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Aim. To review and compare the PON-1 arylesterase activity between coronary artery disease (CAD) and non-CAD patients.
Methods. Data were obtained by searching MEDLINE and Scopus for all investigations published between January 1, 2000 and
March 1, 2021 comparing PON-1 arylesterase activity between CAD and controls. Results. Twenty studies, based on 5417
patients, met the inclusion criteria and were included in the analysis. A random effect model revealed that PON-1 arylesterase
activity was significantly lower in the CAD group compared to controls (SMD = -0.587, 95%CI = —0.776 to -0.339, p < 0.0001,
I>=92.3%). In CAD patients, the PON-1 arylesterase activity was significantly higher among CAD patients without diabetes
mellitus (DM) compared to those with diabetes (SMD: 0.235, 95% CI: 0.014 to 0.456, p =0.03, I* = 0%). Conclusions. PON-1
activity is significantly lower in CAD patients, and those without DM presented a significantly higher PON-1 arylesterase activity.

1. Introduction

Coronary artery disease (CAD) remains the leading cause of
morbidity and mortality worldwide [1]. Over the last
decades, several novel biochemical markers of oxidative
stress and related genetic polymorphisms have been identi-
fied in patients with CAD [2]. Indeed, free radicals contribute
to endothelial dysfunction (ED) and to the oxidation of low-
density lipoproteins (LDL), which are both critical
pathogenic events of atherosclerosis [3]. Furthermore, it has
been widely reported that elevated concentration of several
oxidative stress markers is linked with a higher incidence of
cardiovascular events [4]. Paraoxonase-1 (PON-1) is an
enzyme that has many enzymatic activities, such as
lactonase, thiolactonase, arylesterase, and aryldialkylpho-

sphatase (commonly known as paraoxonase). The most
important physiological role of PON-1 is the ability to hydro-
lyse oxidized LDL (ox-LDL) and thereby delay the onset of
atherosclerosis [5]. PON-1 is classified as an accessory
protein of high-density lipoprotein (HDL) and modulates
the capacity of HDL to protect against the atherosclerosis
process through antioxidant and anti-inflammatory activities
[5]. Previous meta-analyses of the relationship between
PON-1 and CAD have concentrated on PON-1 SNP’s or
PON-1 paraoxonase activity [6-8]. However, some studies
have demonstrated that the arylesterase activity of PON-1
was decreased in CAD patients when compared to non-
CAD subjects, thus confirming the earlier preclinical
evidence [9]. However, to the best of our knowledge, these
data have never been analyzed comprehensively. Therefore,
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the aim of the present study is to perform a systematic review
and meta-analysis comparing the serum/plasma PON-1
activity, measured as arylesterase activity between CAD and
non-CAD patients.

2. Materials and Methods

2.1. Study Design and Eligibility Criteria. This study followed
the Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) reporting guideline (Online
Resource 1) [10]. Data were obtained searching MEDLINE
and Scopus for all investigations published between January
1, 2000 and March 1, 2021 comparing the PON-1 arylester-
ase activity between CAD and controls.

2.2. Outcomes. The primary outcome was the comparison of
PON-1 arylesterase plasma/serum levels between CAD and
non-CAD patients, whereas the secondary objective of the
analysis was to compare the arylesterase activity in CAD
patients with or without diabetes mellitus (DM). Metare-
gression using as moderator variables age, body mass index
(BMI), and the latitude of the study site was also carried out.

