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Abstract
High alcohol consumption is an important risk factor for chronic disease and liver degeneration. Paraoxonase (PON1) and arylesterase (AE)
are functions of the enzyme paraoxonase, which is synthesised by the liver. Paraoxonase circulates in plasma bound to HDL and hydrolyses
lipid peroxides, protecting lipoproteins against oxidative modification. It has been shown that excessive alcohol consumption leads to a
reduction of serum PON1 and AE activities; however, studies investigating the association with low and moderate alcohol consumption are
scarce. We investigated the cross-sectional association between alcohol consumption and serum activities of PON1 and AE using data from the
population-based Bavarian Food Consumption Survey II survey. PON1 and AE activities were quantified in serum samples of 566 male and
female study participants (aged 18–80 years), and dietary intake including alcohol consumption was estimated from three 24-h dietary recalls.
The association between alcohol consumption and PON1 and AE activities was analysed using linear regression, adjusted for age, sex and
socio-economic status. There was no strong association between alcohol consumption and enzymatic activities of PON1 and AE in the
Bavarian population. PON1 activity was seen to be lowest in non-drinkers (0 g/d) and highest in people who consumed 15·1–30 g of
alcohol/d. AE activity increased across alcohol consumption categories, with a mean maximum difference of 14 U/ml (Pfor linear trend 0·04).
These associations were attenuated after adjustment for blood concentrations of HDL. The results of this study do not support the hypothesis
that alcohol consumption is related to important alterations in PON1 and AE activities.
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Paraoxonase is an enzyme mainly synthesised in the liver that
catalyses the hydrolysis of organophosphates such as pesticides,
neurotoxins and arylesters(1,2). It is widely distributed among
tissues in the body, with its higher activity in blood and liver(3,4).
Paraoxonase has four known activities: paraoxonase (PON1)
(carrying the same name as the enzyme itself), arylesterase (AE),
lactonase and dyazoxonase – which are all functions of a single
enzyme(3,5–7) and depend on a substrate-dependent activity
polymorphism of the PON1 gene(1). PON1 enzyme circulates in
plasma bound to HDL and hydrolyses lipid peroxides(2,5,8,9),
protecting lipoproteins against oxidative modification(1). PON1
enzyme also protects against the toxicity of lipopolysaccharides
(bacterial endotoxins), and it can possibly prevent or reduce
the release of cytokines(9). PON1 activity varies widely
among individuals, up to 40-fold(10,11), and it is influenced
by genetic, developmental, environmental and pathologic

determinants(1,12–14). Low PON1 and AE activities have been
associated with a variety of health outcomes(15–17). For instance,
low PON1 activity has been suggested as a predictor for coronary
events(15), and both low PON1 and AE activities have been
associated with an increased risk of vascular dementia(16).

Serum PON1 and AE activities have been suggested as useful
markers of liver function status(1,7). Because of the liver damage
caused as a consequence of heavy alcohol drinking, it has been
hypothesised that excessive alcohol intake would lead to a
reduction of serum PON1 and AE activities, which has also been
demonstrated in a few studies(2,4,11,18). A case–control study with
328 persons with chronic alcohol dependency and 368 healthy
individuals investigated the relationship between PON1 activity
and liver damage, where PON1 activity was decreased in alcohol
abusers(2). Similarly, a small case–control study described lower
AE activity in chronic alcoholic hepatitis patients than in healthy
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control individuals(18). However, studies investigating light and
moderate alcohol consumption in relation to PON1 and AE activities
in the general population are scarce and results have been
inconsistent(19,20). Therefore, we aimed to investigate the cross-
sectional association between alcohol consumption and serum
activities of PON1 and AE using data from the population-based
Bavarian Food Consumption Survey II (BVSII), in which dietary
intake was assessed by three 24-h dietary recalls. Furthermore, we
performed analyses with and without adjustment for circulating
HDL in order to investigate its possible role as a mediator.

