
 id

:fi
nn

-b
-l

9-
A

O
R

TA
N

E
U

R

Inverse variance weighted 
MR-Egger 
Simple mode

MR test MR test

Inverse variance weighted 
MR-Egger 
Simple mode

Weighted median 
Weighted mode

Weighted median 
Weighted mode

A B

Figure 3 Scatter plots of the causal effect of MMP-12. (A) The scatter plot of the causal effect of MMP-12 on AD. (B) The scatter plot of 
the causal effect of MMP-12 on AA. AA, aortic aneurysm; AD, aortic dissection; MMP-12, matrix metalloproteinase-12; MR, Mendelian 
randomization; SNP, single-nucleotide polymorphism.

AD

AA

MMP-12

MMP-12

Protective factor

P<0.05 was considered statistically significant

Risk factor

3

3

3

3

3

4

4

4

4

4

0.91 

0.60 

0.56 

0.71 

0.64 

0.84 

0.36 

0.36 

0.88 

0.43

0.59

0.86

0.93

0.67

0.94 (raw, 0 outliers)

0.88

0.94

1.008 (0.910 to 1.116) 

1.014 (0.964 to 1.066) 

1.013 (0.971 to 1.057) 

1.013 (0.957 to 1.072) 

1.016 (0.959 to 1.076) 

0.959 (0.667 to 1.379) 

1.038 (0.959 to 1.123) 

1.033 (0.964 to 1.107) 

1.010 (0.902 to 1.131) 

1.047 (0.949 to 1.155)

MR-Egger 

Weighted median 

Inverse variance weighted 

Simple mode 

Weighted mode 

MR-Egger 

Weighted median 

Inverse variance weighted 

Simple mode 

Weighted mode

Exposure     Outcome    nSNPs        Method                                P value OR (95% CI)          Heterogeneity test P       MR-Egger intercept P          MR-PRESSO global test P

0 1 2
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Discussion

In this bidirectional MR analysis study, we examined the 
genetic association between serum MMP-12 levels and 
AD and AA. Our study demonstrated that MMP-12 levels 
are causally related to an increased risk of AD and AA. 
Meanwhile, no causal effects of AD and AA on MMP-12 
levels were observed in our study.

MMP-12 is a key immunofibrotic regulator secreted by 
macrophages, and it has been confirmed by more and more 
relevant studies that it can be a key marker of inflammation 
deterioration and fibrosis. MMP-12 can break down the 
ECM for tissue remodeling and repair, but excessive MMP-
12 activity is associated with the occurrence and development 
of a variety of diseases. Several studies investigating the 
association of MMP-12 levels in AD and AA have been 
conducted. In an analysis of an Italian population including 
23 patients with AD, increased blood MMP-12 levels were 
found in patients with Stanford-A acute AD (25). Similarly, 
MMP-12 level exhibited a significant rise in messenger RNA 
expression in human abdominal AA wall samples compared 
to nondilated control aortic samples (26). Moreover, an 
upregulated expression of MMP-12 was observed in the 
aortic wall of an abdominal AA model in mice (27,28). 
However, numerous experiments have indicated that the 
conclusions of animal experiments are not necessarily 
applicable to humans, and other issues including reverse 
causality and unmeasurable interference in the association 
study in the population (29). Moreover, it is not clear 
whether MMP-12 is elevated before or after the occurrence 
of AD. In spite of previous studies have revealed that MMP-
12 was associated with AD and AA (25-29), however, 
observational studies cannot reliably determine causality due 
the potential for confounding or reverse causality. Hence, to 
precisely determine the causal relationship between MMP-
12 and AD/AA, MR analysis was conducted to characterize 
the bidirectional genetic associations between these factors. 
In our study, serum MMP-12 levels were causally associated 
with an increased risk of AD and AA. It has been argued 
that MMPs may be increased after the occurrence of aortic 
diseases, but we did not find that AD/AA exerted causal 
effects on MMP-12 levels.

