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Background: Observational studies report that influ-
enza vaccination reduces winter mortality risk from any
cause by 50% among the elderly. Influenza vaccination cov-
erage among elderly persons (=65 years) in the United
States increased from between 15% and 20% before 1980
to 65% in 2001. Unexpectedly, estimates of influenza-
related mortality in this age group also increased during
this period. We tried to reconcile these conflicting find-
ings by adjusting excess mortality estimates for aging and
increased circulation of influenza A(H3N2) viruses.

Methods: We used a cyclical regression model to gen-
erate seasonal estimates of national influenza-related mor-
tality (excess mortality) among the elderly in both pneu-
monia and influenza and all-cause deaths for the 33
seasons from 1968 to 2001. We stratified the data by 5-year
age group and separated seasons dominated by A(H3N2)
viruses from other seasons.

Results: For people aged 65 to 74 years, excess mortal-

ity rates in A(H3N2)-dominated seasons fell between 1968
and the early 1980s but remained approximately con-
stant thereafter. For persons 85 years or older, the mor-
tality rate remained flat throughout. Excess mortality in
A(HIN1) and B seasons did not change. All-cause ex-
cess mortality for persons 65 years or older never ex-
ceeded 10% of all winter deaths.

Conclusions: We attribute the decline in influenza-
related mortality among people aged 65 to 74 years in
the decade after the 1968 pandemic to the acquisition of
immunity to the emerging A(H3N2) virus. We could not
correlate increasing vaccination coverage after 1980 with
declining mortality rates in any age group. Because fewer
than 10% of all winter deaths were attributable to influ-
enza in any season, we conclude that observational stud-
ies substantially overestimate vaccination benefit.
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CCURATE ASSESSMENT OF
the seasonal impact of in-
fluenza on mortality is a
difficult task. The diagno-
sis of influenza virus infec-

sons 65 years or older.’ Vaccination cover-
age for this age group increased from be-
tween 15% and 20% before 1980 to 65% in
2001.'° However, 3-year moving averages
of unadjusted excess P&I mortality rates
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tion is rarely confirmed in the laboratory,
and influenza infection is often cleared be-
fore onset of the secondary complications
that actually cause a patient’s death."* Con-
sequently, influenza-related mortality must
be determined indirectly, using statistical
models that estimate the winter-seasonal ex-
cess of either pneumonia and influenza
(P&T) or all-cause mortality above a base-
line of expected mortality (Figure 1).*
The study of trends in influenza-related
mortality over time is further complicated
both by substantial season-to-season varia-
tion in the number of deaths—O0 to 70000
since 1968"%—and by the fact that mortal-
ity is much higher in seasons dominated by
influenza A(H3N2) viruses than in sea-
sons dominated by influenza B and
A(HINI1) viruses.’

Influenza vaccination in the United States
has long been recommended for all per-

among people 65 years or older—
compiled for the Healthy People 2000 ini-
tiative'' to track the effect of vaccination on
US influenza-related mortality—rose sub-
stantially during this period.'? This was sur-
prising because influenza vaccination is
thought to be highly effective at reducing
influenza-related mortality.>"*?

We therefore decided to analyze data on
influenza-related mortality for the past 3 de-
cades and to adjust the data for 2 impor-
tant factors likely to affect the observed
trends. First, although influenza mortality
risk increases rapidly with age,® the mov-
ing averages were not adjusted for the sub-
stantial increase in average age of the US
elderly population that occurred over the
past 3 decades.”® Second, the moving av-
erages did not adjust for the increased fre-
quency with which A(H3N2) viruses domi-
nated influenza seasons in the 1990s. We
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Figure 1. Monthly pneumonia and influenza (A) and all-cause (B) mortality rates are shown in blue for four age groups. The baseline mortality rates determined by

our Serfling model are shown in red.

therefore adjusted influenza-related mortality estimates for
age and analyzed mortality trends over time for seasons
dominated by influenza A(H3N2) viruses separately from
those dominated by influenza A(HIN1) or B viruses.

