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Abstract

The association between alcohol intake and the risk of glioma has been widely studied, but these results have yielded conflicting findings.
Therefore, we conducted this systematic review and updated meta-analysis to systematically evaluate the association between alcohol intake
and the risk of glioma. A systematic literature search of relevant articles published in PubMed, Web of Science, CNKI and Wan fang databases up
to December 2021 was conducted. Pooled estimated of relative risk (RR) and 95 % CI were calculated using fixed-effects models. A total of eight
articles with three case—control studies involving 2706 glioma cases and 2 189 927 participants were included in this meta-analysis. A reduced risk
of glioma was shown for the low—moderate alcohol drinking v. non-drinking (RR = 0-87; 95 % CI (0-78, 0-97); P = 0-014). In addition, there was no
evidence of an increased risk of glioma in the heavy alcohol drinking compared with non-drinking (RR = 0-89; 95 % CI (0-67, 1-18); P = 0-404).
The findings suggest an inverse association between low—moderate alcohol drinking and the risk of glioma, in the absence, however, of a dose—
response relationship. More prospective studies are needed to provide further insight into the association between alcohol drinking and

glioma risk.
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Glioma is a devastating tumour of the central nervous system,
accounting for approximately 80 % of adult malignant brain
tumours'?. It is reported that the global incidence rate of glioma
is 3-7/100 000 for males and 2-6/100 000 for females®. Despite
the low incidence rate, glioma is associated with high mortality
and poor prognosis®. Indeed, apart from few established risk
factors, such as exposure to ionising radiation, White race/
ethnicity, little is known regarding the effect of modifiable risk
factors (e.g. diet and alcohol intake) on glioma™ Therefore,
identifying the relationship of alcohol intake with glioma is
valuable.

Over the past decades, alcohol intake has been recognised
as an important risk factor for several types of cancer, including
breast cancer™, colocteral cancer® and liver cancer™. Alcohol
is neurotoxic and can traverse the blood-brain barrier. A pre-
vious study has described the short- and long-term effects
of excessive alcohol consumption on brain function and
pathology®. To date, substantial epidemiological studies
have explored the relationship between alcohol consumption
and the risk of glioma®~'%_ But, results from these studies have
been inconsistent. In the NIH-AARP Diet and Health Study,
Braganza et al. found the significant inverse associations

between alcohol and beer intake and glioma risk®. In
addition, a recent report from three prospective cohort studies
also found a significant inverse association between alcohol
intake and glioma risk in both men and women"?. However,
in a hospital-based case—control study, Burch and his colleagues
found that wine consumption was associated with an elevated
risk of glioma™?. Furthermore, a previous meta-analysis from
nine observational studies has shown no material associa-
tion between alcohol consumption and risk of glioma™®.
Therefore, to clarify the exact association between alcohol intake
and glioma risk, we conducted this systematic review and
updated meta-analysis to summarise the evidence from observa-
tional studies published up to December 2021.

Material and methods

This systematic review and meta-analysis has adopted
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines'® and was written according to
the Meta-analysis of Observational Studies in Epidemiology
proposal®.

Abbreviations: RR, relative risk.
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Literature search strategy

A comprehensive literature search was performed using the
PubMed, Web of Science, CNKI and Wan Fang databases to
identify relevant articles written in the English and Chinese lan-
guages published through December, 2021, with the following
search terms: (‘alcohol’ OR ‘ethanol’ OR ‘alcohol drinking” OR
‘alcohol intake’) AND (‘glioma’ OR ‘gliblastoma’ OR ‘brain
cancer’ OR ‘brain tumour’). The search was restricted to human
studies. Moreover, we also reviewed the computer-retrieved
studies for reference lists by hand-searching.

Studies included criteria

Two independent reviewers (Shu L and Jin FB) read the abstracts
of articles retrieved in the initial search to identify human studies
that examined the relationship between alcohol intake and the
risk of glioma. Differences between the two independent
reviewers were resolved by consensus and referred to the third
reviewer if necessary. When all agreed, the full-text versions of
articles were reviewed against inclusion and exclusion criteria
for this meta-analysis. Studies were included if they met the fol-
low criteria: (1) an original study reporting the association
between alcohol intake and glioma risk; (2) used a case—control,
nested case—control or cohort design; (3) estimates of relative
risk (RR) (OR, hazard ratio and rate ratio) with corresponding
95 % CI were provided (or sufficient data to calculate them);
and (4) if the data in original publication lacked sufficient detail,
the corresponding author of the study was contacted for addi-
tional information by email. Studies were excluded if they met
one of based on the follow criteria: written in a language other
than English or Chinese; not performed on humans; reviews and
letters; and studies with insufficient data. Finally, eight studies
reported the association between alcohol intake and the risk
of glioma.

