
Background: Sepsis is a state of augmented oxidative 
stress and diminished antioxidant capacity. High den-
sity lipoprotein (HDL) particles were shown to possess 
antioxidant and anti-inflammatory properties, as well 
as Paraoxonase 1 (PON1), which is an enzyme that is 
also protective against HDL oxidation. Previous stud-
ies suggested a possible role of decreased PON1 activ-
ity or HDL levels in sepsis patients.
Aims: The present study was designed to test a hypoth-
esis that higher PON1 activity and HDL-cholesterol 
levels could predict a better survival in sepsis patients.
Study Design: Observational study.
Methods: Venous blood samples were collected from 
sepsis patients for HDL-cholesterol levels, PON1 ac-
tivity and cytokine assays (TNF-α and IL-6) and Acute 
Physiologic and Chronic Health Evaluation II (APACHE 
II) scores were calculated in order to weight patients’ 
disease severity on the day of sepsis diagnosis. Patients 
were followed-up until the 28th day for any cause intra-
hospital mortality. Data were statistically analyzed for 
effects of study parameters on patients’ survival.
Results: In total, 85 patients with sepsis were included 
in the study. The mean age was 65.2±17.9 years and 
48 were male; at the end of the 28-day follow-up pe-

riod, 46 survived. TNF-α (86.9±10.5 vs 118.6±16.4) 
and IL-6 levels (906.7±82.7 vs 1323.1±54.3) were sig-
nificantly higher in non-survivors, while PON1 activity 
(140.7±42.3 vs 66.7±46.6) and HDL-cholesterol lev-
els (43.6±8.1 vs 34.5±8.9) were significantly higher in 
survivors (p<0.001 for all). TNF-α (r=-0.763) and IL-6 
levels (r=-0.947) showed strong negative correlations, 
PON1 activity (r=0.644) and HDL-cholesterol levels 
(r=0.477) showed positive correlations with patient sur-
vival (p<0.001 for all). Survival estimates significantly 
favored TNF-α (Log Rank 59.5, p<0.001) and IL-6 
levels (Log Rank 53.2, p<0.001) according to PON1 
activity (Log Rank 5.4, p<0.03) and HDL-cholesterol 
levels (Log Rank 8.3, p<0.005). Regression analyses 
for relative contributions of parameters to survival 
showed that higher IL-6 levels (t:-16.489, p<0.001) 
were the most significant negative factor for survival, 
and TNF-α levels (t:-4.417, p<0.001), whereas PON1 
activity had a positive effect (t:3.210, p<0.003).
Conclusion: The present study showed that although 
low PON1 activity and HDL-cholesterol levels were 
related to mortality, higher levels were not found to be 
as predictive as cytokine levels for survival.
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Sepsis is a systemic inflammatory response triggered by 
an infection (1). In the first phase of sepsis, inflammatory 
mediator surge by defense mechanisms causes an increased 
oxidative stress state (2). The second phase is defined by an 
anti-inflammatory surge while the inflammatory process con-

tinues. The final outcome is determined by the challenge of 
inflammatory and anti-inflammatory mechanisms to regain a 
balanced-state (3). Dysregulation of this desired balance to-
ward the inflammatory and oxidative state is accused for the 
undesired destructive outcomes (4).



Previous studies have considered anti-inflammatory and an-
ti-oxidant effects of Paraoxonase 1 (PON1) and high density 
lipoproteins (HDL). Decreased PON1 activity and HDL levels 
were shown in sepsis. In addition, the inflammatory condi-
tion caused oxidation of HDL particles, which in turn acted as 
a pro-inflammatory mediator (5-8). PON1 is an enzyme that 
is synthesized primarily in the liver, which metabolizes toxic 
oxidized HDL particles, and plays an anti-inflammatory role 
in inflammation (9). HDL particles and PON1 have been con-
sidered to neutralize lipopolysaccharides (LPS), inhibit the 
synthesis of some pro-inflammatory cytokines and modulate 
endothelial function (5,10).

Assuming the possible relations in the sepsis process, the 
present study was designed to test a hypothesis that higher 
PON1 activity and HDL-cholesterol levels could predict a bet-
ter survival in sepsis patients.

MATERIALS AND METHODS

The study was designed as an observational study, and per-
formed on patients in a medical intensive care unit (ICU) of a 
university research hospital, within a two month period. The 
ethics committee approval was received from the local author-
ity. Participants were included in the study after their written 
informed consent was received.

