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Background: Epilepsy is one of the most common neurological disorders, affecting approximately 50 million
people worldwide. Although a positive association between alcohol consumption and epilepsy has been
demonstrated in previous meta-analyses of case-control studies, the results of several recently published large
cohort studies are contradictory. Therefore, we conducted an updated meta-analysis that included more recent
data to clarify the association between alcohol consumption and epilepsy.

Methods: The search was performed on 25 January 2021 using the Embase and MEDLINE databases. Cohort or
case-control studies were eligible for inclusion in this study. We used restricted cubic spline analysis to perform a
dose-response meta-analysis.

Results: A total of eight studies, including three cohort and five case-control studies, were included in our meta-
analysis. The pooled risk of epilepsy was 1.70 (1.16-2.49) in alcohol users compared to non-drinkers. Subgroup
analysis of 50 g units showed that the epilepsy risk increased as alcohol intake increased. The pooled risk of
cohort studies was 1.00 (0.65-1.54), and the pooled risk of case-control studies was 2.61 (1.29-5.29). According
to the dose-response analysis, the regression coefficient was 1.009 (1.004-1.014), indicating a significant pos-
itive dose-response relationship.

Conclusion: Unlike the case-control studies, the cohort studies did not reveal a significant association between
alcohol consumption and epilepsy. Further large cohort studies for the general population are required to assert a
definite causal relationship between alcohol consumption and epilepsy and to identify a potential threshold.

1. Introduction seizure is known as a disease in which seizures are generated in relation

to alcohol, but chronic alcohol consumption itself is known to lower the

Epilepsy is one of the most common neurological diseases and is
associated with social stigma, psychiatric comorbidity, and high eco-
nomic costs (Allers et al., 2015). Globally, it is estimated that 50 million
individuals are affected by epilepsy (Zack and Kobau, 2017). In the
Global Burden of Disease Study 2015, epilepsy was responsible for more
than 12 million disability-adjusted life-years (DALYs), contributing to
0.5% of the total DALYs from all causes and 5.0% of the DALYs attrib-
utable to neurological disorders (Feigin et al., 2017). Alcohol con-
sumption is a relatively common and modifiable lifestyle risk factor that
may increase the risk of seizures and epilepsy. Alcohol withdrawal

seizure threshold.

Previous studies on the relationship between alcohol consumption
and seizures have mainly focused on provoked seizures, such as alcohol
intoxication or withdrawal seizures (Freedland and McMicken, 1993;
Hillbom et al., 2003). However, few studies have investigated the effect
of alcohol on the occurrence of unprovoked seizures. In 2010,
Samokhvalov et al. performed a meta-analysis to estimate the risk of
alcohol consumption on the occurrence of unprovoked seizures or epi-
lepsy. Six case-control studies were included and showed that alcohol
users had an increased risk of unprovoked seizure or epilepsy with a
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Fig. 1. PRISMA flow diagram.

