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Abstract Human serum paraoxonase (PON1) is associ-

ated with HDL and inhibits oxidative modification of LDL.

PON1 enzymatic activity has been shown to decrease in

diabetic patients; however, the effect of PON1 status on

long-term outcome has not been reported. In this study, we

examined the association between baseline PON1 status

and the development of cardiovascular disease (CVD)

during 10 years of follow-up in 88 type 2 diabetic patients

whose enzymatic activities, concentrations, and genetic

polymorphisms of PON1 had been determined. A total of

20 CVD events were recorded during the follow-up period.

Using Kaplan–Meier survival curves, we found a signifi-

cantly increased incidence of CVD in patients with a lower

concentration or paraoxonase activity of PON1 than each

median value (log-rank 7.460; P \ 0.01, and log-rank

4.187; P \ 0.05, respectively). By Cox regression analysis,

both concentration and paraoxonase activity were signi-

ficantly associated with the development of CVD, even

after correction for gender, age, and preexisting CVD

(P \ 0.05). Low concentration and enzymatic activity of

PON1 may be an independent predictor of cardiovascular

events in diabetic patients.
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Introduction

The oxidative modification of low-density lipoprotein

(LDL) plays a central role in the initiation and acceleration

of atherosclerosis. Human serum paraoxonase (PON1), an

esterase associated with high-density lipoprotein (HDL),

reduces the susceptibility of LDL to lipid peroxidation in

vitro [1]; therefore, this enzyme is thought to have a central

role in the inhibitory effect of HDL on lipid peroxidation.

We [2, 3] and other investigators [4, 5] have shown that

PON1 levels are decreased in diabetic patients. Recently,

Lakshman et al. [6] showed a clear inverse correlation

between PON1 enzymatic activity and the severity of

cardiovascular disease (CVD) in a cross-sectional study of

type 2 diabetic subjects; however, the effect of PON1 status

on the long-term outcome of diabetic patients remains

unknown. We therefore examined the association between

baseline PON1 status and CVD in an observational study of

an outpatient diabetic population.

Patients and methods

We had previously recruited 108 patients with type 2 dia-

betes (53 males and 55 females) from our outpatient clinic

between June and October 1996, and determined PON1

enzymatic activity, concentrations, gene polymorphisms,

and other clinical parameters [2, 3]. Among these patients,

we were able to follow-up 88 patients (41 males and 47

females) until October 2006. At baseline, mean age of the

88 patients was 57.0 ± 9.0 years (range 33–69), and

duration of diabetes was 10.0 ± 8.4 years (range 1–31).

CVD was defined as the presence of coronary heart dis-

ease (CHD), a cerebrovascular accident (CVA), peripheral

vascular disease (PVD) or congestive heart failure (CHF);
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13 patients already had CVD at the baseline examina-

tion. A detailed description of the study population and

definitions of CHD, CVA, and PVD have already been

reported [2].

PON1 enzymatic activities, concentrations, and the PON1

gene polymorphisms, determined in previous studies [2, 3],

were used for this study. Briefly, paraoxonase assays

were performed on serum samples. Paraoxonase activity

was measured using paraoxon as the substrate [2]. PON1

concentrations were quantified by competitive enzyme

immunoassay as described in detail [3]. Genomic DNA

extracted from blood cells was used to determine

PON1 genotypes. The coding region 192Q/R and 55L/M

polymorphisms were evaluated by PCR–RFLP [2], and the

-108C/T promoter polymorphism was evaluated by a cycle

sequencing method [3].

All values were shown as mean ± SD. Kaplan–Meier

event-free survival curves were analyzed separately in

participants with baseline PON1 status above and below

the median value and compared using the log-rank test.

Prognostic variables for survival were evaluated using

Cox-proportional hazards regression models, and summa-

rized as hazards ratio and 95% confidence interval (CI).

Results

During follow-ups over a period of 10 years, we recorded

20 CVD events, including CHD (n = 9), CVA (n = 8) and

CHF (n = 3). Eight patients died from CVD (n = 4),

cancer (n = 2), or infectious diseases (n = 2) during the

period.

The median values of PON1 concentration and parao-

xonase activity at baseline were 17.6 U/ml and 103.8 U/l,

respectively. First, we compared event-free survival curves

for CVD between the subgroup with PON1 concentrations

of 17.6 U/ml or greater (n = 44) and the subgroup with

concentrations lower than 17.6 U/ml (n = 44). As shown

in Fig. 1, overall CVD events were significantly frequent in

the group with lower PON1 levels by Kaplan–Meier esti-

mation (log-rank 7.460, P \ 0.01). We also compared

survival curves between the subgroup with paraoxonase

activity of 103.8 U/l or greater (n = 44) and that with the

activity lower than 103.8 U/l (n = 44). Overall CVD

events were significantly frequent in the group with lower

paraoxonase activity (log-rank 4.187, P \ 0.05).