Patients and study design
The patients in the ICU were screened for sepsis, based on 

the definition of the American College of Chest Physicians/
Society of Critical Care Medicine Consensus Conference, 
and were treated as recommended (1). Patients with end-stage 
cancer, liver cirrhosis, history of hyperlipidemia, on lipid-
lowering drugs or receipt of total parenteral nutrition were not 
included in the study, to avoid bias on PON1 and HDL-cho-
lesterol levels. Venous blood samples were collected on the 
day of sepsis diagnosis from all participating patients for mea-
surements of HDL-cholesterol levels and PON1 activities and 
cytokine assays (TNF-α and IL-6 levels). The first day Acute 
Physiologic and Chronic Health Evaluation II (APACHE II) 
scores, which contains 14 parameters of patient’s status and 
have been shown to be predictive for patient survival in the 
ICU, were calculated in order to weight patients’ disease se-
verity and mortality estimation (11). Patients were followed-
up for survival or any-cause intra-hospital mortality until the 
28th day.

Biochemical measurements
An auto-analyzer (Hitachi 917 Clinical Immunoassay Ana-

lyzer; Roche Diagnostics, Indianapolis, U.S.) was used for 
HDL-cholesterol assays (mg/dL).

Paraoxonase 1 activity assay
Paraoxonase 1 activity in plasma was measured using paraox-

on (Paraoxon; Sigma-Aldrich Co. LLC., Taufkirchen, Germa-
ny) as a substrate, and the assay was conducted at a temperature 
of 37°C in a microplate reader (BioTech®SynergyTM HT Reader; 
BioTech®SynergyTM, Vermont, U.S.). An aliquot of plasma (10 
µL) was resuspended in a basal assay mixture (5 mM Tris-HCl, 
pH 7.4 containing 0.15 M NaCl, 4 mM MgCl2, 2 mM CaCl2 
and 1.0 mmol/L paraoxon). Paraoxon hydrolysis was kinetical-
ly monitored for 8 minutes (every 15 seconds) at 412 nm. The 
non-enzymatic hydrolysis of paraoxon was subtracted from the 
total rate of hydrolysis. The enzyme activity was calculated by 
KC4TM software (KC4TM; BioTech®SynergyTM, Vermont, U.S.) 
for microplate reader (U/mL) as described by Huen et al (12).

Cytokine assays
Samples were allowed to clot for 30 minutes before centrif-

ugation for 15 minutes at approximately 1000 x g. After cen-
trifugation, serum was immediately stored at -80ºC. TNF-α 
and IL-6 in serum samples were measured by quantitative 
sandwich ELISA kits (Human TNF-α Quantikine ELISA Kit 
and Human IL-6 Quantikine ELISA Kit; R&D System Inc., 
Minneapolis, U.S.) (pg/mL).

Statistical analysis
The required sample size was estimated by a software pack-

age (G-Power© 3.0.10 PC; by Fraz Faul, Universtat Kiel, Kiel, 
Germany) and calculated to 82 (effect size 0.5, two-tailed, α 
0.05, power 0.8). Statistical analyses were performed using 
SPSS (SPSS PC Ver.22; IBM© SPSS Inc., New York, U.S.). 
Data were presented as mean ± SD and two-tailed probabili-
ties less than 0.05 with 95% CI were considered as significant. 
Parametric data were tested for distribution normality; Stu-
dent’s T test and Pearson correlation (r) were performed when 
appropriate. The ability of study parameters to predict the 28-
day mortality rate was analyzed by generating Receiver Op-
erator Characteristics (ROC) and Area under Curve (AUC). 
Kaplan-Meier survival analysis (28 day), Linear Regression 
analyses and Automatic Linear Modelling (ALM) were per-
formed to show the possible effects of parameters on survival, 
all weighted by APACHE II scores. Automatic Linear Model-
ling was a specific tool for modelling larger studies, using the 
SPSS software, which helped to estimate the relative contribu-
tions of factors on the target.

RESULTS

According to the predefined criteria of the study, 85 pa-
tients with sepsis were included in the study. The mean age 

Balkan Med J, Vol. 32, No. 2, 2015

184 İnal et al. Paraoxonase 1 and Sepsis



was 65.2±17.9 years and 48 were male; at the end of 28-day 
follow up period, 46 had survived. There were no statistical 
difference between surviving and deceased patients in respect 
to age and gender.

APACHE II scores, and TNF-α and IL-6 levels were sig-
nificantly higher in non-survivors; on the other hand, PON1 
activity and HDL-cholesterol levels were significantly higher 
in survivors (p<0.001 for all parameters) (Table 1).