Table 1
Characteristics of included studies.
Authors (s) Place and time Gender Study Number of Exposure categories Outcome
of study designs samples
Brown et al. U.S., 2005-2011 Both Cohort 29,342 Alcohol intake not specified Post-SDH epilepsy
(2020)
Johnson et al. U.S.,,1987-2013  Both Cohort 10,420 None; 1-7 alcoholic drinks per week; > 7 alcoholic drinks per week  Late-onset epilepsy
(2018) Case number
596
Dworetzky U.S.,1989-2005  Both Cohort 104,934 None; 0.1-15.0 g/day; 15.1-30.0 g/day Seizure and epilepsy
et al. (2010) Case number
119
Zeng et al. China, 2000 Both Case- Cases 81 Alcohol intake not specified Primary epilepsy
(2003) control Controls 81
Leone et al. Italy, Jan 1995- Both Case- Cases 69 Non-drinkers and occasional drinkers; average daily intake of Remote symptomatic
(2002b) Oct 1998 control Controls 102 absolute alcohol (ADAA)< 50; 51-100; > 100 g/day epileptic seizure
Leone et al. Italy, Feb Both Case- Cases 153 Non-drinkers (drank no more than once a year) and occasional Idiopathic first generalized
(1997)* 1992-Oct 1993 control Controls not drinkers (drank at least once a year, but less than once a month); tonic-clonic seizure
specified Current drinkers ranged by average daily alcohol intake (ADAA)
1-25; 26-50;51-100; 101-200 g/day
Leone et al. Italy, Feb Both Case- Cases 41 Non-drinkers (drank no more than once a year) and occasional Remote symptomatic first
(1997)? 1992-Oct 1993 control Controls not drinkers (drank at least once a year, but less than once a month); generalized tonic-clonic
specified average daily alcohol intake (ADAA) 1-25; 26-50;51-100; seizure
101-200 g/day
Stephen et al. U.S., Dec Males Case- Cases 145 Abstainers (both current and lifetime); drinkers ranged by average = Unprovoked seizures
(1988)* 1981-Feb 1984 control Controls 128 daily alcohol intake (ADAA) 1-50; 51-100; 101-200; 201-300; >
300 g/day
Stephen et al. U.S., Dec Females  Case- Cases 71 Abstainers (both current and lifetime); drinkers ranged by average  Unprovoked seizures
(1988)* 1981-Feb 1984 control Controls 139 daily alcohol intake (ADAA) 1-50; 51-100; 101-200; 201-300; >
300 g/day
Ogunniyi et al. Nigeria, Sep Both Case- Cases 155 Alcohol intake not specified Epilepsy
(1987)? 1983-Dec 1984 control Controls 155

@ Several studies had two sets of data, named correspondingly a and b. For statistical purposes, the datasets taken from the same study were used separately.

pooled relative risk (RR) of 2.19 (95% confidence interval [CI]
1.82-2.63). Furthermore, there was a dose-response relationship, with
RRs of 1.17 (95% CI 1.13-1.21), 1.81 (95% CI 1.59-2.07), 2.44 (95% CI
2.00-2.97), and 3.27 (95% CI 2.52-4.26) for consuming 12, 48, 72, and
96 g of alcohol daily, respectively (Samokhvalov et al., 2010). However,
this study was comprised of small case-control studies and may not
represent the entire population. Therefore, it is necessary to analyse
additional cohort research and large studies to explain the correlation

between alcohol consumption and seizures.

The association between alcohol consumption and epilepsy was
confirmed to be positive in the existing meta-analysis of case-control
studies (Samokhvalov et al., 2010). In recent years, some large cohort
studies on this topic have been published. In contrast with a previous
meta-analysis, some of these cohort studies showed that moderate
alcohol consumption was negatively associated with a risk of epilepsy
(Dworetzky et al., 2010; Johnson et al., 2018). Additionally, it was
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Odds Ratio Odds Ratio
r r | Rati E_Weight IV, Ran % Cl 1V, Random, 95% CI
Brown, 2020 0.3436 0.0656 14.4% 1.41[1.24, 1.60] had
Dworetzky, 2010 -0.1985 0.1855 12.9% 0.82[0.57, 1.18] -
Johnson, 2018 -0.2231 0.1641 13.3% 0.80[0.58, 1.10] -
Leone, 1997a 23026 0.364 9.7%  10.00 [4.90, 20.41] -
Leone, 1997b 0.4055 0.8212  4.0% 1.50 [0.30, 7.50] '
Leone, 2002 -0.0339 0.1889 12.9% 0.97 [0.67, 1.40] -
Ogunniyi, 1987 0.8755 0.398 9.1% 2.40[1.10, 5.24] "
Stephen, 1988a 0.9757 0.3434 10.0% 2.65[1.35, 5.20] -
Stephen, 1988b 0.529 0.2954 10.9% 1.70 [0.95, 3.03] -
Zeng, 2003 2.3758 1.0442 2.8%  10.76[1.39, 83.30]
Total (95% CI) 100.0%  1.70[1.16, 2.49] L 4
o Tau? = 0 26 Chiz = - 2= g8 [ } . i
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est for overall effect: Z = 2.73 (P = 0.006) Low risk High risk
Fig. 2. Forest plot of the risk of epilepsy for alcohol-users compared to non-drinkers.
bl registered at PROSPERO (Registration number: CRD42021241960).
Table 2

Subgroup analysis according to alcohol consumption and study design.

