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Effectiveness of neuraminidase inhibitors in treatment and
prevention of influenza A and B: systematic review and
meta-analyses of randomised controlled trials
Nicola J Cooper, Alexander J Sutton, Keith R Abrams, Allan Wailoo, David A Turner,
Karl G Nicholson

Abstract
Objective To review the clinical effectiveness of
oseltamivir and zanamivir for the treatment and
prevention of influenza A and B.
Design Systematic review and meta-analyses of
randomised controlled trials.
Data sources Published studies were retrieved from
electronic bibliographic databases; supplementary
data were obtained from the manufacturers.
Selection of studies Randomised controlled, double
blind trials that were published in English, had data
available before 31 December 2001, evaluated
treatment or prevention of naturally occurring
influenza with zanamivir or oseltamivir (if given
using the formulation and dosage licensed for
clinical use), and reported at least one end point of
relevance.
Review methods The main outcome measures were
the median time to the alleviation of symptoms (for
treatment trials) and number of flu episodes avoided
(for prevention trials). Three population groups were
defined: children aged 12 years and under; otherwise
healthy individuals aged 12 to 65 years; and “high
risk” individuals (those with certain chronic medical
conditions or aged 65 years and older).
Results Seventeen treatment trials and seven
prevention trials identified met the inclusion criteria.
All trials included compared one of the drugs against
placebo or standard care. Treatment of children,
otherwise healthy individuals, and high risk
populations with zanamivir reduced the median
duration of symptoms in days respectively by 1.0
(95% confidence interval 0.5 to 1.5), 0.8 (0.3 to 1.3),
and 0.9 ( − 0.1 to 1.9) for the intention to treat
population. The corresponding results, in days, for
oseltamivir were 0.9 (0.3 to 1.5), 0.9 (0.3 to 1.4), and
0.4 ( − 0.7 to 1.4). The effect of giving zanamivir and
oseltamivir prophylactically resulted in a relative
reduction of 70-90% in the odds of developing flu,
depending on the strategy adopted and the
population studied.
Conclusions Evidence from randomised controlled
trials consistently supports the view that both
oseltamivir and zanamivir are clinically effective for

treating and preventing flu. However, evidence is
limited for the treatment of certain populations and
for all prevention strategies.

Introduction
Influenza epidemics occur almost every winter and are
associated with considerable morbidity and mortality.1

All age groups are susceptible, but increasing age, cer-
tain chronic medical conditions, and residential care
increase the risk of complications and death. Two
interventions can lessen the impact of flu: immunisa-
tion with inactivated vaccines and treatment and
prophylaxis with antivirals.

The neuraminidase inhibitors zanamivir (Relenza,
GlaxoSmithKline) and oseltamivir (Tamiflu, Roche)
are active against influenza A and B and are less
likely to cause adverse events than the older antivirals
amantadine and rimantadine. In this systematic
review, commissioned by the National Institute for
Clinical Excellence (NICE), we examined randomised
controlled trials of zanamivir and oseltamivir, both for
treatment and prophylaxis, in three populations—
children, high risk adults, and otherwise healthy
adults—to assess the evidence for the clinical effective-
ness of these two drugs. The results of this systematic
review were incorporated into an economic decision
model to produce the NICE guidance on zanamivir
and oseltamivir, which was issued in February 2003.2

Methods
Searching
We searched Medline (1966 to December 2001),
Embase (1980 to December 2001), Integrated Science
Citation Index (1981 to December 2001), and the
National Library of Medicine (PubMed). In addition,
we searched cited literature in retrieved articles, previ-
ous systematic reviews and meta-analyses of neurami-
nidase inhibitors,3–6 and manufacturers’ trial databases.
We contacted drug companies for information on
unpublished trials.

Selection
We selected randomised controlled, double blind trials
that met all the following criteria: were published in
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English, had data available before 31 December 2001,
evaluated treatment or prevention of naturally
occurring influenza with zanamivir or oseltamivir (if
these were given using the formulation and dosage
licensed for clinical use), and reported at least one end
point of relevance (see below).

Data abstraction
Summary outcome data were initially extracted from
trial publications and final trial reports. Additional data
were also requested from the drug companies—for
example, separate data on individual population
groups when publications reported combined results
for otherwise healthy and high risk individuals,
standard errors of the median “time to an event,” and,
where appropriate, re-analysis of the data to allow for
censored observations (whereby the event has not
occurred by the end of the trial).

