
BackgroundBackground Few studies haveFew studies have

investigated large population-basedinvestigated large population-based

cohorts for an association betweencohorts for an associationbetween

alcohol consumption and suicide.alcohol consumption and suicide.

AimsAims To investigate the possibleTo investigate the possible

associationbetween alcohol intake andassociationbetween alcoholintake and

suicide.suicide.

MethodMethod WeusednationwideWeusednationwide

population-based cohortdata fromthepopulation-based cohortdata fromthe

Japan Public Health Centre-BasedJapan Public Health Centre-Based

Prospective Studycohort.Atotal ofProspective Studycohort.Atotal of

43383men aged 40^69 years43383 men aged 40^69 years

participated.Death from suicidewasparticipated.Death from suicidewas

defined according to ICD^10 as codesdefined according to ICD^10 as codes

X60^X84.X60^X84.

ResultsResults During the 367 817 person-During the 367 817 person-

years of follow-up, therewere168years of follow-up, therewere168

suicides.Comparedwith occasionalsuicides.Comparedwith occasional

drinkers, the pooledmultivariate relativedrinkers, the pooledmultivariate relative

risk (RR; with 95% CI) of suicide fornon-risk (RR; with 95% CI) of suicide fornon-

drinkers andregularheavydrinkerswasdrinkers andregular heavydrinkerswas

2.3 (1.2^4.6) and 2.3 (1.2^4.7) respectively.2.3 (1.2^4.6) and 2.3 (1.2^4.7) respectively.

The RRincreasedwiththe amount ofThe RRincreasedwiththe amount of

alcohol consumed (alcohol consumed (PP for trendfor trend¼0.004).0.004).

ConclusionsConclusions There is a U-shapedThere is a U-shaped

associationbetween alcohol consumptionassociationbetween alcohol consumption

and subsequent suicide.and subsequent suicide.
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It was recently reported that more thanIt was recently reported that more than

30 000 people in Japan die by suicide30 000 people in Japan die by suicide

annually (the suicide rate in 1998 wasannually (the suicide rate in 1998 was

25.4 per 100 000), one of the highest sui-25.4 per 100 000), one of the highest sui-

cide rates in the world, and that more thancide rates in the world, and that more than

40% of Japanese suicide victims are40% of Japanese suicide victims are

middle-aged (in their 40s and 50s;middle-aged (in their 40s and 50s;

Takahashi, 2002). Heavy alcohol consump-Takahashi, 2002). Heavy alcohol consump-

tion is among the well-known risk factorstion is among the well-known risk factors

for suicide (Harris & Barraclough, 1997;for suicide (Harris & Barraclough, 1997;

Mann, 2002), and the lifetime suicide rateMann, 2002), and the lifetime suicide rate

is estimated to be 7% among those whois estimated to be 7% among those who

misuse alcohol (Inskipmisuse alcohol (Inskip et alet al, 1998)., 1998).

However, few studies have investigatedHowever, few studies have investigated

the association between alcohol consump-the association between alcohol consump-

tion and subsequent completion of suicidetion and subsequent completion of suicide

using a validated measurement of alcoholusing a validated measurement of alcohol

consumption in a large population-basedconsumption in a large population-based

cohort. The purpose of the present studycohort. The purpose of the present study

was to investigate the association betweenwas to investigate the association between

alcohol consumption and suicide based onalcohol consumption and suicide based on

the data obtained from middle-aged malesthe data obtained from middle-aged males

in the Japan Public Health Centre-Basedin the Japan Public Health Centre-Based

Prospective Study (JPHC Study) cohort.Prospective Study (JPHC Study) cohort.

METHODMETHOD

Study cohortStudy cohort

This study was conducted as part of theThis study was conducted as part of the

JPHC study, which began in 1990 for Co-JPHC study, which began in 1990 for Co-

hort I and in 1993 for Cohort II. The studyhort I and in 1993 for Cohort II. The study

population was defined as all residents agedpopulation was defined as all residents aged

40–59 years in Cohort I and 40–69 years in40–59 years in Cohort I and 40–69 years in

Cohort II at baseline who had registeredCohort II at baseline who had registered

their addresses in 27 municipalities super-their addresses in 27 municipalities super-

vised by nine public health centres. Wevised by nine public health centres. We

established a population-based cohort ofestablished a population-based cohort of

57 714 men (27 063 in Cohort I and57 714 men (27 063 in Cohort I and

30 651 in Cohort II). Details of the study30 651 in Cohort II). Details of the study

design have been reported elsewhere (Wata-design have been reported elsewhere (Wata-

nabenabe et alet al, 2001). The JPHC study was ap-, 2001). The JPHC study was ap-

proved by the institutional review board ofproved by the institutional review board of

the National Cancer Centre, Tokyo, Japan.the National Cancer Centre, Tokyo, Japan.

Baseline questionnaire surveyBaseline questionnaire survey

A self-administered questionnaire was dis-A self-administered questionnaire was dis-

tributed to all cohort members in 1990tributed to all cohort members in 1990

(Cohort I) and 1993–4 (Cohort II), mostly(Cohort I) and 1993–4 (Cohort II), mostly

between February and March, to determinebetween February and March, to determine

socio-demographic characteristics, personalsocio-demographic characteristics, personal

medical history, smoking status, alcoholmedical history, smoking status, alcohol

intake, alcohol-related flushing, physicalintake, alcohol-related flushing, physical

activity, and other lifestyle-related factorsactivity, and other lifestyle-related factors

(e.g. food intake). The questionnaire used(e.g. food intake). The questionnaire used

for Cohort II was modified to includefor Cohort II was modified to include

questions on social support.questions on social support.

