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Background. The effectiveness of influenza vaccination against hospitalization and death can only ethically
be assessed in observational studies. A concern is that individuals who are vaccinated are healthier than individuals
who are not vaccinated, potentially biasing estimates of effectiveness upward.

Methods. We conducted a historical cohort study of individuals 164 years of age, for whom there were data
available in the General Practice Research Database for 1989 to 1999 in England and Wales. Rates of admissions
for acute respiratory diseases and rates of death due to respiratory disease were compared over 692,819 person-
years in vaccine recipients and 1,534,280 person-years in vaccine nonrecipients.

Results. The pooled effectiveness of vaccine against hospitalizations for acute respiratory disease was 21% (95%
confidence interval [CI], 17%–26%). The rate reduction attributable to vaccination was 4.15 hospitalizations/100,000
person-weeks in the influenza season. Among vaccine recipients, no important reduction in the number of admissions
to the hospital was seen outside influenza seasons. The pooled effectiveness of vaccine against deaths due to respiratory
disease was 12% (95% CI, 8%–16%). A greater proportionate reduction was seen among people without medical
disorders, but absolute rate reduction was higher in individuals with medical disorders, compared with individuals
without such disorders (6.14 deaths due to respiratory disease/100,000 person-weeks vs. 3.12 deaths due to respiratory
disease/100,000 person-weeks). Clear protection against death due to all causes was not seen.

Conclusions. Influenza vaccination reduces the number of hospitalizations and deaths due to respiratory
disease, after correction for confounding in individuals 164 years of age who had a high risk or a low risk for
influenza. For elderly people, untargeted influenza vaccination is of confirmed benefit against serious outcomes.

Influenza can have a dramatic effect on mortality [1].

However, the role of influenza vaccination in prevent-

ing death is poorly quantified, because many deaths are

due to secondary pneumonia or acute exacerbations of

chronic medical conditions, such as chronic lung or

heart disease [2], and because the role of influenza in

death is not routinely documented in mortality statistics

[3, 4]. Only observational studies of protection by in-
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fluenza vaccination against more serious outcomes ex-

ist. One of these studies, a recent historical cohort study

performed in the United States during the winter of

1998–1999, suggested that influenza vaccination had a

protective effect of 48% (95% confidence interval [CI],

43%–53%) against death due to all causes [5]. Another

study, which was performed in the United Kingdom

during the influenza epidemic of 1989–1990 and which

was based on much smaller numbers of patients, noted

that the effectiveness of influenza vaccine was 74.7%

(95% CI, 21.2%–91.9%) [6]. One of the main issues

associated with such observational studies is that in-

dividuals who are vaccinated tend to be healthier than

individuals who are not vaccinated; this may potentially

lead to overestimation of the effectiveness of the vaccine

[7]. Randomized trial data indicate that, for elderly

individuals, influenza vaccination is only 58% effective

in preventing virologically confirmed clinical influenza
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[8]; therefore, large effects of vaccination on mortality appear

to be unlikely.

Yearly vaccination is required because of viral antigen drift

and unpredictable, occasional antigenic shifts that make exist-

ing antibody levels in the population no longer protective. The

UK program of targeted influenza vaccination for people with

underlying medical disorders was expanded in 1998 to include

all people �75 years of age, and, then, in 2000, the program

was expanded again to include all people 164 years of age. We

conducted a historical cohort study of the effectiveness of an-

nual vaccination of persons 164 years of age over a number of

epidemic and nonepidemic years.

Influenza A (H3N2) was the predominant subtype noted dur-

ing 7 of the 10 years from 1989 to 1999. The 3 influenza B

seasons occurred in 1990–1991, 1992–1993, and 1994–1995.

Only 2 of the influenza B seasons (1992–1993 and 1994–1995)

were considered to be seasons during which influenza was mild,

as was 1 of the influenza A seasons (1997–1998). In all years,

the Public Health Laboratory Service (part of the United King-

dom’s Health Protection Agency since 1 April 2003) recorded

a very good match between the influenza strains that were

circulating and the vaccine strains that were used, except for

the 1997–1998 season, for which the H3N2 strain was antigen-

ically different from that used in the vaccine and was reported

with increased frequency as the season progressed [9, 10].

