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ABSTRACT

Background: Influenza aceounts for a large proportion of hospitalizations and deaths among older adults, result-
ing in substantial health care expenses. Influenza vaccinations are effective in reducing respiratory infections in
younger populations, but it is less certain whether they reduce costs associated with respiratory infections among
older adults.

Objective: The purpose of this study was to determine whether influenza vaccination of older adult Medicare
beneficiaries reduced costs associated with acute and chronic respiratory conditions during 3 recent influenza seasons.

Methods: This study analyzed the relationship between influenza vaccination and costs for respiratory conditions
among Medicare beneficiaries 255 years of age in influenza seasons (October—May) between 2002 and 2005 using
data from the Medicare Current Beneficiary Survey. Two-part multiple regressions of vaccination status were esti-
mated on the probability and cost of treating respiratory conditions in each influenza season controlling for influenza
risk factors and other covariates. Various sensitivity tests were conducted by type of service, subgroup analysis for
specific population risk segments, propensity score-matched comparisons, and difference equations.

Results: The study sample included 13,402 Medicare beneficiaries for the 3 influenza seasons examined. Vaccina-
tion rates varied between 67.3% and 74.9% over the 3 influenza seasons. In unadjusted comparisons, no significant
difference in the cost of treating respiratory conditions was found between vaccinated and unvaccinated beneficiaries
in 2002,/2003 (-$104), but vaccinated beneficiaries had significantly higher mean cost differentials in the more
recent influenza seasons ($258 in 2003,/2004, P = 0.012; $254 in 2004 /2005, P = 0.003). Based on 2-part mul-
tiple regressions of vaccine status over the 3 seasons combined, costs of respiratory conditions were $142 dollars
higher on average for vaccinated beneficiaries (P = 0.014). The base regression models showed no significant cost
savings from vaccination in any year. Results of 2 of the 54 sensitivity tests that were conducted indicated significant
savings from vaccination (inpatient costs for 2002 /2003 and difference in total costs for persons unvaccinated in
2002 /2003 but vaccinated in 2003,/2004).

Conclusion: In this study of older adults, no significant cost savings were found with influenza vaccines in the 3 in-
fluenza seasons examined (2002-2005) when the outcome was measured in terms of differential spending for acute
and chronic respiratory conditions. (Am | Geriatr Pharmacother. 2010;8:201-214) © 2010 Excerpta Medica Inc.
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INTRODUCTION
Adults 265 years of age account for >90% of
~36,000 deaths attributed to pneumonia and influenza
each year.! In addition, it is estimated that an average
of 186,000 influenza-associated hospitalizations occur
every year among persons aged 265 years. When the
vaccine and circulating viruses are similar antigenically,
influenza vaccine typically prevents influenza illness and
hospitalizations for 30% to 70% of older persons living
in the community.? Vaccination is 50% to 60% effective
in preventing severe illness, secondary complications,
and death among older persons residing in nursing
homes. Among adults 265 years of age with high-risk
medical conditions, vaccination for influenza has been
reported to be vital in preventing secondary complica-
tions and in reducing the risk of hospitalization and
death by 14% to 60%.3~7

It has been estimated that influenza exacts an eco-
nomic burden of >$87 billion per year in the United
States, about two thirds of which is accounted for by
persons =65 years of age.8 Several studies have reported
that vaccinating older adults, particularly those consid-
ered at high risk because of additional medical condi-
tions, generates cost offsets in other health care spend-
ing.%7-2-12 Some research has found an economic benefit
to vaccinating individuals >50 years of age.13-15

Among the 9 articles reviewed, there were 3 cross-
sectional analyses and 1 person-period analysis of health
care databases and chart reviews.%7-?12 The remaining
5 articles dealt with economic simulations of the impact
of vaccination on quality of life and estimated cost sav-
ings.10:11,13-15 Qverall, studies using health care data-
bases found a range in direct medical savings of $3 to
$118 among older adults and $12 to $2938 among
high-risk older adults. 712 Predicted savings from the
simulation articles had estimated net savings ranging
from $17 to $71 per-person vaccination in the United
States.1014 However, this literature has limitations.
First, most of the previous studies on this topic used
convenience samples®”-19-12 and thus are not generaliz-
able to the entire population of older adults. For ex-
ample, studies of vaccination-related cost offsets in
health maintenance organization settings’ are unlikely
to reflect outcomes in the fee-for-service sector. Sec-
ond, most of the studies®”-10-12 ysed medical claims to
determine vaccination status and therefore missed vac-
cinations that were obtained free of charge or in non-
medical settings. The resulting misclassification bias can
seriously underestimate the true cost savings from vac-
cination. Third, although some studies differentiated
between low- and high-risk individuals,®7-12 others failed
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to control for preinfluenza-season differences in health
status between vaccinated and unvaccinated persons.
Lastly, the predominate outcome variable in most of
these studies was inpatient hospitalization®7-10-12; out-
patient and physician service costs usually were ignored.
One prominent study, by Gilman et al,” examined the
cost-effectiveness of influenza vaccination with a na-
tionally representative sample of Medicare beneficiaries
over multiple influenza seasons (1999-2003), using
survey- and claim-based measures to determine vacci-
nation status and outcomes, including inpatient and
physician services associated with acute and chronic
respiratory conditions.