Correlation and ROC analyses data for patients’ survival or 
death are presented in Table 2. TNF-α and IL-6 levels showed 
strong negative correlations with patient survival (p<0.001 for 
both). Although both were statistically significant, PON1 ac-
tivity and HDL-cholesterol levels showed positive but weaker 
correlations with patient survival than cytokines (p<0.001 for 
both). Similar results were found in ROC-AUC analyses for 
predictive power of these parameters for patient’s survival or 
death.

The results of Kaplan-Meier survival analysis also sig-
nificantly favored TNF-α and IL-6 levels in short-mid-long 

term estimates (p<0.001 for both). In addition, PON1 activity 
and HDL-cholesterol levels were also statistically significant 
(p<0.001 for both) (Table 3).

Regression analyses for relative contributions of study pa-
rameters to survival weighted by APACHE II scores showed 
that higher IL-6 levels were the most significant negative fac-
tor for survival (p<0.001). TNF-α levels were also a signifi-
cant negative factor (p<0.001), whereas PON1 activity had a 
positive but less significant effect (p<0.003). Automatic Lin-
ear Modelling (ALM) estimates, also weighted by APACHE II 
scores, for relative importance of parameters for survival indi-
cated that IL-6 levels had the highest importance, while PON1 
activity had the least importance among parameters (CI: 95%, 
test accuracy: 93.4%) (Table 4).

DISCUSSION

Sepsis is one of the leading causes of mortality in ICUs, 
despite recent diagnostic and therapeutic advances (1). Novel 
accumulating evidences on pathophysiologic processes in 
sepsis have encouraged researchers to conduct studies on dif-
ferent aspects of the inflammatory cascade. The present study 
aimed to test possible effects of known antioxidant and anti-
inflammatory properties of HDL-cholesterol and PON1 activ-
ity on sepsis survival. Considerable changes in the concentra-
tion and composition of plasma lipids and lipoproteins have 
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  mean±SD Student’s T

APACHE II score s 20.9±2.9 p<0.001
 ns 28.1±2.8

TNF-α (pg/mL) level s 86.9±10.5 p<0.001
 ns 118.6±16.4

IL-6 (pg/mL) level s 906.7±82.7 p<0.001
 ns 1323.1±54.3

PON1 (U/mL) activity s 140.7±42.3 p<0.001
 ns 66.7±46.6

HDL-C (mg/dL) level s 43.6±8.1 p<0.001
 ns 34.5±8.9

APACHE II: Acute Physiologic and Chronic Health Evaluation II; TNF-α: Tumor 
Necrosis Factor-alpha; IL-6: Interleukin-6; PON1: Paraoxonase 1; HDL-C: HDL-
cholesterol; (s): Survivors; (ns): Non-Survivors

TABLE 1. The descriptive (mean±SD) values of study parameters and 
statistical comparison by Student’s T test

 Pearson Correlation ROC

IL-6 (pg/mL) level r=(-)0.947 AUC:1.0 CI:1.0-1.0 
 p<0.001 p<0.001

TNF-α (pg/mL) level r=(-)0.763 AUC:0.941 CI:0.895-0.986 
 p<0.001 p<0.001

PON1 (U/mL) activity r=0.644 AUC:0.874 CI:0.788-0.960 
 p<0.001 p<0.001

HDL-C (mg/dL) level r=0.477 AUC:0.776 CI:0.671-0.881 
 p<0.001 p<0.001

ROC: Receiver Operator Characteristics; AUC: Area under Curve; IL-6: Inter-
leukin-6; TNF-α: Tumor Necrosis Factor-alpha; PON1: Paraoxonase 1; HDL-C: 
HDL-cholesterol

TABLE 2. Pearson correlation and ROC analyses data for survival

 (t) p (ALM) importance

IL-6 (pg/mL) level (t:-16.489) p=0.000 0.889

TNF-α (pg/mL) level (t:-4.417) p=0.000 0.070

PON1 (U/mL) activity (t:3.210) p=0.002 0.004

APACHE II: Acute Physiologic and Chronic Health Evaluation II; IL-6: Interleu-
kin-6; TNF-α: Tumor Necrosis Factor-alpha; PON1: Paraoxonase 1

TABLE 4. Regression analyses summary; estimates of relative contributions 
of factors for survival weighted by APACHE II scores, and Automatic Linear 

Modelling (ALM) estimates for relative importance (CI: 95%, accuracy: 93.4%)