METHODS

General Practice Research Database (GPRD) data set. In

the United Kingdom, general practitioners (GPs) provide, for

a defined list of patients, all ambulatory care as well as referrals

for hospital-based care provided by specialists. The UK GPRD

is an ongoing computerized data set of the routine records of

GPs from several hundred selected practices. All data on pre-

scriptions and vaccinations, together with any data on severe

illness requiring referral to the hospital and data on deaths,

have been obtained since 1989–1990 or since the time when

individual practices joined the scheme. Routine recording of

hospitalizations began in April 1990. Records of clinical activ-

ities are complete and have good validity [11] for prescriptions

[12], hospitalizations [12, 13], and morbidities not necessarily

resulting in a prescription [14]. Mortality rates from the GPRD

are similar to national rates (S. Jick, unpublished data). In

GPRD records, information on any medical condition noted

on the day of death accords well with information on death

certificates. Of information on 170 deaths noted in the GPRD,

only information on 11 of these deaths was not concordant

with the information on the immediate or underlying cause of

death noted on the death certificate (S. Jick, unpublished ob-

servations). For technical reasons, general practices that used

ViSion software (In Practice Systems), which was introduced

in 1995, were not included in the GPRD at the time that the

present study was conducted.

The general practices included in the study were restricted

to England and Wales, because hospitalization patterns in these

countries vary from those in Scotland. In 1993, these practices

represented 3.8% of the population of England and Wales [15].

The subjects are generally representative of the population in

terms of age and sex [15, 16]. Data on individual socioeconomic

status were not available.

The present study linked influenza vaccination to subsequent

hospitalization and death, for individual patients registered in

these practices over 10 years. Patients 164 years of age were

identified and included in the study if they were registered on

the first day of the week that included 1 September each year.

These patients contributed person-time to the study until either

death or “transfer out” of the practice.

End points. Diagnoses of acute respiratory illnesses (i.e.,

influenza, pneumonia, and acute bronchitis/bronchiolitis [In-

ternational Classification of Diseases–Ninth Revision, or ICD-9,

codes 487, 480–486, and 466, respectively]) that were con-

sidered to be the reason for hospitalization were judged to be

the most appropriate marker of admissions to the hospital for

pneumonia and influenza, because it is difficult to distinguish

clinically between these 3 syndromes. Seventy percent of all

deaths that were defined, according to ICD-9 criteria, as being

respiratory related (i.e., “respiratory chapter deaths”) were re-

ported as acute respiratory illnesses. Because a substantial mi-

nority of GPs could have noted only an underlying respirato-

ry cause for influenza-associated deaths, all respiratory-related

deaths were examined.

Exposures. Person-weeks that followed 15 November each

year were designated as “vaccinated” or “not vaccinated,” ac-

cording to whether subjects had been vaccinated against influ-

enza at the start of each week. In all years except 1989–1990

(i.e., 77% of years assessed), 185% of vaccine recipients had

been vaccinated by 15 November.

To assess the effect of expansion of influenza vaccination, in

1998, to all individuals 164 years of age, subjects were stratified

into 2 groups according to the degree of risk for influenza. The

high-risk group had medical disorders that most closely

matched Joint Committee on Vaccination and Immunisation

(Department of Health, London, United Kingdom) recom-

mendations for targeted influenza vaccinations up to 1998 [17].

These disorders included chronic respiratory disease, including

asthma; cardiovascular, renal, and liver disease; immunosup-

pressive conditions; and metabolic diseases, such as diabetes.

Controlling for possible confounders. To control for the

presence and severity of underlying illness in vaccinated indi-

viduals, compared with individuals who were not vaccinated,

we extracted data on the number of repeat prescription items
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for drugs for the cardiovascular, respiratory, and endocrine

systems; the central nervous system; infections; malignant dis-

ease; and immunosuppression; as well as for nutrition and

blood [18] (also available at http://www.bnf.org) during the

preceding 12 months. Rates of hospitalization increased with

increasing numbers of prescriptions ( , for linear trend),P ! .001

for both high- and low-risk subjects; this finding confirmed

that repeat prescriptions would be a good marker of underlying

ill health requiring hospital care. Information on smoking was

not used in the present study, because there was incomplete

and biased recording of such information in the GPRD for

patients 164 years of age (GPRD, unpublished data).

The effect of influenza vaccine on mortality and hospitali-

zation rates was also stratified by season, to assess for the pres-

ence of confounding from factors other than from underlying

illness (i.e., for effects resulting from unmeasured differences

between vaccinated and unvaccinated individuals). If unmea-

sured differences existed (e.g., if lower levels of smoking were

noted for vaccine recipients), an apparent effect of the influenza

vaccine would be seen in either the peri-influenza season or

the summer season. Because it is plausible that some con-

founders might have a greater effect in winter than in summer

(e.g., because of an association with other respiratory infections

that occur in the winter, such as respiratory syncytial virus),

we assigned more importance to the peri-influenza season,

rather than the summer season, to assess the effectiveness of

influenza vaccination. The “influenza season” in each year was

defined using GP consultation rates for influenza-like illness

that has been validated against the presence of circulating in-

fluenza virus in the same population [19]. In this surveillance

system, the onset and the end of the influenza season occurred

when consultation rates for influenza-like illness increased to

�50 consultations/100,000 person-weeks and decreased to !50

consultations/100,000 person-weeks, respectively [19]. The “peri-

influenza season” was defined as the weeks during the winter

period that were outside the influenza season from 15 November

each year to the end of April. The end of April was the latest

end point of one of the influenza seasons in the 10-year period.