The present study was designed to build on the work
of Gilman et al.? The end points used in the present
study were the same as those used by Gilman et al for
3 influenza seasons (2002-2005), including one over-
lapping season (2002-2003). In addition, the present
study extended the work by Gilman et al by using a
nationally representative data set for the Medicare
population (the Medicare Current Beneficiary Survey
[MCBS]),1¢ which contains a richer set of variables
than the Medicare CAHPS (Consumer Assessment of
Health Plans Survey) used by Gilman et al.® Two im-
portant differences exist between the 2 studies: the
present study included long-term care residents and
controlled for differences in baseline risk between vac-
cinated and unvaccinated beneficiaries using a set of
factors specific to influenza risk. Based on the literature,
the hypothesis for this study was that vaccination would
generate Medicare cost offsets each season controlling
for baseline risk.

The purpose of this study was to determine whether
influenza vaccination of older adult Medicare beneficia-
ries reduced costs associated with acute and chronic res-
piratory conditions during 3 recent influenza seasons.

METHODS
Data

This study used data from the 2002-2005 MCBS
conducted by the Centers for Medicare and Medicaid
Services.1® The MCBS is a nationally representative
survey of Medicare beneficiaries. Once inducted into
the survey, respondents are surveyed 3 times a year for
up to 4 consecutive years. Among the unique qualities
of the MCBS is that sampled individuals are selected
from both the community and long-term care facilities
and are tracked through residential transitions. Com-
munity respondents are surveyed about their demo-
graphic characteristics, health insurance coverage, use
of and payments for health care services, and health



status and functioning. Survey information for resi-
dents of long-term care facilities is obtained from ad-
ministrative staff and medical records. MCBS interview
data are linked to Medicare claims and other program
administrative data. More information about the survey
is available on the MCBS Web site.10

Study Sample and Data Structure

The study sample consisted of 3 cohorts of MCBS re-
spondents observed during the 2002 /2003,2003 /2004,
and 2004 /2005 influenza seasons. The sample inclusion
criteria were: (1) age 255 years, (2) interviewed for the
MCBS Access to Care survey for 2 consecutive years, (3) re-
ceived Medicare services through fee-for-service provid-
ers, (4) have continuous Part A and B enrollment, and
(5) have complete information pertaining to all study
variables for each influenza season examined. Because
the study focused on older adults, Medicare-eligible dis-
abled beneficiaries <55 years of age were excluded. The
remaining criteria were designed to ensure complete in-
formation capture for each subject before and during a
particular influenza season. Persons enrolled in Medicare+
Choice capitated plans (now known as Medicare Advan-
tage plans) were excluded because they lacked the Medi-
care claims data necessary to characterize both influenza
risk factors and expenditure outcomes. Continuous Part A
and B enrollment was required for the same reason. Peo-
ple who died during an influenza season were excluded
because information on self-reported vaccination status
was only available during the ensuing fall survey round.

The data structure for analyzing each influenza sea-
son consisted of a pre—influenza-season period (week 1
in January through week 39 in September of the initial
year) and the influenza season itself (week 40 in Octo-
ber of the initial year through week 19 in May of the
next year), for a total of 31 weeks.!” Information from
Medicare claims with service dates during the pre—
influenza-season period was used to risk-adjust the sub-
jects in each cohort. Vaccination status and outcomes
were measured during the 31-week influenza season.

Measures

The primary independent variable of interest was
receipt of a flu shot. Vaccination status was determined
from 2 sources. Each fall, the MCBS asks respondents
if they received a flu shot in the previous influenza sea-
son. Answers to this question were obtained in the
second-year MCBS survey for each cohort member and
were combined with evidence on Medicare claims that
a flu shot was administered within the influenza season.
Vaccination status from claims was derived from 3 sets
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of codes: (1) Current Procedural Terminology!'® codes
90645-90648, 90657-90660, 90720, 90724, and
90748; (2) Healthcare Common Procedural Coding
System!? code G0008; and (3) International Classifi-
cation of Diseases, 9th Revision, Clinical Modification
(ICD-9-CM)?° code 9952.