Categories

Number of results

OR

Alcohol consumption

<50g 5 1.26 (0.92-1.72)
>50¢g 5 3.47 (1.27-9.48)
51-100 g 5 1.94 (0.89-4.23)
>100g 4 9.48 (3.38-26.55)
101-200 g 2 10.38 (1.45-74.38)
>200g 2 14.92 (6.13-36.33)
Study design
Cohort studies 3 1.00 (0.65-1.54)
Case-control studies 7 2.61 (1.29-5.29)
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Fig. 3. Dose-response relationship between average consumption of daily
alcohol and risk of epilepsy.

thought that the previous meta-analysis contained some issues such as
database duplication and accuracy of diagnostic criteria.

Considering these discrepancies, It was considered necessary to
conduct a new meta-analysis including the latest diagnostic criteria and
cohort studies. Therefore, we conducted an updated meta-analysis that
included more recent data to clarify the association between alcohol
consumption and epilepsy.

2. Methods
2.1. Protocol and registration

This systematic review was conducted in accordance with the
PRISMA guidelines (Page et al.,, 2021). The study protocol was

2.2. Eligibility criteria

We included studies that reported the risk of epilepsy morbidity or
unprovoked seizures associated with alcohol consumption. Cohort or
case-control studies were eligible for inclusion in this study. Studies
were excluded if the main outcome was a provoked seizure or if the
study population included patients who had previously been diagnosed
with epilepsy. Papers with duplicate databases or inclusion errors were
excluded.

2.3. Search strategy

The search was performed on 25 January 2021 using the Embase and
MEDLINE databases. The search terms were as follows: (alcohol OR
ethanol OR booze OR liquor OR drinking) AND (seizure OR epilepsy OR
brain disorder OR brain disease OR epilepsia OR grand mal) AND (risk
OR ratio OR prevalence OR incidence OR mortality OR morbidity OR
odds OR hazard). The search was limited to titles and abstracts, but was
not restricted by language or publication year.

2.4. Selection criteria

Two authors (KNW and KK) independently conducted the literature
search and checked the titles and abstracts for each study. The same
authors reviewed full-text articles for inclusion. Disagreements were
resolved through discussion.

2.5. Data extraction

We extracted the following data in the screening phase: title, ab-
stract, journal, author name, publication year, and publication type.
Through a full-text assessment, additional information was extracted on
study design, number of samples, effect measures, study period, WHO
region, exposure category, and type of disease.

2.6. Summary measures

Effect measures, such as relative risk, odds ratio, and hazard ratio,
were integrated as odds ratios. Schmidt and Kohlmann (2008) stated
that the odds ratio may provide an acceptable approximation of relative
risk, and vice versa. It could be applied when the prevalence or inci-
dence does not exceed 10% in the target group (Schmidt and Kohlmann,
2008). Hazard ratio was considered equal to RR since hazard ratio is a
form of RR independent of study period (Stevens and Heneghan, 2012).
Among the papers that used relative risk and hazard ratios, those that
met the above criteria were converted to odds ratios for the
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Fig. 4. Sensitivity analysis for overall epilepsy risk.

meta-analysis.

Effect measures were extracted preferentially from the number of
samples over the adjusted values. We performed subgroup analyses ac-
cording to alcohol consumption and study design. To verify a more
quantitative dose-response relationship, the risk was analysed by sepa-
rating alcohol intake into units of 50 g.

Moreover, we used the restricted cubic spline analysis proposed by
Orsini et al. (2012) to perform a dose-response meta-analysis. The
linearity of the dose-response relationship was confirmed through a
linearity test of the regression coefficient for each dose category by
segmenting the alcohol consumption. The regression coefficient was
calculated using the two-stage dose-response model proposed by Berlin
et al. (1993). Additionally, a dose-response graph was constructed. The
dose-response analysis was performed using STATA 13 software.