o EEETTEES

DATA SOURCES
Age-Specific Mortality Data

We extracted all deaths with P&T listed as the underlying cause
from US national multiple-cause-of-death databases for the years
1968 through 2001.2">* For each year, we generated summary

data sets of the monthly numbers of influenza, P&I, and all-
cause deaths, stratified by 5-year age intervals (65-69, 70-74, 75-
79, 80-84, 84-89, 90-94, and =95 years). We included a younger
age group (45-64 years) to assess the trend in persons with lower
vaccination coverage. We adjusted for the conversion from In-
ternational Classification of Diseases, Ninth Revision (ICD-9) to
ICD-10in 1999 by multiplying the reported number of monthly
P&I deaths in the 1999-2001 period by the ratio of the mean
summer P&I mortality rate (June-September) for the years 1996
through 1998 to the mean summer P& rate in 1999.

Population Data

We obtained annual population estimates from the US Bureau
of the Census by single year of birth for the years 1970 to 2001%°
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Table 1. Influenza Seasons, Dominant Virus Subtype, Vaccination Coverage, Seasonal Excess All-Cause Mortality, and Vaccine
Effectiveness Estimates in Persons 65 Years or Older
Observational Studies’
No. of Excess Estimated Reduction in Total
Influenza All-Cause Deaths Total US Excess All-Cause Mortality, Winter All-Cause
Influenza Vaccination (Serfling Spline Winter Deaths % of All Winter Deaths Mortality Among
Season Coverage, % Regression Model®) (December-March) (December-March) Vaccinated Persons,* %
1968-19697 NA 24605 435148 5.7 NA
1969-19707 NA 9636 425776 2.3 NA
1970-1971 NA 10287 422061 2.4 NA
1971-19721 NA 20025 445898 45 NA
1972-1973t 16 10327 451754 2.3 NA
1973-1974 17 1766 438181 0.0 NA
1974-1975% 22 18201 448089 4.1 NA
1975-19767 21 38198 458 847 8.3 NA
1976-1977 38 3477 439339 0.8 NA
1977-1978% 23 32492 472773 6.9 NA
1978-1979 22 4440 441712 1.0 NA
1979-1980 19 19537 481481 4.1 NA
1980-19817 20 40414 503132 8.0 NA
1981-1982 21 5018 473208 1.1 NA
1982-19831 21 14615 494 356 3.0 27
1983-1984 22 9398 508 960 1.8 NA
1984-1985+ 23 39637 541551 7.3 NA
1985-1986 24 26604 542023 49 30"
1986-1987 25 10976 535051 2.1 NA
1987-19887 28 30680 570079 5.4 NA
1988-1989 31 22222 556 087 4.0 NA
1989-19907 37 49661 577878 8.6 NA
1990-1991 42 11353 549800 2.1 Bl
1991-19927 48 32197 574245 5.6 5415
1992-1993 52 34881 592063 5.9 39"
1993-1994+ 55 47230 616435 7.7 417
1994-1995+ 58 14226 604 630 2.4 B
1995-1996 62 25071 622295 4.0 68
1996-19977 63 49913 641318 7.8 606
1997-19987 631 59452 655252 9.1 3916
1998-1999+ 63 64 525 666 553 9.7 487
1999-20007 65 59332 672160 8.9 NA
2000-2001 65 14628 655506 2.2 NA

Abbreviation: NA, data not available.

*Data from various cohort and case-control studies of North American elderly populations.

tSeason dominated by influenza A(H3N2) virus.
$Vaccine A(H3N2) component was mismatched with circulating viruses.

and calculated the annual number of elderly in each 5-year age
group. Because US census population estimates for the years
1960 through 1969 grouped all persons 85 years or older, we
estimated the populations in the 5-year age groups older than
85 years by polynomial extrapolation. We calculated monthly
mortality rates per 100000 for each age group and standard-
ized these to 30.4-day months.

