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Objective: Recent studies suggest a possible involvement of low paraoxonase 1 (PON1) enzyme activities in the associa-
tion between schizophrenia, treatment with atypical antipsychotics and increased cardiovascular (CVD) risk. In the pres-
ent study, we aimed at investigating the PON1 status in a group of schizophrenic patients treated with either olanzapine 
or other antipsychotic, as compared to a group of healthy control participants.
Methods: We assessed the arylesterase (AREase) and paraoxonase (POase) activities of PON1, as well as three common 
polymorphisms of PON1 gene (Q192R, L55M, −108C＞T).
Results: We found significantly lower (−13.3%) AREase activity in schizophrenic patients, along with significantly lower 
(−18.2%) POase activity in olanzapine-treated patients with QQ genotype. Furthermore, we found a significant differ-
ence between groups in L55M polymorphism distribution, whereas Q192R and −108C＞T polymorphisms distributions 
were similar.
Conclusion: We identified the olanzapine-treated patients with QQ genotype as having the lowest PON1 (POase) activ-
ity, providing a possible way of identifying schizophrenic patients exposed to the greatest risk of CVD.
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INTRODUCTION

Schizophrenia is a severe and chronic mental disorder 
which often requires lifelong treatment with antipsy-
chotics.1) Atypical antipsychotics (AAP) are preferred to 
conventional antipsychotics in the treatment of schizo-
phrenia, due to their lower risk of extrapyramidal effects 
and superior therapeutic effect.2) Despite the fact that AAP 
have significantly improved the quality of life for schizo-
phrenic patients, these drugs are associated with adverse 
metabolic effects, which may lead to serious cardio-
vascular disease (CVD).3,4) Among the AAP, olanzapine 
has the highest potential of inducing adverse metabolic 
effects.5) Indeed, schizophrenic patients treated with AAP 

are a high-risk group for developing CVD, but the mecha-
nisms underlying this association remain elusive.4,6) How-
ever, one key element linking schizophrenia, AAP treat-
ment and increased CVD risk could be the paraoxonase 1 
(PON1) enzyme.

Human PON1, encoded by the PON1 gene on chro-
mosome 7q21.3, is a high-density lipoprotein-associated 
enzyme, which exerts a broad range of hydrolytic acti-
vities.7) Traditionally assayed are the arylesterase 
(AREase) and the paraoxonase (POase) activities.8) PON1 
concentration and activities display extreme inter-
individual variation, due to PON1 gene polymorphisms.9) 
The PON1 gene contains three common polymorphisms: 
Gln192Arg (Q192R, rs662) and Leu55Met (L55M, 
rs854560) in the coding region, and −108C＞T (rs705379) 
in the promoter.10) The Q192R polymorphism has a great 
influence on the POase activity, rendering a low activity 
in subjects with QQ genotype and high activity in subjects 
with QR and RR genotypes.9,11) However, it does not influ-
ence the AREase activity, which is considered a reliable 
indicator of PON1 concentration.12) The L55M poly-
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morphism influences PON1 protein stability and concen-
tration, while the −108C＞T promoter polymorphism 
influences PON1 gene level of expression.9,13)

PON1 has an atheroprotective effect, mainly through 
the inhibition of low-density lipoproteins oxidation, 
which is the key process in the pathophysiology of athe-
rosclerosis.14) Indeed, low POase and AREase activities 
are associated with a greater risk for developing CVD.15) 
Nonetheless, it remains unclear whether AAP could in-
crease CVD risk by modulating PON1 activities. Studies 
reveal inconsistent data concerning the effects of AAP 
treatment on PON1 activities: while some studies de-
scribe a lowering or increasing effect of certain AAP on 
PON1 activities, others report no effect at all.16-18) 
Curiously, none of these studies took into account the 
PON1 polymorphisms which could act as confounding 
factors, given the extreme interindividual variation of 
PON1 activities they can elicit.9)

Although contradictory, evidence points to PON1 as a 
possible link between schizophrenia, AAP treatment and 
increased CVD risk. The objective of this study was to in-
vestigate the AREase and POase enzymatic activities of 
PON1, along with the assessment of PON1 gene poly-
morphisms in schizophrenic patients treated with either 
olanzapine or another AAP, as compared to healthy 
controls. 