Alcohol consumptionAlcohol consumption

In Cohort I, we defined non-drinkers (In Cohort I, we defined non-drinkers (5511

day/month), occasional drinkers (1–3day/month), occasional drinkers (1–3

days/month) and regular drinkers (1–2days/month) and regular drinkers (1–2

days/week or more) based on the frequencydays/week or more) based on the frequency

of alcohol consumption. Subjects in Co-of alcohol consumption. Subjects in Co-

hort II were asked about their alcohol con-hort II were asked about their alcohol con-

sumption habits, i.e. whether they weresumption habits, i.e. whether they were

never, ex-, or current drinkers. To matchnever, ex-, or current drinkers. To match

the variables of alcohol intake in the twothe variables of alcohol intake in the two

cohorts, the ‘non-drinker’ category was de-cohorts, the ‘non-drinker’ category was de-

fined as never drinkers and ex-drinkersfined as never drinkers and ex-drinkers

combined in Cohort II. Current drinkerscombined in Cohort II. Current drinkers

were divided into occasional drinkers (1–were divided into occasional drinkers (1–

3 days/month) and regular drinkers (1–23 days/month) and regular drinkers (1–2

days/week or more), based on the fre-days/week or more), based on the fre-

quency of consumption. Among regularquency of consumption. Among regular

drinkers, weekly ethanol intake was calcu-drinkers, weekly ethanol intake was calcu-

lated by multiplying frequency per week bylated by multiplying frequency per week by

the amount of alcohol consumed daily.the amount of alcohol consumed daily.

The amount of ethanol in each alcoholicThe amount of ethanol in each alcoholic

drink was calculated as follows: 180 mldrink was calculated as follows: 180 ml

sake (rice wine) as 23 g ethanol, 180 mlsake (rice wine) as 23 g ethanol, 180 ml

shochu or awamori (white spirits) as 36 g,shochu or awamori (white spirits) as 36 g,

633 ml beer as 23 g, 30 ml whisky or bran-633 ml beer as 23 g, 30 ml whisky or bran-

dy as 10 g and 60 ml wine as 6 g. Thedy as 10 g and 60 ml wine as 6 g. The

method for calculating ethanol intake hasmethod for calculating ethanol intake has

been reported in detail elsewhere (Tsuganebeen reported in detail elsewhere (Tsugane

et alet al, 1999; Sobue, 1999; Sobue et alet al, 2001). Participants, 2001). Participants

were classified into six groups: non-were classified into six groups: non-

drinkers, occasional drinkers, and fourdrinkers, occasional drinkers, and four

groups of regular drinkers according togroups of regular drinkers according to

the quartile of weekly ethanol intakethe quartile of weekly ethanol intake

((55138 g/week, 138–251 g/week, 252–138 g/week, 138–251 g/week, 252–

413 g/week and413 g/week and 55414 g/week).414 g/week).

To evaluate the validity of the estima-To evaluate the validity of the estima-

tion of alcohol intake from the baselinetion of alcohol intake from the baseline

questionnaires, we collected four 7-dayquestionnaires, we collected four 7-day

dietary records (a total of 28 days) fromdietary records (a total of 28 days) from

volunteers in each cohort. Spearman’s rankvolunteers in each cohort. Spearman’s rank

correlations for estimated alcohol intakecorrelations for estimated alcohol intake

between the baseline questionnaires andbetween the baseline questionnaires and

dietary records were 0.79 in 94 men indietary records were 0.79 in 94 men in

Cohort I (TsubonoCohort I (Tsubono et alet al, 2003) and 0.59, 2003) and 0.59

in 176 men in Cohort II (unpublished data).in 176 men in Cohort II (unpublished data).

This indicates that our questionnaire hadThis indicates that our questionnaire had

moderate validity for ranking participantsmoderate validity for ranking participants

according to their alcohol consumption.according to their alcohol consumption.
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Facial flushingFacial flushing

Previous studies have indicated that ap-Previous studies have indicated that ap-

proximately half of those from East Asiaproximately half of those from East Asia

have very low aldehyde dehydrogenase 2have very low aldehyde dehydrogenase 2

(ALDH2) activity. This enzyme limits alco-(ALDH2) activity. This enzyme limits alco-

hol intake by means of the unpleasanthol intake by means of the unpleasant

symptoms that occur after alcohol con-symptoms that occur after alcohol con-

sumption owing to the low capacity tosumption owing to the low capacity to

metabolise aldehyde (Ferguson & Gold-metabolise aldehyde (Ferguson & Gold-

berg, 1997). Facial flushing after alcoholberg, 1997). Facial flushing after alcohol

consumption is an excellent indicator ofconsumption is an excellent indicator of

the presence of inactive ALDH2 (Takeshitathe presence of inactive ALDH2 (Takeshita

et alet al, 1993; Yokoyama, 1993; Yokoyama et alet al, 1997)., 1997).

Moreover, facial flushing is well known toMoreover, facial flushing is well known to

be associated with reduction in both drink-be associated with reduction in both drink-

ing and progression to alcoholism (Higuchiing and progression to alcoholism (Higuchi

et alet al, 1992). Thus since the mechanism, 1992). Thus since the mechanism

underlying the association of alcohol con-underlying the association of alcohol con-

sumption and suicide is not clear (Hufford,sumption and suicide is not clear (Hufford,

2001) we also investigated the relationship2001) we also investigated the relationship

between alcohol consumption and suicidebetween alcohol consumption and suicide

in individuals with and without facial flush-in individuals with and without facial flush-

ing. A facial flushing questionnaire wasing. A facial flushing questionnaire was

used, which Yokoyamaused, which Yokoyama et alet al (1997) re-(1997) re-

ported had good reliability (high sensitivityported had good reliability (high sensitivity

and specificity) for inactive ALDH2.and specificity) for inactive ALDH2.