Study characteristics
We considered three populations: children aged 12
years and under; otherwise healthy individuals aged 12
to 65 years; and high risk individuals. We defined high
risk individuals as those aged 65 years and older or
those having certain chronic medical conditions, such
as respiratory disease, heart disease, and pulmonary
disorders.

The primary treatment end points were “time to
the alleviation of symptoms” and “complications
requiring antibiotics.” We also considered “time to
return to normal activities” and “admissions to
hospital”; these are reported elsewhere.7 In this paper,
we present results for both the intention to treat (ITT)
populations and the populations with a laboratory
confirmed “flu positive” diagnosis.

The primary prevention end point was the number
of individuals with laboratory confirmed symptomatic
flu at the end of the trial. We reported our assessment
of adverse events elsewhere.7

Quantitative data synthesis
The meta-analyses reported here are presented to the
standards set out in the QUOROM statement.8 We
performed meta-analyses separately for each neurami-
nidase inhibitor.

Results
We present results of trials comparing each neuramini-
dase inhibitor with placebo or standard care for
treatment and prevention. We identified no “head to
head” (zanamivir v oseltamivir) trials. Varying propor-
tions of randomised individuals were vaccinated before
entry into the trials (table 1 and 2). The full list of trials
included in this review is available on bmj.com (as “web
extra”).

Treatment
We identified 44 studies evaluating zanamivir for the
treatment of flu and 18 for oseltamivir. Of these, eight
randomised controlled trials of zanamivir and nine of
oseltamivir met our eligibility criteria (table 1).

Zanamivir
Time to alleviation of symptoms—In the ITT

population, the reduction in the median time to
alleviation of symptoms in the treatment groups, when
compared with placebo, ranged from 0.8 (95%
confidence interval 0.3 to 1.3) days for otherwise
healthy adults to 1.0 (0.5 to 1.5) days for children (fig 1).
In the flu positive population, this reduction was 1.0
(0.4 to 1.6) days for children, 1.3 (0.6 to 1.9) days for
healthy adults, and 2.0 (0.9 to 3.1) days for high risk
adults.

Otherwise healthy:

NAIA/B2005

NAIB3001

NAIA3002

NAIB3002

NAI30010

Combined

High risk:

NAIB3001

NAIA3002

NAIB3002

NAI30008

NAI30010

Combined

Children:

NAI30009

Combined

Population

23.6

19.0

27.2

11.2

19.0

10.8

8.3

2.3

75.2

3.4

100.0

Weight
(%)

-96
-4

Hours
Days

Favours
zanamivir

Favours
placebo

-48
-2

0
0

48
2

96
4

-1.00 (-1.78 to -0.22)

-1.00 (-1.94 to -0.06)

0.00 (-0.67 to 0.67)

-1.50 (-2.88 to -0.12)

-1.00 (-1.94 to -0.06)

-0.78 (-1.31 to -0.26)

-2.00 (-4.96 to 0.96)

1.50 (-1.88 to 4.88)

-2.50 (-8.96 to 3.96)

-1.00 (-2.12 to 0.12)

-0.75 (-6.00 to 4.50)

-0.93 (-1.90 to 0.05)

-1.00 (-1.52 to -0.48)

-1.00 (-1.52 to -0.48)

Median difference
(days) (95% CI)

Absolute median difference
(95% CI)

123

156

323

142

139

32

42

12

226

9

213

Zanamivir
End of
trial*

* No of individuals with symptoms alleviated at end of trial

3.5(0.3)

5.0(0.4)

5.0(0.2)

5.0(0.4)

4.5(0.2)

5.0(0.5)

7.5(1.5)

9.0(3.0)

5.5(0.3)

5.8(1.2)

4.0(0.2)

Median
(SE)

134

146

266

133

136

24

53

15

222

11

217

Placebo
End of
trial*

4.5(0.3)

6.0(0.3)

5.0(0.3)

6.5(0.6)

5.5(0.4)

7.0(1.4)

6.0(0.9)

11.5(1.4)

6.5(0.5)

6.5(2.5)

5.0(0.2)

Median
(SE)

Fig 1 Forest plot of difference in time to alleviation of symptoms between zanamivir and
placebo arms, by the three intention to treat populations

Otherwise healthy:

WV15670

WV15671

WV15730

Combined

High risk:

WV15812

WV15872

WV15819

WV15876

WV15978

Combined

Children:

WV15758

Combined

Population

29.3

66.2

4.4

100.0

Weight
(%)