The “summer season” was defined as the period from 1 May to

the end of August each year.

Statistical analysis. Poisson regression was used to obtain

rate ratios (RRs) for vaccinated individuals and for individuals

who were not vaccinated against influenza, by use of data pooled

over the course of 10 years. Analyses by year were also performed

to check for consistency. Confounding was assessed by analyses

of the RR for vaccinated individuals, compared with nonvaccin-

ated individuals, adjusted for each baseline characteristic sepa-

rately and compared with the unadjusted RR. All variables that

were found to have a confounding effect and/or were found to

be significant ( ) were included in the final model.P p .1

It was assumed a priori that influenza vaccination would be

protective in the influenza season and not in the peri-influenza

season or summer season (i.e., the season acts as an “effect

modifier” on influenza vaccination). The presence of other pos-

sible effect modifiers was explored using interaction terms. The

interpretation of any statistically significant effect modification

took into account the large sample size of 1.7 million person-

years over the course of 10 years, which could generate statis-

tically significant results that were not necessarily of public

health relevance. Important effect modification was therefore

decided by (1) a difference in RRs across the strata of the

variable set, a priori, with a minimum absolute difference of

10% in the RRs and (2) statistically significant interaction terms

in �7 of the 10 years in the analyses, by year. This was thought

to be appropriate, because, in some years, not much influenza

activity was seen. Any variables that met the set criteria were

then fitted as interaction terms in the final model. The RRs

were estimated separately for each level of the variables that

modified the effect of influenza vaccination, adjusted for the

remaining confounding variables.

Vaccine effectiveness was calculated as . The(1 � RR) � 100

95% CIs were calculated similarly. If the RRs were lower in the

influenza seasons than in the peri-influenza seasons, additional

evaluation of the reduction in the rates of hospitalization for

respiratory disease attributable to influenza vaccination (i.e.,

attributable rate reduction) was done. Directly standardized

rates, which were standardized for risk category, sex, and repeat

prescriptions, were first calculated for the vaccinated cohort,

compared with the unvaccinated cohort. The standard popu-

lation used was the whole cohort. The attributable rate reductions

were then calculated as the difference in the directly standardized

rates of hospitalization for vaccinated individuals, compared with

unvaccinated individuals. The CI for the difference was calculated

using the variance for the difference between the standardized

rates, based on the sum of the weighted variances of both rates.

The data were analyzed using STATA 7 (StataCorp) [20].

RESULTS

Overall vaccination coverage at the start of each winter season,

for all individuals 164 years of age, increased from 18% in

1989–1990 to 42.6% in 1998–1999. Each year, and when data

were pooled over 10 years, vaccine recipients were more likely

than nonrecipients to be older ( ), to have underlyingP ! .001

medical disorders ( ), and to belong to the category ofP ! .001

patients with the highest number of repeat prescriptions (P !

). They also were less likely to have had no repeat pre-.001

scriptions ( ). Approximately 4% of influenza vaccineP ! .001

recipients and individuals who did not receive influenza vaccine

had not been registered for 1 year before 1 September. These

individuals were excluded from further analyses.
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Table 1. Crude and adjusted rate ratios (RRs) of the effect of influenza vaccination against admissions
to the hospital for acute respiratory disease from 1990–1991 to 1998–1999, by season.

RR

Weeks of influenza
activitya (week of

peak activity) Influenza seasonb Peri-influenza seasonc Summer seasond

Pooled crudee 1.18 1.40 1.48
Pooled adjusted 0.79 (0.74–0.83) 0.94 (0.88–0.99) 0.98 (0.92–1.04)
Adjusted, by year

1990–1991 51–10 (5) 0.84 (0.66–1.06) 0.78 (0.58–1.06) 1.18 (0.24–1.51)
1991–1992 51–09 (2) 0.70 (0.59–0.82) 1.15 (0.95–1.38) 1.06 (0.88–1.27)
1992–1993f 08–16 (11) 0.93 (0.76–1.12) 0.97 (0.82–1.13) 0.91 (0.77–1.07)
1993–1994 42–51 (45) 0.76 (0.62–0.94) 0.95 (0.83–1.08) 0.95 (0.81–1.12)
1994–1995f 01–14 (6) 0.95 (0.82–1.09) 0.88 (0.73–1.06) 0.99 (0.84–1.16)
1995–1996 45–03 (48) 0.69 (0.59–0.80) 0.98 (0.84–1.15) 1.05 (0.88–1.24)
1996–1997 49–09 (1) 0.66 (0.58–0.75) 1.11 (0.91–1.36) 0.86 (0.73–1.01)
1997–1998f 6–14 (7) 0.97 (0.79–1.17) 0.95 (0.81–1.1) 1.14 (0.95–1.37)
1998–1999 51–6 (2) 0.82 (0.68–0.99) 0.59 (0.46–0.75) 0.82 (0.68–0.99)