Influenza Vaccination Coverage

Vaccination rates in noninstitutionalized elderly people 65
years or older were available from analysis of data collected by
the National Health Interview Survey (NHIS).>** For the sea-
sons 1989 through 1998, a database containing estimates of
coverage rates for 5-year elderly age groups was provided by
James Singleton, MS, and Peng-Jun Lu, PhD, of the Centers
for Disease Control and Prevention. Because these estimates
were quite similar for all 5-year age groups but with wider
confidence limits, we elected to use the coverage rates for all
persons 65 years or older as the best estimate for any elderly

age group.

Laboratory Surveillance Data to Determine
the Dominant Strain

We reviewed annual Morbidity and Mortality Weekly Report
influenza summaries of viral subtypes that were identified in
US laboratories during each influenza season; we considered
an influenza subtype to be dominant when it accounted for
at least 50% of all isolates that were subtyped in that sea-
son.” Of the 33 seasons studied, A(H3N2) viruses predomi-
nated in 19; the remaining 14 seasons were dominated by
A(HIN1) or influenza B viruses (Table 1).

STATISTICAL MODEL

To estimate age-specific excess P&I and all-cause mor-
tality for 33 influenza seasons, 1968 through 2001, we
applied a Serfling-type regression model to monthly data.’
We first detrended the time series by dividing by the average
summer (June-August) mortality using a spline smooth
function. We applied a seasonal regression model to the
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Figure 2. Mean seasonal number of all-cause excess deaths by age group
during the 1968-1969 pandemic and the following 3 decades.

detrended series, Yt, excluding values for the period Decem-
ber to April:

Yt=a+bcos(2Qmt/12) +csin 2mwt/12) +e,

where t is the index for month of death (1-408), and ¢, is the
error term.

We identified influenza epidemic periods by applying this
procedure to mortality rates specifically attributed to influ-
enza (ICD-9 code 487) for all ages. We then defined the “epi-
demic months” for each season as those winter months for which
influenza deaths exceeded the upper 95% confidence limit of
that predicted by the model. Next, we applied the model to P&1
and all-cause mortality rates for each age group. Monthly ex-
cess mortality rates were calculated as the observed minus pre-
dicted mortality rate for all “epidemic months.” Seasonal ex-
cess mortality was estimated as the sum of monthly excess
mortality after back-adjusting for the true month length and
time trend.

We achieved an excellent fit for all age groups (Figure 1).
All model terms included were statistically significant (P<<.001),
but additional terms were not (P>.05). The number of epi-
demic months identified by the model decreased from a mean
of 4.4 to 3.2 months per season over the 3 decades (P<<.01).

ADJUSTING MORTALITY DATA FOR AGING

For each 5-year age group, we standardized the seasonal num-
bers of excess deaths to the age distribution of the US popula-
tion in 1970. We then summed the standardized 5-year age group
excess deaths for each combined age group (=65, 65-74, 75-
84, and =85 years) and divided these numbers by the 1970
population of that combined age group to generate age-
adjusted excess mortality rates.

0 EEEETEES

UNADJUSTED NUMBERS OF SEASONAL
EXCESS DEATHS, 1968 TO 2001

Excess all-cause mortality was only a small portion of the
approximately 500000 deaths that occur annually among
the elderly during winter months, never exceeding 10%
(Table 1). The annual unadjusted number of excess all-
cause deaths for all ages, averaged by decade, nearly doubled
over the 3 decades studied, from about 21 000 in the 1970s
to about 39000 in the 1990s (Figure 2). The propor-
tions of these influenza-related deaths that occurred among
different age groups also changed substantially during this

time; for example, people 85 years or older accounted for
24% of all influenza-related deaths in the 1970s, but this
group accounted for 44% in the 1990s.

TRENDS IN AGE-ADJUSTED EXCESS
MORTALITY RATES, 1968 TO 2001

Trends Among All Persons 65 Years or Older

Adjusting excess mortality rates for age and analyzing only
A(H3N2) seasons substantially reduced the increases ob-
served in unadjusted rates (Figure 3). However, the de-
creases in excess P&I deaths during the 19 A(H3N2)-
dominated seasons occurred before 1980, after which the
mortality rates remained flat. Overall, the average P&I
mortality rates for A(H3N2)-dominated seasons was 2.8
times greater than that of the 14 seasons dominated by
A(HIN1) and influenza B viruses, which displayed no
identifiable trend over the entire study period.