Data extraction

Two reviewers (Shu L and Jin FB) independently extracted the
following data from included studies: the first author’s last name,
publication year, geographic, study design, age for cases and
participants, number of cases and controls or participants, type
of controls, methods used for collection of data on exposure,
exposure classification, confounders adjusted for, and the OR,
RR or HR estimates with corresponding 95 % CI for the heavy
drinking, low-moderate drinking ». non-drinking. Any discrep-
ancies were resolved with a group discussion with a third inves-
tigator (Yu D).

Definition of 'high intake’ and 'moderate intake’

The different forms of alcohol intake were converted into grams
of ethanol per d (e.g. 1 drink=12-5g, 1 ml=0-8 g, 1lU=8 g,
1 0z=2835 g of ethanoD!”’. Alcohol intake >25 g/d (or two
drinks/d) for men or >12-5 g/d (or 1 drink/d) for women was
defined as high intake of alcohol or heavy alcohol drinking; alco-
hol intake<12-5 g/d for men and <7-5 g/d for women was
defined as low intake of alcohol or low alcohol drinking, and
alcohol intake of >12-5/d and <25 g/d for men or >7-5 g/d

and <12:5 g/d for women was defined as moderate alcohol
drinking®,

Assessment of heterogeneity

We performed the Cochran’s Q test and F statistic to test and
quantify the heterogeneity among the included studies. A P
value of Q test >0-10 indicated an absence of heterogeneity
between included studies, and the fixed-effects model was used
to calculated the pooled RR. If a P value of Q test <0-10 indicated
a high degree of heterogeneity among studies, then the random-
effects model (DerSimonnian and Laird method) was used'?,

Quality assessment

The Newecastle-Ottawa Quality Scale (NOS) was applied to
assess the quality of the included studies in this meta-analysis®”.
This scale includes four points for selection, two points for com-
parability and three points for the assessment of outcomes.
Finally, studies with a score of greater or equal to 7 were iden-
tified as high-quality studies®". Disagreements were resolved by
discussion to reach a consensus.

Data synthesis and statistical analysis

To identify the relationship between alcohol intake and glioma
risk, we used meta-analysis to summarise the risk estimate for the
heavy drinking, low—moderate drinking ». non-drinking using
OR, RR, and HR and corresponding 95 % CI for the included stud-
ies. Given the prevalence of glioma was relatively low, OR and
HR were directly considered as RR“?. Multivariable adjusted OR,
HR and RR with corresponding 95 % CI from individual studies
were combined to produce an overall RR. Publication bias was
assessed by inspection of the funnel plot and by formal testing
for ‘funnel plot’ asymmetry using Begg's test and Egger’s test®®.
Moreover, sensitivity analysis was carried out to determine
whether sex, study design, geographic area and study quality
affected study conclusions. All statistical analyses were carried
out using the STATA software, version 12 (Stata Corp.).
Statistical tests were two-sided with P value<0-05 accepted as
statistically significant.

Results
Overview of included studies for the systematic review

An electronic literature search in PubMed, Web of Science,
CKNI and Wan fang database identified 401 studies, 393 of
which were excluded based on the reasons listed in Fig. 1.
Eight articles®'%%27 met the inclusion criteria and were
included in this meta-analysis, including five cohort
studies® 11122520 4nd three case—control studies!%2427) The
characteristics of the included studies were summarised in
Table 1.

Alcohol drinking

The heavy alcohol drinking was characterised by high intakes of
alcohol-containing beers, wines and spirits. Pooled results form
six articles (including eight original studies) identified a heavy
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Records identified through PubMed (n=382),
Web of Science (n=401), CNKI(n=0) and

Wanfang(n=0)

Additional records identified through

other sources(n=06)

!

(n =352)

Records after duplicates removed

\4

Records excluded in first screening
(n=289)

Records included
(n=63)

Abstracts excluded:

Clinical trails(n=9)

Case reports(n=3)

v

Review and meta-analysis(n=19)

Animal studies(n=4)

(n=23)

Full-text articles assessed for eligibility

Did not contain outcome of interest(n=5)

Full-text articles excluded:

Die not categorize the participants by the groups

of alcohol intake(n=4)

A\ 4

Reported the same subjects(n=3)

Did not assess glioma risk(n=8)

(n=8)

Studies with outcome data useful for meta-analysis

Fig. 1. Flow chart of article screening and selection process.