2.3. Data Extraction and Quality Assessment. The selection
of studies to be included in our analysis was independently
conducted by 2 authors (M.Z. and C.C.) in a blinded fashion.
Any discrepancies in study selection were resolved by con-
sulting a third author (A.T.). The following MeSH terms
were used for the search: “Paraoxonase -1” AND “Coronary
artery disease” OR “Coronary Heart disease.” Additionally,
all references cited were reviewed to identify further studies
that were not included in the abovementioned electronic
databases. Studies were considered eligible if they provided
data regarding PON-1 activity in both CAD and controls.
Conversely, they were excluded from the analysis if (1) they
did not provide a comparison between PON-1 arylesterase
activity between CAD patients and controls; (2) they were
case reports, review articles, abstracts, editorials/letters, ran-
domized controlled trials, and case series with less than 15
participants from the general population or (3) they were
not in the English language. Data extraction was indepen-
dently conducted by 2 authors (M.Z. and C.C.). Discrepan-
cies between reviewers were resolved by consensus. For all
studies reviewed, we extracted the number of patients
enrolled, the mean age, male gender, mean and standard
deviation (SD) of PON-1 activity levels, and prevalence of
traditional cardiovascular risk factors among CAD and
non-CAD subjects. Newcastle-Ottawa scale (NOS) was used
to evaluate the methodology quality of eligible studies [11].

2.4. Data Synthesis and Analysis. Continuous variables were
expressed as mean * (SD) or as median with corresponding
interquartile range while categorical variables were
expressed as counts and percentages. The difference of
PON-1 arylesterase activity level between CAD and controls
was expressed as standardized mean difference (SMD) with
the corresponding 95% confidence interval (CI) using a
random-effect model (DerSimonian-Laird). A I? =0 was
considered to indicate no heterogeneity while values of I*
as <25%, 25-75%, and above 75% indicate low, moderate,
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and high degrees of heterogeneity, respectively [12]. When
significant publication bias was found, we used the trim-
and-fill method to adjust our results. To evaluate publication
bias both funnel plot and Egger’s test were computed. To
further appraise the impact of potential baseline con-
founders, a metaregression analysis using age, body mass
index (BMI), gender, HDL-C, and the latitude of the study
site as moderator variables was performed. A further suba-
nalysis was also performed to assess any difference in
PON-1 arylesterase activity among Asian and European
populations from the reviewed studies. The meta-analysis
was conducted using Comprehensive Meta-Analysis soft-
ware, version 3 (Biostat, USA).

3. Results

3.1. Search Results and Included Studies. A total of 804 arti-
cles were obtained with our search strategy. After excluding
duplicates and preliminary screening, 372 full-text articles
were assessed for eligibility, and 352 studies were excluded
for not meeting the inclusion criteria, leaving 20 investiga-
tions fulfilling the inclusion criteria (Figure 1) [9, 13-30].

3.2. Characteristics of the Population and Quality Assessment.
Opverall, 5 417 patients (3 364 with CAD and 2 053 without
CAD) were included in the analysis. The general characteris-
tics of the studies included were the relative demographic,
biometrical, and lipid profiles shown in Table 1. Quality
assessment showed that all studies were of moderate-high
quality according to the NOS scale (Online Resource 2).

3.3. PON-1 Arylesterase Activity in Patients with Coronary
Artery Disease. A random effect model revealed that PON-1
arylesterase activity was significantly lower in the CAD group
compared to controls (SMD =-0.587, 95%CI=-0.776to
-0.339, p<0.0001, I*?=92.3%) (Figure 2). Egger’s tests
(t=4.286, p=10.003) showed evidence of potential publica-
tion bias. Therefore, a trim-and-fill analysis was performed
to explore whether the publication bias influenced the stabil-
ity of the results in this meta-analysis (two studies trimmed).
The updated result showed a SMD = —0.881 (95% CI -1.139
to -0.624, p < 0.0001). The relative funnel plot is showed in
Supplementary file 3 (Panel A).

A subgroup analysis was performed in order to estimate
the possible existence of a difference in PON-1 arylesterase
activity in CAD patients having or not having DM; PON-1
arylesterase activity was significantly higher among CAD
patients without DM compared to those with diabetes
(SMD: 0.235, 95% CI: 0.014 to 0.456, p=0.03, I>=0%)
(Figure 3). In this case, Egger’s test revealed no evidence of
publication bias (t=0.115, p=0.927). The relative funnel
plot is presented in Online Resource 3, panel B.