NOTE. Data are RR or RR (95% confidence interval).
a Week 1 started on the first Monday of each calendar year.
b Defined using general practitioner consultation rates for influenza-like illness that has been validated against the presence

of circulating influenza virus in the same population [19]. In this surveillance system, the onset and the end of the influenza
season occurred when consultation rates for influenza-like illness increased to �50 consultations/100,000 person-weeks and
decreased to !50 consultations/100,000 person-weeks, respectively [19].

c Defined as the weeks during the winter period that were outside the influenza season from 15 November each year to
the end of April.

d Defined as the period from 1 May to the end of August each year.
e Pooled over 9 years.
f Years during which influenza activity was considered to be mild.

Effectiveness of influenza vaccine against hospitalizations.

Crude rates of admission to the hospital for acute respiratory

disease were higher among vaccinated persons than among

unvaccinated persons. After adjustment for risk, age, and repeat

prescription status, however, vaccine effectiveness was 21%

(95% CI, 17%–26%) in the influenza season, over the 9 years

of varying influenza activity. No important effect of the vaccine

against hospitalizations for acute respiratory disease was seen

outside the influenza season (table 1). The effectiveness of in-

fluenza vaccine was also lower in years in which influenza ac-

tivity was considered to have been mild. No important effect

modification of vaccination by age was found. The effect mod-

ification by category of risk was considered to be of borderline

importance, because it was seen in 6 of the 9 years of varying

influenza activity (data not shown), and, over all years, the

difference was small and nonsignificant (table 2 and figure 1).

The attributable rate reductions per 100,000 person-weeks were

5.44 (95% CI, 4.81–6.07) in the influenza season, 1.29 (95%

CI, 0.75–1.82) in the peri-influenza season, and 0.29 (95% CI,

�0.19 to 0.76) in the summer season.

Effectiveness of influenza vaccine against mortality. Crude

rates of respiratory–related death were markedly higher among

vaccine recipients, compared with nonrecipients, but less so in

the influenza season. Adjusting for confounding by risk, age, and

prescription category reduced the crude relative risk of death due

to respiratory disease in the influenza season from 1.32 to 0.88,

providing a summary vaccine effectiveness of 12% (95% CI, 8%–

16%) over 10 consecutive years. No effect of influenza vaccine

was seen in the other seasons (table 3). Little effect of influenza

vaccination on death due to respiratory disease was seen in 2 of

3 nonepidemic years (i.e., 1994–1995 and 1997–1998). There was

a suggestion of a protective effect against death due to respiratory

disease in the third year during which influenza activity was

considered to be mild (1992–1993). In 1 year (1995–1996), the

effectiveness of influenza vaccine against death due to respiratory

disease was as high as 23%.

For 6 of 8 years, the effect of vaccination differed for indi-

viduals at high risk for influenza versus individuals at low risk

for influenza, and age modified the effect of the vaccine in 4 of

the 10 years. When data were pooled over all years, influenza

vaccination appeared to be effective only in individuals �84 of

age, and it provided better protection to low-risk individuals

(figure 2). A 21% (RR, 0.79) effectiveness of vaccine against death

due to respiratory disease was seen among low-risk patients aged

65–84 years, after adjustment for age and other confounders over

10 years (table 4). For high-risk individuals, the RR of death due

to respiratory disease was 0.71 (95% CI, 0.66–0.78) in the influ-

enza season, but there also was an apparent effect in the peri-

influenza season (RR, 0.8; 95% CI, 0.74–0.87).

Attributable rate differences were calculated for individuals65–

84 years of age in both risk categories, after standardization for

age, sex, and repeat prescriptions. For low-risk individuals, the

attributable rate reduction was 3.12 (95% CI, 2.43–3.81) per

100,000 person-weeks in the influenza season, compared with

0.58 (95% CI, �0.42 to –1.21) in the peri-influenza season; for

high-risk individuals who were 65–84 years of age, the attrib-
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Table 2. Rates of admission to the hospital for acute respiratory disease, per 1000 person-years, for vaccinated and unvaccinated
cohorts, by age and risk group, as well as adjusted rate ratios (RRs) pooled over 9 years.