-96
-4

Hours
Days

Favours
oseltamivir

Favours
placebo

-48
-2

0
0

48
2

96
4

-18.50 (-43.02 to -6.02)

-20.68 (-37.00 to -4.36)

-35.33 (-98.46 to 27.80)

-20.69 (-33.97 to -7.41)

-8.33 (-33.69 to 17.03)

-20.90 (-35.70 to -6.13)

-20.90 (-35.70 to -6.13)

Median difference
(hours) (95% CI)

Absolute median difference
(95% CI)

211

182

27

319

Oseltamivir
End of
trial*

* No of individuals with symptoms alleviated at end of trial

97.6(9.9)

76.3(6.4)

74.5(8.2)

125.7(5.1)

Median
(SE)

191

178

21

310

Placebo
End of
trial*

116.1(7.6)

97.0(5.3)

109.8(31.2)

104.8(5.6)

Median
(SE)

Data supplied
by manufacturer
in confidence}

Fig 2 Forest plot of difference in time to alleviation of symptoms between oseltamivir and
placebo arms, by the three intention to treat populations
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Complications requiring antibiotics—Few data on
complications requiring antibiotics were obtained
from the literature; however, two published analyses
were identified.10 11 When considering all three ITT
populations combined, Monto and colleagues
observed a 29% (10% to 44%) relative reduction (zan-
amivir v placebo) in the odds of complications requir-
ing antibiotics.10 However, among the high risk flu
positive population, they found a non-significant
relative reduction (45%) in the odds of antibiotic use.
Lalezari and colleagues,11 who focused on high risk
adults and on children, obtained similar results.

Oseltamivir
Time to symptom alleviation—In the ITT population,

the reduction in median time to alleviation of
symptoms, when oseltamivir was compared with
placebo, ranged from 0.4 ( − 0.7 to 1.4) days for high
risk adults to 0.9 (0.3 to 1.5) days for children (fig 2). In
the flu positive population, the reduction in time to
alleviation of symptoms was 0.4 (1.0 to 1.9) days for
high risk adults, 1.4 (0.8 to 2.0) days for healthy adults,
and 1.5 (0.8 to 2.2) days for children.

Complications requiring antibiotics—Only one study
(WV15670) in otherwise healthy adults reported a
non-significant relative reduction (oseltamivir v pla-
cebo, 43%) in the odds of complications requiring anti-
biotics in the ITT population and a significant relative
reduction (87%) in the flu positive population.12

Among children, a 35% relative reduction in the odds
of complications requiring antibiotics was observed in
one study (WV15758).13

Prevention
We identified 11 randomised controlled trials that
evaluated zanamivir for the prevention of flu and seven
for oseltamivir. Of these, three trials of zanamivir and
four of oseltamivir met our eligibility criteria (table 2).

Zanamivir
Seasonal prophylaxis of a healthy population

(NAIA3005)—A 69% (36% to 86%) relative reduction
(zanamivir v placebo) in the odds of laboratory
confirmed symptomatic flu was observed (table 2).

Post-exposure prophylaxis in households (NAIA/B2009,
NAI30010)—A meta-analysis of these two trials showed

Table 1 Description of all 17 treatment trials of neuraminidase inhibitors in systematic review

Trial
Age group

(years)
High risk

subjects (%)
Flu positive
subjects (%)

Vaccinated
subjects (%) Interventions

Treatment
duration (days)

Follow up
(days) Jadad score9*

Zanamivir

NAIA2005, NAIB2005 ≥13 0 63 0 Placebo, inhaled and intranasal
(n=144); 10 mg inhaled plus
placebo intranasal twice daily
(n=132); 10 mg inhaled, plus
6.4 mg intranasal twice daily
(n=141)†

5 28 4

NAIB2007 ≥13 13 62 Not reported Placebo (n=183); 10 mg inhaled
twice daily (n=188); 10 mg
inhaled plus 6.4 mg intranasal
twice daily (n=183)†

5 5 Lack of
information

NAIB3001 ≥12 17 71 6 Placebo (n=228); 10 mg inhaled
twice daily (n=227)

5 28 5

NAIA3002 ≥12 14 73 Not reported Placebo (n=365); 10 mg inhaled
twice daily (n=412)

5 28 Lack of
information

NAIB3002 ≥12 9 78 4 Placebo (n=182); 10 mg inhaled
twice daily (n=174)

5 28 5

NAI30008 ≥12 100 60 23 Placebo (n=263); 10 mg inhaled
twice daily (n=262)