Trends in Mortality Among Various
Elderly Age Groups

The weak trends we observed in excess P&I mortality
among all elderly people for the entire study period
masked important age group and temporal differences
in excess mortality patterns. Among persons aged 65 to
74 years, excess P&I mortality rates fell by 69% (P<<.01)
in the 12 years following the 1968 pandemic but leveled
off thereafter; similar results obtained for all-cause ex-
cess mortality. A similar pattern was observed for per-
sons aged 45 to 64 years, an age group with lower vac-
cination coverage. In contrast, among persons 85 years
or older, excess P&I mortality rates remained virtually
unchanged, while excess all-cause mortality rates tended
to increase over time (Figure 4). The trends for per-
sons aged 75 to 84 years were intermediate (data not
shown). For seasons dominated by influenza A(HIN1)
and/or B viruses, excess P& and all-cause mortality rates
for all age groups remained constant or increased mar-
ginally over the study period (Figure 4).

CORRELATING TRENDS IN VACCINATION
COVERAGE WITH EXCESS MORTALITY,
1980 TO 2001

To assess changes in excess mortality rates during the
period of increasing coverage, we fit linear regression mod-
els for the logarithm (base 10) of excess mortality rate
onyear, age, and age-year interaction for the seasons 1980
through 2001, which encompassed 12 A(H3N2) sea-
sons (Table 2). We used the age range 65 through 94
years in 5-year age groups and fit separate models for P&1
and all-cause mortality. We found no evidence for dif-
ferences among 5-year age groups in trends over time for
either P& (P>.99) or all-cause (P=.80) excess mortal-
ity rates. Furthermore, we found no evidence of any non-
zero trend during the period, either for P&I (P=.40) or
all-cause (P=.30) mortality. We could only approxi-
mate P values and confidence intervals from these mod-
els because residuals were not normally distributed, but
these findings were confirmed by regression using ranks
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Figure 3. Seasonal excess pneumonia and influenza (P&l) and all-cause mortality rates in persons 65 years or older from 1968 through 2001. A, In the
unadjusted findings, the black circles show the 3-year moving averages of the excess mortality rates, and the green line shows influenza vaccination coverage.

B, Adjusting for age and controlling for dominant influenza virus subtypes modified the excess P&l and all-cause mortality rates; here, red squares indicate
mortality rates for individual seasons dominated by influenza A(H3N2) viruses. Seasons dominated by influenza A(H1N1) and/or B viruses are shown as triangles.

of excess rates instead of logs. Approximate 95% confi-
dence intervals for the overall trends in excess mortality
rates from 1980 to 2001 have lower bounds at -35% (P&T)
and -18% (all cause), narrowly excluding the 35% to 40%
decrease that would be expected for either outcome based
on the 50-percentage-point increase in vaccination cov-
erage. These estimates were heavily influenced by the rela-
tively high 1980-1981 excess mortality estimates: delet-
ing data for that season resulted in increasing trends in
excess mortality rates for both P&T and all-cause mor-
tality (data not shown).

B COMMENT Ry

Influenza vaccination has been reported by several mea-
sures to be highly effective among elderly people. A clini-
cal trial among the elderly found that the vaccine was
about 60% efficacious in reducing culture-confirmed in-
fluenzalike illness.”” Although mortality as an outcome
has never been studied in clinical trials, it is widely be-
lieved that vaccine efficacy in preventing mortality is
higher, perhaps 70% to 80%.° In addition to such effi-
cacy estimates, multiple observational studies have pro-
vided measures of vaccine effectiveness by measuring
changes in nonspecific outcomes such as hospitaliza-
tion or death from any cause. A meta-analysis of 20 such

case-control and cohort studies concluded that vaccina-
tion reduces the total number of winter deaths from any
cause among people 65 years or older living in commu-
nity settings by an astonishing 50%."