Methods

The BVSII is a randomly sampled cross-sectional study of 1050
individuals aged 13–80 years old from Bavaria, Germany. Recruit-
ment took place in 2002–2003. The study protocol comprised a
computer-aided personal interview, three 24-h dietary recalls by
telephone, as well as blood sampling and anthropometric measures.
The overall response rate in the BVSII was 70·9%. All adult
participants who had participated in the personal interview and at
least one dietary recall (n 879) were invited to the nearest public
health office for blood sampling and anthropometrical measure-
ments. This invitation was followed by 65% (n 568) of eligible study
participants. All participants gave their written informed consent.
The study was conducted according to the guidelines laid down in
the Declaration of Helsinki, and all procedures involving human
subjects were ethically approved by the Bavarian Ministry of
Health(21). The study population for the present analysis consisted
of BVSII participants with full information on PON1 and AE activ-
ities and with at least two 24-h dietary recalls (mean 2·99 (SD 0·07)).
In all, two participants were excluded because of missing PON1
and AE data, leaving a total of 566 BVSII participants.

Laboratory methods

Venous blood was extracted into serum or EDTA tubes and
chilled at 4°C and then processed within 3 h by centrifugation to
separate the serum from the blood cells. The samples were kept
cold for a maximum of 1 d for transportation and aliquoting and
then stored at −80°C until analysis.
Enzymatic activities of PON1 and AE were determined

spectrophotometrically in serum samples of the study partici-
pants under a controlled temperature of 25°C and a pH of 8, as
previously described(22). Enzymatic activity of PON1 was
measured using paraoxon as substrate, and the reaction was
recorded at 405 nm. One unit of PON1 activity equals 1 nmol of
P-nitrophenol formed/min per ml. The activity of AE was
measured using phenylacetate as substrate, and the reaction
was monitored at 270 nm. One unit of AE activity equals 1 µmol
of phenylacetate hydrolysed/min per ml. Spontaneous hydro-
lysis was corrected using blanks without serum and subtracting
this activity from the serum analysis samples.

Alcohol consumption assessment

Alcohol consumption was assessed with 24-h dietary recalls
(three recalls, two in weekdays and one in a weekend day)
conducted by trained interviewers by telephone using the
EPIC-SOFT software, program developed to standardize 24-h

diet recall interviews from the ten countries participating in a
large European multi-centre study(23,24). The intake of grams of
pure alcohol on each recalled day were obtained through the
participants’ type and quantity (number of servings consumed)
of alcoholic beverages consumed, which were then multiplied
by the ethanol content in each portion of beverage type based
on the German Nutrient Database (BLS II.3)(25). The mean pure
alcohol consumption per day was then obtained by a weighed
conversion of the weekday and weekend 24-h recalls to
resemble a full week.

Statistical analysis

To compare participants’ characteristics across alcohol
consumption categories, we used generalised linear models for
the continuous, non-dietary variables, χ2 test for the categorical
variables and Kruskal–Wallis test for non-parametrical data for
the dietary variables. For the purpose of this study, we defined
drinking categories as follows: non-drinkers (0 g/d), low
alcohol consumption (0·1–5 g/d or up to 2 drinks/week), low-
medium alcohol consumption (5·1–15 g/d or up to 1 drink/d),
medium alcohol consumption (15·1–30 g/d or up to 2 drinks/d)
and high alcohol consumption (>30 g/d or >2 drinks/d).

The association between alcohol consumption and PON1
and AE enzymatic activities was investigated using multivariable
linear regression models with robust variance(26). Alcohol
consumption was analysed as a categorical variable, as well as
continuously. Trends across alcohol categories were calculated
by treating the middle value for each alcohol category (median
for high alcohol consumption group) as a continuous variable
and examining significance using Wald’s test. If the categorical
analysis was indicative of a non-linear relationship, we addi-
tionally examined quadratic trends using likelihood ratio tests.

