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Abstract: Oxidative stress is known to be associated with the pathophysiology of chronic kidney
disease (CKD). Paraoxonase 1 (PON1) is an antioxidant enzyme that has been proposed as a biomarker
for CKD. While several studies have reported an association between serum PON1 activity and
CKD, consensus based on systematically analyzed data remains necessary. We set out to conduct a
meta-analysis of literature on PON1 in CKD. Electronic databases, such as MEDLINE, Embase and
CENTRAL, were searched for available studies on PON1 activity in patients with CKD (without
dialysis) as published before December 2022. A random-effects meta-analysis was performed. In total,
24 studies (22 studies on paraoxonase and 11 on arylesterase activity) were eligibly identified. Patients
with CKD showed a lower activity of paraoxonase (standard mean difference [SMD], −1.72; 95%
confidence interval [CI], −2.15 to −1.29) and arylesterase (SMD, −2.60; 95%CI, −3.96 to −1.24) than
healthy controls. In the subgroup analyses, paraoxonase activity was lower in chronic kidney failure
(CKF), an advanced stage of CKD, than in non-CKF. In summary, PON1 activity is low in patients
with CKD, suggesting that the antioxidant defense by PON1 is impaired in CKD. The decrease
in enzyme activity is pronounced in advanced CKD showing some variability depending on the
substrate employed to measure PON1 activity. Further studies are warranted.

Keywords: antioxidants; arylesterase; cardiovascular disease; kidney failure; paraoxonase; reactive
oxygen species

1. Introduction

Chronic kidney disease (CKD) involves a loss of kidney function leading to a so-
ciomedical burden associated with low quality of health and high economic cost and is also
a leading cause of cardiovascular mortality [1–3]. The global prevalence of CKD is generally
estimated as high as 14% [4,5]. As CKD can ultimately result in end-stage kidney failure
(ESRD) with renal replacement treatment such as dialysis, the preventative measures for
CKD to retard ESRD and dialysis are a great issue worldwide.

Patients with CKD have multiple cardiometabolic disorders including hypertension,
insulin resistance, diabetes and dyslipoproteinemias, along with other CKD-related physi-
cal abnormalities, which can produce oxidative stress [6,7]. Patients with CKD frequently
have dyslipoproteinemias, such as low levels of high-density lipoprotein (HDL) and high
levels of triglycerides [8,9]. Low HDL-cholesterol levels are well known to be an atheroscle-
rotic risk index, although in reality, it is dysfunctional HDL that may be implicated as a
contributing factor in atherogenesis. Indeed, HDL not only plays a role in reverse choles-
terol transport from peripheral cells and more so in reverse remnant cholesterol transport
(called RRCT) but also inhibits oxidation of low-density lipoprotein (LDL) that contributes
to atherogenesis [8,10–12]. Thus, there is a need to control oxidative stress to prevent the
development of atherosclerosis in CKD.

The essential mechanism by which HDL inhibits oxidation of LDL is shown to be
partially enzymatic [13]. Paraoxonase 1 (PON1) is getting a lot of attention in the physiology
of the atheroprotective function of HDL [11,13]. PON1 is composed of 354 amino-acids
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with a molecular weight of 43 kDa and is encoded by the PON1 gene [14]. PON1 is a
promiscuous esterase whose physiological function is believed to be that of a lactonase
but its activity is conveniently assessed in the laboratory as an esterase, using an array
of substrates. Most studies employ phenylacetate and show the results as arylesterase
or paraoxon reporting the activity as paraoxonase [15]. In fact, the significance of PON1
activities, as arylesterase or paraoxonase, has been investigated beyond atherosclerosis and
CVD, including lung diseases, diabetes, and neurological pathologies [16–19].

The relationship between PON1 and CKD is also of interest [20–22], given on the
one hand the accelerated atherogenesis that is a characteristic of this entity and on the
other hand the known impairment of HDL metabolism in CKD associated with increased
oxidative stress. However, data on the association between PON1 and CKD in the literature
have shown mixed findings and have not been fully summarized using systematically-
analyzed methods. Therefore, the present study aimed to summarize current evidence on
PON1 activity in patients with CKD (without dialysis) via a systematic meta-analysis of
available clinical studies.