Follow-up and identificationFollow-up and identification
of suicideof suicide

We followed all participants from baselineWe followed all participants from baseline

until 31 December 1999 for Cohort I anduntil 31 December 1999 for Cohort I and

31 December 2000 for Cohort II. Data on31 December 2000 for Cohort II. Data on

migration were obtained from the residen-migration were obtained from the residen-

tial registry annually. Of the initialtial registry annually. Of the initial

participants, 1966 (4.3%) moved out ofparticipants, 1966 (4.3%) moved out of

the study area and 36 (0.08%) were lostthe study area and 36 (0.08%) were lost

to follow-up. Data on deaths of partici-to follow-up. Data on deaths of partici-

pants who remained in their original areapants who remained in their original area

were based on death certificates from thewere based on death certificates from the

local public health centre. For those wholocal public health centre. For those who

died after moving from their original area,died after moving from their original area,

the cause of death was extracted fromthe cause of death was extracted from

death certificates kept by the Ministry ofdeath certificates kept by the Ministry of

Health, Labour and Welfare, Japan. DeathHealth, Labour and Welfare, Japan. Death

by suicide was defined according to ICD–by suicide was defined according to ICD–

10 (World Health Organization, 1992) as10 (World Health Organization, 1992) as

codes X60–X84. All death certificates incodes X60–X84. All death certificates in

Japan are submitted to a local governmentJapan are submitted to a local government

office and forwarded to the public healthoffice and forwarded to the public health

centre in the area of residence. Mortalitycentre in the area of residence. Mortality

data are then sent to the Ministry ofdata are then sent to the Ministry of

Health, Labour and Welfare and codedHealth, Labour and Welfare and coded

for National Vital Statistics. Registrationfor National Vital Statistics. Registration

of deaths is mandatory in Japan under theof deaths is mandatory in Japan under the

Family Registration Law and death certifi-Family Registration Law and death certifi-

cates must be completed by a licensedcates must be completed by a licensed

physician. The verdict of suicide is basedphysician. The verdict of suicide is based

on the results of the medico-legal examin-on the results of the medico-legal examin-

ation by a licensed physician and the policeation by a licensed physician and the police

investigation as required by Japanese law.investigation as required by Japanese law.

Thus, the data are believed to be sufficientThus, the data are believed to be sufficient

in terms of quality and completeness.in terms of quality and completeness.

Statistical analysisStatistical analysis

Person-years of follow-up were calculatedPerson-years of follow-up were calculated

from baseline until the date of suicide, thefrom baseline until the date of suicide, the

most recent date when survival status wasmost recent date when survival status was

confirmed in censored cases, and at theconfirmed in censored cases, and at the

end of the study periods (31 Decemberend of the study periods (31 December

1999 for Cohort I and 31 December 20001999 for Cohort I and 31 December 2000

for Cohort II) for survivors, whicheverfor Cohort II) for survivors, whichever

occurred first. The crude suicide rate wasoccurred first. The crude suicide rate was

calculated by dividing the number of sui-calculated by dividing the number of sui-

cide cases by the number of person-years.cide cases by the number of person-years.

For each cohort, the Cox proportionalFor each cohort, the Cox proportional

hazards model was used to estimate relativehazards model was used to estimate relative

risk (RR) and 95% confidence intervalsrisk (RR) and 95% confidence intervals

(CIs) of suicide related to alcohol consump-(CIs) of suicide related to alcohol consump-

tion at baseline using the SAS program ver-tion at baseline using the SAS program ver-

sion 8.2 for Windows (PROC PHREG; SASsion 8.2 for Windows (PROC PHREG; SAS

Institute, Cary, North Carolina, USA). TheInstitute, Cary, North Carolina, USA). The

RRs were adjusted for age, area, livingRRs were adjusted for age, area, living

alone and unemployment. Linear trendsalone and unemployment. Linear trends

were tested in the Cox proportional hazardswere tested in the Cox proportional hazards

models by treating the categories as ordinalmodels by treating the categories as ordinal

variables. The interaction test was per-variables. The interaction test was per-

formed for facial flushing status. Allformed for facial flushing status. All PP

values reported are two-sided and thevalues reported are two-sided and the

significance level was set atsignificance level was set at PP550.05.0.05.

We used the fixed-effects model to com-We used the fixed-effects model to com-

bine the logbine the logee RRs; the cohort-specific RRsRRs; the cohort-specific RRs

were weighted by the inverse of their var-were weighted by the inverse of their var-

iance after testing for heterogeneity amongiance after testing for heterogeneity among

cohorts (Petitti, 1994). The pooledcohorts (Petitti, 1994). The pooled PP valuevalue

for the interaction test was calculated byfor the interaction test was calculated by

the sum of logs method (Becker, 1994).the sum of logs method (Becker, 1994).