We examined the impact of several potentially confounding
factors in our analysis, including age, sex, socio-economic
status, sports activity, body fatness and dietary intake. Covari-
ables were selected according to clinical relevance and
univariate significance testing based on a previously described
model-fitting procedure(27). The final multivariable models were
adjusted for age, sex and socio-economic status. In separate
models, we additionally adjusted for HDL, as paraoxonase
enzyme is mainly transported bound to HDL. As a sensitivity
analysis, we ran all models excluding participants with chronic
diseases that have been related to PON1 or AE activities in
previous studies(1,12–14) (type 2 diabetes, n 40; asthma, n 34;
CVD, n 136; inflammatory bowel disease, n 7). CVD was
considered as individuals having at least one of the following:
arterial hypertension, history of myocardial infraction or stroke.
Furthermore, we ran models with exclusion of heavy drinkers
(>70 g ethanol/d, n 9). Moreover, we tested for statistical
interaction in the association between alcohol consumption
and PON1 and AE by sex, age, smoking status and obesity
(BMI</≥30 kg/m2) using cross-product terms.

Results

Characteristics of BVSII study participants by alcohol
consumption categories are shown in Table 1. Comparing the
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upper alcohol consumption categories with the lower cate-
gories, study participants were of older age, more likely to be
male, less likely to belong to the lowest socio-economic status
and had a higher energy intake. BMI and physical activity did
not differ substantially by alcohol consumption categories.
Circulating HDL-cholesterol was the lowest in non-drinkers and
of similar magnitude across the other alcohol consumption
categories.

Regression models

We did not observe strong differences in PON1 activity across
alcohol consumption categories (Table 2). Mean PON1 activities
across alcohol consumption categories were suggestive of a
non-linear association, with lowest PON1 activities observed in
non-drinkers and highest PON1 activities in the medium alcohol
consumption category. However, tests for quadratic trend were
non-significant. The results were not substantially different
between the crude model, the multivariable adjusted model and
the model that additionally adjusted for HDL. Results were also
not substantially changed after exclusion of study participants
with chronic diseases or heavy drinkers (Fig. 1). We observed
no statistically significant interactions by sex, age, smoking
status or obesity (data not shown).
AE activity increased across alcohol consumption categories,

with a borderline statistically significant linear trend (P= 0·04).
On a continuous scale in the multivariable model (adjusted for
sex, age and socio-economic status), about 1 g higher
consumption of alcohol was associated with 0·26 U/ml higher
activity of AE (95 % CI −0·02, 0·49) (Table 2). After adjusting for
HDL, the main transport protein of paraoxonase enzyme, the
association was attenuated. In sensitivity analyses excluding
participants with chronic diseases and heavy alcohol use, mean
concentrations and continuous effect estimates were similar to
the main analysis, although no statistically significant linear
trends were observed (Fig. 2). We observed no statistically
significant interactions by sex, age, smoking status or obesity
(data not shown).

Discussion

In this study, we found a weak, non-significant, non-linear
association between alcohol consumption and serum PON1
activity, with lowest activities in non-drinkers and highest
activities in people with medium alcohol consumption. In
addition, we observed a borderline statistically significant
positive association between alcohol consumption and AE
activity, which was, however, attenuated and no longer statis-
tically significant after adjusting for HDL. These results suggest
that the positive association between alcohol consumption and
AE is partly explained by HDL-cholesterol, paraoxonase’s main
transport protein.
So far, observational studies on PON1 and AE activities have

been small and investigated the association with larger quan-
tities of alcohol consumption, usually among people with
alcohol dependency, rather than intake in the general popula-
tion. The present study is one of the few population-based
studies investigating alcohol consumption in relation to PON1