alcohol drinking (Fig. 2). Fig. 2 showed no evidence of an
increased risk of glioma in the heavy alcohol drinking ». non-
drinking (RR =0-89; 95 % CI (0-67, 1-18); P=0-404). Data from
these studies were assessed using random-effects model, and
there was significant heterogeneity (7 =43-7%, P=0-087).
Eight articles reporting eleven original studies identified a
low—moderate alcohol drinking in this meta-analysis (Fig. 3).
There was evidence of a reduced risk of glioma in the low-
moderate alcohol drinking compared with non-drinking
(RR =0-87;95 % CI (0-78, 0-97); P=0-014). A fixed-effects model
was used to assess the data, and there was no evidence of hetero-
geneity (7 =0-0%, P=0-656).

Publication bias

Inspection of funnel plots did not reveal evidence of asymmetry
(Fig. 4 and 5). Egger’s test for publication bias was not statistically
significant (heavy alcohol drinking ». non-drinking: P=0-536;
low-moderate alcohol drinking ». non-drinking: P=0-458).

Quality assessment

The quality of included studies using Newcastle-Ottawa criteria
is detailed in Appendix 1. When included studies received a
score of 6 or higher, they would be deemed to be of relatively
higher quality®-1225-20,

Sensitivity analysis

The sensitivity analysis revealed that differences in age, sex,
ethnicity and study design had an effect on the relationship
between alcohol intake and glioma risk. When moderate alco-
hol drinking was compared with non-drinking, the alcohol
intake/glioma association was stronger when subjects were
women, White and more than 50 years old, and study design
was cohort. As these variables have a strong effect on relation-
ship between alcohol intake and glioma risk, their differences
may partially explain the heterogeneity between studies
(Table 2).
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Table 1. Characteristics of studies on alcohol intake and risk of glioma (-2021)
(Risk ratio, hazard ratio, odd ratio and 95 % confidence intervals)

Duration
First author, No. of cases and of follow- Information on
publication year Country  Study design controls/cohort Age up alcohol drinking RR/HR/OR 95 % ClI Adjustment or matched for
Branganza et al. USA Cohort 477 095 50-71 years 105 Alcohol 0-65 and 0-96 for heavy 0-47, 0-90 Education, marital status
20140 years drinking in men and 0-63, 1-48 and race/ethnicity.
women, respectively; 0-92 0-69, 1.24
and 0-79 for low—moder-  0-54, 1-16
ate drinking in men and
women, respectively
Hurley et al. Australia Case—control 416 cases and 422 20-70 years - Alcohol 1-36 and 0-93 for heavy 0-73, 2-51 Age and reference rate
199619 controls consumption drinking in men and 0-38, 225
women, respectively; 1-30 0-66, 254
and 0-55 for low—moder- ~ 0-30, 0-99
ate drinking in men and
women, respectively
Cote et al. 202101 USA Cohort 237 505 25-75 years 262 Total alcohol 0-62 for heavy drinking and  0-39, 0.97 Age (months), smoking sta-
years 0-9 for low—moderate 0-62, 1-30 tus (never v. past v. cur-
drinking in women; 0-57 0-36, 0-89 rent), calendar year, BMI
for low—moderate drinking (< 25 kg/m? v. > 25—< 30
in men kg/m? v. > 30 kg/m?) and
total energetic intake
(quintiles)
Baglietto et al. Australia Cohort 39 766 27-81 years An aver- Total alcohol 2-54 for heavy drinking; 1-07 0-92, 7-01 Sex, country of birth, total
2011012 age of intake for low—moderate drinking 0-55, 2:10 energy intake from diet,
15 level of education and cof-
years fee consumption
Hu et al. 1999®%  China Case—control 129 cases (73 glio-  20-74 years - Total alcohol 3:22 for heavy drinking; 0-80 1.5, 1.7 Income, education, cigarette
mas and 56 men- for low—moderate drinking 0-3, 2.2 smoking, selected occu-
ingiomas) and 256 pational exposures and
controls total energy intake
Efird et al. 200425 USA Cohort 133 811 >25y 21 years Alcohol 0-4 for heavy drinking; 0-90  0-1,2-8 Cigarettes, cigars, pipes,
for low—moderate drinking 0-6, 1-4 sex, race, education and
coffee.
Benson et al UK Cohort 1-3 million Middle-aged 59 Alcohol intake 1-11 for low—moderate 092, 1.35 Height, BMI, smoking status,
20089 years drinking socio-economic status,
age at first birth, strenu-
ous exercise, parity and
oral contraceptive use
Ryan et al. Australia Case—control 110 cases and 417  25-74 years - Alcohol 1.0 for heavy drinking; 0-86  0-53, 1.91 Age, sex and subject’s own
199227 controls for low—moderate drinking 0-47, 1-60 smoking history