The outcome measures were the prevalence of and
Medicare reimbursement for acute respiratory infec-
tions and chronic respiratory conditions, including pneu-
monia and influenza, chronic obstructive pulmonary
disease, pneumoconiosis, other lung diseases, and other
diseases of the respiratory system. The ICD-9-CM codes
for these conditions are 460, 462, 465, 466, 480-487,
490-496, and 500-518. This set of conditions has
been used for outcomes related to influenza cost offsets
in previous research.%?-12 In addition, one study found
that defining outcomes to include all acute and chronic
respiratory conditions resulted in higher cost offsets
from vaccinations than restricted solely to influenza
and pneumonia (cost offsets were $3.50 per vaccina-
tion in a model restricted to just influenza and pneu-
monia, compared with $71 per vaccination in a model
that included all acute and chronic respiratory con-
ditions).1® Medicare payments for respiratory disease—
related services were identified from Part A and B claims
containing the above codes in any position. Payments
for all such claims with service dates during the influ-
enza season were summed at the individual level and
then converted to constant 2005 US dollars to permit
comparisons over time. To permit sensitivity analysis of
vaccination effects by type of service, respiratory condi-
tion claims were separated for inpatient hospital and
physician services.

Selection of control variables was based on previous
work and theoretical considerations. These variables
included basic demographic characteristics for age, sex,
race /ethnicity, and urban /rural residence. Distinctions
between community-dwelling and long-term care facili-
ty residents were made to account for differences in
population characteristics and provision of care. Indica-
tors of educational attainment were included on the
assumption that individuals with higher levels of educa-
tion would be more likely to seek influenza vaccina-
tion.? The analysis controlled for Medicare supplemen-
tation and drug coverage, which were hypothesized to
increase the demand for vaccinations and other services
not fully covered by Medicare.

The most important control variables were health
status indicators that could be correlated with both vac-
cination status and the study outcomes. These included
self-reported health status, hospitalization in the 9 months
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preceding the influenza season, and a set of risk factors
for influenza-related complications developed by Hak
et al® in a study examining the influence of high-risk
medical conditions on the effectiveness of influenza
vaccination. The ICD-9-CM codes for each condition
are listed in the appendix.®20 These risk factors are
widely used by clinicians to identify the persons most in
need of vaccination and were used to more accurately
determine differences in baseline health status between
the vaccinated and unvaccinated groups.?! The presence
of these conditions was determined from Medicare
claims with service dates during the first 9 months of the
year preceding the current influenza season start date.

Statistical Analysis

The analysis proceeded in 2 phases. The first phase
evaluated vaccination-related Medicare cost offsets in
cach of the 3 influenza seasons individually and pooled
together. These analyses resulted in unanticipated null
findings. This unexpected consistency in null find-
ings led us to suspect the presence of unobserved con-
founders or lack of balance in characteristics between
vaccinated and unvaccinated beneficiaries. In the sec-
ond phase of the research, a series of alternative estima-
tors (54 tests in total), ranging from subgroup analyses
for specific population risk segments, propensity score
(PS)-matched comparisons, and difference equations,
were tested. These estimators are described in greater
detail below.

The initial statistical analysis included unadjusted and
adjusted comparisons of the prevalence and cost of treat-
ing respiratory conditions for study subjects with and
without a flu shot in each influenza season and for the
3 seasons combined. A base regression model was devel-
oped for the multivariate analysis; various aspects of the
model specifications were then selectively changed to
test the robustness of the findings to alternative assump-
tions. The base regression model comprised a standard
2-part estimator in which vaccination status and covari-
ates were regressed against the presence of any respira-
tory condition, using logistic regression in the first part.
Then, for persons who were treated for such conditions,
a second model was estimated with respiratory treatment
costs as the dependent variable, using a generalized lin-
car model with a log link to accommodate the right-
skewed distribution of the expenditure data.?? Model
variants included: (1) estimating respiratory treatment costs
separately for inpatient and physician services, (2) sepa-
rate regressions for males and females, and (3) models
restricted to persons with >1 Hak risk factor.3 All regres-
sions were estimated with Stata 10 (StataCorp LP, Col-
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lege Station, Texas). Regression models with pooled
observations were estimated with a robust estimator to
correct the standard errors for multiple observations of
the same individual.