RESULTSRESULTS

A total of 45 452 men (79%), 20 658 inA total of 45 452 men (79%), 20 658 in

Cohort I and 24 794 in Cohort II, returnedCohort I and 24 794 in Cohort II, returned

the questionnaire. We excluded those forthe questionnaire. We excluded those for

whom information on alcohol consumptionwhom information on alcohol consumption

was incomplete (2069 men (4.6%), includ-was incomplete (2069 men (4.6%), includ-

ing 6 who died by suicide). Among 367 817ing 6 who died by suicide). Among 367 817

person-years of observation of 43 383 menperson-years of observation of 43 383 men

(mean follow-up(mean follow-up¼8.5 years), there were8.5 years), there were

168 (0.39%) suicides (97 in Cohort I and168 (0.39%) suicides (97 in Cohort I and

71 in Cohort II). At baseline (Table 1),71 in Cohort II). At baseline (Table 1),

regular drinkers in Cohorts I and II whoregular drinkers in Cohorts I and II who

consumed more than 414 g of ethanol perconsumed more than 414 g of ethanol per

week were more likely to smoke and lessweek were more likely to smoke and less

likely to have facial flushing than occa-likely to have facial flushing than occa-

sional drinkers. Non-drinkers were moresional drinkers. Non-drinkers were more

likely to be receiving medication and to belikely to be receiving medication and to be

unemployed. The proportion of men takingunemployed. The proportion of men taking

medication was highest among the ex-medication was highest among the ex-

drinkers. Data on social support variablesdrinkers. Data on social support variables

were available for Cohort II. Non-drinkerswere available for Cohort II. Non-drinkers

were less likely to have close friends andwere less likely to have close friends and

confidants than others. These data wereconfidants than others. These data were

not available for Cohort I.not available for Cohort I.

The association between alcohol con-The association between alcohol con-

sumption at baseline and subsequent deathsumption at baseline and subsequent death

by suicide is shown in Table 2. Comparedby suicide is shown in Table 2. Compared

with occasional drinkers, the pooled multi-with occasional drinkers, the pooled multi-

variate RRs for non-drinkers and regularvariate RRs for non-drinkers and regular

drinkers who consumed more than 414 gdrinkers who consumed more than 414 g

of ethanol per week were 2.3 (95% CIof ethanol per week were 2.3 (95% CI

1.2–4.6) and 2.3 (95% CI 1.2–4.7) respec-1.2–4.6) and 2.3 (95% CI 1.2–4.7) respec-

tively. Among non-drinkers in Cohort II,tively. Among non-drinkers in Cohort II,

ex-drinkers had a significantly increasedex-drinkers had a significantly increased

risk of suicide compared with occasionalrisk of suicide compared with occasional

drinkers, but never drinkers did not, evendrinkers, but never drinkers did not, even

after adjusting for potential confounders.after adjusting for potential confounders.

Among drinkers the risk of suicide in-Among drinkers the risk of suicide in-

creased with the amount of ethanol con-creased with the amount of ethanol con-

sumed, and the trend test revealedsumed, and the trend test revealed

statistical significance (statistical significance (PP for trendfor trend¼0.004).0.004).

There is a U-shaped association betweenThere is a U-shaped association between

alcohol consumption and subsequent deathalcohol consumption and subsequent death

by suicide (Fig. 1).by suicide (Fig. 1).

To maintain statistical power, we re-To maintain statistical power, we re-

categorised drinkers into three groups.categorised drinkers into three groups.

Because groups of occasional drinkers andBecause groups of occasional drinkers and

regular drinkers who consumed 138–251 gregular drinkers who consumed 138–251 g

ethanol showed almost the same risk asethanol showed almost the same risk as

groups of regular drinkers who consumedgroups of regular drinkers who consumed

less than 138 g and 252–413 g ethanolless than 138 g and 252–413 g ethanol

respectively, we combined these categories.respectively, we combined these categories.

Thereafter, we analysed the associationThereafter, we analysed the association

between alcohol consumption and subse-between alcohol consumption and subse-

quent death by suicide among drinkersquent death by suicide among drinkers

further adjusting for flushing status. Regu-further adjusting for flushing status. Regu-

lar heavy drinkers who consumed morelar heavy drinkers who consumed more

than 414 g of ethanol per week had a signif-than 414 g of ethanol per week had a signif-

icantly higher risk of suicide than thoseicantly higher risk of suicide than those

who drank occasionally or consumed lesswho drank occasionally or consumed less

than 138 g of ethanol per week (pooledthan 138 g of ethanol per week (pooled

multivariate RRmultivariate RR¼2.3, 95% CI 1.4–3.8).2.3, 95% CI 1.4–3.8).

Among men for whom data on alcohol-Among men for whom data on alcohol-

related flushing status were availablerelated flushing status were available

((nn¼39 241), 43.2% reported being non-39 241), 43.2% reported being non-

flushers and 56.8% being flushers. Flushersflushers and 56.8% being flushers. Flushers

did not have a significantly increased risk ofdid not have a significantly increased risk of

suicide compared with non-flushers (pooledsuicide compared with non-flushers (pooled

multivariate RRmultivariate RR¼1.3, 95% CI 0.9–1.8). To1.3, 95% CI 0.9–1.8). To

determine whether alcohol consumptiondetermine whether alcohol consumption

differed in terms of subsequent death bydiffered in terms of subsequent death by

suicide between non-flushers and flushers,suicide between non-flushers and flushers,

we analysed the data in separate facialwe analysed the data in separate facial

flushing strata. Among non-flushers, aflushing strata. Among non-flushers, a

non-significant elevated risk was observednon-significant elevated risk was observed

for regular drinkers who consumed morefor regular drinkers who consumed more

than 414 g of ethanol per week (pooledthan 414 g of ethanol per week (pooled

multivariate RRmultivariate RR¼2.1, 95% CI 0.9–4.7)2.1, 95% CI 0.9–4.7)

compared with those who drank occasion-compared with those who drank occasion-

ally or consumed less than 138 g of ethanolally or consumed less than 138 g of ethanol
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per week; a borderline significant positiveper week; a borderline significant positive

trend was also found (trend was also found (PP for trendfor trend¼0.07;0.07;

Fig. 2). Among flushers, regular drinkersFig. 2). Among flushers, regular drinkers

who consumed more than 414 g of ethanolwho consumed more than 414 g of ethanol

per week had a significantly increased riskper week had a significantly increased risk

(pooled multivariate RR(pooled multivariate RR¼2.5, 95% CI,2.5, 95% CI,

1.3–4.8) compared with those who drank1.3–4.8) compared with those who drank

occasionally or consumed less than 138 goccasionally or consumed less than 138 g

of ethanol per week, and a positive trendof ethanol per week, and a positive trend

was observed (was observed (PP for trendfor trend¼0.007). The in-0.007). The in-

teraction test for facial flushing status didteraction test for facial flushing status did

not show statistical significance (not show statistical significance (PP¼0.96).0.96).

