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Abstract

Purpose: The association between alcohol intake and glioma remains unclear. We evaluated
the association between alcohol intake and incidence of glioma in three large, prospective cohort
studies with repeated alcohol assessments.

Methods: We harnessed data from three studies with repeat alcohol assessment to compute
hazard ratios (HR) and 95% confidence intervals (CI) for glioma by overall alcohol intake and
intake from specific beverages using Cox proportional hazards regression, adjusted for age, cohort,
body mass index, smoking status, and caloric intake. Analyses were conducted separately for
glioma overall and for glioblastoma (GBM).

Results: We confirmed 554 incident glioma cases (362 GBM) among 237,505 participants with
6,216,378 person-years of follow up. Cumulative average alcohol intake was associated with
reduced risk of glioma (HR=0.75, 95%CI:0.56-0.99 comparing >8-15 to <0.5 g/d; HR=0.71,
95%C]1:0.53-0.96 comparing >15 g/d to <0.5 g/d). When stratified by sex, for the same
comparisons, the HRs for men were 0.57 (95%CI:0.36-0.89) and 0.79 (0.53-1.16), and for women
0.90 (95%C1:0.62-1.30) and 0.62, 95%C1:0.39-0.97. Results were consistent when examining
cumulative average, baseline, and recent intake, and with a 4 year lag.
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Conclusion: These results provide evidence against a positive association between alcohol
intake and glioma risk. Alcohol intake was associated with reduced risk of glioma in both men and
women.

Keywords
glioma; glioblastoma; cohort; epidemiology; alcohol; beer; wine; liquor

Introduction

Glioma is the most common primary brain malignancy and the high-grade form,
glioblastoma, is associated with a median survival of 15 months with standard treatment
[1]. Few modifiable risk factors for these lesions have been identified, but most studies have
been limited by a small number of glioma cases or retrospective design [2].

While alcohol has been linked to higher incidence of a variety of cancers, including those
of the liver,[3] larynx,[4] colon,[3] esophagus,[4] and breast,[5] results from several studies
have shown mixed evidence for an association between alcohol intake and glioma [6-11]. In
addition, low to moderate alcohol consumption and heavy alcohol consumption often differ
in their association with chronic diseases, such as stroke and cardiovascular disease, which
are positively associated with heavy alcohol consumption but inversely associated with low
to moderate consumption, compared to never use [12, 13]. Few of the existing studies of
alcohol use and glioma have used prospective data [3, 6-8, 11, 14] and none have reported
repeat assessments of alcohol intake.

In this study, we used data from three, large, prospective cohort studies—the Nurses’ Health
Study (NHS), Health Professionals Follow-Up Study (HPFS), and Nurses’ Health Study Il
(NHSII—to examine the association between alcohol intake and glioma risk. In addition,
we examined the associations between intake of alcohol from specific alcoholic beverages,
including beer, red and white wine, and liquor, and incidence of glioma.

Methods

Study Participants

The methods of the NHS, HPFS, and NHSII have previously been described in detail [15].
In 1976, NHS enrolled 121,701 female nurses aged 30-55 years. In 1986, HPFS enrolled
51,529 male health professionals aged 40-75 years. In 1989, NHSII enrolled 116,686 female
nurses aged 25-42 years. Participants in each cohort completed a baseline questionnaire and
subsequent biennial follow-up questionnaires. Follow-up rates in the cohorts have exceeded
90% [16]. The Institutional Review Boards at the Brigham and Women’s Hospital, Harvard
T.H. Chan School of Public Health, and participating registries approved this study.

Dietary and Alcohol Intake Assessment

Food frequency questionnaires (FFQs) were initially collected in 1980 for 92,468 women in
NHS, in 1986 for 49,935 men in HPFS, and in 1991 for 95,391 women in NHSII. For the
NHS, a 61-item semi-quantitative FFQ was used at baseline [17]. This was then expanded

Eur J Epidemiol. Author manuscript; available in PMC 2022 September 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Cote et al.

Page 3

to approximately 130 food and beverage items in 1984 and 1986, and repeated every four

years subsequently. In HPFS and NHSII, baseline diet was assessed using a 131-item FFQ
with updates every four years thereafter [18]. For each item on the FFQ, participants were
prompted to report their average intake over the preceding year for a specified serving size
of each item. Options ranged from never or almost never to six or more times per day.