and AE activities. Our observation of no statistically significant
association between alcohol consumption and PON1 activity is
generally supported by two previously conducted population-
based studies: in a study of 918 individuals in France, alcohol
drinking was not associated with PON1 activity. However,
alcohol drinking was analysed as a binary variable (yes/no)(20).
In a second population-based study on 388 individuals in Spain,
no linear association between alcohol consumption and PON1
activity was observed(19). Furthermore, in a small cross-
sectional study, light drinkers (n 12, 1–3 drinks/d in the past
6 months or longer, equivalent to low-medium/medium intake
in our study) had higher PON1 activity than abstainers (n 12,
<1 drink/d in the past 6 months or longer)(4), which is in line
with our observations of lower PON1 activity in non-drinkers
than in the medium alcohol consumption category. With regard
to intervention studies with alcohol, our PON1 activity findings
are consistent with a study of fourteen healthy male indivi-
duals(28), in whom intake of red wine for 3 weeks (40 g of
ethanol/d or about 4 drinks/d) did not trigger a significant
change in PON1 activity. In contrast, in two further intervention
studies(29,30), PON1 activity was higher after an intervention of
about 40 g of alcohol/d (for 3–4 weeks), which is equivalent to
high alcohol consumption in our study.

Our finding of a weak positive association between alcohol
consumption and AE activity is in line with the population-
based study from France, in which alcohol consumption was
analysed as a binary exposure(20). Contrary to our observation,
a decrease in AE activity was observed after a red wine
intervention (about 3–4 drinks/d) for 3 weeks in a study by
Sarandol et al.(28). To our understanding, these studies did not
adjust for HDL, and we are not aware of any other population-
based or intervention study investigating low or moderate
alcohol consumption in relation to AE activity.

Strengths and limitations

The BVSII is the first population-based study that measured PON1
and AE activity in Germans, with detailed characterisation of
lifestyle, anthropometric and medical information, and a wide
array of biomarkers including HDL available. A strength of the
present study is that alcohol consumption was assessed through
the application of three interactive, standardised 24-h dietary
recalls. A main advantage of this method is that it is a more
precise, quantitative dietary assessment method in comparison
with other tools such as FFQ(31). It is also an advantage that the
24-h dietary recalls were conducted relatively close in time (up to
6 weeks) to the blood draw. However, similar to other self-
reported methods, assessment of alcohol consumption through
24-h recalls is prone to errors. The dietary assessment tool used in
this study (EPIC-SOFT) has been validated. In a study including
127 men and women, two non-consecutive 24-h dietary recalls
were compared against a 5-d estimated dietary record, and a fairly
good Spearman’s correlation coefficient of 0·60 was observed for
alcohol intake(32). However, alcohol is an episodically consumed
food group with substantial weekly(33) and seasonal variation(34),
complicating measurement of the usual intake. A general
limitation of the 24-h dietary recall is that it is dependent on the
memory of the participant. Thus, it is impossible to rule out
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under- or over-reporting and a resulting misclassification in the
alcohol consumption groups. This would likely be a non-
differential misclassification because of an independent beha-
viour from PON1 and AE activities, which could potentially bias
the results towards the null. We also cannot discard the possibility
of intentional misclassification as non-drinkers (response bias)(35).
For instance, it has been suggested that persons with chronic
alcohol dependency and women during pregnancy are more
likely to under-report alcohol consumption(36). Biochemical
indicators of dietary intake are an objective tool to assess the
validity of reported intake. In the case of alcohol consumption,
urinary ethyl glucuronide would be of value and is a limitation of

this study that such data were not available. Furthermore, it is a
general limitation of our study that the data collection for the
BVSII study took place 12–13 years ago, although we would
expect to obtain similar results in a present-day analysis. Another
limitation is that there is no universal definition for low, medium
and high alcohol consumption, which may complicate compar-
ability between studies. Finally, statistical power in the present
analysis was limited, and therefore we cannot exclude that we
missed to detect small associations.

Conclusion

In conclusion, our study does not support the hypothesis
that alcohol consumption is related to important PON1 and
AE activity alterations. The observed association between
alcohol consumption and PON1 activity was weak and
non-linear (lowest activity in non-drinkers, highest in moderate
drinkers), whereas a weak positive linear association was
observed between alcohol consumption and AE activity. As the
evidence on this topic is still scarce, more large-scale popula-
tion-based longitudinal studies with multiple exposure mea-
surements are warranted, which would allow elucidating
temporal associations. A better understanding of the behaviour
of serum PON1 and AE activities in response to alcohol intake
could be useful for future epidemiological studies relating
PON1 and AE activities to physiological conditions and diseases
and at later stages of research and evidence, for public health
recommendations regarding the management and prevention
of physiological disorders.