METHODS

Participants
We performed a case-control study on 60 schizo-

phrenic patients and 34 healthy controls. Individuals with 
a history of any genetic, metabolic or neurologic con-
dition, as well as those having a history of acute or chronic 
inflammatory disease or taking long-term medication 
(other than AAP in case of schizophrenic patients) were 
excluded from the study. The patients were diagnosed ac-
cording to the Diagnostic and Statistical Manual of Mental 
Disorders, fifth edition (DSM-5) criteria for schizo-
phrenia.19) The schizophrenic patients were treated with 
either olanzapine (n=27) or other AAP (n=33). The 
healthy controls were selected during routine health 
checks and had no past or present history of psychiatric 
disorders. All participants were interviewed about their 
age, personal medical history and previous treatments. 
Informed consent from each participant and ethical com-

mittee approval from Iuliu Hațieganu University of 
Medicine and Pharmacy (Cluj-Napoca, Romania) were 
obtained, the research protocol being in agreement with 
the Declaration of Helsinki of the World Medical 
Association.

Blood Samples Collection and Preparation 
Venous blood samples were obtained from each partic-

ipant and collected into vacutainers containing lithium 
heparin or ethylenediamine tetraacetic acid di-potassium 
salt, in order to obtain plasma and whole blood, respec-
tively. The vacutainers containing lithium heparin were 
centrifuged for 5 minutes at 3,500 rpm and the plasma 
was collected, aliquoted and stored at −80°C until 
analysis. The whole blood was processed for isolation and 
purification of genomic DNA, which was stored at −20°C 
until analysis.

Paraoxonase 1 Genotyping 
Genomic DNA was isolated from whole blood using 

the WizardⓇ Genomic DNA Purification kit and protocol 
(Promega, Madison, WI, USA). Genotyping of DNA sam-
ples was performed on Eppendorf Mastercycler thermal 
cycler (Eppendorf, Hamburg, Germany), using the poly-
merase chain reaction-restriction length polymorphism 
(PCR-RFLP) technique, adapted from Brophy et al.20)

Paraoxonase 1 Activities 
PON1 AREase and NaCl-stimulated paraoxonase 

(ssPOase) activities were measured spectrophotometri-
cally at 25°C, using a double beam ultraviolet-visible 
spectrophotometer (JASCO V-530; JASCO, Easton, MD, 
USA) according to the method described by Eckerson et 
al.21)

Statistical Analysis 
Data were analyzed using the IBM SPSS Statistics 

(version 23; IBM Co., Armonk, NY, USA). All quantitative 
variables were tested for normal distribution using the 
Shapiro-Wilk test. Normally distributed data were pre-
sented as mean±standard deviation, while asymmetric 
data were described by median and range. Qualitative 
variables were presented using frequencies. Quantitative 
data between groups were compared by using the in-
dependent-samples t test (for normally distributed data) 
and the Mann-Whitney U test or Kruskal-Wallis test (for 
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Table 1. Sociodemographic and clinical characteristics of the study 
participants

Characteristic
Schizophrenic 
patients (n=60)

Healthy 
controls (n=34)

p value

Gender 0.001*
  Male 42 12
  Female 18 22
  Male/female ratio 2.33 0.54
Age (yr) 34.04±9.55 39.79±11.42 0.011*
AAP - -
  Olanzapine 27 (45.0) - -
  Other 33 (55.0) - -

Values are presented as number only, mean±standard deviation, or 
number (%).
AAP, atypical antipsychotics.
*Groups significantly different.