Intake of specified portions of beer, wine, and liquor was assessed on each questionnaire,
starting from the baseline dietary assessment in each cohort. The portion size was 1 can,
bottle, or glass for beer, a 4 oz. glass for wine until 2002/3, at which point it was changed to
a5 o0z. glass; and 1 drink or shot for liquor. The 1980 FFQ in the NHS only asked about total
wine intake. For that FFQ, total wine intake was divided in half and assigned evenly to red
and white wine for inclusion in the analyses of red and white wine. For all other FFQs, red
and white wine were asked separately and total wine was computed as the sum of servings
of white wine and red wine intake per week. Beginning in 1994 in NHS and HPFS and

in 1991 in NHSII, light beer was asked separately from regular beer. For these FFQs, total
beer intake was calculated as the sum of reported regular beer and light beer intake. Total
alcoholic beverage consumption was calculated as the sum of servings of total beer, total
wine, and liquor intake.

Alcohol intake for specific beverages was computed by multiplying the frequency of
consumption of that alcoholic beverage by the alcohol content of the specified portion size.
Total alcohol consumption was generated by summing alcohol intake across all alcoholic
beverages.

Intake of alcohol as measured by these FFQs has previously been validated [18-20]. In
these validation studies, participants of the NHS and HPFS completed the FFQ at one year
intervals, during which time they also completed two (HPFS) or four (NHS) one-week
dietary records. Correlation coefficients between one-week dietary records and the FFQ
were 0.89 for beer, 0.83 for wine, and 0.77 for liquor in NHS and 0.88 for beer, 0.83 for
red wine, 0.78 for white wine, and 0.85 for liquor for men [18, 19]. The overall correlation
between current alcohol intake reported in the FFQ and multiple 1-week diet records was
0.90 in women and 0.86 in men [20].

In addition, the typical days per week of consuming alcohol was assessed in 1986, 1988,
1996, 2000, and 2004 in NHS, in 1989, 2005, and 2009 in NHSII, and in 1986, 1988,

1998, 2002, 2004, 2006, and 2008 in HPFS. The maximum number of alcoholic beverages
consumed was assessed in 1988, 1996, 2000, and 2004 in NHS, in 1989, 2005, and 2009

in NHSII, and in 1988, 1996, 2004, 2006, and 2008 in HPFS. In 1988/9, each cohort asked
participants to report their intake of alcohol, in number of beverages per week, at age 18-21.

Assessment of Covariates

Body mass index (BMI) was calculated using the adult height reported on baseline
questionnaires and weight updated every two years in all cohorts. Smoking status was also
collected on each questionnaire.
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Identification of Cases

Cases of primary brain malignancy were self-reported on biennial questionnaires, and were
subsequently confirmed by medical record review by cohort study investigators. Deaths
were identified through the National Death Index, postal authorities, and next-of-kin. For
any death that may have been due to a primary brain tumor, we sought medical records to
confirm the diagnosis; these records were also used to extract data on tumor subtype, which
was categorized as glioblastoma (GBM) vs. non-GBM. Follow-up for mortality through
these methods assured nearly complete ascertainment of deaths and their causes [21]. Only
cases with confirmed diagnoses were included in this analysis.

Statistical Analyses

Follow-up was begun at the date of return of the baseline FFQ and continued to the date

of diagnosis, death, or the end of follow-up (December 31, 2013 for NHS and NHSII;
December 31, 2016 for HPFS), whichever came first. Our primary analyses used the
cumulative average of all available FFQs up to that point in time as the exposure. In NHSII,
for example, intake for the years 2003-2007 was represented by the average alcohol intake
reported in each of the preceding FFQs (1991, 1995, 1999, and 2003), which provided the
exposure for the subsequent follow-up period. We excluded from the analyses participants
who did not complete the baseline FFQ. If dietary data were missing at any point in a
non-baseline questionnaire, responses from the prior FFQ were carried forward up to 8
years, and otherwise set to missing. Secondary analyses included recent intake (for which
intake was computed by averaging the two most recent FFQs), baseline intake, and four year
lagged intake, which excluded the first four years of follow up.