Branganza 1, Hurley 1, cote 1, et al. represent the data for men. Branganza 2, Hurley 2, cote 2, et al. represent the data for women.
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Study %

ID ES (95% CI) Weight
i

Baglito (2011) | . 254092, 701) 626
|

Cote2 (2021) —0—:— 0-62 (0-39, 0-97) 1751
|

Braganzal (2014) —o—:r 0-66 (0-47, 0-90) 2252
1

BraganzaZ (2014) —IO— 0-96 (0-63, 1-48) 18-53
1

Ryan (1992) _E'— 1-00 (053, 1-91) 1213
1

Efird (2004) - : 0-40 (0-10, 2-80) 2:65
]

Hurley1 (1996) —E——o— 1-36 (0-73, 2-51) 12-70
1

Hurley2 (1996) : 093 (0-38, 2:25) 77
1

Overall (l-squared = 43-7%, p = 0-087) ¢> 089 (067, 1-18) 100.00
]
|

MNOTE: Weights are from random effects analysis :
1

I T

A 1

Fig. 2. Forest plots for RR of heavy alcohol drinking v. non-drinking. RR, relative risk.

Discussion

Existing evidence on the role of alcohol intake and the incidence
of glioma is limited and inconsistent. To the best of our knowl-
edge, this is the latest systematic review and meta-analysis
on the effect of alcohol intake on glioma. In this study,
we found a significant inverse association between low-
moderate alcohol drinking and the risk of glioma. Meanwhile,
no significant association between heavy alcohol drinking
and the risk of glioma was observed. Data from eight articles
involving 2706 glioma cases and 2 189 927 participants were
included in this meta-analysis. Our findings provide further
evidence on the role of alcohol intake and the risk of glioma,
though the lack of a dose-response relationship suggests cau-
tion in the interpretation of results.

In our analyses, the significant inverse association was iden-
tified between low—moderate alcohol drinking and the risk of
glioma. Our findings are inconsistent with a previous meta-
analysis of alcohol consumption and the risk of glioma®®. Qi
et al. reported no material association between alcohol con-
sumption and risk of glioma (total alcohol drinks . non-drinks:
RR =0:96, 95% CI (0-89, 1-04)""?. In their meta-analysis, the
main analysis is ‘ever and alcohol drinkers v. nondrinkers’. Qi
and colleagues did not analyse the relationship between differ-
ent levels of alcohol consumption and the risk of glioma. Thus, a
lack of consideration for the association between different drink-
ing group and glioma could contribute somewhat the variance in

results. In a comprehensive meta-analysis of alcohol consump-
tion and risk of brain tumours, Galeone and colleagues also
found that alcohol drinking did not appear to be associated with
adult brain cancer”. The difference to our study is that Galeone
etal. did not analyse glioma or glioblastom separately from other
brain tumours. This analysis of combination of glioma and other
brain tumours could make these findings more confounding.
Also, inclusion of eight articles reporting eleven original studies
with a larger sample size might explain the modest stronger
association observed in our meta-analysis. In contrast, a more
recent report from three prospective cohort studies found a sig-
nificant inverse association between alcohol intake and glioma
risk in both men and women?. Cote et al. estimated HR of
glioma and 95 % CI by category of alcohol intake and adjusted
the covariates including BMI, smoking status and total energetic
intake. In the NIH-AARP Diet and Health Study, an analysis
including 704 glioma cases also identified significant inverse,
dose-dependent associations between alcohol and beer intake
and risk of glioma, but no associations for wine or liquor®. In
short, the evidence linking alcohol consumption with glioma
is inconsistent. Although ethanol has been classified as carcino-
genic to humans by the International Agency for Research on
Cancer (IARC)®, there are several plausible explanations for
this favourable effect of low—moderate alcohol drinking on
glioma. First, xanthohumol, a flavonoid present in beer, has
exhibited its anticancer properties via inhibition of various
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Study %
1D ES (95% CI) Weight
I
Hu (1999) - : 0-80 (0-30, 2-20) 127
Benson (2008) —_— 0-87 (0-71, 1-06) 31-34
Baglitto (2011) : 1-07 (0-55, 2-10) 2-80
1
Cote1 (2021) - : 0-58 (0-35, 0-98) 4-75
Cote2 (2021) _io—— 0-93 (069, 1-25) 14-26
Braganzail (2014) —;—o— 0-96 (0-75, 1-23) 20-57
1
Braganza? (2014) —a— : 0-79 (0-54, 1-16) 861
Ryan (1992) i 074 (0-39, 1-40) 3-08
Efird (2004) I 0-90 (0-60, 1-40) 7-01
]
Hurley1 (1996) : —— 1-30 (0-66, 2-54) 277
Hurley2 (1996) i 0-55 (0-30, 0-99) 3-53
Overall (l-squared = 0:0%, p = 0-656) @ 0-87 (0-78, 0-97) 100-00
|
NOTE: Weights are from random effects analysis :
T ' T
=3 1 3-33

Fig. 3. Forest plots for RR of light-moderate alcohol drinking v. non-drinking. RR, RR, relative risk.