3.4. PON-1 Arylesterase Activity in Patients with Coronary
Artery Disease by Geographical Area. Using a random effect
model, a further subanalysis revealed that PON-1 arylester-
ase activity remained significant lower in patients with
CAD both in Asian (SMD: -0.558, 95% CI: -0.917 to
-0.200, p=0.002, I*: 91%) and European (SMD: -0.298,



Disease Markers

n=_804

Identification

Records screened
n =559

Screening

n=372

Eligibility

Studies included

e
L
E
o n=20
S

Records identified through databases

Full-text articles assessed for eligibility Full-text articles excluded
n=352

Duplicates excluded
n =245

Records excluded for not
meeting inclusion criteria
n=187

FiGure 1: PRISMA flow chart.

95% CI: -0.497 to -0.015, p=0.003, I* =90%) populations
(forest plot shown in Online Resource 4). Although the dia-
betes status of patients enrolled was not systematically eval-
uated, from those studies that did record diabetes status, the
prevalence of diabetes was higher amongst CHD patients.
Notably, Asian patients with CHD were more frequently
diabetic than their European counterparts (47.0% vs. 32.3%).

3.5. Metaregression. In metaregression analysis, no correla-
tion was found between either SMD and age (p=0.13),
BMI (p =0.09), gender (p =0.24), and latitude of the study
site (p = 0.80), while an inverse association was found using
HDL-C levels (p = 0.004) and statin treatment (p = 0.003) as
moderators (Table 2).

4. Discussion

The present meta-analysis revealed a significant decrease in
PON-1 arylesterase activity in CAD patients compared to
controls. For the first time, our results provide a comprehen-
sive and updated evaluation of PON-1 arylesterase activity
in CAD patients, reviewing all the available studies pub-
lished over the last twenty years. Indeed, several investiga-
tions have been previously focused on the relationship
between PON-1 single nucleotide polymorphisms (SNPs)
and cardiovascular disease (CVD) [31-33], including CAD
[7]. However, the results reported in these studies were
highly variable, with some of them revealing either a signif-
icant or a nonsignificant association between genetic vari-
ants and disease occurrence. The most common SNPs of
this HDL-associated protein (Q192R and L155M), mostly
influence the so-called paraoxonase activity, are responsible
for hydrolysis of certain organophosphate compounds.
Indeed, the high interindividual variability of this activity
is essentially due to the effect of these genetic variants.
On the other hand, arylesterase, although not being the
physiological activity, has been found to more properly

reflect the antiatherosclerotic properties of PON-1 [34].
This activity is by far the most frequently assessed in
epidemiological-clinical studies also because of its lower
interindividual variability.

Despite intense research on the topic, the biology and
biochemistry of PON-1 are still poorly understood. Indeed,
the physiological substrate has not been definitively ascer-
tained; although, the most recent in vitro evidence points
to endogenous lipophilic lactones such as those resulting
from fatty acid oxidation (e.g., 5,6-dihydroxy-trienoic acid
and 1,5-lactone). Unfortunately, at the current state of the
art, a universally accepted assay to measure the (putative)
native lactonase activity has not yet been validated, making
a meta-analysis on this PON-1 activity unfeasible. The
cause/effect relationship between PON-1 and CAD (along
with other diseases) is also unclear. The enzyme structure
and activity are highly susceptible of oxidative and glycation
modification. Thus, the decrease in PON-1 observed in dia-
betic CAD patients compared to nondiabetic could be both a
downstream and upstream event linked to either glycation
or oxidative stresses that characterize the metabolic disease.
The interest in the biological role of PON-1 was sparked
by converging in vivo and in vitro evidence suggesting that
this protein is able to protect lipid moiety of cell membranes
and LDL from oxidation [35-37]. Mackness and colleagues
were the first to demonstrate that PON-1 could prevent
the accumulation of lipid peroxides in low-density lipo-
proteins (LDL) [38]. Afterwards, studies on transgenic
mice confirmed and extended these findings. PON-1
knockout mice showed increased serum and arterial mac-
rophage oxidative stress and an increase in atherosclerotic
lesions compared to controls; moreover, the addition of
PON-1 to macrophages significantly improved their redox
imbalance [37].