5 28 5

NAI30009 5 to 12 8 73 2 Placebo (n=247); 10 mg inhaled
twice daily (n=224)

5 28 3

NAI30010 ≥5 >7 49 10 Placebo (n=158); 10 mg inhaled
twice daily (n=163)

5 28 4

Oseltamivir

WV15670 18-65 0 65 0 Placebo (n=238); 75 mg twice
daily (n=243); 150 mg twice daily
(n=245)†

5 21 5

WV15671 18-65 0 59 0 Placebo (n=209); 75 mg twice
daily (n=210); 150 mg twice daily
(n=208)†

5 21 5

WV15730 18-65 0 66 0 Placebo (n=27); 75 mg twice daily
(n=31)

5 21 5

WV15812 NA NA NA NA NA NA NA NA

WV15872 NA NA NA NA NA NA NA NA

WV15819 NA NA NA NA NA NA NA NA

WV15876 NA NA NA NA NA NA NA NA

WV15978 NA NA NA NA NA NA NA NA

WV15758 1-12 0 67 2 Placebo (n=351); 2 mg/kg
twice daily (to maximum of
100 mg/dose) (n=344)

5 28 4

NA=not available (data from the five trials of high risk subjects (WV15812, WV15819, WV15872, WV15876, and WV15978) were supplied by the manufacturer as “commercial in confidence”
and were excluded from table).
Data from trials NAIA2005 and NAIB2005 were amalgamated by the drug company before analysis.
*The higher the score (maximum 5), the higher the methodological quality. Jadad scores were not included for trials NAIB2007 and NAIA3002 as the drug company supplied the data and full
reports were not available.
†Included for completeness (only licensed dosage considered by the review).
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an 81% (62% to 91%) relative reduction (zanamivir v
placebo) in the odds of laboratory confirmed sympto-
matic flu.

Oseltamivir
Seasonal prophylaxis of a healthy population

(WV15673, WV15697)—A meta-analysis of these two
trials showed a 74% (16% to 92%) relative reduction
(oseltamivir v placebo) in the odds of laboratory
confirmed symptomatic flu.

Post-exposure prophylaxis in households
(WV15799)—A 90% (71% to 96%) relative reduction
(oseltamivir v placebo) in the odds of laboratory
confirmed symptomatic flu was observed (table 2).

Seasonal prophylaxis in residential care
(WV15825)—In a mostly vaccinated elderly population
receiving residential care there was a 92% (39% to
99%) relative reduction (oseltamivir v placebo) in the
odds of laboratory confirmed symptomatic flu (table
2). Similar benefits were observed in those previously
vaccinated.

Discussion
The results of our systematic review show that treating
otherwise healthy adults and children with zanamivir
and oseltamivir reduces the duration of symptoms in
the intention to treat population by between 0.4 and
1.0 days and provides 29% to 43% relative reduction in
the odds of complications requiring antibiotics when

these are given within 48 hours of onset of symptoms.
The results were less conclusive in the high risk popu-
lation though these were based on fewer patients. Cau-
tion is required when comparing the results because
the definition of symptoms assessed for alleviation in
the treatment trials varied among trials of the two
compounds, and between adults and children for each
compound. Moreover, the time to event outcomes were
measured on different scales (days and hours). Also,
the rates of flu positive ( ≥ 49%) individuals who were
enrolled in the trials may be higher than the rates
identified routinely in clinical practice. Thus, the treat-
ment effects estimated for the ITT trial populations
may not be achievable in routine practice.

The data on complications reported above were
not ideal because they relied primarily on pooled mar-
ginal analyses and thus did not take into account any
heterogeneity between trials.14 15 It is not clear how well
complications requiring antibiotics correlate with the
incidence of more serious complications of flu. Little
evidence exists either on serious complications requir-
ing admission to hospital or causing death or on
adverse events. Both of these are evidently rare (at least
in otherwise healthy individuals) but are potentially
important in the evaluation of treatments; the trials
were underpowered in terms of such outcomes. Insuf-
ficient data are available from clinical trials to assess
adequately the risk of emergence of resistance to neu-
raminidase inhibitors.