To exclude effects of other potentialTo exclude effects of other potential

confounders, the RRs were further adjustedconfounders, the RRs were further adjusted

for medication, past history of any chronicfor medication, past history of any chronic

diseases, self-reported stress, smokingdiseases, self-reported stress, smoking

status, body mass index, and sports andstatus, body mass index, and sports and

physical exercise in leisure time. However,physical exercise in leisure time. However,

the results did not substantially changethe results did not substantially change

after adjustment (data not shown). Toafter adjustment (data not shown). To

eliminate effects of preclinical diseases,eliminate effects of preclinical diseases,

we performed analyses that excluded thewe performed analyses that excluded the

first 2 years of follow-up. The pooled RRfirst 2 years of follow-up. The pooled RR

in non-drinkers was attenuated and thein non-drinkers was attenuated and the

statistical significance of the associationstatistical significance of the association

disappeared (pooled multivariate RRdisappeared (pooled multivariate RR¼1.8,1.8,

95% CI 0.9–3.7). In Cohort II, the RRs95% CI 0.9–3.7). In Cohort II, the RRs

were attenuated in both never drinkerswere attenuated in both never drinkers

(multivariate RR(multivariate RR¼1.2, 95% CI 0.3–4.4)1.2, 95% CI 0.3–4.4)

and ex-drinkers (multivariate RRand ex-drinkers (multivariate RR¼6.0,6.0,

95% CI 1.6–22.7) but the statistical signif-95% CI 1.6–22.7) but the statistical signif-

icance was still observed in the ex-drinkers.icance was still observed in the ex-drinkers.

To account for the possible under-reportingTo account for the possible under-reporting

of suicide cases, the association of alcoholof suicide cases, the association of alcohol

consumption with suicide was examinedconsumption with suicide was examined

including deaths from undetermined causesincluding deaths from undetermined causes

(ICD–10 code Y10–Y34,(ICD–10 code Y10–Y34, nn¼19) as suicide19) as suicide

cases. However, we observed a similarcases. However, we observed a similar

U-shaped association (data not shown).U-shaped association (data not shown).

DISCUSSIONDISCUSSION

Association between alcoholAssociation between alcohol
consumption and suicideconsumption and suicide

This is the first study to show a U-shapedThis is the first study to show a U-shaped

association between alcohol consumptionassociation between alcohol consumption

and subsequent death by suicide on theand subsequent death by suicide on the

basis of validated measurement of alcoholbasis of validated measurement of alcohol

consumption in two large Japaneseconsumption in two large Japanese

population-based middle-aged malepopulation-based middle-aged male

cohorts.cohorts.

To the best of our knowledge, onlyTo the best of our knowledge, only

five cohort studies have investigated thefive cohort studies have investigated the

association between alcohol consumptionassociation between alcohol consumption

and subsequent suicide (Paffenbargerand subsequent suicide (Paffenbarger et alet al,,

1969; Ross1969; Ross et alet al, 1990; Andreasson, 1990; Andreasson et alet al,,

1991; Klatsky & Armstrong, 1993; Turvey1991; Klatsky & Armstrong, 1993; Turvey

et alet al, 2002) but their findings were incon-, 2002) but their findings were incon-

sistent. Three of these reports indicated thatsistent. Three of these reports indicated that

individuals consuming large amounts ofindividuals consuming large amounts of

alcohol were more likely to die by suicidealcohol were more likely to die by suicide

than those who never drank or consumedthan those who never drank or consumed

moderate amounts (Rossmoderate amounts (Ross et alet al, 1990;, 1990;

AndreassonAndreasson et alet al, 1991; Klatsky & Arm-, 1991; Klatsky & Arm-

strong, 1993). The other two studies foundstrong, 1993). The other two studies found

no significant association (Paffenbargerno significant association (Paffenbarger etet

alal, 1969; Turvey, 1969; Turvey et alet al, 2002). Our present, 2002). Our present

findings indicate that heavy drinkers amongfindings indicate that heavy drinkers among

middle-aged Japanese men, who constitutemiddle-aged Japanese men, who constitute
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Table 1Table 1 Baseline characteristics of Cohorts I and II of the Japan Public Health Centre-Based Prospective Study Group (men aged 40^69) according to alcoholBaseline characteristics of Cohorts I and II of the Japan Public Health Centre-Based Prospective Study Group (men aged 40^69) according to alcohol

consumptionconsumption

Non-drinkersNon-drinkers OccasionalOccasional Regular drinkersRegular drinkers11, weekly ethanol intake (g), weekly ethanol intake (g)