The next phase of the multivariate analysis entailed
2 additional analytic strategies: PS matching and differ-
ence equations. PS matching was conducted to remove
disparities in sample characteristics between the vacci-
nated and unvaccinated groups. PS values were created
using probit regression, with vaccination status as the
dependent variable and all covariates from the original
regression models as independent variables. Estimated
probabilities of vaccination (the PS values) were calcu-
lated for each individual in the sample. Using the Stata
command PSMATCH?2,23 vaccinated and unvaccinated
beneficiaries were then matched 1:1 based on the clos-
est PS match, repeating the process until the smaller
group (the unvaccinated sample) was exhausted. Un-
matched vaccinated beneficiaries were dropped from
the analysis. As a final step, the probability of having res-
piratory disease was compared with respiratory treat-
ment costs for each group of PS-matched observations.

The difference equations were estimated for sub-
groups of Medicare beneficiaries observed in the MCBS
data over 2 consecutive influenza seasons. Difference
equations have an advantage over cross-sectional re-
gression in that unobserved time-invariant individual
effects that might bias the estimated marginal effects in
standard covariate-control models are netted out. The
drawback is that they have low power when relatively
few individuals change their vaccination behavior over
time. Difference equations were determined to be an
appropriate way to test the effects of a natural experi-
ment presented by the vaccine shortage in the 2004/
2005 influenza season.?* The a priori hypothesis was
that a nontrivial proportion of individuals vaccinated in
2003 /2004 would not be vaccinated in 2004 /2005 due
to the shortage of vaccines, and this difference would
help power the test and reduce bias associated with
individual-level selection effects. In contrast, a difference
equation was estimated for individuals observed during
the 2002,/2003 and 2003 /2004 influenza seasons.

In each difference model, the dependent variable
(respiratory treatment costs) and Hak variables® were
measured as year-2 minus year-1 values. Vaccination
status was coded as 3 dummy variables (yes in year 1,
no in year 2; no in year 1, yes in year 2; and yes in both
years), with the excluded category being no in both
years. All other covariates were measured at their base-
line year-1 values. Because the differenced values for
the dependent variable were approximately normally dis-



tributed, these regressions were estimated with ordi-
nary least squares. To accommodate negative values in
the differenced variables, these models were estimated
as single equations rather than 2-part models.

Before conducting any of these analyses, the data were
checked for extreme outliers; one beneficiary with respi-
ratory treatment costs of $327 in the 2003,/2004 in-
fluenza season and $186,230 in the following season
was excluded. This exclusion had no substantive effect
on study outcomes except for the second set of difter-
ence equations. Estimations were as follows: 8 base re-
gressions, 16 service-specific equations, 16 sex-specific
models, 8 equations restricted to persons with >1 Hak
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risk variable, 8 PS-matched equations, and 6 difference
equations.

RESULTS

The final study sample represented 4450 Medicare
beneficiaries for the 2002,/2003 influenza season,
4324 for the 2003/2004 season, and 4628 for the
2004,/2005 season. Annual and 3-year mean vaccina-
tion rates are shown by beneficiary characteristic in
Table I'%; the values were weighted by the MCBS
sample weights to be representative of the Medicare
population (255 years of age). Influenza vaccination
rates ranged from 73.9% in the 2002,/2003 influenza

Table I. Distribution of Medicare beneficiaries, by influenza vaccination status (2002-2005).'

Vaccination Status by Influenza Season, %*

2002/2003 2003/2004 2004/2005 3 Years Pooled
(n = 4450) (n = 4324) (n = 4628) (N = 13,402)

Beneficiary Characteristics Yes No Yes No Yes No Yes No
Mean vaccination rate 739 26.1 749 25.1 67.3 327 718 282

Self-report only 303 29.0 29.7 29.7

Claim only 1.4 1.4 09 1.2

Self-report and claim 422 44.5 36.7 409
Age,y

55-64 5.1 7.6 5.5 9.8f 50 9.9f 5.2 9.2

65-69 15.4 22.7¢ 183 22.8¢ 17.3 23.3F 17.0 23.0°

70-74 247 247 24.6 246 233 253 242 249

75-79 238 19.5¢ 21.6 19.1 232 18.01 229 18.8t

>80 309 25.5¢ 30.1 23.8¢ 311 23.4% 30.7 2417
Sex

Male 40.4 428 41.7 426 43.4 419 419 423

Female 59.6 572 583 57.4 56.6 58.1 58.1 57.7
Race/ethnicity

White/non-Hispanic 85.1 73.21 85.4 73.11 86.2 74.87 85.6 73.8"

Black/non-Hispanic 6.8 13.2f 6.6 13.5° 5.9 13.21 6.4 133"

Hispanic 49 9.9t 43 9.3t 38 7.7t 43 8.8"

Other 33 3.7 38 4.2 4.1 43 37 4.1
Location

Urban 69.6 693 70.1 71.7 70.2 73.5¢ 70.0 71.7%

Rural 304 30.7 299 283 29.8 26.5* 30.0 28.3F
Residence

Community 94.3 97.4% 94.6 97.0 93.9 9711 94.3 97.21

Long-term care facility 5.7 26" 5.4 3.0f 6.1 291 5.7 2.8t

(continued)
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Table | (continued).