Table 2 Description and results of all seven prevention trials of neuraminidase inhibitors in systematic review, by strategy

Trial Age group (years)
High risk

subjects (%)
Vaccinated

subjects (%)
Trial design arms (No of
subjects in each arm)

Treatment
duration

No of flu positive
cases Odds ratio (95% CI)

Jadad
score9*

Zanamivir

Seasonal prophylaxis in a healthy population:

NAIA3005 18-64 0 15 Placebo (n=554); 10 mg
inhaled once daily (n=553)

4 weeks Placebo 34;
intervention 11

0.31 (0.14 to 0.64) 4

Post-exposure prophylaxis in household setting†

NAIA2009, NAIB2009 13-65 Not reported 0 Placebo spray and
inhalation (n=144); placebo
inhaled plus active spray
(n=141)§; 10 mg inhaled
plus placebo spray
(n=144); 5 mg inhaled
twice daily plus intranasal
sprays (16 mg/ml) per
nostril (0.1 ml per spray)
(n=146)§

5 days Placebo 9; 10 mg
inhaled 3

0.27 (0.07 to 1.05) 3

NAI30010 Families >6 16 Contact cases¶: Placebo
(n=423); 10 mg inhaled
once a day (n=414)

10 days Placebo 40;
intervention 9

0.16 (0.07 to 0.37) 4

Oseltamivir

Seasonal prophylaxis in elderly residential home:

WV15825 64-96 100 80 Placebo (n=272); 75 mg
once daily (n=276)

6 weeks Placebo 12;
intervention 1

0.08 (0.01 to 0.61) 4

Seasonal prophylaxis in a healthy population‡:

WV15673 18-65 0 0 Placebo (n=268); 75 mg
once daily (n=268); 75 mg
twice daily (n=267)§

6 weeks Placebo 19;
intervention 3

0.15 (0.04 to 0.51) 5

WV15697 18-65 0 0 Placebo (n=251); 75 mg
once daily (n=252); 75 mg
twice daily (n=253)

6 weeks Placebo 6;
intervention 3

0.49 (0.12 to 1.99) 5

Post-exposure prophylaxis in the household setting

WV15799 12-85 40 13 Placebo (n=462); 75 mg
once daily (n=493)

7 days Placebo 34;
intervention 4

0.10 (0.04 to 0.29) 4

Data from trials NAIA2009 and NAIB2009 were amalgamated by the drug company before analysis.
*The higher the score (maximum 5), the higher the methodological quality.
†Pooled odds ratio 0.19 (0.09 to 0.38)).
‡Pooled odds ratio 0.26 (0.08 to 0.84)).
§Included for completeness (only licensed dosage considered by the review).
¶Members of household in which one individual had contracted influenza-like illness (index case) and who were given a neuraminidase inhibitor prophylactically while the index case was treated
with a neuraminidase inhibitor.
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A lack of evidence exists for use of neuraminidase
inhibitors for preventing flu in children and in frail
elderly people in residential care. We found that
neuraminidase inhibitors given for flu prevention led
to a relative reduction of 70% to 90% in the odds of
developing flu, depending on the strategy adopted and
the population studied.

In conclusion, although evidence from randomised
controlled trials consistently supports the clinical
effectiveness of both oseltamivir and zanamivir for the
treatment and prevention of flu, evidence is limited for
the treatment of high risk populations and for all pre-
vention strategies. Research is needed into the
comparative effectiveness of neuraminidase inhibitors
with one another and the potential “added value” of
these drugs compared with or in combination with flu
vaccine.
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Commentary: We need to determine who benefits most from flu
treatments
Lucy Hansen

Influenza accounts for about 20 000 deaths and
110 000 hospital admissions each year in the United
States alone.1 In their meta-analysis of the neuramini-
dase inhibitors zanamivir and oseltamivir Cooper and
colleagues have included the small amount of
information available that allows separation of subjects
into healthy adults and high risk individuals.

Both zanamivir and oseltamivir reduce the median
time to resolution of symptoms by up to one day based
on intention to treat, with similar results on confirma-

tion of flu positivity. No clear difference between the
healthy and high risk groups is apparent. The prophy-
lactic use of each drug resulted in a more impressive
70-90% risk reduction in both post-exposure prophy-
laxis and prophylactic treatment during the time of
year when flu is most common (seasonal prophylaxis).