Acknowledgements

The authors acknowledge the cooperation of all study partici-
pants. The authors thank Georg Karg, Kurt Gedrich and Stefanie
Himmerich for their major contribution in the setup and
conduct of the study.

This work was supported by funds of the Bavarian Ministry of
Environment, Health and Consumer Protection and the Kurt-
Eberhard-Bode-Stiftung. The funder had no role in the design,
analysis or writing of this article.

C. S. carried out the study, and analysed and interpreted the
data. K. N. added substantial contributions to the conception
and design, made the data availability possible and together
with T. P. revised the article critically for important intellectual
content. J. L. was responsible for the concept and design of the
BVSII and critically appraised the manuscript. A. B. was
responsible for the measurement of PON1 and AE and critically
appraised the manuscript. All authors gave their final approval
of the version to be published.

The authors declare that there are no conflicts of interest.

References

1. Kilic SS, Aydin S, Kilic N, et al. (2005) Serum arylesterase and
paraoxonase activity in patients with chronic hepatitis.World J
Gastroenterol 11, 7351–7354.

2. Marsillach J, Ferre N, Vila MC, et al. (2007) Serum
paraoxonase-1 in chronic alcoholics: relationship with liver
disease. Clin Biochem 40, 645–650.

150

140

130

120

110

100

90

80
0 0.1–5 5.1–15 15.1–30 >30

P
O

N
1 

ac
tiv

ity
 (

U
/m

l)

Alcohol consumption (g/d)

Fig. 1. Least squares means and 95% CI of paraoxonase (PON1) activity
according to alcohol consumption categories. All models were adjusted for sex,
age and socio-economic status. Multivariable model ( , n 566, Pquad= 0·54);
excluding heavy drinkers (>70 g alcohol/d; , n 537, Pquad= 0·20); excluding
chronic diseases (type 2 diabetes, asthma, CVD, inflammatory bowel disease;

, n 339, Pquad= 0·48). Mixed method linear regression models were used.
Pquad was obtained through log-likelihood ratio testing to examine quadratic
trends.

185

180

175

170

165

160

155

150

0 0.1–5 5.1–15 15.1–30 >30

A
E

 a
ct

iv
ity

 (
U

/m
l)

Alcohol consumption (g/d)

145

Fig. 2. Least squares means and 95% CI arylesterase (AE) activity according
to alcohol consumption categories. All models were adjusted for sex, age and
socio-economic status. Multivariable model ( , n 566, Ptrend= 0·04*);
excluding heavy drinkers (>70 g alcohol/d; , n 537, Ptrend= 0·08); excluding
chronic diseases (type 2 diabetes, asthma, CVD, inflammatory bowel disease;

, n 339, Ptrend= 0·07). Mixed method linear regression models were used.
* Ptrend was calculated by using the middle values (median for highest category)
of each alcohol consumption category and was treated as a continuous
variable (P< 0·05).

Alcohol consumption and paraoxonase activity 735



3. Keskin M, Dolar E, Dirican M, et al. (2009) Baseline and
salt-stimulated paraoxonase and arylesterase activities in
patients with chronic liver disease: relation to disease severity.
Intern Med J 39, 243–248.

4. Rao MN, Marmillot P, Gong M, et al. (2003) Light, but not heavy
alcohol drinking, stimulates paraoxonase by upregulating liver
mRNA in rats and humans. Metabolism 52, 1287–1294.

5. Marsillach J, Camps J, Ferre N, et al. (2009) Paraoxonase-1 is
related to inflammation, fibrosis and PPAR delta in
experimental liver disease. BMC Gastroenterol 9, 1–13.

6. Camps J, Marsillach J & Joven J (2009) Measurement of serum
paraoxonase-1 activity in the evaluation of liver function.
World J Gastroenterol 15, 1929–1933.