Analyses were performed for glioma overall and GBM separately in each cohort. Cox
proportional hazards models were constructed to estimate hazard ratios (HRs) of glioma
and 95% confidence intervals (Cls) by category of alcohol intake, for alcohol intake overall
and for specific beverages. Covariates in the models included body mass index (BMI),
smoking status, and total caloric intake. BMI was categorized according to World Health
Organization definitions as <25, 25-<30, and =30 kg/m2. Smoking status was also reported
on each biennial questionnaire and was categorized as never smoker vs. past smoker

vs. current smoker. All models were additionally adjusted for total caloric intake, which
minimizes extraneous variation due to underreporting or overreporting in the FFQ [22]. Each
of these covariates was updated at each available time point. Age in months was used as
the underlying time scale with stratification by calendar time. We additionally analyzed the
association between alcohol intake and glioma with mutual adjustment for alcohol from
different beverage types (e.g., beer adjusted for red and white wine and liquor).

Categorization of alcohol intake and intake of alcohol from each beverage was based on the
distribution of responses observed in the cohorts. Intake was categorized as <0.5 grams/day,
0.5-2 g/d, >2-8 g/d, and >8 g/d. These categories approximately correspond to 0-0.25,
>0.25-0.75, >0.75-1, >1-4, and >4 servings/week. For total alcohol, additional categories of
>8-15 g/d (approximately >4-7.5 servings/week) and >15 g/d were included.
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To account for the possibility that some participants in the reference category were current
abstainers who were formerly heavy drinkers, we conducted a sensitivity analysis by
excluding those participants who reported reducing their intake of alcohol prior to baseline.
In NHS and HPFS, at baseline, participants were asked to report if their intake of alcohol
had changed in the preceding 10 years; in the sensitivity analysis, we excluded those who
reported decreasing alcohol intake and reported <0.5 g/d of alcohol intake at baseline. In
NHSII, this question was not assessed, so instead, we excluded participants who reported
<0.5 g/d of intake at baseline in 1991 and who also reported previously consuming >25
average drinks/week at ages 15-17, 18-22, 23-30, or 31-40.

In secondary analyses, we also examined associations between drinking patterns and glioma
risk. Responses to these questions on each relevant questionnaire were carried forward until
the following assessment; participants who did not respond were marked as missing and

did not contribute person-time during those periods. These analyses were adjusted for total
alcohol intake using the same categories as above.

We examined whether inclusion of alcohol intake at age 18-21 significantly improved
model fit by performing likelihood ratio tests in each cohort using nested models. The

full model included total alcohol intake throughout adulthood, alcohol intake at age 18-21,
BMI, smoking status, and total caloric intake, while the nested model included all of these
variables except alcohol intake at age 18-21.

We did not compute tests of linear trend in glioma risk for increasing categories of alcohol
and specific alcoholic beverage intake because of the a priori hypothesis of a possible
U-shaped or otherwise non-linear association between alcohol intake and glioma incidence.
Analyses of the female NHS and NHSII cohorts were combined by meta-analysis using the
fixed-effect model. Analyses of all three cohorts were then combined by meta-analysis using
the fixed-effect model, and p-heterogeneity was calculated for each measure. All statistical
analyses were performed using the SAS 9.4 statistical package (SAS Institute, Cary, NC),
and all p-values were derived from two-sided tests. The threshold for significance was set at
0.05.

In total, 554 incident cases of glioma (343 among women, 211 among men, 362 GBM) were
identified among 237,505 total participants with 6,216,378 person-years of follow up (Table
1). A large proportion of each cohort were nondrinkers at baseline (31% in NHS, 42% in
NHSII, 24% in HPFS). Average daily alcohol intake was substantially higher in HPFS than
NHS or NHSII (11.2 vs. 6.2 vs. 3.0 g/d, respectively).

Overall, cumulative average alcohol intake was associated with reduced risk of glioma
(HR=0.75, 95%CI: 0.56-0.99 comparing >8-15 g/d vs. <0.5 g/d; HR=0.71, 95%ClI: 0.53—
0.96 comparing >15 g/d vs. <0.5 g/d, Table 2). There was no evidence of significant
confounding by BMI or smoking status. Findings for specific alcoholic beverages were
generally inverse and non-significant. Overall findings were similar but less precise for
GBM, due to smaller case counts.
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When stratified by sex (Table 3), the inverse association between alcohol intake and
glioma risk was observed in both women and men, though in women the association was
statistically significant only at intakes above 15 g/d (HR=0.62, 95%CI: 0.39-0.97 for >15
g/d compared to <0.5 g/d). Total wine intake was also associated with reduced risk among
women (HR=0.60, 95%CI: 0.37-0.97 comparing >8 to <0.5 g/d).