Vaccination Status by Influenza Season, %*

2002/2003 2003/2004 2004/2005 3 Years Pooled
(n = 4450) (n = 4324) (n = 4628) (N = 13,402)
Beneficiary Characteristics Yes No Yes No Yes No Yes No
Education
Less than high school 14.8 217t 13.7 19.6 12.1 171t 13.5 19.21
High school graduate 30.1 24.8" 30.5 27.6 309 314 30.5 28.4*
Some college 232 19.9 232 214 244 24.0 23.6 22.1
College graduate 159 12.9¢ 17.7 12,6 19.4 11.8* 17.7 1231
Medicare supplement
None 6.7 14.6 69 13.7¢ 5.6 12.31 6.4 13.41
Medicaid 14.6 20.1° 14.5 2197 14.4 20.57 14.5 20.8"
Employer-sponsored 44.7 350" 46.2 34.8" 47.5 39.3° 46.1 36.7°
Other public 7.5 6.1 73 7.6 6.5 7.6 7.1 7.2
Self-purchased 439 35.1° 422 33.2° 43.8 3437 433 34.2°
Self-reported health status
Excellent/very good 414 447 429 421 424 45.1 422 44.1%
Good 332 303 328 327 343 31.1% 335 31.3*
Fair 19.2 18.8 184 18.8 17.4 17.3 183 18.2
Poor 6.2 6.2 59 6.5 5.8 6.5 59 6.4
Preinfluenza season hospitalization 17.1 12,51 15.4 13.6 16.9 11.5¢ 16.4 124
Individual risk factors®
Pulmonary plus cardiac disease 226 135 223 164" 239 16.8 229 15.7
Pulmonary disease (no cardiac disease) 15.5 12.21 15.5 12,0 14.0 13.4 15.0 12.7
Cardiac disease (no pulmonary disease) 253 223F 25.2 2137 25.0 20.5° 25.2 213
Diabetes or other endocrine disorder 246 220 253 223 26.5 244 25.5 23.1
Immunosuppression 25.8 1571 25.5 16.6" 26.0 1917 25.8 17.4
Other comorbidities 136 9.2f 122 8.41 124 8.9f 12.7 89

*Two-tailed t-test analysis was conducted for all variables for significant differences between vaccinated and unvaccinated beneficiaries within each influenza
season. All values weighted to be representative of the Medicare population (255 years of age). Sums may not total 100% due to rounding.

tP<001.
P < 0.05.
S Details are provided in the appendix.

season to 74.9% in 2003 /2004, before declining to
67.3% in 2004 ,/2005. Vaccination rates were thought
to be lower during the 2004,/2005 influenza season
because of a serious shortage of vaccines that year.24
The source of vaccination ascertainment is presented
in Table I. Overall, 40.9% of respondents had both a
self-report and a claim for flu shots over the 3 influenza
seasons, 29.7% had a self-report only, and 1.2% had a
claim for the shot but no self-report. The high propor-
tion of beneficiaries reporting a flu shot without a claim
for confirmation is not surprising, given the wide variety
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of venues offering flu shots to older adults. The combi-
nation of a high correspondence of self-reports plus
claims, together with a small proportion of individuals
with vaccine claims but no self-reports, would appear
to validate self-reports as a means of verifying vaccina-
tion ascertainment.

Specific characteristics were significantly associated
with higher-than-average vaccination rates in all 3 sea-
sons: being older (persons 280 years of age represented
30.9% of the vaccinated group vs 24.1% of the unvac-
cinated group; P < 0.01), white/non-Hispanic (85.6%