These compelling preclinical findings provide the ratio-
nale of the cross-sectional studies included in our analysis,
as well as of longitudinal studies investigating the link of
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Study name Statistics for each study Weight (random Std diff in means and 95% Cl
Std diff Standard Lower  Upper Relative
in means error  Variance limit limit Z-value p-value  weight
Ding ~0738  0.175 0.031 -1.080 -0.395 -4224  0.000 423 +—m—
Fridman -0.119  0.114 0.013 -0341 0104 -1.046  0.295 4.60 ——
Jayakumari -0.507  0.089 0.008 —0.681 —0.334 -5726  0.000 4.72 ——
Mohamed -1.019 0171 0.029 -1.355 —0.684 -5959  0.000 4.25 ——
Shekh -4.668  0.368 0.136 -5390 -3.946 -12.671  0.000 2.86
S eKhanwar B B B
nen -0.442  0.148 0.022 -0732 -0.152 -298%  0.003 4.40 e ol
Kuchta -0.868  0.185 0.034 -1231 -0506 -4.691  0.000 4.16 »
Januszek 0012 0.194 0.038 -0369 0393 0063  0.950 4.09 -
Sun -0.363  0.156 0.024 -0.668 —0.057 -2323  0.020 435 -
Variji -0.496  0.154 0.024 -0798 —0.194 -3221  0.001 4.37 .
Van Himbergen -0.202  0.074 0.005 -0.346 —0.058 -2746  0.006 4.78 —
Lu (No DM) -0.321  0.151 0.023 -0616 —0.025 -2.125  0.034 438 ——
Lu (IFG) ~0.701  0.170 0.029 -1.034 -0368 -4.127  0.000 4.26 ———
Lu (DM) -0.738  0.187 0.035 -1.103 -0372 -3.951  0.000 4.15 —
Ferre -0.133  0.097 0.009 -0322 0056 -1378  0.168 4.68 T
Wang 0.085  0.065 0.004 -0.042 0213 1313 0.189 4.81
Kerkeni -0.993  0.155 0.024 -1297 -0.688 —6391  0.000 4.36 ..
Rodriguez-Esparragon -0.431 0.081 0.007 -0.590 -0.271 —5.295 0.000 4.75
James -0.353  0.105 0.011 -0560 —0.147 -3.352  0.001 4.64 =
Itahara -0.994  0.188 0.035 -1.363 -0.624 -5275  0.000 4.14 -
Rahmani (DM) -0.019  0.158 0.025 -0328 0291 -0.119  0.905 434
Rahmani (No DM) -0.200  0.158 0.025 -0510 0110 -1263  0.206 434 -
Suherio -0.936  0.156 0.024 -1242 -0.629 -598  0.000 435
Random effect: -0.587 0.096 0.009 -0776 —0.399  -6.105 0.000 -2.00 -1.00 0.00 1.00 2.00
Tau-squared: 0.188
I-squared: 92.3%, p <0.0001 CAD Controls
FIGURE 2: Forest plot investigating the PON-1 arylesterase activity in coronary artery disease (CAD) patients and controls.
Study name Statistics for each study Weight (fixed Std diff in means and 95% CI
Std diff ~ Standard Lower  Upper Relative
in means error  Variance limit limit ~ Z-value  p-value  weight
Rahmani 0.134 0.150 0023 -0.160  0.428 0.894 0.371 56.54
Itahara 0.047 0.471 0222 0877 0971 0.100 0.921 5.73
Lu 0.415 0.184 0.034 0055 0775 2.257 0024  37.74
Fixed effect: 0.235 0.113 0013 0014 0456 2.082 0.037 »
Tau-squared: 0
I-squared: 0%, p = 0.45
-2.00 -1.00 0.00 1.00
DM No DM
FIGURE 3: Forest plot of the PON-1 arylesterase activity in subjects with diabetes mellitus (DM) or nondiseased (no DM).
TABLE 2: Metaregression analyses.
Item N° of interaction B SE 95% CI z value p
Age 22 -0.020 0.013 -0.047 to 0.006 -1.48 0.137
BMI 14 0.064 0.380 -0.010 to 0.139 1.68 0.092
Latitude 14 -0.003 0.012 -0.027 to 0.021 -0.25 0.805
Gender (females) 22 -0.0101 0.008 -0.271 to 0.007 -1.16 0.247
HDL-C 21 -1.913 0.670 -3.226 to -0.599 -2.85 0.004
Statin treatment 8 -1.958 0.702 -3.465 to -0.574 -291 0.003