2. Materials and Methods

The present study was reported according to the statement of Preferred Reporting
Items for Systematic Reviews and Meta-Analyses, PRISMA [23]. The protocol was regis-
tered in PROSPERO (CRD42023389430).

The study was performed using electronic search engines on MEDLINE (1946 to the
present), Embase (1974 to the present) and CENTRAL (from inception to the present) to
identify published literature based on the combined keywords of aryldialkyphosphatase
and chronic kidney disease until 4 December 2022 (Appendix A). The inclusion criteria were
as follows: (1) prospective and retrospective cohort studies and case-control studies; and
(2) articles that evaluated the PON1 activity in patients with CKD and without dialysis. The
exclusion criteria were as follows: (1) case reports, case series, reviews, and meta-analysis;
(2) patients aged under 18 years; and (c) articles with undetectable data. The primary
outcomes were the levels of paraoxonase and/or arylesterase activity in CKD.

The reviewers independently reviewed abstracts and titles identified by the searches.
After the title and abstract screening, the full text was reviewed to meet the review criteria.
Data extraction was carried out from each study in terms of author name, year of publi-
cation, country, number of patients, age, and outcomes. The risk of bias was evaluated
using an 11-item checklist which was recommended by Agency for Healthcare Research
and Quality (AHRQ) [24].

Heterogeneity was assessed by a visual inspection of forest plots and using the I2

statistic (I2 values of 0–40%: it might not be important; 30–60%: it may represent a moderate
heterogeneity; 50–90%: it may represent a substantial heterogeneity; 75–100%: it may
represent a considerable heterogeneity) [25]. When there was a substantial heterogeneity
(I2 > 50%), the reasons for heterogeneity were evaluated using subgroup analyses by
CKD stages (estimated glomerular filtration rate eGFR ≥ 30 or eGFR < 30 as defined
as chronic kidney failure CKF) based on the international guidelines [6], diabetes status
(patients with or without diabetes), and region (Asia, Western countries, or others). Renal
function was estimated using serum creatinine levels, mean age and body mass index of
patients. We performed sensitivity analyses excluding the studies that treated all cases with
abnormal eGFR levels as CKD. The publication bias was assessed by a visual inspection
of the funnel plot [25]. The standardized mean difference (SMD) with a 95% confidence
interval (CI) in the PON1 levels in patients with CKD was analyzed. A random-effects
meta-analysis was performed using RevMan version 5.4.1 (The Cochrane Collaboration,
Copenhagen, Denmark).

3. Results

Figure 1 shows the flow diagram to select the articles on PON1 in patients with CKD.
After removing duplicated records, our initial search identified 433 records. A review of the
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title and abstract reduced the number to 29 studies that were read in full. Based on review
of the full text of articles, five studies were excluded as they did not focus on PON1 activity.
Finally, a total of 24 studies were identified that met inclusion and exclusion criteria [26–49].
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Figure 1. Flow diagram of selection of articles that reported the PON1 in patients with CKD.

Table 1 lists the characteristics of those eligible studies. These studies were based on
case-control or cross-sectional study design. Of 24 studies, 22 reported on paraoxonase
activity [26–42,44,46–49] and 11 on arylesterase activity [28,30,32,34,39,41–43,45–47]. In the
studies that were restricted to patients with CKF (defined as eGFR < 30 [6]), 10 reported
on paraoxonase activity [28–32,35,38,48,49] and 3 on arylesterase activity [28,30,32]. The
overall risks of bias were median 7, range 3–9, using an 11-item checklist by AHRQ
(Appendix B).

In the meta-analysis, patients with CKD showed a lower activity of paraoxonase
(SMD, −1.72; 95% CI, −2.15 to −1.29; I2 = 96%) than healthy controls (Figure 2). Patients
with CKD showed a lower activity of arylesterase (SMD, −2.60; 95% CI, −3.96 to −1.24;
I2 = 99%) than healthy controls (Figure 3).
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Table 1. Summary of the included articles on PON1 activities in patients with CKD.