of the vaccinated vs 73.8% of the unvaccinated; P <
0.01), more highly educated (college graduates repre-
sented 17.7% of the vaccinated vs 12.3% of the unvac-
cinated; P < 0.01), and residence in a long-term care
facility (5.7% of the vaccinated vs 2.8% of the unvacci-
nated; P < 0.01). In unadjusted comparisons, no sig-
nificant difference in the cost of treating respiratory
conditions was found between vaccinated and unvac-
cinated beneficiaries in 2002,/2003 (-$104), but vac-
cinated beneficiaries had significantly higher mean cost
differentials in the more recent influenza seasons ($258
in 2003,/2004, P = 0.012; $254 in 2004,/2005, P =
0.003) (Table II). Over all 3 seasons, the prevalence of
respiratory conditions was higher among vaccinated
beneficiaries (32% vaccinated vs 24% unvaccinated;
P < 0.001). The same was true for respiratory treat-
ment costs over the 3 seasons combined ($612 vacci-
nated vs $470 unvaccinated; P = 0.014).
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The hypothesis for this study was that influenza vac-
cination reduces the incidence of respiratory disease;
hence, it is important to know whether influenza vac-
cinations typically precede the incidence of respiratory
events in the Medicare population. That appeared to be
the case. Vaccinations paid for by Medicare tend to
cluster in October and November of the influenza sea-
son, whereas respiratory events typically occur in De-
cember or later in the season (results not shown).

Adjusted results from the 2-part base regression
models are presented in Tables III and IV. The condi-
tional odds of incurring any respiratory treatment costs
over the 3 influenza seasons combined (Table IIT)
were 24% higher among vaccinated beneficiaries (P <
0.01). Among individuals with respiratory condition
claims, vaccinated beneficiaries had slightly lower costs
(-$36.70), but the difference was not statistically sig-
nificant. Individual influenza season results are shown

Table Il. Unadjusted differences in respiratory condition prevalence and costs, by influenza season (2002-2005).

Vaccination Status

Unadjusted

Outcomes* Yes No Difference Pt
2002/2003 Influenza season
Respiratory condition prevalence, % 0.29 0.23 0.07 <0.001
Mean respiratory condition—related costs for those with

diagnosis, $ 1829 2850 -1021 0.012
Mean respiratory condition—related costs for all subjects, $ 537 641 -104 0.339
2003/2004 Influenza season
Respiratory condition prevalence, % 032 0.24 0.08 <0.001
Mean respiratory condition—related costs for those with

diagnosis, $ 2060 1667 393 0.270
Mean respiratory condition—-related costs for all subjects, $ 655 397 258 0.012
2004/2005 Influenza season
Respiratory condition prevalence, % 0.34 0.25 0.08 <0.001
Mean respiratory condition—related costs for those with

diagnosis, $ 1901 1530 371 0.184
Mean respiratory condition—-related costs for all subjects, $ 643 389 254 0.003
3 Influenza seasons combined
Respiratory condition prevalence, % 032 0.24 0.08 <0.001
Mean respiratory condition—related costs for those with

diagnosis, $ 1932 1956 -24 0.903
Mean respiratory condition-related costs for all subjects, $ 612 470 142 0.014

*All'S values expressed in constant 2005 US dollars.
Based on 2-tailed t test.
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Table lll. Adjusted results from 2-part base regression model, with pooled data from 3 influenza seasons
(2002-2005).

Part 1: Any Respiratory
Condition—Related Cost,

Part 2: Respiratory Condition—Related
Costs for Those With an ACRC

Variable (reference)

Odds Ratio (95% Cl)

Diagnosis, Marginal Effect (95% Cl)

Vaccination status (vaccinated)

Age 55-64y (65-69 y)
70-74y
75-79y
>80y

Female (male)

Nonwhite (white)

Urban (rural)

Resident of long-term care facility (community dwelling)

Less than high school graduate (graduate)
Some post high school education
College graduate

Medicaid (no drug coverage)
Employer drug coverage
Other public drug coverage
Self-purchased drug coverage

Self-reported health (very good—-excellent)
Fair health
Poor health

Hospitalization in preinfluenza period (none)

Individual risk factors—Hak3 cardiac & pulmonary disease*

Hak cardiac no pulmonary disease
Hak pulmonary no cardiac disease
Hak diabetes/other endocrine
Hak immunosuppression

Hak other comorbid condition

Influenza season 2003-2004 (2002-2003)
2004-2005

Maodel fit statistics
Wald 2
AIC/BIC

1.24* (112 to 1.38)

1(0.8 t0 1.25)
1.07 (0.93 to 1.23)
0.88 (0.77 to 1.02)
1.04 (0.92 to 1.19)

0.95 (0.87 to 1.04)
0.89 (0.78 to 1.01)
0.96 (0.87 to 1.05)
0971 (0.75 to 1.10)

1.03 (091 to 1.18)
1.05 (0.94 to 1.17)
0.79* (0.69 to 0.90)

1.34* (1.15 to 1.55)
1.05 (0.94 to 1.19)
1211 (1.02 to 1.43)
1.11(0.99 to 1.24)