In our study, however, we examined influenza-
related deaths in the entire US elderly population by es-
timating seasonal numbers of excess all-cause deaths.
These estimates, which provide the best available na-
tional estimates of the fraction of all winter deaths that
are specifically attributable to influenza,>*® show that the
observational studies must overstate the mortality ben-
efits of the vaccine. For the 33 seasons studied, influenza-
related mortality (excess all-cause mortality) was al-
ways less than 10% of the total number of winter deaths
among the elderly (Table 1). This period included the
1968 pandemic and the severe 1997-1998 season® dur-
ing which the mismatched vaccine formulation pro-
vided little protection®®; for both of these seasons, the es-
timated influenza-related mortality was probably very
close to what would have occurred had no vaccine been
available. We conclude, therefore, that there are not
enough influenza-related deaths to support the conclu-
sion that vaccination can reduce total winter mortality
among the US elderly population by as much as half.

Nonetheless, estimates of vaccine efficacy available
from clinical trials suggest that increased influenza vac-
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Figure 4. Age-adjusted estimates of seasonal excess pneumonia and influenza (A) and all-cause (B) mortality rates among persons 45 to 64, 65 to 74, and 85
years or older. Red squares indicate seasons dominated by influenza A(H3N2) viruses; blue triangles, seasons dominated by influenza A(H1N1) and/or B viruses.

The green line shows influenza vaccination coverage rates.

Table 2. Trends in Excess Mortality Rates Among US Elderly People for 19 Influenza A(H3N2)-Dominated Seasons*

P&l Excess Mortality

All-Cause Excess Mortality

I 1T 1
Age Group,y Annual Change, % Total Change, % P Value Annual Change, % Total Change, % P Value

Time Period
1968-1980 (8 A/H3N2 seasons) 65-74 -6
75-84 0
=85 +9.2
1980-2001 (12 A/H3N2 seasons) 65-94 -0.6

-69 .02 -5 -53 12
0 .99 +10 +110 .047
+100 .20 +64 +706 .03
-12 .40 +1 +21 3

Abbreviation: P&I, pneumonia and influenza.
*The 1980-1981 season was included in both intervals.

cination coverage should have substantially reduced in-
fluenza-related mortality as measured by excess mortal-
ity estimates. If vaccination reduces influenza-related
mortality by 70% to 80%, then the 50-percentage-point

increase in vaccination coverage among the elderly after
1980 should have reduced both excess P&T and excess
all-cause mortality by about 35% to 40%. We found no
evidence to indicate that such a reduction had occurred
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in excess P&I or excess all-cause mortality in any el-
derly age group (Table 2). But because of the large
seasonal variability in excess mortality estimates typical
for influenza epidemics, the confidence limits on the
slope were wide and only narrowly excluded the ex-
pected decline.

Our findings indicate that the mortality benefits of in-
fluenza vaccination may be substantially less than pre-
viously thought but for different reasons among differ-
ent age groups. The sharp decline in influenza-related
deaths among people aged 65 to 74 years in the years im-
mediately after A(H3N2) viruses emerged in the 1968 pan-
demic was most likely due to the acquisition of natural
immunity to these viruses. Because of this strong natu-
ral immunization effect, by 1980, relatively few deaths
in this age group (about 5000 per year) were left to pre-
vent. We found a similar pattern in influenza-related mor-
tality rates among persons aged 45 to 64 years (Figure 4),
an age group with substantially lower vaccine coverage.
Together with the flat excess mortality rates after 1980,
this suggests that influenza vaccination of persons aged
45 to 74 years provided little or no mortality benefit be-
yond natural immunization acquired during the first de-
cade of emergence of the A(H3N2) virus. It is important
to note, however, that if high vaccination coverage had
been achieved during the 1968 pandemic and the fol-
lowing decade, many of the approximately 130000 in-
fluenza-related deaths that occurred in this period among
people aged 45 to 74 years might have been prevented.