 Log Rank χ2 Breslow χ2 Tarone-Ware χ2

TNF-α (pg/mL) level 59.498 48.106 53.684 
 (p=0.000) (p=0.000) (p=0.000)

IL-6 (pg/mL) level 53.240 44.762 49.111 
 (p=0.000) (p=0.000) (p=0.000)

HDL-C (mg/dL) level 8.349 7.408 8.014 
 (p=0.004) (p=0.006) (p=0.005)

PON1 (U/mL) activity 5.382 3.132 4.135 
 (p=0.020) (p=0.077) (p=0.042)

APACHE II: Acute Physiologic and Chronic Health Evaluation II; TNF-α: Tumor 
Necrosis Factor-alpha; IL-6: Interleukin-6; HDL-C: HDL-cholesterol; PON1: 
Paraoxonase 1

TABLE 3. Kaplan-Meier survival analyses by factor APACHE II scores



been reported in patients with sepsis (13). Concentrations of 
lipoproteins, especially high density lipoproteins, were mark-
edly reduced and these changes were found to be closely re-
lated to the severity of infection (10).

Shor et al. (14) compared 108 patients with HDL-cholester-
ol levels of ≤20 mg/dL and 96 patients with ≥65 mg/dL, and 
reported that lower HDL-cholesterol levels were associated 
with higher mortality rates (OR 0.96, 95% 0.93-0.99, p=0.02). 
They observed that for each 1 mg/dL increase in HDL-choles-
terol levels, a relative 11% decrease in odds of sepsis mortal-
ity occurred. In our study, HDL-cholesterol levels were also 
significantly higher in survivors. On the other hand, our non-
survivors’ HDL-cholesterol levels were higher (34.5±8.9 mg/
dL) than the non-survivor HDL-cholesterol levels (16.1±33 
mg/dL) in the study by Shor. That was possibly due to differ-
ences between study populations and designs, as they includ-
ed patients with malignancies, all patients were not suffering 
sepsis and they used a different disease weighting scale than 
APACHE-II, which was used in our study. In addition, they 
specifically tested effect mortality but not survival, and their 
survivor group HDL-cholesterol levels were much higher 
(74.9±12.6 mg/dL) than those of our survivors (43.6±8.1 mg/
dL); also, our whole patient population was in sepsis. In other 
words, comparison of their results with ours was not totally 
adaptable.

Barlage et al. (15) compared lower levels of HDL-cholester-
ol with 30-day-mortality on 151 sepsis patients. They used a 
12-variable disease severity scale SAPS II (Simplified Acute 
Physiology Score). On the other hand, they did not prefer 
weighting study variables for SPAS II in order to stratify pre-
dicted disease mortality risk, as we did by APACHE II; conse-
quently, regression analyses inevitably found SAPS II to be the 
best predictor. We assumed that these already-approved dis-
ease scoring systems should be used to weight patients’ status, 
as they would down-scale the power of other variables, as stat-
ed by Barlage et al. (15). Besides, they showed significantly 
(p=0.007) higher HDL-cholesterol levels in survivors, as in our 
study, but did not mention a predictive power of the finding.

In recent years, a controlled study on 29 sepsis and 41 non-
sepsis patients in ICU mentioned that HDL-cholesterol levels 
were significantly lower in the sepsis group (20±5.6 mg/dL 
vs 30.2 mg/dL, p<0.01), but did not correlate with mortality 
rates, and no regression model was applied to propose any 
prognostic effect (13). They also did not weighted patients’ 
disease severity by any score. As a limitation of our study, we 
did not have a control group; instead, we compared levels in 
survivors and non-survivors. In our study, HDL-cholesterol 
levels in non-survivors were also found to be lower than sur-
vivors, and higher levels were predictive for survival in re-
gression.

Besides, HDL studies on sepsis showed lower levels asso-
ciated with higher mortality rates and no evidence of higher 
levels on survival; as in our study, experimental studies on 
PON1 activity also showed decreased levels in sepsis mod-
els (16,17). Increased serum oxidative stress and HDL oxi-
dation has been demonstrated in PON1-deficient mice (18). 
These preliminary results assigned a possible protective role 
of PON1 activity and consequently encouraged novel studies.