7. Ferre N, Camps J, Prats E, et al. (2002) Serum paraoxonase
activity: a new additional test for the improved evaluation of
chronic liver damage. Clin Chem 48, 261–268.

8. Primo-Parmo SL, Sorenson RC, Teiber J, et al. (1996) The
human serum paraoxonase/arylesterase gene (PON1) is one
member of a multigene family. Genomics 33, 498–507.

9. La Du BN, Aviram M, Billecke S, et al. (1999) On the
physiological role(s) of the paraoxonases. Chem Biol Interact
119–120, 379–388.

10. Singh S, Kumar V, Thakur S, et al. (2011) Paraoxonase-1
genetic polymorphisms and susceptibility to DNA damage in
workers occupationally exposed to organophosphate
pesticides. Toxicol Appl Pharmacol 252, 130–137.

11. Costa LG, Vitalone A, Cole TB, et al. (2005) Modulation of
paraoxonase (PON1) activity. Biochem Pharmacol 69, 541–550.

12. Acay A, Erdenen F, Altunoglu E, et al. (2013) Evaluation of
serum paraoxonase and arylesterase activities in subjects with
asthma and chronic obstructive lung disease. Clin Lab 59,
1331–1337.

13. Boehm D, Krzystek-Korpacka M, Neubauer K, et al. (2009)
Paraoxonase-1 status in Crohn’s disease and ulcerative colitis.
Inflamm Bowel Dis 15, 93–99.

14. Kota SK, Meher LK, Kota SK, et al. (2013) Implications of
serum paraoxonase activity in obesity, diabetes mellitus, and
dyslipidemia. Indian J Endocrinol Metab 17, 402–412.

15. Mackness B, Durrington P, McElduff P, et al. (2003) Low
paraoxonase activity predicts coronary events in the
Caerphilly Prospective Study. Circulation 107, 2775–2779.

16. Cervellati C, Trentini A, Romani A, et al. (2015) Serum
paraoxonase and arylesterase activities of paraoxonase-1
(PON-1), mild cognitive impairment, and 2-year conversion
to dementia: a pilot study. J Neurochem 2, 395–401.

17. Oran M, Tulubas F, Mete R, et al. (2014) Evaluation of
paraoxonase and arylesterase activities in patients with
irritable bowel syndrome. J Pak Med Assoc 64, 820–822.

18. Mogarekar MR & Talekar SJ (2013) Serum lactonase and
arylesterase activities in alcoholic hepatitis and hepatitis B.
Indian J Gastroenterol 5, 307–310.

19. Ferre N, Camps J, Fernandez-Ballart J, et al. (2003) Regulation
of serum paraoxonase activity by genetic, nutritional, and
lifestyle factors in the general population. Clin Chem 49,
1491–1497.

20. Vincent-Viry M, Sass C, Bastien S, et al. (2003) PON1-192
phenotype and genotype assessments in 918 subjects of the
Stanislas cohort study. Clin Chem Lab Med 41, 535–540.

21. Himmerich S, Gedrich K & Karg G (2007) Bayerische
Verzehrsstudie (BVS) II Abschlussbericht (Bavarian Food

Consumption Survey (BVS) II Final Report). Munich: Bavarian
State Ministry of the Environment and Consumer Protection.

22. Bub A, Barth SW, Watzl B, et al. (2005) Paraoxonase 1 Q192R
(PON1-192) polymorphism is associated with reduced lipid
peroxidation in healthy young men on a low-carotenoid diet
supplemented with tomato juice. Br J Nutr 93, 291–297.

23. Slimani N, Deharveng G, Charrondière RU, et al. (1999)
Structure of the standardized computerized 24-h diet recall
interview used as reference method in the 22 centers partici-
pating in the EPIC project. Comput Methods Programs Biomed
58, 251–266.

24. Slimani N, Ferrari P, Ocke M, et al. (2000) Standardization
of the 24-hour diet recall calibration method used in the
European Prospective Investigation into Cancer and Nutrition
(EPIC): general concepts and preliminary results. Eur J Clin
Nutr 54, 900–917.