Finding

Influenza seasona Peri-influenza seasonb Summer seasonc

Vaccinated
cohort

Unvaccinated
cohort

Vaccinated
cohort

Unvaccinated
cohort

Vaccinated
cohort

Unvaccinated
cohort

Person-years, no. 145,706 274,042 187,625 349,785 245,338 447,077
Admissions to the hospital, no. (annualized rated)

Total 1993 (13.68) 3177 (11.60) 1955 (10.40) 2598 (7.44) 2009 (8.16) 2481 (5.56)
Among individuals at low risk for influenza,

by age group
65–69 years 53 (2.81) 191 (2.76) 52 (2.13) 146 (1.66) 72 (2.18) 156 (1.35)
70–74 years 84 (3.90) 217 (4.16) 87 (3.12) 192 (2.81) 88 (2.39) 207 (2.34)
75–79 years 124 (7.12) 262 (7.44) 115 (5.10) 179 (4.00) 143 (4.84) 211 (3.64)
80–84 years 131 (11.18) 320 (13.78) 132 (8.79) 233 (7.90) 136 (6.92) 224 (5.98)
�85 years 175 (21.37) 402 (23.40) 161 (15.39) 327 (14.98) 160 (12.17) 230 (8.53)

Adjusted RR (95% CI) 0.78 (0.71–0.86) 0.97 (0.87–1.07) 1.09 (0.98–1.20)
Among individuals at high risk for influenza,

by age group
65–69 years 170 (11.08) 214 (11.18) 196 (9.93 ) 193 (7.90) 195 (7.49) 195 (6.19)
70–74 years 281 (15.91) 280 (15.03) 249 (10.97 ) 262 (10.97) 278 (9.31) 241 (7.96)
75–79 years 302 (19.40) 375 (24.44) 316 (15.81) 312 (15.91) 302 (11.60) 325 (13.21)
80–84 years 316 (28.24) 436 (35.93) 325 (22.67) 359 (23.30) 325 (17.68) 320 (16.85)
�85 years 357 (43.99) 480 (48.26) 322 (31.20) 395 (31.25) 310 (24.23) 372 (24.75)

Adjusted RR (95% CI) 0.79 (0.74–0.85) 0.92 (0.85–0.99) 0.92 (0.86–0.99)

a Defined using general practitioner consultation rates for influenza-like illness that has been validated against the presence of circulating influenza virus in the same
population [19]. In this surveillance system, the onset and the end of the influenza season occurred when consultation rates for influenza-like illness increased to �50
consultations/100,000 person-weeks and decreased to !50 consultations/100,000 person-weeks, respectively [19].

b Defined as the weeks during the winter period that were outside the influenza season from 15 November each year to the end of April.
c Defined as the period from 1 May to the end of August each year.
d Obtained by multiplying rates/1000 person-weeks by 52 to calculate annualized rates/1000 person-years.

utable rate reduction was 11.68 (95% CI, 10.46–12.9) in the

influenza season, 5.54 (95% CI, 4.47–6.6) in the peri-influenza

season, and 1.95 (95% CI, 1.00–2.9) in the summer season.

DISCUSSION

We have shown that, during a number of epidemic and non-

epidemic years, rates of hospitalization for acute respiratory

disease were, on average, reduced to 21% (95% CI, 17%–26%)

when influenza vaccination was given to individuals 164 years

of age after controlling for age and severity of underlying illness.

For respiratory disease–associated death, the summary estimate

was 12% (95% CI, 8%–16%). We estimated vaccine effective-

ness during the influenza season to increase the specificity of

attribution of death or hospitalization to influenza. In general,

no reduction in risk of disease was seen among influenza vac-

cine recipients in the peri-influenza season, when influenza was

not assumed to be circulating. This finding confirmed that the

overall effect of vaccination on acute respiratory disease, in

terms of the risk of hospitalization or death, is not the result

of underlying differences in vaccinated persons and unvaccin-

ated persons in this population. For respiratory disease–associ-

ated death, however, there was a suggestion of some residual

confounding in high-risk individuals, because a lower rate of

respiratory disease–associated death was seen among vaccine

recipients, compared with individuals who were not vaccinated,

in the peri-influenza and summer seasons.

We used peri-influenza seasons as the baseline comparison,

to assess the presence of unmeasured confounding. It is pos-

sible, however, that some of the deaths or hospitalizations that

were associated with influenza occurred after the influenza sea-

son. A lag between the influenza season and outcomes was not

assumed, because visual inspection of the numbers of deaths

per week and the rates of admission to the hospital for acute

respiratory disease indicated a peak occurring in association

with the height of the epidemic period, by use of vital statistics

in the United Kingdom [21] and data on admissions for acute

respiratory disease in London, respectively [22].

Influenza vaccine is assumed to be less effective in individuals

who are infirm, because the immune response to vaccine is not

as strong in such individuals; however, this is not well estab-

lished [23]. If the peri-influenza season effect is taken as the

baseline with which to compare the relative effect of influenza

vaccination, the present study demonstrated a greater relative

protective effect against death due to respiratory disease among

individuals at low risk for influenza, compared with individuals

at high risk for influenza (for low-risk individuals, the RR was

0.79, compared with an RR of 0.98 in the peri-influenza season;

for high-risk individuals, the RR was 0.71, compared with an

RR of 0.8 in the peri-influenza season). The results also support
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Figure 1. Rate ratios (point estimates and 95% confidence intervals) for hospitalizations for acute respiratory disease, adjusted for repeat prescription
status, for individuals vaccinated against influenza, compared with individuals not vaccinated against influenza, stratified by age group and season pooled
over 9 years. A, Individuals at low risk for influenza; B, individuals at high risk for influenza.

an age-based policy for vaccination, because they confirm, for

older people, the importance of influenza vaccination in re-

ducing severe complications associated with influenza, regard-

less of underlying medical disorders.