First Author Year
[Ref. No.] Country Subject

No. Age Unit Activity in
CKD

Activity in Healthy
Controls

CKD/CKF
Stages

Paraoxonase
Ikeda 1998 [26] Japan 169 57 U/L 93 ± 36.0 122.0 ± 58.0 CKD
Wang 2002 [27] China 145 59 U/mL 109.3 ± 26.2 159.9 ± 38.3 CKD

Dirican 2004 [28] Turkey 72 47 U/L 140.0 ± 65.0 178.0 ± 79.0 CKF
Atamer 2008 [29] Turkey 60 53 U/L 231.1 ± 34.0 376.2 ± 72.4 CKF
Dronca 2008 [30] Romania 50 51 U/L 258.3 ± 42.5 572.6 ± 78.7 CKF
Prakash 2008 [31] India 89 53 U/L 88.7 ± 38.9 192.5 ± 31.3 CKF
Saeed 2008 [32] Egypt 60 42 U/L 141.7 ± 22.4 180.6 ± 27.7 CKF

Kerkeni 2009 [33] Tunisia 220 51 U/mL 105.0 ± 78.0 181.0 ± 73.0 CKD
Paragh 2009 [34] Hungary 1297 48 U/L 101.5 ± 12.3 111.1 ± 6.2 CKF
Abdin 2010 [35] Egypt 50 54 U/mL 14.3 ± 6.1 39.7 ± 12.4 CKF
Ciftci 2010 [36] Turkey 88 31 U/L 197.0 ± 88.0 198.0 ± 91.0 CKD

Johnson-Davis 2011 [37] USA 36 18–84 U/L 137.0 ± 72.4 281.3 ± 154.5 CKD
Kuchta 2011 [38] Poland 76 58 U/L 114.9 ± 48.4 170.0 ± 95.8 CKD/CKF

Kennedy 2013 [39] USA 945 69 U/L 474.0 ± 244.8 586.0 ± 301.1 CKD
EI-said 2015 [40] Egypt 35 50 U/L 226.1 ± 135.4 758.5 ± 353.9 CKD

Okuturlar 2016 [41] Turkey 59 55 U/L 122.5 ± 54.1 157.4 ± 26.4 CKD
Tabur 2016 [42] Turkey 50 51 U/mL 106.0 ± 118.0 115.0 ± 101.0 CKD

Miljkovic 2018 [44] Serbia 41 57 U/L 286.0 ± 777.2 802.0 ± 606.0 CKD
Ayan 2019 [46] Turkey 200 55 U/L 34.5 ± 21.8 97.5 ± 23.5 CKD
Didas 2020 [47] Thailand 180 68 U/L 223.2 ± 84.6 238.9 ± 95.3 CKD

Sridevi 2021 [48] India 81 20–60 U/L 160.1 ± 9.4 383.0 ± 41.5 CKF
Jose 2022 [49] India 152 51 U/L 146.2 ± 80.6 360.0 ± 24.7 CKF

Arylesterase
Dirican 2004 [28] Turkey 72 47 kU/L 66.0 ± 19.0 84.0 ± 28.0 CKF
Dronca 2008 [30] Romania 50 51 U/L 58.4 ± 1.9 93.4 ± 5.5 CKF
Saeed 2008 [32] Egypt 60 42 kU/L 78.2 ± 18.2 103.7 ± 14.8 CKF

Paragh 2009 [34] Hungary 1297 47.6 U/mL 66.9 ± 4.3 85.5 ± 2.5 CKD
Kennedy 2013 [39] USA 945 69 U/mL 94.0 ± 13.0 103.0 ± 13.3 CKD
Okuturlar 2016 [41] Turkey 59 55 U/L 122.5 ± 30.7 256.1 ± 24.6 CKD

Tabur 2016 [42] Turkey 50 51 U/mL 196.4 ± 27.9 223.9 ± 34.8 CKD
Jaju 2018 [43] India 60 NR NR 100.9 ± 34.2 135.3 ± 30.9 CKD

Mogarekar 2018 [45] India 100 59 kU/L 85.4 ± 24.1 127.9 ± 25.5 CKD
Ayan 2019 [46] Turkey 200 55 kU/L 44.9 ± 5.6 57.1 ± 3.9 CKD
Didas 2020 [47] Thailand 87 68 kU/L 225.5 ± 108.7 257.5 ± 106.1 CKD