Subjects were monitored for only three to four
weeks, however, and a large minority remained
symptomatic at the end of this time. This is consistent
with my observations that many patients admitted to

What is already known on this topic

Neuraminidase inhibitors (zanamivir and
oseltamivir) may be useful in treating and
preventing flu

Data are limited, however, for certain population
groups and for prophylactic use

What this study adds

Unlike previous systematic reviews, this review
considered three distinct populations (children,
high risk adults, and otherwise healthy adults)

For the use of neuraminidase inhibitors for flu
prevention, different strategies evaluated by
randomised controlled trials were reviewed

Oseltamivir and zanamivir are clinically effective
for treating and preventing flu, but evidence is
limited for certain population groups and for all
prevention strategies
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hospital with complications following a bout of flu
have a four to eight week history of symptoms. No
studies have compared the response to treatment in
vaccinated versus non-vaccinated subjects, but one
study of vaccinated, elderly residential patients treated
with seasonal prophylaxis reported a 92% relative
reduction.2 This emphasises the often forgotten fact
that the vaccine is only 70% effective and has only
short term benefits. Rather than neuraminidase inhibi-
tors being an alternative to vaccination, they might be
an additional treatment in high risk groups, particu-
larly during epidemics or local outbreaks.

It is difficult to see what important new information
about the treatment of flu this meta-analysis offers. As
is often the situation with new drugs, information from
new studies is essential before neuraminidase inhibi-
tors will become widely used: characterisation of the
type and severity of symptoms and end points such as
“return to normal activities” should be automatically
included; trials should continue for longer; and data
collection should provide more details of the type and
severity of complications and admissions to hospital.
Studies concentrating on the different high risk groups

may define those who will gain most benefit from
treatment and should incorporate information on vac-
cination status. In addition to comparative studies of
the two neuraminidase inhibitors, combination
therapy (vaccination, the M2 inhibitors (amantadine
and rimantadine), and neuraminidase inhibitors) may
prove an effective means of reducing morbidity and
mortality in both treatment and prevention of flu.
Results of studies to date do not provide adequate evi-
dence of a cost effective treatment for flu,3 but new,
more clearly directed research will hopefully clarify
which groups will benefit from treatment with
neuraminidase inhibitors, alone or in combination
with other established treatments.
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Social factors and increase in mortality in Russia in the
1990s: prospective cohort study
S L Plavinski, S I Plavinskaya, A N Klimov

Abstract
Objective To determine the association between
social factors and the increase in mortality in Russia
in the 1990s.
Design Prospective population cohort study.
Setting Saint Petersburg, Russia.
Participants Two cohorts of men aged 40-59 years
randomly selected from district voting list: 3907
screened in 1975-7 and 1467 in 1986-8.
Main outcome measures Education, various health
related measures, alcohol intake. Mortality in
subsequent 10 years.
Results There was no recorded increase in mortality
in men with university degrees. The relative risk in the
second cohort compared with the first was 0.92 (95%
confidence interval 0.67 to 1.24). For participants with
only high school education it was significantly higher
in the second cohort (1.32, 1.02 to 1.71). The most
pronounced differences were found among
participants with the lowest level of education, in
which the relative risk was 1.75 (1.44 to 2.12). The
same pattern held for coronary vascular disease and
cancer mortality.
Conclusion In Russia men in the lower
socioeconomic groups were most affected by the
sharp increases in mortality in the 1990s.

Introduction
The rapid increase in mortality in Russia in the 1990s
was a development previously not reported in any eco-

nomically developed country. For men life expectancy
decreased from about 64 years in 1990 to 59 years in
1993.1 There is still controversy as to who suffered
most from concurrent economic breakdown. Several
large prospective studies on mortality from ischaemic
heart disease in Russia offer a unique opportunity to
identify subpopulations that were more affected.

Methods
The study sample comprised two cohorts of men living
in the Petrogradsky district of Leningrad (now Saint
Petersburg). The first cohort was 5000 randomly
selected men from the 1974 voting list who were born
from 1916 to 1935. The response rate was 78% (3907
men were screened). The second cohort was selected
from the 1985 voting list (men born from 1927 to
1946). In total 1000 men aged 40-49 and 1000 aged
50-59 were randomly selected for screening. The
response rate was 71% for 40-49 year olds and 76% for
50-59 year olds (total 1467 men screened). The screen-
ing procedure has been described in detail elsewhere2–4

and was the same for the two groups.
The follow up study began in January 1979. If the

state registration organ (ZAGS) indicated that partici-
pants were no longer registered at the designated
addresses we tried to contact them if they had moved
away or contacted their relatives or neighbours if they
had died. Overall loss to follow up was 3%. In the sec-
ond cohort we were unable to get data for 15 men who
had died.

A figure showing
details of
recruitment and
follow up and a
table showing
alcohol intake can
be found on
bmj.com
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