2.7. Risk of bias in individual studies

The Newcastle-Ottawa scale was used to qualitatively assess the risk
of bias in the included studies (Peterson et al., 2011). The authors (KNW,
KK) independently assessed the risk of bias in the included studies and
verified the quality of the evidence. If there was a discrepancy in the
assessment, it was resolved through discussion. Study scores were con-
verted into three categories of evidence: ‘good’, ‘fair’, and ‘poor’, ac-
cording to the Agency for Healthcare Research and Quality standard.

2.8. Statistical analyses

The classification of I? statistics, as presented by Higgins et al., was
used to evaluate the heterogeneity of the effect measures. (Higgins et al.,
2003) The heterogeneity was considered low, moderate, and high for I?
values of 25%, 50%, and 75%, respectively. If the heterogeneity
exceeded 50%, the random effect method was used; otherwise, the
fixed-effect method was used. If an integrated value was required within
the study, the calculation was performed using the Higgins method
(Higgins et al., 2003). Forest plot was drawn for visualize the pooled
risk. In order to analyze the effect of a single study on the pooled effect
measures, the study was omitted one by one through sensitivity analysis
and the pooled effect was re-calculated.

2.9. Publication bias

The risk of publication bias was evaluated using funnel plots created

using Review Manager 5 (RevMan 5). Egger’s regression test was per-
formed using Stata 13 software to statistically evaluate publication bias.

2.10. Certainty assessment

We used the GRADE approach, a structure that rates the confidence
in risk estimates as high, moderate. Low, or insufficient, based on 8
considerations; study limitation, directness, consistency, precision,
reporting bias, dose-response association, Plausible confounding that
would decrease observed effect, and strength of association (magnitude
of effect) (Berkman et al., 2014).

3. Results
3.1. Study selection and characteristics

A total of 1288 records were screened based on their titles and ab-
stracts. A full-text review of 18 papers was conducted, and a total of
eight studies, including three cohort and five case-control studies, were
included in our meta-analysis (Fig. 1) (Brown et al., 2020; Dworetzky
et al., 2010; Johnson et al., 2018; Leone et al., 1997, 2002b; Ogunniyi
et al., 1987; Stephen et al., 1988; Zeng et al., 2003). Compared to the
previous meta-analysis, three cohort and one case-control studies were
newly added. Two case-control studies included in the previous
meta-analysis were excluded because one used duplicated data and the
other included epilepsy patients (described below). The studies by Leone
et al. (1997, 2002) are comprised of the same data, except whether the
datasets included first medically evaluated seizures or not (Leone et al.,
1997, 2002a). Another study by Leone et al. (1994) included epilepsy
patients and the results of subgroup analysis for the patients experi-
encing their first seizure were not presented (Leone et al., 1994).
Therefore, we excluded two studies by Leone et al. (2002, 1994) in this
meta-analysis. The characteristics of the included studies are presented
in Table 1.

3.2. Synthesis of results
3.2.1. Overall effect of alcohol consumption

The pooled risk of epilepsy was 1.70 (1.16-2.49) in alcohol-users
compared to non-drinkers (Fig. 2).
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Fig. 5. Funnel plot for overall epilepsy risk.
Table 4

GRADE approach for the primary outcome.

Quality assessment

Outcome  Required domains Additional domains Grade
Study Consistency Directness of Precision  Reporting Dose-response Plausible confounding that  Strength of
limitations evidence bias association would decrease observed association
effect (magnitude of effect)
Epilepsy  Low® Inconsistent”  Direct Precise Undetected®  Present Present Weak"® DD
Low

2 All included studies are observational, and the risk of bias in two included studies was evaluated as ‘poor’.

b Considerable heterogeneity (I = 85%).

¢ According to Egger’s regression test (p = 0.352).
4 Age, sex, and smoking.