Table 2. PON 1 polymorphisms distribution and allele frequency in 
schizophrenic patients as compared to healthy controls

PON1 genotype
Schizophrenic 
patient (n=60)

Healthy 
control (n=34)

2 p value

Q192R 1.876 0.391
  QQ 32 (53.3) 23 (67.6)
  QR 22 (36.7) 9 (26.5)
  RR 6 (10.0) 2 (5.9)
  Q/R 0.72/0.28 0.8/0.2 1.966 0.16
L55M 8.847 0.012*
  LL 37 (61.7) 12 (35.3)
  LM 16 (26.7) 19 (55.9)
  MM 7 (11.7) 3 (8.8)
  L/M 0.75/0.25 0.63/0.37 2.902 0.088
−108C＞T 1.594 0.451
  CC 15 (25.0) 11 (32.4)
  CT 27 (45.0) 15 (44.1)
  TT 13 (21.7) 4 (11.8)
Undetermined 5 (8.3) 4 (11.8)
  C/T 0.52/0.48 0.62/0.38 1.523 0.217

Values are presented as number (%).
*Groups significantly different.

Table 3. PON1 AREase activity in schizophrenic patients compared
to healthy controls

Subject

AREase activity (kU/L)

Median 
with IQR

Minimum Maximum

Schizophrenic patient (n=60) 97.36 (34.7)* 42.4 215.3
  Olanzapine (n=27) 99.57 (33.8) 61.1 215.3
  Other AAP (n=33) 95.55 (35.1) 42.4 160.2
Healthy control (n=34) 112.3 (69.3) 57.1 259.5

PON1, paraoxonase 1; AREase, arylesterase; IQR, interquartile range; 
AAP, atypical antipsychotics.
*p=0.044 (Mann-Whitney U test), significantly different from healthy 
controls.

asymmetric data). In order to compare the frequencies of 
qualitative variables, Pearson’s chi-square test was used. 

The multiple regression analysis for the AREase and 
ssPOase activities was conducted by using six indepen-
dent variables (gender, age, group, Q192R, M55L, and 
−108C＞T polymorphisms). The linear regression analy-
sis was performed in order to assess the influence of the 
three PON1 gene polymorphisms on AREase and 
ssPOase activities. No multiple comparisons adjustment 
was used in our study since we made a small number of 
planned comparisons with clearly defined hypotheses, 
avoiding post-hoc comparisons. 

A confidence interval of 95% and two-tailed p values of 
less than 0.05 were considered significant for all analyses. 

RESULTS

Characteristics of Participants
Sociodemographic and clinical characteristics of the 

subjects included in the study are shown in Table 1. There 
were significant differences in gender distribution 
(p=0.001) and age (p=0.011) between groups. 

PON1 Polymorphisms Distribution and Allele 
Frequency 

PON1 polymorphisms distribution and allele fre-
quency in schizophrenic patients as compared to healthy 
controls are shown in Table 2. All studied polymorphisms 
in patients and controls followed Hardy-Weinberg equili-
brium (p＞0.05). We found that Q192R and −108C＞T 
polymorphisms distributions were similar between pa-
tients and controls. However, there was a significant dif-
ference between groups in L55M polymorphism distri-
bution. Furthermore, there were no differences between 
groups in Q/R, L/M and C/T allele distribution. 

PON1 AREase Activity 
Schizophrenic patients (n=60) had significantly lower 

(−13.3%) AREase activity compared to the healthy con-
trols (n=34) (p=0.044), as shown in Table 3. Furthermore, 
taking into account the AAP medication, there was no sig-
nificant difference in AREase activity between patients 
treated with olanzapine, patients treated with other AAP, 
and healthy controls, respectively (p=0.131). However, 
schizophrenic patients treated with AAP had a lower 
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Table 5. Multiple regression analysis with AREase activity as depen-
dent variable

Model

Unstandardized 
coefficients

Standardized 
coefficients t p

B SE 

(Constant) 108.68 22.82 - 4.762 ＜0.001
Gender 8.04 8.63 0.1 0.93 0.354
Age −0.798 0.397 −0.215 −2 0.084
Group −27.92 9.25 −0.355 −3.02 0.003*
Q192R −0.27 7.06 −0.004 −0.038 0.97
L55M 11.49 7.09 0.21 1.62 0.11
−108C＞T 8.94 6.5 0.16 1.37 0.173

AREase, arylesterase; SE, standard error. 
*Statistically significant, p＜0.05.