NeverNever
drinkersdrinkers

Ex-drinkersEx-drinkers
drinkersdrinkers

55138g138g 138^251g138^251g 252^413g252^413g 55414g414g

Cohort ICohort I
Number of menNumber of men 42874287 22002200 29782978 37853785 34363436 35223522
Age, years: meanAge, years: mean 50.250.2 49.049.0 49.349.3 49.349.3 49.649.6 49.349.3
Living alone, %Living alone, % 3.03.0 3.03.0 2.72.7 2.42.4 1.91.9 2.12.1
Unemployed, %Unemployed, % 8.58.5 3.23.2 3.03.0 1.81.8 2.02.0 2.52.5
Anymedicines, %Anymedicines, % 27.427.4 19.019.0 20.920.9 21.321.3 22.922.9 24.624.6
Current smokers, %Current smokers, % 47.547.5 46.346.3 45.445.4 52.752.7 59.459.4 64.464.4
Flushers, %Flushers, % 65.865.8 64.764.7 57.557.5 51.951.9 46.546.5 44.044.0

Cohort IICohort II
Number of menNumber of men 50185018 10211021 19661966 36143614 38473847 36053605 41044104
Age, years: meanAge, years: mean 56.556.5 59.259.2 52.252.2 52.852.8 54.154.1 53.453.4 53.653.6
Living alone, %Living alone, % 4.14.1 4.64.6 3.93.9 3.53.5 2.82.8 3.33.3 3.33.3
Unemployed, %Unemployed, % 13.813.8 23.723.7 5.35.3 6.16.1 6.36.3 4.34.3 5.15.1
Having no personwhomakes youHaving no personwhomakes you
feel comfortable and/or safe, %feel comfortable and/or safe, %

26.026.0 25.725.7 24.024.0 18.818.8 22.022.0 22.422.4 24.624.6

Having no friend who you talk toHaving no friend who you talk to
once a week ormore, %once a week or more, %

18.318.3 20.720.7 15.415.4 14.814.8 15.815.8 15.315.3 14.914.9

Having no person who agreesHaving no person who agrees
with and/or supports yourwith and/or supports your
actions and/or ideas, %actions and/or ideas, %

19.419.4 20.320.3 14.114.1 13.013.0 13.513.5 13.413.4 16.416.4

Having no person to whom youHaving no person to whom you
can talk about personalcan talk about personal
feelings or secrets, %feelings or secrets, %

25.025.0 24.324.3 23.323.3 19.819.8 22.522.5 21.521.5 22.922.9

Anymedicines, %Anymedicines, % 35.635.6 65.865.8 26.526.5 28.728.7 30.130.1 28.428.4 29.029.0
Current smokers, %Current smokers, % 47.547.5 43.343.3 47.547.5 43.843.8 50.850.8 58.158.1 61.961.9
Flushers, %Flushers, % 70.170.1 48.048.0 62.362.3 53.053.0 43.843.8 36.636.6 3232.5.5

1. Drinking at least1day/week.1. Drinking at least1day/week.
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the majority of Japanese suicide victims,the majority of Japanese suicide victims,

are not the only group vulnerable toare not the only group vulnerable to

subsequent death by suicide. Non-drinkerssubsequent death by suicide. Non-drinkers

are also at risk. The increased risk for deathare also at risk. The increased risk for death

by suicide among non-drinkers was anby suicide among non-drinkers was an

unexpected finding, and there are severalunexpected finding, and there are several

possible explanations.possible explanations.

First, because the findings wereFirst, because the findings were

somewhat attenuated after excluding thesomewhat attenuated after excluding the

first 2 years of follow-up, non-drinkersfirst 2 years of follow-up, non-drinkers

might have several underlying physicalmight have several underlying physical

diseases, which could be risk factors fordiseases, which could be risk factors for

later suicide. Second, one epidemiologicallater suicide. Second, one epidemiological

study investigating drinking habits andstudy investigating drinking habits and

depression among middle-aged and elderlydepression among middle-aged and elderly

Japanese males revealed a significantlyJapanese males revealed a significantly

higher degree of depression among non-higher degree of depression among non-

drinkers than among moderate and evendrinkers than among moderate and even

problem drinkers (Satoproblem drinkers (Sato et alet al, 1990). Under-, 1990). Under-

lying depression in non-drinkers maylying depression in non-drinkers may

contribute to the higher risk for suicide.contribute to the higher risk for suicide.

Third, non-drinkers in Cohort II perceivedThird, non-drinkers in Cohort II perceived

less social support, for example, in the formless social support, for example, in the form

of close friends and confidants, and thisof close friends and confidants, and this

might contribute to the increased risk ofmight contribute to the increased risk of

subsequent suicide (Heikkinensubsequent suicide (Heikkinen et alet al,,

1993). There might also be other factors1993). There might also be other factors

associated with a non-drinking lifestyle,associated with a non-drinking lifestyle,

such as specific personality traits, copingsuch as specific personality traits, coping

strategies, religious beliefs and a past his-strategies, religious beliefs and a past his-

tory of alcohol dependence, although wetory of alcohol dependence, although we

do not have clear empirical data supportingdo not have clear empirical data supporting

the association. Finally, the differencethe association. Finally, the difference

between never drinkers and ex-drinkersbetween never drinkers and ex-drinkers

which are both classed as non-drinkers inwhich are both classed as non-drinkers in

the present study, should be consideredthe present study, should be considered

more carefully because each showedmore carefully because each showed

different RR compared with occasionaldifferent RR compared with occasional

drinkers in Cohort II. An increased riskdrinkers in Cohort II. An increased risk

of suicide might be observed only in ex-of suicide might be observed only in ex-

drinkers but not in never drinkers. Ourdrinkers but not in never drinkers. Our

findings, like those of other health out-findings, like those of other health out-

comes (de Lorimier, 2000), suggest acomes (de Lorimier, 2000), suggest a

U-shaped association between alcoholU-shaped association between alcohol

consumption and suicide. However, furtherconsumption and suicide. However, further

research is needed to determine why non-research is needed to determine why non-

drinkers are more likely to die by suicidedrinkers are more likely to die by suicide

than moderate drinkers.than moderate drinkers.
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Table 2Table 2 Relative risk of suicide according to alcohol consumptionRelative risk of suicide according to alcohol consumption