Data for patients for whom information on smoking is avail-

able in general-practice records are known to be biased toward

individuals with medical conditions [24] and individuals who

are health-care seekers, and, so, they could not be used to

control directly for confounding. Comparison of the effective-

ness of influenza vaccine in the influenza season with the ef-

fectiveness of influenza vaccine in the peri-influenza season

instead allowed control of unmeasured confounders, including

both smoking and socioeconomic status, which would other-

wise act to overestimate vaccine effectiveness. It is well known

that individuals who receive influenza vaccination are less likely

to smoke than are individuals who do not receive vaccination

and that smokers are more likely to get influenza [25]. As with

most preventive interventions, vaccination is less likely among
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Table 3. Crude and adjusted rate ratios (RRs) of the effect of influenza vaccination against death due
to respiratory disease from 1989–1990 to 1998–1999, by season.

RR

Weeks of influenza
activitya (week of

peak activity) Influenza seasonb Peri-influenza seasonc Summer seasond

Pooled crudee 1.32 1.49 1.52
Pooled adjusted 0.88 (0.84–0.92) 1.00 (0.95–1.05) 1.01 (0.96–1.06)
Adjusted, by year

1989–1990 46–03 (49) 0.8 (0.51–1.25) 1.33 (0.85–2.07) 1.02 (0.67–1.55)
1990–1991 51–10 (5) 0.81 (0.66–0.99) 0.96 (0.74–1.26) 1.09 (0.88–1.35)
1991–1992 51–09 (2) 0.96 (0.83–1.11) 1.16 (0.98–1.36) 0.97 (0.82–1.13)
1992–1993 08–16 (11) 0.87 (0.74–1.03) 1.17 (1.02–1.33) 1.14 (0.99–1.31)
1993–1994 42–51 (45) 0.84 (0.69–1.03) 0.99 (0.88–1.11) 1.15 (1.0–1.32)
1994–1995 01–14 (6) 1.04 (0.92–1.18) 1.04 (0.88–1.23) 1.01 (0.88–1.16)
1995–1996 45–03 (48) 0.77 (0.68–0.89) 1.01 (0.88–1.15) 1.05 (0.9–1.22)
1996–1997 49–09 (1) 0.87 (0.77–0.97) 0.89 (0.74–1.07) 0.88 (0.76–1.03)
1997–1998 6–14 (7) 1.02 (0.85–1.23) 0.92 (0.79–1.06) 1.00 (0.86–1.16)
1998–1999 51–6 (2) 0.79 (0.65–0.96) 0.82 (0.66–1.03) 1.00 (0.80–1.25)

NOTE. Data are RR or RR (95% confidence interval).
a Week 1 started on the first Monday of each calendar year.
b Defined using GP consultation rates for influenza-like illness that has been validated against the presence of circulating

influenza virus in the same population [19]. In this surveillance system, the onset and the end of the influenza season occurred
when consultation rates for influenza-like illness increased to �50 consultations/100,000 person-weeks and decreased to
!50 consultations/100,000 person-weeks, respectively [19].

c Defined as the weeks during the winter period that were outside the influenza season from 15 November each year to
the end of April.

d Defined as the period from 1 May to the end of August each year.
e Pooled over 10 years.

individuals in lower socioeconomic groups. Such individuals

are also likely to have higher morbidity and mortality rates.

Other research groups, which have controlled for unmea-

sured confounders by comparing effects in influenza seasons

with effects in noninfluenza seasons, have shown a similar ef-

fectiveness of vaccine against hospitalizations for pneumo-

nia and influenza. For example, in a US health maintenance

organization (HMO) population, the effectiveness of vaccine

against hospitalizations for pneumonia and influenza was 31%

(95% CI, 4%–51%) in the influenza season of 1990–1991, com-

pared with a vaccine effectiveness of 2% (95% CI, �39% to

31%) in the peri-influenza winter season of the same year [26].

A recent cohort analysis of 3 other US HMO populations also

showed that the effectiveness of vaccine against admissions to

the hospital for pneumonia and influenza in 1998–1999 was

32% (95% CI, 22%–40%). No significant reduction in the risk

of hospitalization in general was noted in the summer [5].