CKD, chronic kidney disease; CKF, chronic kidney failure; NR, not reported.
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In the subgroup analyses, there was a significant difference in paraoxonase activity by
the CKD stages (p = 0.0006); patients with CKF (eGFR < 30 [6]) (SMD, −2.98; 95% CI, −4.07
to −1.89; I2 = 96%) had a lower activity of paraoxonase than those with non-CKF (eGFR
≥ 30) (SMD, −0.97; 95% CI, −1.33 to −0.61; I2 = 94%) (Figure 4). Regarding arylesterase
activity, although there appeared to be similar trend to paraoxonase, the difference was not
significant among the CKD stages (p = 0.53); patients with CKF (eGFR < 30) (SMD, −3.29;
95% CI, −5.77 to −1.89; I2 = 97%) had a relatively low but similar activity of arylesterase
when compared to those with non-CKF (eGFR ≥ 30) (SMD, −2.34; 95% CI, −4.00 to −0.68;
I2 = 99%) (Figure 5). The subgroup analyses by diabetes status and regions did not yield
any relevant findings (Appendix C).

The sensitivity analysis showed similar trends in the main outcomes of all studies
(Appendix D). We did not observe any publication bias (Appendix E).
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4. Discussion

The main findings of our present study were that patients with CKD (without dialysis)
had lower activities of PON1, both paraoxonase and arylesterase, than healthy controls. In
addition, patients with CKF had a lower activity of PON1, paraoxonase in particular, than
those with non-CKF. These results via meta-analysis are valuable to achieve a consensus
that PON1 activity can be a relevant biomarker to evaluate CKD as well as its severity.

The lower PON1 activity in patients with CKD would indicate an impairment of antiox-
idant defense by PON1 in this disease. Generally, patients with CKD have cardiometabolic
disorders, such as a low level of HDL with a reduced antioxidant activity of HDL if accom-
panied by dysfunctionality of those HDL particles [6–9]. Uremic toxins (small and middle
molecules), iron overload, angiotensin-2 elevation, and inflammatory cytokines induce ex-
cess oxidative stress in CKD [50]. Through the oxidative-antioxidative imbalance caused
by these multiple conditions, an excess of oxidants inactivates PON1 and therefore can
mechanistically explain the finding of lower PON1 activity observed in our present study.

In our meta-analysis, when studies employed paraoxon as a substrate, a gradient of
reduction of PON1 activity along the worsening of CKD stages became apparent. This
may be explained by the lower levels of antioxidants found with advancing CKD status.
On the other hand, this phenomenon showed the same trend, albeit it was not significant,
when arylesterase activity was measured. As paraoxonase and arylesterase activities
both measure generic PON1 activities [51,52], we should consider whether or not the
difference was due to the small number of studies on arylesterase in comparison to those of
paraoxonase in our present analysis [15]. On the other hand, the PON1 gene polymorphisms
of 192 Gln/Arg and 55 Leu/Met in the amino-acid sequence partially alter the enzymatic
activity of PON1 against paraoxon and not against arylesterase (i.e., 192 Gln/Arg QQ
homozygotes have a lower activity of paraoxonase) [53–55] and we can assume such genetic
effects on CKD stages. Thus, this point would merit further investigation, as the studies
included in our present analysis did not explore such effects of specific polymorphisms.

This study had several limitations. First, the range of PON1 activities was broad across
studies. This is partly based on a lack of standardization of PON1 measurements. This must
be overcome if PON1 activity is to be used routinely in clinical settings. Second, the impact
of PON1 activity on clinical outcomes (e.g., cardiovascular events [56,57]) in patients with
CKD was not investigated in the studies included in our present work. Third, although
PON1 activity might be affected by lifestyles (e.g., diet [53,54]), this was not examined in
the studies included in our present analysis. Fourth, although we conducted subgroup
analyses for heterogeneity, the reasons for the apparent high heterogeneity remain unclear.
Clarification of this issue is a future challenge.
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5. Conclusions

The present meta-analysis revealed that PON1 activity was low in patients with CKD
(without dialysis), indicating that antioxidant defense by PON1 could be impaired in
CKD. Lower PON1 activity levels were found in an advanced stage of CKD, as CKF, albeit
this phenomenon might differ by PON1-species. Further studies are warranted to firmly
establish PON1 activity as a relevant prognostic biomarker in CKD.
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Appendix A. Search Strategy