NeverNever

drinkersdrinkers

Ex-Ex-

drinkersdrinkers

Non-Non-

drinkersdrinkers

OccasionalOccasional

drinkersdrinkers

Regular drinkersRegular drinkers11, weekly ethanol intake (g), weekly ethanol intake (g) PP for trendfor trend
amongamong

55138g138g 138^251g138^251g 252^413g252^413g 55414g414g drinkersdrinkers

Cohort ICohort I

Number of suicidesNumber of suicides 2929 77 1010 1414 1212 2525

Person-yearsPerson-years 4121641216 2131021310 28 95628 956 3677836778 3334933349 33 86433 864

Crude suicide rateCrude suicide rate 70.470.4 32.832.8 34.534.5 38.138.1 36.036.0 73.873.8

Age/area-adjusted RRAge/area-adjusted RR

(95% CI)(95% CI)22
2.2 (0.9^4.9)2.2 (0.9^4.9) 1.01.0 1.1 (0.4^2.8)1.1 (0.4^2.8) 1.2 (0.5^3.0)1.2 (0.5^3.0) 1.2 (0.5^3.0)1.2 (0.5^3.0) 2.3 (0.98^5.4)2.3 (0.98^5.4) 0.020.02

Multivariate RR (95% CI)Multivariate RR (95% CI)33 2.2 (0.96^5.1)2.2 (0.96^5.1) 1.01.0 1.0 (0.4^2.6)1.0 (0.4^2.6) 1.2 (0.5^3.1)1.2 (0.5^3.1) 1.2 (0.5^3.1)1.2 (0.5^3.1) 2.3 (0.99^5.4)2.3 (0.99^5.4) 0.010.01

Cohort IICohort II

Number of suicidesNumber of suicides 1313 1010 2323 33 99 1010 1010 1616

Person-yearsPerson-years 36 86636 866 71167116 4398243982 14 85514 855 2706527065 28 74428 744 2700727007 30 69130 691

Crude suicide rateCrude suicide rate 35.335.3 140.5140.5 52.352.3 20.220.2 33.333.3 34.834.8 37.037.0 52.152.1

Age/area-adjusted RRAge/area-adjusted RR

(95% CI)(95% CI)22
1.8 (0.5^6.2)1.8 (0.5^6.2) 7.0 (1.9^25.9)7.0 (1.9^25.9) 2.6 (0.8^8.7)2.6 (0.8^8.7) 1.01.0 1.6 (0.4^6.1)1.6 (0.4^6.1) 1.7 (0.5^6.1)1.7 (0.5^6.1) 1.7 (0.5^6.4)1.7 (0.5^6.4) 2.5 (0.7^8.6)2.5 (0.7^8.6) 0.130.13

Multivariate RR (95% CI)Multivariate RR (95% CI)33 1.7 (0.5^6.2)1.7 (0.5^6.2) 6.7 (1.8^25.0)6.7 (1.8^25.0) 2.5 (0.7^8.5)2.5 (0.7^8.5) 1.01.0 1.6 (0.4^6.1)1.6 (0.4^6.1) 1.7 (0.5^6.1)1.7 (0.5^6.1) 1.8 (0.5^6.5)1.8 (0.5^6.5) 2.5 (0.7^8.7)2.5 (0.7^8.7) 0.120.12

Pooled estimatesPooled estimates

Multivariate RR (95% CI)Multivariate RR (95% CI)33 2.3 (1.2^4.6)2.3 (1.2^4.6) 1.01.0 1.2 (0.5^2.6)1.2 (0.5^2.6) 1.4 (0.6^2.9)1.4 (0.6^2.9) 1.3 (0.6^2.9)1.3 (0.6^2.9) 2.3 (1.2^4.7)2.3 (1.2^4.7) 0.0040.004

RR, relative risk.RR, relative risk.
1. Drinking at least1day/week.1. Drinking at least1day/week.
2. Adjusted for age at baseline and area (nine public health centres).2. Adjusted for age at baseline and area (nine public health centres).
3. Adjusted for age at baseline, area (nine public health centres), living alone (no, yes), and employment status (employed, unemployed).3. Adjusted for age at baseline, area (nine public health centres), living alone (no, yes), and employment status (employed, unemployed).

Fig. 1Fig. 1 Relative risk of suicide after adjustment forRelative risk of suicide after adjustment for

age, area, living alone and employment statusage, area, living alone and employment status

according to alcohol consumption. Bars representaccording to alcohol consumption. Bars represent

95% confidence intervals.95% confidence intervals.