Several other observational studies and a meta-analysis of ob-

servational studies performed in 1995 [27] have also noted a

similar effect; however, in these studies, there were no com-

parisons with a noninfluenza season to exclude potential bias

from unmeasured differences between vaccine recipients and

individuals who did not receive vaccine.

A possible limitation is the specificity of respiratory disease–

associated deaths as a marker of influenza-related death. Cause-

of-death data in the GPRD are, however, likely to be more

specific than data on death certificates. GPs use their own judg-

ment regarding the clinical information recorded. The imme-

diate cause of the event is more relevant than the underlying

cause, because the vaccine works by preventing acute respira-

tory illness and associated complications.

To allow generalizability, we calculated the rates of death or

hospitalization that would be prevented by a program of in-

fluenza vaccination with full coverage. For example, a rough

indication of the attributable rate reduction that is attributable

just to influenza vaccination for hospitalizations can be cal-

culated. The attributable rate reduction in the influenza season

minus the attributable rate reduction in the peri-influenza sea-

son, multiplied by an average annual influenza period of 9.6

weeks in the 1990s, provides an estimate of 39.8 (i.e., [5.44 �

) prevented hospitalizations/100,000 persons 1641.29] � 9.6

years of age/year, with a program of full vaccination coverage.

In England and Wales, the effect of full influenza vaccination

would be equivalent to 3300 prevented hospitalizations/year.

The total expected number of excess hospitalizations associated

with respiratory disease attributed to influenza, in England and

Wales, is ∼9000 excess hospitalizations/year (or 125 excess hos-

pitalizations/100,000 persons 164 years of age/year) [21]. This

yearly average is based on national data for 1990–1991 to 1996–

1997, when vaccine uptake ranged from 20% to 47% among

individuals 164 years of age [28].

In the present study, rates of hospitalization due to acute

respiratory disease and all causes appear to be lower, by ∼20%,

than national rates for this age group. Although this would not

affect the relative effectiveness of the vaccine, it would under-

estimate the absolute rate reduction, as would the fixed number
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Figure 2. Rate ratios (point estimates and 95% confidence intervals) for death due to respiratory disease, adjusted for repeat prescription status, for
individuals vaccinated against influenza, compared with individuals not vaccinated against influenza, stratified by age group and season pooled over 10
years. A, Individuals at low risk for influenza; B, individuals at high risk for influenza.

of beds available. Other studies find hospitalization data in the

GPRD to be quite complete. For instance, 87% of diagnoses

from all subsequent hospital referrals for new nonsteroidal anti-

inflammatory drug users and 97.5% of all subsequent hospi-

talization discharge letters for antidiabetic-drug users were

noted in the GPRD [12, 13]. For 90% of the diagnoses, the

same 3-digit ICD-9 code recorded at admission to the hospital

was present in the hospital discharge letter. It is possible that

some hospitalizations resulting in deaths of individuals in this

age group may not be recorded. Sixty percent of death certif-

icates for individuals 164 years of age are completed by hospital

doctors [29]. However, in this data set, only 39% of individuals

had a hospitalization during the month before death; 47% of

individuals had a hospitalization during the 6 months before

death (C. Hodgson, unpublished data).

In 1998–1999, vaccination seemed to have little effect against

admissions to the hospital for respiratory disease; the reasons

for this finding are unclear. The summary estimate was, how-
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Table 4. Rates of death due to respiratory disease/1000 person-years in vaccinated and unvaccinated cohorts, by age and risk group,
and adjusted rate ratios (RRs) pooled over 10 years.

Finding

Influenza seasona Peri-influenza seasonb Summer seasonc

Vaccinated
cohort

Unvaccinated
cohort

Vaccinated
cohort

Unvaccinated
cohort

Vaccinated
cohort

Unvaccinated
cohort

Person-years, no. 147,294 279,374 190,226 357,744 248,427 456,514
Admissions to the hospital, no. (annualized ratesd)

Total 2585 (17.52) 3720 (13.31) 2650 (13.94) 3336 (9.31) 2699 (10.87) 3266 (7.18)
Among individuals at low risk for influenza,

by age group
65–69 years 31 (1.61) 136 (1.92) 44 (1.77) 130 (1.40) 47 (1.40) 129 (1.09)
70–74 years 74 (3.38) 186 (3.43) 91 (3.22) 208 (2.96) 83 (2.24) 234 (2.60)
75–79 years 145 (8.22) 285 (7.90) 137 (5.98) 241 (5.20) 174 (5.72) 247 (4.16)
80–84 years 191 (16.12) 423 (17.89) 228 (14.98) 354 (11.70) 239 (12.01) 368 (9.62)
�85 years 491 (59.33) 661 (37.28) 477 (45.08) 583 (26.16) 446 (33.49) 578 (21.11)