1.26* (1.13 to 1.40)
151 (133 to 1.71)
1.67* (139 t0 2.02)

0.78* (0.69 to 0.89)

12.42* (10.94 to 14.1)
10.03* (8.81 to 11.41)
141* (124 to 1.61)
1.06 (0.96 to 1.18)
1.24* (112 to 1.37)

1.1 (0.95 to 1.26)

1131 (1.01 to 1.26)
1.26* (1.13 to 1.40)

2938.37

~37(-368 to 295)

184 (~482 to 851

47 (414 to 507
159 (~323 to 641
336 (~103 to 776

o — — —

~312* (-586 to —38)
3 (-390 to 396)

14 (-260 to 288)
148 (~340 to 635)

~69 (—405 to 268)
~187 (—498 to 124)
~158 (=594 to 278)

182 (~279 to 642)
—473* (-813 to -134)

7 (-415 to 429)

-342" (-673 to -10)

270 (=91 to 631)
898* (430 to 1367)
2162* (1204 to 3119)

650* (293 to 1008)

810* (330 to 1290)
109 (-394 to 612)
~4931 (-949 to -36)
181 (~88 to 450)
85 (—204 to 374)
277 (=100 to 655)

-63(-387 to 261)
~245 (566 to 75)

17/-18,278

ACRC = acute and chronic respiratory condition; AIC/BIC = Akaike information criterion/Bayesian information criterion.

*P < 0.01.
tP < 0.05.
*Details are provided in the appendix.
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Table IV. Summary of parameter coefficients and 95% Cls for the variable: Influenza vaccination = yes in various

multivariate models.

Variable

Part 1: Any Respiratory
Condition—Related Cost,

Odds Ratio (95% Cl)

Part 2: Respiratory Condition—Related
Costs for Those With an ACRC
Diagnosis, Marginal Effect (95% Cl)

Individual influenza season models
2002-2003
2003-2004
2004-2005

Service-specific models, by influenza season

Inpatient

2002-2003

2003-2004

2004-2005

3 Influenza seasons combined
Physician

2002-2003

2003-2004

2004-2005

3 Influenza seasons combined

Sex-specific models, all costs, by influenza season

Males

2002-2003

2003-2004

2004-2005

3 Influenza seasons combined
Females

2002-2003

2003-2004

2004-2005

3 Influenza seasons combined

Models limited to persons with >1 Hak condition,?
by influenza season*

2002-2003

2003-2004

2004-2005

3 Influenza seasons combined

Propensity score—matched samples, all costs, by
influenza season

2002-2003

2003-2004

2004-2005

3 Influenza seasons combined

1.13 (0.94 to 1.36)
1.27* (1.05 to 1.54)
1311 (1.11 to 1.54)

0.66*
123
1.36
1.07

0.45t0 0.98
0.81t0 1.88
093 to 1.98
0.86 to 1.35

—~ o~ o~ —~

)
)
)
)

1.06 (0.88 to 1.27)
1.24* (102 t0 1.5)
1.35t (1.15to 1.6)
1.22t (1.10 to 1.36)

1.10 (0.82 to 1.49
1.45*(1.06 to 1.98
1.25(0.97 to 1.61
1.27 (1.08 to 1.49

T — D T

1.15(0.91 to 1.47)
1.15 (0.90 to 1.46)
137" (1.10t0 1.7)

1.237(1.08 to 1.41)

1.09 (0.89 to 1.34)
1.29* (1.05 to 1.59)
1.24* (1.03 to 1.49)
1.21" (1.08 to 1.35)

092 (0.72 to 1.19
1.17 (0.90 to 1.51
1.327(1.08 to 1.62
1.14*(1.00 to 1.31

— — — —

~707 (~1490 to 76)
334 (-112 to 780)
163 (~239 to 565)

~3081*
860
394
-524

~5455 to —706)
~704 to 2425)
-1399 t0 2187)
-1837 to 788)

—~ o~ o~ o~

-23 (86 t0 41)
20(-33t072)
58" (16 to 100)
(

23 (=10 to 56)

~192 (-1204 to 821)
117 (-508 to 742)
67 (-618 to 753)
~208 (-845 to 429)

—424 (1109 to0 261)
708" (182 to 1235)
218 (-146 to 582)
43 (~322 to 407)

~507 (1240 to 226)
445 (=63 t0 952)
224 (169 to 617)

88 (-251 to 426)

-218
205
424
164

-921 to 484)
~429 to 839)
~34t0 881)

~247 t0 576)

—~ o~~~

(continued)
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Table IV (continued).