Novak et al. (19), in a controlled study, found lower PON1 
activities in sepsis patients than in healthy controls (75.2±50.0 
vs. 125.2±69.4 U/l, p<0.01, n=30/30) and PON1 activities 
normalized one week after patients’ recovery. A positive cor-
relation was also shown between HDL-cholesterol and PON1 
activity (r=0.405, p<0.01). Novak’s study was similar to ours 
with respect to that, as it used the APACHE II score for sep-
sis patients, a standard sepsis definition, and patient exclusion 
criteria. Otherwise, it was controlled study; they resampled 
PON1 activities one week after patient recovery, and the mor-
tality rates (6 of 30) presented were lower than ours (39 of 
85). In contrast, the lack in resampling of PON1 activities was 
another limitation of our study, as we did not analyze later val-
ues after patient recovery. Besides, the higher mortality rates 
in our study could be explained by their mean APACHE II 
scores being lower than those of non-survivors in our study 
(20.1±6.8 vs. 28.1±2.8), on the other hand APACHE II scores 
of survivors were similar in our and Nocak’s study (20.1±6.8 
vs. 20.9±2.9). On the contrary to our results, they found no 
correlation between survivors’ and non-survivors’ PON1 ac-
tivities, possibly due to their sepsis population being smaller 
than ours and the fact that they did not weight by APACHE II 
scores. In addition, they did not present a regression analysis 
to predict for survivors. However, we carried out regression 
analyses and weighted by APACHE II, but we were not able 
to demonstrate a strong correlation between PON1 activities 
and patients’ survival, although the results were statistically 
significant, but with weaker power.

In a controlled study, Li et al. (8) compared PON1 activity 
between sepsis patients (n=61) and healthy controls (n=32) to 
predict 30-day mortality rates. Mortality rate was 39/61, and 
PON1 activity was found significantly lower in non-survivors 
(104.9±23.0 vs 85.1±16.6 U/l, p=0.001), which was similar 
to our results. This study was also similar in respect to patient 
inclusion criteria, follow-up period, preferred disease scor-
ing scale (APACHE II), and survival analysis, and was also 
a controlled study which compared healthy controls. Sepsis 
patients’ APACHE II scores (17.5±2.1 vs 20.1±2.3, survivors 
vs non-survivors) were lower than our patients’ scores, pos-
sibly confounding mortality risk prediction, and no cytokine 
assay was done that could change the effect of parameters on 
outcome in regression analysis. In our study, ROC and the 
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correlation analysis of PON1 activity for survivors were also 
statistically significant (p<0.001 for both), but the relatively 
low power of these values (r=0.644, AUC: 0.874) in respect to 
IL-6 and TNF-α values should be noted. In our study, PON1 
activity (p=0.020) power was lower than that of Li (p=0.0013) 
when survival was analyzed by factor “APACHE II score”. On 
the contrary, when survival was analyzed without the factor by 
“APACHE II score” it gained higher significance (p<0.001). 
We criticized this difference as a possible bias because Li ig-
nored patients’ “APACHE II scores”, and also the patients’ 
disease severity.

In a recent controlled study, Bojic et al. (7) compared 
PON1 activity in sepsis patients with matched healthy 
controls (n=69/69) for survival. They measured PON1 ac-
tivities upon admission to ICU, and then in the 24th, 48th, 
72th and 96th hours. Septic patients had significantly low-
er PON1 activities compared to the control group at all-
time points, and PON1 activities showed a good capacity 
to differentiate septic patients from healthy controls. Low 
PON1 activities were associated with higher disease sever-
ity scores and a higher risk of death, as in our study. ROC 
analysis results used to evaluate PON1 activity as a marker 
were similar to ours (AUC: 0.856, 95% CI: 0.777-0.934 vs 
AUC: 0.874, %95 CI: 0.788-0.960, p<0.001 for both); on 
the other hand, they did not show a correlation between 
PON1 activities and inflammatory markers. They used, but 
did not weight by, APACHE II scores as a parameter, and 
found significant results for PON1 activity with Kaplan-
Meier survival analysis (Log Rank p<0.001). On the other 
hand, in our study, survival estimates were not as signif-
icant for PON1 activities as found by other groups (Log 
Rank p<0.03). We criticized this difference as we weighted 
patients’ parameters by APACHE II scores; otherwise, it 
produced an overestimated high significance (p<0.001), 
and did not reflect the patient-specific situation. Indeed, 
they did not conclude PON1 to be a prognostic marker, but 
confirmed that it showed disease severity.

In conclusion, the present study has shown that lower PON1 
activity and HDL-cholesterol levels were related to higher 
mortality rates in sepsis patients, but higher levels could not 
definitely predict patient survival better than cytokine levels. 
Thus, future studies on PON1 activity and HDL-cholesterol 
levels in sepsis patients are still required.
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