The specific regulatory mechanism of MMPs related to 
the pathogenesis of AD and AA remains unclear. Several 
studies have demonstrated the potential mechanism of 
MMP-12 in the development of AD and AA. In a clinical 
trial, MMP-12 was proven to be positively correlated with 
body mass index (BMI) (30), which was a risk factor for 

AD. Other studies have found that interleukin-3 (IL-3)  
can activate macrophages to secrete MMP-12 through 
JNK and AP-1 signaling pathways, which are involved in 
the emergence of TAA and dissection (TAAD). It has been 
speculated that the activation of the IL-3/IL-3Rβ/MMP-12 
pathway plays a key role in the pathogenesis of TAAD (19).  
Zheng et al. demonstrated that p110δ deletion can cause 
a considerable decomposition of ECM and promote 
macrophages to gather to the aortic wall and contribute to 
the development and progression of aortic atherosclerosis 
by activating the protein-1/MMP-12 pathway (31).

Other research suggests that MMPs are closely related 
to lung diseases such as chronic obstructive pulmonary 
disease (COPD), asthma, and emphysema. The genetic 
polymorphism of MMP-12 has been associated with the 
severity of the disease, with the inhibition of MMP-12 
decreasing the likelihood of airway inflammation (32). 
Similarly, it has been reported that the role of MMP-
12 in COPD is closely related to emphysema and that 
downregulation of MMP-12 expression can alleviate this 
effect (33). In our study, MMP-12 was closely correlated 
with the risk of AD and AA, suggesting that MMPs may 
contribute to the pathogenesis of AD and AA and can thus be 
considered a novel target for the prevention and treatment 
of aortic diseases. Moreover, arterial stiffening was reported 
to be a risk factor for AD (34), while MMP-12 is closely 
related to arterial stiffening (35) and atherosclerosis (36). In 
Liu et al.’s animal experiment, elimination of MMPs could 
reduce the risk of atherosclerosis and arteriosclerosis (37). 
In another study, knocking out MMP-12 could significantly 
reduce the proliferation of aneurysms in mice (20). Finally, 
pharmacological inhibition of MMP-12 activity with a 
phosphinic peptide inhibitor was reported to retard AA 
formation and progression in angiotensin II-infused Apoe−/− 
mice (38). Therefore, the pharmacological inhibitors of 
MMP-12 are a very promising treatment for AD or AA. At 
present, linvemastat (FP-020), AZD-1236, MLP-1236, as 
well as aderamastat (FP-025) have been proved could inhibit 
MMP-12 and reduce the promoting effect of MMP-12 on 
fibrosis in chronic diseases. Therefore, targeting inhibition 
of MMP-12 activity or decreased MMP-12 levels may be 
a potential therapeutic target for AD and AA. However, 
considered that the relatively lower incidence of AA which 
compared to other chronic diseases, there were limited 
related clinical researches for investigating the clinical effect 
of pharmacological inhibitors MMP-12 on AD or AA. 
Therefore, further investigation should be undertaken to 
determine the efficacy of MMP-12 inhibition on AD and AA.
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The strength of this study is that it is the bidirectional 
MR analysis to assess the genetic relationship between serum 
MMP-12 levels and AD/AA. The application of genetic variants 
as IVs can greatly reduce confounders and reverse causality 
in observational studies. In addition, the heterogeneity and 
sensitivity ensure the credibility of the study.

Limitations

First, P<5×10−6 and 5×10−7 were used as important 
indicators to screen the IVs of AD and AA, which might 
have rendered the SNPs less specific. Second, since our 
MR analysis used summary estimates instead of individual 
patient data, we did not perform subgroup analyses based 
on vessel size or explore nonlinear relationships between 
MMP-12 and AA or AD. Thirdly, our study only analyzed 
European populations. Therefore, we should interpret 
these results cautiously, as they may not be applicable to 
other racial groups. The borderline statistical significance (P 
values near 0.05) was observed in the causal relationship at 
the genetic MMP12 level with AD and AA, these may need 
cautious interpretation and need to be further confirmed 
in future researches. In this study, two sample MR studies 
were conducted to clarify the associations of MMP-12 with 
AD and AA and to determine if MMP-12 is an important 
molecular factor in AD and AA emergence. However, the 
related molecular mechanisms underlying MMP-12’s role 
in the pathogenesis of AD and AA, along with the potential 
therapeutic effects of blocking MMP-12 on AD and AA, are 
unclear and should be explored further.

Conclusions

This study shows that high serum MMP-12 levels are 
causally associated with an increased risk of AD and AA 
emergence; meanwhile, no causal effect of AD and AA on 
MMP-12 levels was found.
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