Begg's funnel plot with pseudo 95% confidence limits

=5
s.e. of: log([rr]

Fig. 4. Funnel plots analysis to detect publication bias in heavy alcohol drinking v. non-drinking.

signalling pathways, for example, disruption of the activation of proliferation, angiogenesis and apoptosis®?3?. Second, labora-
transcription factors, suppression of multiple protein kinases and tory evidence has also shown that certain components of red

regulation of the expression of genes which related to cell wine, such as phenols, may play an important role in reducing
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Begg's funnel plot with pseudo 95% confidence limits

s.e. of: log[rr]

Fig. 5. Funnel plots analysis to detect publication bias in the light-moderate alcohol drinking v. non-drinking.

Table 2. Alcohol intake and glioma: sensitivity analysis
(Risk ratio and 95 % confidence intervals)

Heavy alcohol

Low—moderate

Study characteristic Category Number drinking 95% ClI alcohol drinking 95% ClI
Age >50 5 0-80 0-55, 117 0-88 0-78, 0-99
<50 3 112 0-75, 1-67 0-78 0-56, 1-11
Sex Men 3 0-90 0-44, 1-83 0-91 0-74,112
Women 3 0-80 0-59, 1-07 0-85 0-73, 0-98
Men and women 5 116 0-50, 2-69 0-88 0-66, 1-19
Ethnicity White 7 0-89 0-67,1-18 0-87 0-78, 0-97
Other 1 - 0-80 0-30, 217
Study design Case—control 3 112 0.75, 1-67 0-78 0-56, 1-11
Cohort 5 0-80 0-55, 1-17 0-88 0-78, 0-99

the growth and development of glioma®". These mechanisms
mentioned above could explain the observed association
between low—moderate alcohol drinking and risk of glioma.
Meanwhile, in this study, we observed no significant association
between heavy alcohol drinking and glioma risk. Our results are
inconcordant with a previous study'?, which suggests that
alcohol consumption increases the risk of glioblastoma consis-
tent with a dose-response relationship. Alcohol drinking has
been consistently considered as an important risk factor for
cancers®?. Data from the Melbourne Collaborative Cohort
Study including sixty-seven glioblastoma cases showed no sig-
nificant differences for those drinking<20 g/d of alcohol, but a
higher risk for those drinking 40-59 g/d (HR =3-07, 95% CI
(1-26, 7+47)) and >60 g/d (HR = 2-54, 95 % CI (0-92, 7-00)), com-
pared with lifetime abstainers!?. Although we observed no sig-
nificant association between heavy alcohol drinking and glioma
risk in this study, several plausible mechanisms have also been
proposed. First, alcohol is an identified human carcinogen that
penetrates the blood-brain barrier and thus may play an impor-
tant role in the development of glioma V. Second, acetaldehyde
is an intermediate product of alcohol metabolism, which have

been shown to induce DNA lesions, generate free radicals and
damage enzymes involved in DNA repair and antioxidant pro-
tection®®. Third, animal studies have also shown that N-nitroso
compounds contained in alcohol can result in brain tumours®,
In a hospital-based case—control study, Hurley et al. found no
significant association between heavy alcohol consumption
and risk of glioma in both men and women'?’, However, the risk
estimate was only adjusted for age and reference rate, and
residual confounding was possible. In case—control studies of
alcohol consumption in particular, the risk of recall bias may
be substantial, and this bias may affect the relationship between
alcohol intake and glioma risk®". There are several possible
explanations for the null association. First, alcohol intake might
have changed during the follow-up, such as after a diagnosis of
glioma. This change in alcohol intake could attenuate the asso-
ciation between heavy alcohol drinking and the risk of glioma.
Second, we were unable to analyse the effect of specific alcohol
types on glioma, because limited data were available. Finally, to
the above-mentioned, some constituents in alcoholic beverages,
for example, beer, red wine have been reported to have anti-
cancer properties®%3D,
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