For men, alcohol intake was associated with reduced glioma risk (HR=0.63, 95%CIl: 0.43-
0.94 for >2-8 and HR=0.57, 95%CI: 0.36-0.89 for >8-15 compared to <0.5 g/d); the
association was weaker and nonsignificant for alcohol intake exceeding 15 g/dNo clear
patterns in the association across intake categories were observed for alcohol from specific
alcoholic beverages in men.

Different temporal definitions of alcohol intake resulted in similar overall findings (Table
4). Baseline total alcohol intake (HR=0.75, 95%CI: 0.56-0.99 comparing >8-15 to <0.5
g/d) and recent total alcohol intake (HR=0.74, 95%CI: 0.55-0.99 comparing >8-15 to <0.5
g/d) were each associated with reduced glioma risk. Hazard ratios were similar though
non-significant for four year lagged intake (HR=0.76, 95%ClI: 0.56-1.02 comparing >8-15
to <0.5 g/d). Associations were weaker and nonsignificant for baseline and recent alcohol
intake exceeding 15 g/day, as well as after applying a four-year lag.

In each cohort, addition of alcohol consumption at age 18-21 did not improve model fit
(data not shown). P-values for the likelihood ratio test comparing nested models were 0.35
for NHS, 0.10 for HPFS, and 0.88 for NHSII. Mutual adjustment of individual alcoholic
beverages for others (i.e., beer adjusted for red and white wine and liquor) yielded similar
overall findings (Supplementary Table 1).

Analyses of drinking frequency per week and maximum daily drinks of alcohol showed
a nonsignificant increase in glioma risk; of note, case counts in the highest category of
>4 maximum drinks per day were limited (n=13). Compared to non-drinkers, the HR
among those drinking a maximum of >3-4 drinks/day was HR=1.37, 95%Cl: 0.97-1.94
and was HR=1.29, 95%CI: 0.68-2.44 among those drinking >4 maximum drinks/day
(Supplementary Table 2).

Exclusion of participants in the reference category who reported reducing their intake of
alcohol prior to baseline did not materially change the results (Supplementary Table 3).
In this sensitivity analysis, alcohol intake in the range of >8-15 was similarly inversely
associated with glioma compared to <0.5 g/d (HR=0.71, 95%CI: 0.51-1.00), though not
statistically significantly. HRs remained similarly inverse in general, though power was
reduced due to exclusion of 64 cases.

Discussion

In this study, we observed an inverse association between alcohol intake and glioma risk,
among both men and women. Results were similar when restricted only to GBM, the
most common subtype, and when different temporal classifications of alcohol were used.
In the overall analysis, no significant inverse associations were identified between specific
alcoholic beverages and glioma risk. Interestingly, inclusion of alcohol consumption in

Eur J Epidemiol. Author manuscript; available in PMC 2022 September 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Cote et al.

Page 7

early adulthood did not improve model fit, suggesting that adult alcohol consumption may
be most closely related to glioma risk. Taken in total, the findings reported here provide
evidence against a positive association between alcohol intake and glioma risk during
adulthood and are consistent with an inverse association at this level of intake.

Alcohol is an identified human carcinogen that penetrates the blood brain barrier and may
play a role in development of glioma [23]. Alcohol disrupts DNA methylation,[24] reduces
antioxidant levels in the blood,[25] and has been linked to increased risk of several cancers,
including those of the liver and breast [4, 5]. On the other hand, moderate alcohol intake is
associated with reduced risk of cardiovascular disease and all-cause mortality,[13] a lower
risk of stroke,[12] and lower risk of kidney cancer[26] compared to never drinkers and
heavy drinkers. Laboratory evidence has also shown that constituents in alcoholic beverages,
including xanthohumol, a flavonoid present in beer, and phenols in red wine, may play a role
in reducing the growth and development of glioma [27, 28].