Adjusted RRe 0.79 (0.71–0.89) 0.98 (0.88–1.10) 0.99 (0.89–1.10)
Among individuals at high risk for influenza,

by age group
65–69 years 107 (7.38) 190 (9.72) 124 (6.4) 171 (6.97) 141 (5.41) 142 (4.63)
70–74 years 226 (12.95) 271 (14.51) 239 (10.45) 234 (9.83) 248 (8.53) 254 (8.37)
75–79 years 318 (20.64) 371 (24.23) 294 (14.77) 358 (18.36) 335 (13.1) 368 (14.87)
80–84 years 358 (31.77) 480 (39.88) 397 (28.03) 446 (28.7) 429 (23.04) 376 (19.40)
�85 years 644 (78.31) 717 (71.40) 619 (60.37) 611 (48.41) 557 (43.06) 570 (37.60)

Adjusted RRe 0.71 (0.66–0.78) 0.80 (0.74–0.87) 0.90 (0.83–0.98)

a Defined using general practitioner consultation rates for influenza-like illness that has been validated against the presence of circulating influenza virus in the same
population [19]. In this surveillance system, the onset and the end of the influenza season occurred when consultation rates for influenza-like illness increased to �50
consultations/100,000 person-weeks and decreased to !50 consultations/100,000 person-weeks, respectively [19].

b Defined as the weeks during the winter period that were outside the influenza season from 15 November each year to the end of April.
c Defined as the period from 1 May to the end of August each year.
d Rates per 1000 person-years.
e Calculated excluding data for individuals �85 years of age.

ever, insensitive to the removal of data for 1998–1999. Pooled

over 8 years, the summary estimate was 23% (95% CI, 18%–

27%) in the influenza season and 3% (95% CI, �3% to 11%)

in the peri-influenza season.

The present study indicates an effect of influenza vaccine in

preventing deaths due to respiratory disease. This finding is

similar to the findings of 1 or 2 other studies. One of these

studies, a US HMO cohort study with a total of only 100 deaths,

found that the effectiveness of vaccine against death, following

hospitalization for pneumonia and influenza, was 33% (95%

CI, �7% to 58%) [30].

The RR for death due to all causes, pooled over 10 years,

was 0.79 (95% CI, 0.77–0.81) in the influenza season. It was

similar to that seen in the peri-influenza season (0.81; 95% CI,

0.79–0.83). The estimate for the summer season was 0.88 (95%

CI, 0.86–0.90). These findings are consistent with vaccine non-

recipients being more vulnerable to winter infections other than

influenza. The RRs in the influenza and peri-influenza seasons

were similar for all years except 1995–1996, when protection

offered by the influenza vaccine against deaths due to respi-

ratory disease was high (data not presented).

Other cohort studies have not compared the effect of the

vaccine on death due to all causes in the influenza season with

that noted for the peri-influenza season [31, 32]. Confounding

by a healthy vaccinee effect is possible because, for instance,

prevalence of smoking was lower and education level was higher

for vaccine recipients, compared with individuals who did not

receive vaccine, in one such cohort study [32]. We compared

the effect of influenza vaccine in the influenza season with the

effect of influenza vaccine in the peri-influenza season, to assess

the possibility of bias resulting in overestimation of vaccine

effectiveness. We also attempted to control for confounding by

indication, whereby individuals at higher risk are more likely

to be vaccinated, by using the number of repeat prescriptions

as a marker of the severity of underlying risk conditions. How-

ever, it may be that there was still some unmeasured confound-

ing that underestimated vaccine effectiveness against overall

mortality. This residual confounding is likely to be the expla-

nation for the higher rate of deaths due to respiratory disease

seen among individuals 184 years of age (e.g., because many

such individuals are in nursing homes, where vaccination cov-

erage is much higher), compared with individuals at younger

ages (or between 65 and 84 years of age).

In the present study, the specificity of influenza-associated

death or hospitalization has been increased by limiting events

to time periods when influenza has been shown to be circu-

lating. Cold weather is thought to be a direct cause of excess

morbidity and deaths occurring in the winter. Respiratory syn-
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cytial virus also often occurs at the same time that influenza

occurs each year [33]. Analyses of the role of influenza vac-

cination controlling for climate and for climate-related factors

would give an even more specific case definition for influenza-

related outcomes.

Using vital statistics for the 1990s, Fleming [21] observed

that, during influenza epidemics, premature deaths of frailer

individuals who would have died later during the year anyway

were not occurring, to any extent, apart from during the ep-

idemic year 1989–1990. People are therefore dying in the winter

periods, and these deaths are preventable by use of influenza

vaccine. It is not possible to predict epidemics, and vaccine

effectiveness will vary depending on the “match” between cir-

culating strains and the current vaccine used that year. During

the study period here, a good match in general was achieved.

Our estimate of the effect of influenza vaccine in a UK pop-

ulation, averaged over a number of epidemic and nonepidemic

years, strengthens the case for influenza vaccination for all older

people with or without underlying medical disorders.
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