MEDLINE via PubMed
#1. “Aryldialkylphosphatase”[Mesh]
#2. “aryldialkylphosphatase”[tiab]
#3. “arylesterase”[tiab]
#4. “paraoxonase”[tiab]
#5. #1 OR #2 OR #3 OR #4
#6. “Renal Insufficiency”[Mesh]
#7. “Kidney Failure, Chronic”[Mesh]
#8. “Renal Insufficiency, Chronic”[Mesh]
#9. “Kidney Diseases”[Mesh]
#10. “Uremia”[Mesh]
#11. “end-stage renal”[tiab] OR “end-stage kidney”[tiab] OR “endstage renal”[tiab]

OR “endstage kidney”[tiab]
#12. “ESRF”[tiab] OR “ESKF”[tiab] OR “ESRD”[tiab] OR “ESKD”[tiab]
#13. “chronic kidney”[tiab] OR “chronic renal”[tiab]
#14. “CKF”[tiab] OR “CKD”[tiab] OR “CRF”[tiab] OR “CRD”[tiab]
#15. “predialysis”[tiab] OR “predialysis”[tiab]
#16. #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15
#17. #5 AND #16

CENTRAL via Cochrane Library
#1. MeSH descriptor: [Aryldialkylphosphatase] explode all trees
#2. aryldialkylphosphatase:ti,ab
#3. arylesterase:ti,ab
#4. paraoxonase:ti,ab
#5. #1 OR #2 OR #3 OR #4
#6. MeSH descriptor: [Renal Insufficiency] explode all trees
#7. MeSH descriptor: [Kidney Failure, Chronic] explode all trees
#8. MeSH descriptor: [Renal Insufficiency, Chronic] explode all trees
#9. MeSH descriptor: [Kidney Diseases] explode all trees
#10. MeSH descriptor: [Uremia] explode all trees
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#11. “end-stage renal”:ti,ab OR “end-stage kidney”:ti,ab OR “endstage renal”:ti,ab OR
“endstage kidney”:ti,ab

#12. ESRF:ti,ab OR ESKF:ti,ab OR ESRD:ti,ab OR ESKD:ti,ab
#13. “chronic kidney”:ti,ab OR “chronic renal”:ti,ab
#14. CKF:ti,ab OR CKD:ti,ab OR CRF:ti,ab OR CRD:ti,ab
#15. predialysis:ti,ab OR predialysis:ti,ab
#16. #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15
#17. #5 AND #16
Embase via Proquest
S1 EMB.EXACT.EXPLODE(“aryldialkylphosphatase”)
S2 ab(aryldialkylphosphatase) OR ti(aryldialkylphosphatase)
S3 ab(arylesterase) OR ti(arylesterase)
S4 ab(paraoxonase) OR ti(paraoxonase)
S5 S1 OR S2 OR S3 OR S4
S6. EMB.EXACT.EXPLODE(“kidney failure”)
S7. EMB.EXACT.EXPLODE(“chronic kidney failure”)
S8. EMB.EXACT.EXPLODE(“chronic kidney failure”)
S9. EMB.EXACT.EXPLODE(“kidney disease”)
S10. EMB.EXACT.EXPLODE(“uremia”)
S11. ab(end-stage renal) OR ti(end-stage renal) OR ab(end-stage kidney) OR ti(end-

stage kidney) OR ab(endstage renal) OR ti(endstage renal) OR ab(endstage kidney) OR
ti(endstage kidney)

S12. ab(ESRF) OR ti(ESRF) OR ab(ESKF) OR ti(ESKF) OR ab(ESRD) OR ti(ESRD) OR
ab(ESKD) OR ti(ESKD)

S13. ab(chronic kidney) OR ti(chronic kidney) OR ab(chronic renal) OR ti(chronic renal)
S14. ab(CKF) OR ti(CKF) OR ab(CKD) OR ti(CKD) OR ab(CRF) OR ti(CRF) OR

ab(CRD) OR ti(CRD)
S15. ab(predialysis) OR ti(predialysis) OR ab(predialysis) OR ti(predialysis)
S16. S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR S13 OR S14 OR S15
S17. S5 AND S16
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