The association between alcohol intake and glioma risk has been investigated in more than
a dozen case-control studies and several prospective cohort studies. Among case-control
studies, several have reported increased risk with higher alcohol consumption,[29-33]
although in general these studies did not assess risk by specific beverages, did not stratify
by sex, and were at risk of bias due to the method of data collection or control selection. In
case-control studies of alcohol intake in particular, the risk of recall bias may be substantial,
and this bias may be more challenging in the context of glioma [34]. A recent Mendelian
randomization (MR) analysis of 5,739 glioma cases and 5,501 glioma controls identified
suggestive evidence for an association between increased alcohol consumption and higher
risk of glioma [35]. MR analyses in the context of alcohol are complicated by several
factors, however, including pleiotropy, confounding, an inability to distinguish healthier
from less healthy drinking patterns (e.g., occasional small consumption vs. binging), and
difficulty examining non-linear effects [36].

Prospective cohort studies on the subject have also yielded mixed results, but have

tended toward more inverse than positive associations [6, 11, 37]. In the NIH-AARP Diet
and Health Study, an analysis including 704 glioma cases identified significant inverse,
dose-dependent associations between alcohol and beer intake and glioma risk, but no
associations for wine or liquor [6]. A more recent pooled analysis of the NIH-AARP study,
Million Women Study, and PLCO study showed an inverse but non-statistically significant
association between alcohol intake and glioma risk (RR=0.97, 95%Cl: 0.94-1.01 per 10
g/d alcohol), but did not stratify by sex or examine individual alcoholic beverages [11].
Data from the Melbourne Collaborative Cohort study including 67 glioblastoma cases, on
the other hand, reported no significant differences for those drinking <20 g/d of alcohol,
but a higher risk for those drinking 20-39 g/d (HR=1.79, 95%Cl: 0.81-3.95), 40-59 g/d
(HR=3.07, 95%Cl: 1.26-7.47), and 260 g/d (HR=2.54, 95%Cl: 0.92-7.00), compared to
lifetime abstainers [37].

Strengths of the current study include detailed and repeated assessment of alcohol
during adulthood over a long duration of follow-up. This permitted analyses of baseline,
cumulatively updated, and recent intake, as well as lagged analyses, to allow assessment
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of different temporal associations between alcohol intake and glioma risk. In addition, the
large number of participants and relatively large number of accrued glioma cases allowed
for subtype analysis (i.e., GBM-only), and stratification by sex. Limitations include the
relatively low level and narrow range of alcohol intake, particularly among women, and the
fact that the majority of participants were White. Few participants consumed >45 g/d of
alcohol in these cohorts, making risk estimates for heavy use less precise and therefore not
separately categorized in the current analysis. Future studies that include more heavy alcohol
users may demonstrate a non-linear association between alcohol intake and glioma risk, and
show an increased risk at higher levels of consumption, such as that reported above 20 g/d in
the Melbourne Collaborative Cohort Study [37].