Table 4. PON1 ssPOase activity in schizophrenic patients compared to healthy controls, according to the Q192R polymorphism distributions

Subject

ssPOase activity (U/L)

QQ QR/RR

n Median (range) n Median (range)

Schizophrenic patient (n=60) 32 246.85 (765.2) 28 848.8 (1,221.1)
  Olanzapine (n=27) 17 239.5 (253.8)* 10 851.8 (693.4)
  Other AAP (n=33) 15 271.4 (704.9) 18 847.25 (1,221.1)
Healthy control (n=34) 23 292.9 (1,594.3) 11 902.5 (1,350.9)

PON1, paraoxonase 1; ssPOase, NaCl-stimulated paraoxonase; AAP, atypical antipsychotics.
*p=0.049 (Mann-Whitney U test), significantly different from other atypical antipsychotics-treated patients with QQ genotype and healthy 
controls with QQ genotype.

Table 6. Multiple regression analysis with ssPOase activity as 
dependent variable

Model

Unstandardized 
coefficients

Standardized 
coefficients t p

B SE 

(Constant) −439.62 145.51 - −3.02 0.003
Gender 10.84 55.03 0.14 0.197 0.844
Age −0.647 2.53 −0.017 −0.255 0.799
Group −82.33 58.97 −0.1 −1.4 0.167
Q192R 486.75 45.02 0.769 10.81 ＜0.001*
L55M 28.61 45.2 0.05 0.633 0.529
−108C＞T 128.83 41.47 0.233 3.11 0.003*

ssPOase, NaCl-stimulated paraoxonase; SE, standard error.
*Statistically significant, p＜0.05.

AREase activity compared to healthy controls, either it 
was the subgroup treated with olanzapine (−11.3%) or 
with other AAP (−14.9%).

PON1 ssPOase Activity 
Given the known influence of the Q192R polymor-

phism on the POase activity of PON1, we distributed the 
patients and control subjects into either QQ or QR/RR 
subgroups according to the Q192R polymorphism dis-
tributions, as shown in Table 4.

As expected, subjects with QQ genotype had sig-
nificantly lower (−69.2%) ssPOase activity, compared to 
subjects with QR/RR genotypes (p＜0.001).

Referring to the QQ genotype subgroup, there was no 
significant difference between schizophrenic patients 
(n=32, regardless of their medication) and healthy con-
trols (n=23) (p=0.067), as shown in Table 4. However, 
schizophrenic patients had a lower (−15.7%) ssPOase 
activity compared to healthy controls. Taking into ac-
count the AAP medication, we found a significant differ-

ence in ssPOase activity between olanzapine-treated pa-
tients, other AAP-treated patients and healthy controls, re-
spectively (p=0.049). Thus, olanzapine-treated patients 
had lower ssPOase activity compared to other AAP-treat-
ed patients (−7.2%) and healthy controls (−18.2%), 
respectively. 

Regarding the QR/RR genotypes subgroup, there was 
no significant difference between schizophrenic patients 
(n=28, regardless of their medication) and healthy con-
trols (n=11) (p=0.59). However, schizophrenic patients 
had a lower (−5.95%) ssPOase activity compared to 
healthy controls. Taking into account the AAP medi-
cation, there was no significant difference in ssPOase ac-
tivity between olanzapine-treated patients, other AAP- 
treated patients, and healthy controls, respectively (p= 
0.765). However, schizophrenic patients had a lower 
ssPOase activity compared to healthy controls, both for 
olanzapine (−5.6%) and other AAP (−6.1%) treated 
subgroups.
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Regression Analysis 
We performed a multiple regression analysis, which 

showed that AREase activity was significantly influenced 
(adjusted R2=0.151, F6,74=3.368, p=0.005) only by group 
(=−0.355, standard error [SE]=9.25, p=0.003), as 
shown in Table 5.