25. Klemm C (1999) Der Bundeslebensmittelschlüssel (BLS II.3):
Konzeption, Aufbau und Dokumentation der Datenbank
blsdat (The German Food Code and Nutrient Database
(BLS II.3): Design, Implementation and Documentation of
Database blsdat).

26. Jacqmin-Gadda H, Sibillot S, Proust C, et al. (2007) Robustness
of the linear mixed model to misspecified error distribution.
Comput Stat Data Anal 51, 5142–5154.

27. Hosmer DW, Lemeshow S & May S (2008) Model development.
In Applied Survival Analysis: Regression Modeling of Time-
to-Event Data, 2nd ed., pp. 132–168. Hoboken, NJ: John Wiley
& Sons, Inc.

28. Sarandol E, Serdar Z, Dirican M, et al. (2003) Effects of
red wine consumption on serum paraoxonase/arylesterase
activities and on lipoprotein oxidizability in healthy-men.
J Nutr Biochem 14, 507–512.

29. Rajdl D, Racek J, Trefil L, et al. (2007) Effect of white wine
consumption on oxidative stress markers and
homocysteine levels. Physiol Res 56, 203–212.

30. van der Gaag MS, van Tol A, Scheek LM, et al. (1999) Daily
moderate alcohol consumption increases serum paraoxonase
activity; a diet-controlled, randomised intervention study in
middle-aged men. Atherosclerosis 147, 405–410.

31. Schatzkin A, Kipnis V, Carroll RJ, et al. (2003) A comparison of
a food frequency questionnaire with a 24-hour recall for use in
an epidemiological cohort study: results from the biomarker-
based Observing Protein and Energy Nutrition (OPEN) study.
Int J Epidemiol 32, 1054–1062.

32. De Keyzer W, Huybrechts I, De Vriendt V, et al. (2011)
Repeated 24-hour recalls versus dietary records for estimating
nutrient intakes in a national food consumption survey. Food
Nutr Res 55, 10.3402/fnr.v55i0.7307.

33. Marques-Vidal P, Arveiler D, Evans A, et al. (2000) Patterns of
alcohol consumption in middle-aged men from France and
Northern Ireland. The PRIME study. Eur J Clin Nutr 54, 321–328.

34. Ferraroni M, Decarli A, Franceschi S, et al. (1996) Validity and
reproducibility of alcohol consumption in Italy. Int J Epidemiol
25, 775–782.

35. Babor TF, Stephens RS & Marlatt GA (1987) Verbal report
methods in clinical research on alcoholism: response bias and
its minimization. J Stud Alcohol 48, 410–424.

36. Ernhart CB, Morrow-Tlucak M, Sokol RJ, et al. (1988) Under-
reporting of alcohol use in pregnancy. Alcohol Clin Exp Res
12, 506–511.

736 C. Schwedhelm et al.


	Association between alcohol consumption and serum paraoxonase and arylesterase activities: a cross-sectional study within the Bavarian population
	Methods
	Laboratory methods
	Alcohol consumption assessment
	Statistical analysis

	Results
	Table 1Characteristics by alcohol consumption groups (Frequencies&#x2020; and percentages; mean values&#x2021; and standard deviations; medians&#x00A7; and interquartile ranges(IQR))
	Regression models

	Discussion
	Strengths and limitations

	Table 2Least squares mean concentrations of paraoxonase (PON1) and arylesterase (AE) activities according to alcohol consumption categories among adults in the Bavarian Food Consumption Survey II(Mean values, 95�&#x2009;�&#x0025; confidence intervals and 
	Conclusion

	Acknowledgements
	ACKNOWLEDGEMENTS
	References

	Fig. 1Least squares means and 95�&#x2009;�&#x0025; CI of paraoxonase (PON1) activity according to alcohol consumption categories. All models were adjusted for sex, age and socio-economic status. Multivariable model (=
	Fig. 2Least squares means and 95�&#x2009;�&#x0025; CI arylesterase (AE) activity according to alcohol consumption categories. All models were adjusted for sex, age and socio-economic status. Multivariable model (=