Fig. 2Fig. 2 Relative risk of suicide after adjustment for age, area, living alone and employment status according toRelative risk of suicide after adjustment for age, area, living alone and employment status according to

alcohol consumption in flushers and non-flushers. Bars represent 95% confidence intervals.alcohol consumption in flushers and non-flushers. Bars represent 95% confidence intervals.
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Alcohol-related flushing and suicideAlcohol-related flushing and suicide

The dose–response effect of alcohol con-The dose–response effect of alcohol con-

sumption on death by suicide was signifi-sumption on death by suicide was signifi-

cant in regular drinkers with alcohol-cant in regular drinkers with alcohol-

related flushing, although a borderlinerelated flushing, although a borderline

significance was also observed amongsignificance was also observed among

non-flushers and the interaction test fornon-flushers and the interaction test for

facial flushing did not yield statistically sig-facial flushing did not yield statistically sig-

nificant results. Several recent studies havenificant results. Several recent studies have

demonstrated potential roles for geneticdemonstrated potential roles for genetic

factors, including polymorphisms, in psy-factors, including polymorphisms, in psy-

chiatric disorders that are associated withchiatric disorders that are associated with

suicide behaviours (Hasegawasuicide behaviours (Hasegawa et alet al, 2002;, 2002;

HuangHuang et alet al, 2003) but the current findings, 2003) but the current findings

do not suggest any clearly different effect ofdo not suggest any clearly different effect of

alcohol consumption on suicide amongalcohol consumption on suicide among

non-flushers (active ALDH2) and flushersnon-flushers (active ALDH2) and flushers

(inactive ALDH2).(inactive ALDH2).

Methodological advantagesMethodological advantages
of this studyof this study

Our study had several methodologicalOur study had several methodological

advantages. First, the prospective designadvantages. First, the prospective design

made it possible to avoid recall bias. Mostmade it possible to avoid recall bias. Most

epidemiological studies of alcohol con-epidemiological studies of alcohol con-

sumption and suicide have used a retro-sumption and suicide have used a retro-

spective design with proxy respondents.spective design with proxy respondents.

Second, this study included a largeSecond, this study included a large

population-based sample with a highpopulation-based sample with a high

response rate (approximately 80%) and aresponse rate (approximately 80%) and a

very low rate of loss to follow-up. Third,very low rate of loss to follow-up. Third,

we measured alcohol consumption using awe measured alcohol consumption using a

validated questionnaire, whereas most pre-validated questionnaire, whereas most pre-

vious cohort studies did not use a validatedvious cohort studies did not use a validated

measurement for alcohol consumptionmeasurement for alcohol consumption

(Paffenbarger(Paffenbarger et alet al, 1969; Ross, 1969; Ross et alet al,,

1990; Andreasson1990; Andreasson et alet al, 1991; Turvey, 1991; Turvey etet

alal, 2002). Fourth, the similar findings in, 2002). Fourth, the similar findings in

the two cohorts strengthens the results.the two cohorts strengthens the results.

LimitationsLimitations

Our study had some limitations. First,Our study had some limitations. First,

several important items of data were notseveral important items of data were not

available because the primary aims of theavailable because the primary aims of the

cohort (JPHC Study) did not include provi-cohort (JPHC Study) did not include provi-

sion of evidence for suicide. In particular,sion of evidence for suicide. In particular,

the lack of any data on psychiatric dis-the lack of any data on psychiatric dis-

orders such as depression and alcoholorders such as depression and alcohol

misuse/dependence is the most importantmisuse/dependence is the most important

limitation. Second, because the numberslimitation. Second, because the numbers

of suicides are small in each alcoholof suicides are small in each alcohol

consumption group, the results might beconsumption group, the results might be

overinterpreted. Third, ICD–10 suicideoverinterpreted. Third, ICD–10 suicide

statistics might not be reliable becausestatistics might not be reliable because

under-reporting and misclassification ofunder-reporting and misclassification of

suicide can occur (such as accidentalsuicide can occur (such as accidental

drowning and poisonings) and any eventdrowning and poisonings) and any event

in the undetermined intent category canin the undetermined intent category can

be misclassified as suicide (Rockett &be misclassified as suicide (Rockett &

Smith, 1993). However, this type of mis-Smith, 1993). However, this type of mis-

classification would be unlikely to haveclassification would be unlikely to have

influenced the results because we observedinfluenced the results because we observed

similar results after taking deaths fromsimilar results after taking deaths from

undetermined causes into account. Fourth,undetermined causes into account. Fourth,

there may be measurement errors in thethere may be measurement errors in the

alcohol consumption and other lifestylealcohol consumption and other lifestyle

factors resulting from the use of the ques-factors resulting from the use of the ques-

tionnaire. In addition, the influence oftionnaire. In addition, the influence of

modification of drinking habits during themodification of drinking habits during the

follow-up period cannot be ignored. Afollow-up period cannot be ignored. A

reduction or increase of alcohol consump-reduction or increase of alcohol consump-

tion might lead to attenuation of the truetion might lead to attenuation of the true

association. Fifth, since two of the metro-association. Fifth, since two of the metro-

politan areas were excluded because ofpolitan areas were excluded because of

different definitions of the study popu-different definitions of the study popu-

lation, our findings may not be directlylation, our findings may not be directly

generalisable to the entire Japanese urbangeneralisable to the entire Japanese urban

population. However, our findings canpopulation. However, our findings can

at least be generalised to middle-agedat least be generalised to middle-aged

and elderly Japanese men in rural areas.and elderly Japanese men in rural areas.

Finally, because the participants wereFinally, because the participants were

middle-aged Japanese men, the findingsmiddle-aged Japanese men, the findings

may not be applicable to those frommay not be applicable to those from

different generations and/or to women.different generations and/or to women.

Further researchFurther research

Although there are several limitations, theAlthough there are several limitations, the

observed association between alcohol con-observed association between alcohol con-

sumption and suicide is still important,sumption and suicide is still important,

and future studies, particularly of the co-and future studies, particularly of the co-

occurrence of alcohol dependence andoccurrence of alcohol dependence and

mood disorders, should yield interestingmood disorders, should yield interesting

results.results.
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CLINICAL IMPLICATIONSCLINICAL IMPLICATIONS
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LIMITATIONSLIMITATIONS
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