Conclusion

These results provide evidence against a positive association between alcohol intake during
adulthood and glioma risk. Given the relatively low level of alcohol intake in these cohorts,
low or moderate alcohol intake may reduce risk of glioma.
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Table 1.
Baseline characteristics of NHS, NHSII, and HPFS participants in analyses of alcohol consumption and
glioma risk.
NHS NHSII HPFS
Full Cohort Cases (n=256) Full Cohort Cases (n=87) Full Cohort Cases (n=211)
(n=92,377) (n=95,243) (n=49,885)
Age (years, mean, SD) 46.8 (7.2) 49.0 (6.7) 36.6 (4.7) 37.9 (4.8) 54.7 (9.8) 55.7 (8.9)
BMI (kg/m, mean, 24.4 (4.5) 24.7 (3.4) 24.6 (5.3) 24.7 (2.7) 249 (5.1) 25.3 (3.4)
a
SD)
Smoking status (n, %)
Never 40,023 (43) 113 (44) 62,144 (65) 53 (61) 22,132 (44) 95 (45)
Past 25,499 (28) 84 (33) 21,210 (22) 25 (29) 20,996 (42) 88 (42)
Current 26,676 (29) 58 (23) 11,775 (12) 8(9) 4,811 (10) 15 (7)
Missing 179 (0) 1(0) 114 (0) 1(1) 1,946 (4) 13 (6)
Race (n, %)b
White 65,020 (70) 130 (51) 86,906 (91) 80 (92) 44,881 (90) 187 (89)
Non-White 17,008 (18) 35 (14) 6,923 (7) 6 (7) 2,524 (5) 10 (5)
Missing 10,349 (11) 91 (36) 1,414 (1) 1(1) 2,480 (5) 14 (6)
Overall alcohol intake
(g alcohol/d, mean, SD)
Total alcohol® 6.2 (10.1) 6.4 (9.3) 3.0 (6.0) 2.2(2.2) 11.2 (15.5) 11.8 (11.1)
Beer® 1.2 (5.2) 1.4 (4.4) 1.2 (3.6) 0.9(1.2) 35(8.1) 3.7 (5.5)
Red wine® 0.9 (2.7) 0.7 (1.5) 0.3 (1.4) 0.2 (0.4) 1.1(3.1) 1.5 (2.9)
White wine® 1.9 (4.5) 1.4 (2.2) 0.9 (2.6) 0.6 (0.8) 1.7 (4.1) 1.7 (3.0)
Total wine? 2.5(5.4) 2.1(3.6) 1.2 (3.2) 0.8 (1.0) 2.8 (5.7) 3.3 (4.4)
Liquor 2 2.8(6.9) 3.0(6.1) 0.6 (2.5) 0.4 (1.1) 4.9 (10.4) 4.9(8.3)
Non-drinkers of (n, %):
Any alcohol? 28,854 (31) 92 (36) 39,988 (42) 37 (43) 11,840 (24) 64 (30)
Beer® 70,947 (77) 203 (79) 62,903 (66) 59 (68) 22,374 (45) 106 (50)
Red wine® 56,050 (61) 163 (64) 76,214 (80) 74 (85) 29,915 (60) 128 (61)
White wine® 42,783 (46) 130 (51) 57,210 (60) 53 (61) 22,622 (46) 105 (50)
Total wine? 40,324 (44) 118 (46) 53,903 (57) 50 (57) 20,309 (41) 95 (45)
Liquor? 51,181 (56) 139 (54) 73,910 (78) 70 (80) 23,672 (48) 114 (54)
Time to Diagnosis from 16.8 (8.7) 13.1(5.5) 13.7(7.7)
Baseline (years, mean,
SD)

aAge—adjusted.

bAvaiIabIe from baseline in NHSII and HPFS, and from 1992 in NHS.
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cAvaiIabIe from baseline in NHSII and HPFS, and from 1984 in NHS.

Abbreviations: BMI, body mass index; d, day; g, gram; HPFS, Health Professionals Follow-Up Study; NHS, Nurses’ Health Study; NHSII, Nurses’
Health Study 1I; SD, standard deviation;
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Risk of glioma and glioblastoma in NHS, NHSII, and HPFS by categories of cumulative average total alcohol
intake, and separately for alcohol intake from specific beverages.

All Glioma (n=554)

Glioblastoma (n=362)

AIchJL?JrIT;Say Approxin\;vaé:kServings/ Cases MV HRab 95% Cl Cases MV HRab 95%Cl
Total Alcohol 0-0.5 0-0.25 179 Ref. 115 Ref.
>0.5-2 >0.25-1 89 0.83 0.64-1.07 58 0.87 0.63-1.20
>2-8 >1-4 137 0.85 0.68-1.07 90 0.87 0.66-1.16
>8-15 >4-7.5 69 0.75 0.56-0.99 44 0.73 0.51-1.05
>15 >7.5 80 0.71 0.53-0.96 55 0.77 0.54-1.10
Beer 0-0.5 0-0.25 385 Ref. 241 Ref.
>0.5-2 >0.25-1 77 0.98 0.77-1.25 58 1.00 0.75-1.35
>2-8 >1-4 66 1.14 0.87-1.51 45 1.20 0.85-1.67
>8 >4 26 1.00 0.66-1.52 18 1.22 0.74-2.01
Red Wine 0-0.5 0-0.25 357 Ref. 226 Ref.
>0.5-2 >0.25-1 117 0.96 0.77-1.18 86 1.12 0.87-1.44
>2-8 >1-4 68 0.89 0.68-1.16 38 0.77 0.54-1.10
>8 >4 12 0.98 0.54-1.76 12 1.46 0.80-2.66
White Wine 0-0.5 0-0.25 310 Ref. 198 Ref.
>0.5-2 >0.25-1 148 0.95 0.78-1.16 103 1.05 0.82-1.34
>2-8 >1-4 76 0.76 0.59-0.98 46 0.74 0.53-1.03
>8 >4 20 0.92 0.58-1.45 15 1.16 0.67-1.99
Total Wine 0-0.5 0-0.25 247 Ref. 155 Ref.
>0.5-2 >0.25-1 154 0.99 0.80-1.21 103 1.07 0.83-1.38
>2-8 >1-4 103 0.79 0.62-1.00 67 0.82 0.61-1.10
>8 >4 50 0.90 0.65-1.24 37 1.04 0.71-1.52
Liquor 0-0.5 0-0.25 337 Ref. 218 Ref.
>0.5-2 >0.25-1 96 0.98 0.78-1.23 59 0.94 0.70-1.25
>2-8 >1-4 62 0.81 0.62-1.08 49 1.04 0.75-1.44
>8 >4 59 0.92 0.68-1.24 36 0.85 0.59-1.24