Moreover, ssPOase activity was significantly influ-
enced (adjusted R2=0.664, F6,74=27.368, p＜0.001) by 
Q192R (=0.769, SE=45.02, p＜0.001) and −108C＞T 
(=0.233, SE=41.47, p=0.003) polymorphisms, as shown 
in Table 6. 

We also performed a linear regression analysis, which 
showed that the Q192R polymorphism explained 64.6% 
of ssPOase activity total variance (adjusted R2=0.646, p＜ 

0.001), but did not influence AREase activity (adjusted 
R2=−0.011, p=0.868). Moreover, the L55M poly-
morphism explained 19.6% of ssPOase activity total var-
iance (adjusted R2=0.196, p＜0.001), but influenced to a 
lesser extent AREase activity (adjusted R2=0.038, 
p=0.033). Lastly, the −108C＞T polymorphism had a 
modest influence on both ssPOase (adjusted R2=0.059, 
p=0.014) and AREase (adjusted R2=0.072, p=0.008) 
activities. 

DISCUSSION

Recent evidence suggests that PON1 plays a role in the 
association between schizophrenia, AAP treatment and 
increased CVD risk. In the current study, we aimed at in-
vestigating the PON1 status in schizophrenic patients 
treated with either olanzapine or other AAP. Thus, we as-
sessed the most common polymorphisms in the PON1 
gene (Q192R, L55M, and −108C＞T) along with PON1 
activities (AREase and ssPOase).

PON1 polymorphisms account for the great inter-
individual variation of PON1 concentration and activi-
ties.9) Our data showed that PON1 polymorphisms dis-
tribution and allele frequency in our participants were 
similar to those in other European populations.22) Q192R 
and −108C＞T polymorphisms distribution was similar 
between patients and controls. However, there was a sig-
nificant difference in L55M polymorphism distribution 
between groups, explained by a higher LL genotype fre-
quency in patients as compared to controls. The L55M 
polymorphism influences PON1 protein stability and 

concentration and has a significant effect on PON1 activ-
ities independent of Q192R polymorphism.9,13,23) Indeed, 
our findings showed that L55M polymorphism sig-
nificantly influenced both AREase and ssPOase activities. 
Although some studies suggest that LL genotype might be 
a protective factor for schizophrenia, our data did not en-
dorse this hypothesis.24) 

Recent investigations indicate that low AREase and 
POase activities are associated with greater risk for devel-
oping CVD.15) However, it remains unclear whether AAP 
could increase CVD risk by altering PON1 activities. Our 
data showed that AAP-treated patients had significantly 
reduced AREase activity. As low AREase activity predicts 
CVD, it may be assumed that AAP-treated patients are ex-
posed to a greater risk for CVD.15) Since AREase activity is 
considered a reliable indicator of PON1 concentration, 
this could also indicate a reduced level of the protein in 
AAP-treated patients.12) However, patients had sig-
nificantly higher LL genotype frequency, which is asso-
ciated with elevated levels of PON1.13) Thus, there might 
be another factor that can account for the observed low 
AREase activity. 