We next used Cox-proportional hazards models to

identify significant predictors for the development of CVD.

By univariate analyses, PON1 concentration and parao-

xonase activity were found to be significant predictors for

CVD (P \ 0.01 and P \ 0.05, respectively), as was pre-

existing CVD at entry (P \ 0.05). A multivariate analysis

model, which included PON1 concentration or paraoxon-

ase activity in addition to age, gender and preexisting

CVD, showed that both PON1 concentration and parao-

xonase activity were independent predictors (Table 1).

Age-, gender- and preexisting CVD-adjusted hazard ratio

for every 1 U/ml increment in PON1 concentration was

0.905 (P \ 0.05) and for every 1 U/l increment in parao-

xonase activity it was 0.988 (P \ 0.05). On the other hand,

no associations of the PON1 gene polymorphisms with the

development of CVD during the follow-up period were

detected by Kaplan–Meier methods or Cox-proportional

hazards regression models (data not shown).

Discussion

It has been shown that PON1 enzymatic activity is

decreased in CHD patients [7, 8]. Recently, decreased

PON1 activity was also shown in ischemic stroke patients

[9, 10]. However, data obtained from such cross-sectional

analyses are limited, because it remains unclear whether

the decrease in PON1 precedes the development of the

clinical events considered to be the end point of athero-

sclerosis. In this study, we showed that both PON1
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Fig. 1 Kaplan–Meier event-

free survival curves showing

cardiovascular events (n = 20)

in 88 diabetic patients grouped

into higher concentration

(dotted line, n = 44) and lower

concentration (solid line,

n = 44) groups according to the

median baseline PON1

concentration (left). A similar

analysis in those patients

grouped into higher activity

(dotted line, n = 44) and lower

activity (solid line, n = 44)

groups according to the median

baseline paraoxonase activity

(right)
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concentration and enzymatic activity are independent pre-

dictors of the development of CVD in diabetic patients.

This is the first study to show an association between PON1

status and long-term clinical outcome in this category of

patients. Having a history of CVD is one of the most

important predictors of a cardiovascular event. Our data

may be criticized for the analysis of a mixed population

including patients both with and without preexisting CVD

at baseline. Indeed, preexisting CVD has been shown to

be a significant risk factor for CVD in univariate Cox-

proportional hazards modeling. However, multivariate

modeling clearly demonstrated that both low concentration

and low activity were significant independent risks for

incident CVD, even after adjustment for preexisting CVD

as well as age and gender. Very recently, Bhattacharyya

et al. [11], in a large-scaled prospective study of patients

undergoing diagnostic coronary angiography, reported that

low PON1 activity is associated with increased risk of

CVD events. These findings strongly support our results,

although they did not evaluate PON1 concentrations.

Many investigators have reported associations of PON1

polymorphisms, including 55L/M, 192Q/R and -108C/T,

with the presence of CHD in case-control studies. Espe-

cially, 192RR genotype has been emphasized as a risk

factor for CHD [12] though some studies present negative

results [13]. Mackness et al. [14] demonstrated, in vitro,

that HDL from PON1 192QQ homozygotes, which show

the lowest paraoxonase activity, is effective in protecting

LDL, while that from RR homozygotes, which show the

highest activity, and is less effective. In concordance with

this, a recent study showed that malondialdehide concen-

tration, a marker of oxidative stress, was significantly

higher in CHD patients with RR phenotype than in those

with QQ phenotype [15]. In the present study, however,

none of PON1 gene polymorphisms was associated with

the development of CVD during the observation period.

Similarly, previous prospective studies failed to identify

direct associations of PON1 polymorphisms with CHD

events in a healthy male population [16] and a CHD patient

population [17]. Furthermore, the most recent prospective

study of Bhattacharyya et al. [11] demonstrated for the first

time that 192QQ genotype is associated with increased risk

of CVD events. This is opposite to previous case-control

studies, which suggested 192RR genotype to be a risk

factor for CHD [12]. Thus, the effect of PON1 polymor-

phism on the development of CVD remains unclear, and it

may be quite different depending on the study population.

Both concentrations and functional activity of PON1 can

be influenced not only by genetic polymorphisms but also

many environmental factors. Therefore, circulating PON1

status, which probably reflects the consequence of an

interaction between genetic and environmental factors,

may be a better risk marker for CVD than genetic

polymorphisms.

Although the subject number in this study was too

small to arrive at any definitive conclusions, our findings

are suggestive that PON1 levels are associated with the

development of CVD in diabetic patients. More extensive

prospective studies involving larger cohorts need to be

undertaken to confirm any causative link between PON1

status and the development of CVD in this type of

patient.
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