aAdjusted for age (months), calendar year, smoking status (never vs. past vs. current), BMI (<25 kg/m2 vs. 225-<30 kg/m2 vs. 230 kg/mz), and
total caloric intake (quintiles).

bCaIcuIated by fixed effect meta-analysis of all three cohorts. Abbreviations: BMI, body mass index; Cl, confidence interval; HPFS, Health
Professionals Follow-Up Study; HR, hazard ratio; MV, multivariable; NHS, Nurses’ Health Study; NHSII, Nurses’ Health Study II;
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Risk of glioma in NHS, NHSII, and HPFS by categories of cumulative average total alcohol intake, and
separately for alcohol intake from specific beverages, stratified by sex.

Women (n=343) Men (n=211)
Grams Alcohol/Day Approxin\;\?é:kServings/ Cases MV H Rab 95%Cl Cases MV HR? 95%Cl

Total Alcohol 0-0.5 0-0.25 118 Ref. 61 Ref.
>0.5-2 >0.25-1 70 0.93 0.69-1.25 19 0.58 0.35-0.98
>2-8 >1-4 91 1.00 0.75-1.32 46 0.63 0.43-0.94
>8-15 >4-7.5 39 0.90 0.62-1.30 30 0.57 0.36-0.89
>15 >7.5 25 0.62 0.39-0.97 55 0.79 0.53-1.16

Beer 0-0.5 0-0.25 266 Ref. 119 Ref.
>0.5-2 >0.25-1 39 0.90 0.64-1.27 38 1.07 0.76-1.51
>2-8 >1-4 31 1.31 0.89-1.94 35 1.00 0.67-1.47
>8 >4 7 0.91 0.43-1.94 19 1.04 0.63-1.72

Red Wine 0-0.5 0-0.25 235 Ref. 122 Ref.
>0.5-2 >0.25-1 70 0.95 0.72-1.24 47 0.97 0.69-1.37
>2-8 >1-4 35 0.85 0.59-1.22 33 0.94 0.63-1.40
>8 >4 3 0.52 0.17-1.64 9 1.22 0.61-2.44

White Wine 0-0.5 0-0.25 197 Ref. 113 Ref.
>0.5-2 >0.25-1 86 0.95 0.74-1.23 62 0.94 0.69-1.29
>2-8 >1-4 52 0.87 0.64-1.20 24 0.57 0.36-0.89
>8 >4 8 0.56 0.27-1.15 12 1.30 0.71-2.39

Total Wine 0-0.5 0-0.25 163 Ref. 84 Ref.
>0.5-2 >0.25-1 93 0.93 0.72-1.20 61 1.10 0.79-1.54
>2-8 >1-4 68 0.90 0.67-1.20 35 0.61 0.41-0.92
>8 >4 19 0.60 0.37-0.97 31 1.23 0.80-1.88

Liquor 0-0.5 0-0.25 225 Ref. 112 Ref.
>0.5-2 >0.25-1 58 1.00 0.74-1.33 38 0.95 0.66-1.39
>2-8 >1-4 37 1.01 0.70-1.45 25 0.59 0.38-0.92
>8 >4 23 0.88 0.57-1.38 36 0.95 0.64-1.41

aAdjusted for age (months), calendar year, smoking status (never vs. past vs. current), BMI (<25 kg/m2 vs. 225-<30 kg/m2 vs. 230 kg/mz), and
total caloric intake (quintiles).

bCaIcuIated by fixed effect meta-analysis of NHS and NHSII.

Abbreviations: BMI, body mass index; CI, confidence interval; HPFS, Health Professionals Follow-Up Study; HR, hazard ratio; MV, multivariable;
NHS, Nurses’ Health Study; NHSII, Nurses’ Health Study II;
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