Furthermore, we assessed the ssPOase activity in rela-
tion to Q192R polymorphism. The Q192R polymorphism 
has a marked influence on the POase activity, eliciting a 
low activity in subjects with QQ genotype and high activ-
ity in subjects with QR and RR genotypes.9,11) Indeed, our 
findings were in line with these observations. Further-
more, concerning the subjects with QQ genotype, we 
found significantly reduced ssPOase activity in the sub-
group of schizophrenic patients treated with olanzapine. 
The subgroup of subjects with QR and RR genotypes had 
similar ssPOase activities. As low POase activity predicts 
CVD, it may be assumed that olanzapine-treated patients 
with QQ genotype are exposed to the greatest risk for 
CVD.15) Indeed, among AAP, olanzapine has the highest 
potential of adverse metabolic effects and subsequently 
CVD.4,5) Nevertheless, there is no clear association be-
tween individuals with QQ genotype and increased CVD 
risk.15) Therefore, it may be assumed that subjects with 
QQ genotype, having a genetically determined lower 
POase activity are more vulnerable to the effect of 
olanzapine. Conversely, the observed low POase activity 
could be the consequence of a low PON1 protein level, as 
the AREase activity was also lower in schizophrenic 
patients. However, the LL genotype, associated with ele-
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vated levels of PON1, was also more frequent in 
patients.13) Thus, there might be a common factor that can 
decrease both AREase and POase activities.

As studies reveal inconsistent data, the influence of 
AAP treatment on PON1 activities remains to be deter-
mined. Nonetheless, the observed low PON1 activities 
might result from the combined effect of PON1 poly-
morphic variants, other interfering genes, and environ-
mental factors. Intra- and inter-assay variation for PON1 
activities were ＜5%, so the observed differences in activ-
ities cannot be explained by technical variability. The 
multiple regression analysis performed in our participants 
showed that AREase activity was influenced only by 
group, whereas the major determinants of ssPOase activ-
ity were Q192R and −108C＞T polymorphisms, as pre-
viously reported in other studies.9,15) 

Studies report conflicting data regarding the effects of 
AAP treatment on PON1 activities. One study did not find 
any significant effect of olanzapine on PON1 activities.18) 
However, other study reported significantly lower POase 
activity in patients treated with olanzapine, compared 
with patients treated with quetiapine and healthy 
controls.16) Conversely, another study reported an in-
creasing effect of the AAP drug risperidone on AREase 
activity.17) All these observations should be regarded with 
caution, as each AAP might have varying effects on PON1 
activities. Moreover, none of these studies took into ac-
count the significant influence of PON1 polymorphisms 
on activities. To the best of our knowledge, this is the first 
study that reports on PON1 activities in AAP-treated 
schizophrenic patients, in relation to PON1 poly-
morphisms distribution. 

Whereas our study has reached its aims, it had several 
limitations. First, our groups were unequal in size, due to 
difficulties in recruiting healthy peers. Second, our stud-
ied groups were not gender- and age-matched. Although 
there was a significant difference in gender and age be-
tween groups, neither of these factors significantly influ-
enced PON1 activities, as shown by our multiple re-
gression analysis. Finally, we lacked information on sev-
eral factors, such as duration of the psychiatric illness, 
body mass index (BMI), lipid profile, or lifestyle 
(smoking, eating habits and exercise), all of which could 
have influenced PON1 activities.25)

In order to clarify the PON1 role in the association be-
tween schizophrenia, AAP treatment and increased CVD 

risk, further research is needed. Studies should emphasize 
the effects of each AAP on PON1 activities, since each 
AAP has a unique risk profile.26) It is possible to compare 
different antipsychotic treatments, given that the AAP dos-
age and duration of treatment can be transformed to 
chlorpromazine or haloperidol equivalents.27) Ideally, 
one should assess PON1 activities before and after AAP 
treatment, in order to discard any effects elicited by the 
psychiatric condition. At the same time, one should con-
trol for other factors influencing PON1 activities, such as 
PON1 gene polymorphisms, lipid profile, BMI and 
lifestyle.

In summary, this is the first study that reports on low 
PON1 activities in AAP-treated schizophrenic patients, in 
relation to PON1 polymorphisms distribution. These re-
sults provide some possible explanation for the increased 
risk of CVD in schizophrenic patients treated with AAP. 
Also, whether the QQ genotype is a possible biomarker 
for such increased risk in schizophrenic patients receiving 
AAP will require more extensive investigations.
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