¢ OR =1.70.

drinkers five or more years to develop repetitive unprovoked seizures
(Devetag et al., 1983). Considering these temporal relationships and
differences in study design, alcohol may not actually increase the risk of
epilepsy, as seen in our subgroup analysis for cohort studies. Further-
more, the study population of cohort studies in our meta-analysis was
limited to young women (Dworetzky et al., 2010), elderly (Johnson
et al., 2018), and post-SDH patients (Brown et al., 2020). This limitation
makes it difficult to confirm or generalize the results of the subgroup
analysis. In order to resolve the discrepancy observed in our study,
further large cohort studies of the general population over a longer
period of time are needed.

4.1. Limitations

The data is separately presented by the different types of seizures, we
only included the datasets on unprovoked seizures, which included
idiopathic and remote symptomatic seizures, in order to exclude with-
drawal seizures. Despite our attempts, alcohol withdrawal seizures may
still have been included in our meta-analysis. In the studies by Leone
et al. (1997, 2002) and Stephen et al. (1988), for example, no assump-
tions were made regarding the effects of alcohol withdrawal. Seizures
occurring during alcohol withdrawal were therefore divided into idio-
pathic, acute, or remote symptomatic solely based on the absence or
presence of an insult to the central nervous system (CNS), and its time
relation with seizures. To provide a meta-analysis with greater defini-
tional clarity, it is important to disassociate withdrawal seizures from

seizures unrelated to withdrawal. The majority of alcohol withdrawal
seizures occur 6-48 h after cessation of alcohol intake (Newman et al.,
2021). To differentiate the withdrawal effect of alcohol, drinking pat-
terns and the time relation to the previous drink are considered more
important than average daily alcohol consumption. In the absence of
this information, it is difficult to distinguish clearly between withdrawal
seizures and unprovoked seizures in chronic alcohol users.

As in the previous meta-analysis, we combined different outcomes of
unprovoked first-time seizures and epilepsy. Epilepsy was defined as a
disorder of the brain characterized by an enduring predisposition to
generate epileptic seizure (Fisher et al., 2005). In 2014, the Task Force of
the ILAE proposed a practical clinical definition of epilepsy by any of the
following conditions: (1) at least two unprovoked (or reflex) seizures
occurring > 24 h apart; (2) one unprovoked (reflex) seizure and a
probability of further seizures similar to the general recurrence risk (at
least 60%) after two unprovoked seizures, occurring over the next 10
years; (3) diagnosis of an epilepsy syndrome (RS et al., 2014). In the
absence of clear information about the risk of recurrence in various
clinical situations, it is still difficult to use in clinical practice. Therefore,
we also included data on unprovoked first-time seizures under the
assumption that patients who have experienced at least one unprovoked
seizure have an enduring predisposition to recurrent seizures.

4.2. Future directions

The major strength of our study is that we included a number of long-
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term cohort studies that had large study populations. Considering the
limitations mentioned above, however, further clinical studies are
required to establish a definite causal relationship between alcohol
consumption and epilepsy and to identify a potential threshold. Addi-
tionally, assessment of the risk of alcohol consumption in various clin-
ical situations, such as types of CNS insult and the time relation of
alcohol consumption with seizures, will be important for primary pre-
vention. In order to increase the applicability to the general population,
future studies should be conducted in which age, sex, and smoking,
which are potential confounders have been adjusted.

5. Conclusion

We conducted an updated meta-analysis that included more recent
data to clarify the association between alcohol consumption and epi-
lepsy. The results showed that alcohol users had an increased risk of
unprovoked seizure or epilepsy, exhibiting a dose-response relationship
based on case-control studies, which is consistent with the previous
meta-analysis (Samokhvalov et al., 2010). However, no such trend was
found in cohort studies, and the risk did not increase. Further large
cohort studies of the general population are required to assert a definite
causal relationship between alcohol consumption and epilepsy and to
identify a potential threshold. Additionally, assessment of the risk of
alcohol consumption in various clinical situations is recommended.
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