Unlike among the younger elderly, influenza-related
mortality among the very elderly did not increase mark-
edly during or immediately after the 1968-1969 pan-
demic, probably because of persistent immunity ac-
quired through exposure to influenza A(H3) viruses that
circulated before 1892.°' This mortality-sparing effect
would have waned after a decade, however, because few
people who were born before 1892 would still be living.
Our finding that influenza-related mortality among the
very elderly did not decline after 1980 might be ex-
plained by this group’s failure to respond vigorously to
the vaccine. This possibility is supported by an immu-
nologic study that found that antibody responses follow-
ing influenza vaccination decline sharply after age 65
years®® and a clinical trial involving subjects 60 years or
older that found that the efficacy of influenza vaccine in
preventing influenza illness was lower in people older
than 70 years.*

Our methods have limitations. First, the Serfling model
we used yielded epidemic periods that became shorter
over time, possibly owing to a decline in the use of the
influenza-specific ICD code on death certificates. How-
ever, the excess mortality estimates did not change ap-
preciably when we substituted a fixed 4-month epi-
demic period of December-March (data not shown).

Second, we considered the possibility of a confound-
ing age cohort effect. If, for example, elderly people in
the 1990s tended to be more frail than their age peers of
the 1980s, the observed trends in influenza-related mor-
tality could mask a true benefit of the vaccine. To ad-
dress this possibility, we considered trends in summer
mortality as an indicator of time trends in noninfluenza
deaths. We found that for all elderly age groups, sum-

mer all-cause mortality rates remained constant or de-
clined after 1980 (Figure 1), which suggests that the cur-
rent elderly population is no more frail than the elderly
population of earlier years; adjusting for changing sum-
mer mortality rates would therefore not reverse the ob-
served trends.

Third, although our estimates are not subject to se-
lection bias because they are based on national data that
include all deaths, our excess all-cause mortality esti-
mates for individual seasons lack precision because the
winter-seasonal fraction of all winter deaths is small.
Therefore, to test the robustness of our findings, we are
now extending our excess mortality studies to other coun-
tries with different time patterns of mortality and influ-
enza vaccination coverage.

Our results, based on analysis of national vital statis-
tics, are simply not consistent with the very large mor-
tality benefits reported in observational studies. We sug-
gest that this disconnect may be in part explained by a
hypothesis of disparity in vaccination: Very ill elderly people,
whose fragile health would make them highly likely to
die over the coming winter months, are less likely to be
vaccinated during the autumn vaccination period.

There are indications that such a systematic bias ex-
ists in observational studies. A study in Manitoba found
that most influenza-related deaths occurred in a small sub-
set of undervaccinated elderly people who had been hos-
pitalized during the fall,>® while a recent study con-
firmed that elderly US Medicare enrollees hospitalized
during the fall vaccination season often failed to receive
influenza vaccine.* Moreover, a recent United King-
dom cohort study that specifically addressed this poten-
tial bias found that although vaccinated elderly were less
likely to die during winter months than the unvacci-
nated, this difference obtained both before and after the
influenza period.* This strongly suggests that some or
all of the reduction in all-cause mortality in other obser-
vational studies was not attributable to vaccination but
rather to underlying differences between vaccinated and
unvaccinated cohorts.

A recent Dutch cohort study found a 24% reduction
in annual mortality risk associated with revaccination of
elderly people®®; the authors further estimated that vac-
cination prevents 1 death for every 302 elderly people
vaccinated—a result that implies that influenza is a lead-
ing cause of death among the elderly. Although this study
found a nonsignificant difference of 10% in summer mor-
tality rates among vaccinated and nonvaccinated el-
derly subjects, the authors did not adequately address the
possibility of a bias by studying the peri-influenza pe-
riod, as was done so well in the recent United Kingdom
study.”

Our results have obvious implications for influenza
vaccination policy. For the 2004-2005 season, we face a
severe influenza vaccine shortage that will likely result
in lower coverage among the elderly, and the effect of
this shortfall on mortality is a matter of great interest.*’
The present findings, and those of at least 1 other study,”
indicate that the shortage will have little impact, per-
haps owing to disparities in vaccination rates* and pos-
sibly vaccine failure due to immune senescence.”® Other
cohort studies suggest that the shortage will have a tre-
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mendous impact on mortality among the elderly.'*%3

Either way, this vast disconnect between conclusions from
different studies must be sorted out.
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