B: standardized regression coefficient; SE: standard error; 95% CI: 95% confidence interval.

arylesterase and/or paraoxonase activity with CVD risk. To
the best of our knowledge, the largest longitudinal study
(PREVEND study, mean follow — up = 9.3 years) in this field
found an approximately log-linear inverse association
between the two variables, which was partly dependent on
HDL-C levels [39]. This result is not surprising, since
PON-1 is mostly bound to HDL particles, and PON-1 activ-
ity is strongly correlated to the level of cholesterol carried by
the lipoprotein. As also confirmed by the outcome of the
significant inverse association between HDL-C and PON-1
revealed by the meta-regression analysis, the level of the
former marker should be always considered as potential
confounding factor in all clinical studies dealing with

PON-1. The authors of PREVEND study also performed a
meta-analysis, including two other studies. This further
analysis showed that PON-1 arylesterase did not provide
significant improvement in CVD risk assessment beyond
conventional CVD risk factors [6]. However, it should be
noted that the definition of CV risk encompasses several
underlying acute and/or chronic conditions, which are influ-
enced by other modifiable and nonmodifiable determinants.
In this regard, our analysis specifically focused on CAD,
which represents the primary cause of mortality worldwide.

Our meta-regression suggests that, besides HDL-C (or
other surrogate markers of HDL concentration, such as
Apo Al), statin use should also be considered in the
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multivariate analysis on the link between PON-1 and CAD
occurrence. This outcome agrees with a recent meta-
analysis showing that statin therapy may have a positive
effect in improving both PON-1 paraoxonase and arylester-
ase activities, either in single-arm studies or controlled trials
[39]. To explain this finding, the authors hypothesized that
these cholesterol lowering drugs may enhance PON-1 pro-
tein synthesis and secretion or interaction with HDL [40].
Conversely, no association with BMI, age, or gender was
observed. These findings might reflect the characteristics of
the subjects enrolled in the reviewed studies. Indeed, most of
the patients were mid-age individuals, and BMI was not syste-
matically reported, probably underestimating the potential
effects of such variables. Indeed, to really assess the role of
age in the association between PON-1 and CAD, it would be
useful to include in the cohorts also younger subjects, to really
assess the trend of the interaction over the decades, starting
when CAD patients typically become symptomatic [41].

Serum evaluation of PON-1 may represent a useful
adjunctive tool in different clinical scenarios. First, it could
be used to early identify young patients with subclinical
atherosclerosis, thus integrating the traditional cardiovascu-
lar risk assessment based on the lipid profile evaluation,
blood pressure measurement, and intima media-thickness
assessment. Second, it might be evaluated in secondary CV
prevention, demonstrating the possible antioxidant effects
of statins against lipid peroxidation via lipid-lowering-
dependent and -independent mechanisms [42].

4.1. Limitations. Our study has several limitations related to
the observational nature of the studies reviewed with all the
inherited biases. In fact, the high heterogeneity observed,
which probably depends on the participants’ inclusion cri-
teria as well as on the study designs, may have resulted in
conclusions that are not firm. Furthermore, the presence of
publication bias, despite the application of the trim-and-fill
method, may have also confounded the results. In addition,
most of the studies considered in the analysis lacked infor-
mation regarding the use of statins and other drugs, which
have been suggested to influence PON-1 expression and
activity. This is an important point, since it has been shown
that different types of statins may exert different effects on
PON-1 expression/activity [45]. Finally, the number of stud-
ies reporting data about CAD patients with concomitant
DM is limited, and this may have affected the reliability of
the findings on this subtopic.

5. Conclusion

Despite the acknowledged limitations, our findings clearly
suggest that patients suffering from CAD have a decreased
PON-1 arylesterase. Further research efforts are required to
ascertain whether change of this activity may precede and
thus predict disease occurrence.
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