Part 1: Any Respiratory
Condition—Related Cost,
Odds Ratio (95% Cl)

Variable

Part 2: Respiratory Condition—Related
Costs for Those With an ACRC
Diagnosis, Marginal Effect (95% ClI)

Difference equations
Vaccinated only in first influenza season
Vaccinated only in second influenza season
Vaccinated in both influenza seasons

985 (504 to 699)
-1066" (-1773 to —358)
-133% (=386 to 121)

-115" (~764 to 534)
1941 (=911 to 524)
272" (~40 to 585)

ACRC = acute and chronic respiratory condition.
*P < 0.05.

fP<001.

*Details are provided in the appendix.

S Change in ACRC-related costs from 2002/2003 to 2003/2004 influenza seasons.

I'Change in ACRC-related costs from 2003/2004 to 2004/2005 influenza seasons.

in the top panel of Table IV (for brevity, only the odds
ratios and marginal effects associated with the vac-
cination variable are presented). As in the unadjusted
findings, vaccinated beneficiaries had higher condi-
tional odds of incurring any respiratory treatment costs
compared with unvaccinated individuals. No significant
conditional differences in level of costs were found be-
tween vaccinated and unvaccinated beneficiaries in any
of the 3 influenza seasons.

The results of 54 sensitivity tests, by service, sex, and
Hak risk group, are presented in the next 5 panels of
Table IV. With the exception of hospital costs in
2002,/2003, the odds ratios in the part-1 service-
specific models were >1, reflecting a greater likelihood
of incurring respiratory condition expenditures among
vaccinated beneficiaries. Likewise, no evidence of sig-
nificant savings was associated with vaccination in the
part-2 models except for hospital costs in 2002,/2003
(-$3081; 95% CI, —$5455 to —-$700).

Results from the remaining sensitivity tests are pre-
sented in the last 2 sections of Table IV. Comparisons
of the PS-matched samples generated findings broadly
similar to the base regression results, with vaccination
associated with small, nonsignificant cost savings in
2002,/2003 and no effect or cost-incurring in the re-
maining influenza seasons. The PS-matching algorithm
resulted in a high degree of similarity between the
vaccinated and unvaccinated pairs. Most of the signi-
ficant differences in characteristics seen in the un-
matched samples (Table I) disappeared, and those that
remained were <4 percentage points apart. It should be
emphasized, however, that balancing on observable
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covariates does not necessarily control for potential dif-
ferences between the 2 groups on nonobservable char-
acteristics that may influence both vaccination status
and cost outcomes.

The first set of difference equation results shown
in the last panel of Table IV reflects the experience of
204 individuals vaccinated in either 2002,/2003 or
2003,/2004, but not both. The second set reflects the
experience of 327 individuals vaccinated in either
2003,/2004 or 2004 /2005, but not both. As expected,
given the vaccine shortage in 2004 /2005, more indi-
viduals who were vaccinated the previous year failed to
be vaccinated that year (229 compared with 71 who
were vaccinated in 2002 /2003 but not in 2003,/2004).
Nonetheless, the absolute number of individuals with
nonpersistent vaccination status was too small to detect
significant effects except among those vaccinated in
2003,/2004 but not in 2002 ,/2003.

DISCUSSION

Vaccination rates for older adult Medicare beneficiaries
ranged between 67.3% (2004,/2005) and 74.9% (2003 /
2004). These rates were higher than the 59.6% (2004 /
2005) to 65.6% (2002 ,/2003) rates reported by the Cen-
ters for Disease Control and Prevention (CDC) for
persons 265 years of age.2> Estimates from the present
study were higher for 3 reasons. First, unlike the CDC
study, the present study included institutionalized
beneficiaries in the sample. Long-term care residents
were between 11% and 14% more likely to be vacci-
nated than were community-dwelling residents during
the study period. Second, the present study included



persons with claim-based evidence of vaccination, some
of whom failed to provide self-reports. Finally, the
sample in the present study included Medicare disabled
beneficiaries 55 to 64 years of age.

Although several previous studies have examined
the relationship between influenza vaccination and
Medicare costs,%7?1426 only one study, by Gilman et
al,? overlapped with the present study period. Gilman
et al found evidence of significant Medicare savings
during the 2002/2003 scason, whereas the present
study found some evidence of savings in hospitalization
costs during the 2002,/2003 influenza season but no
evidence of overall cost savings.

Although the present study built on the work of
Gilman et al,? the 2 studies differed in important ways.
The previous study used a larger sample (350,000) and
therefore had greater power to detect small differences.
Those investigators also excluded long-term care resi-
dents and beneficiaries between 55 and 64 years of age.
Long-term care residents have higher burdens of disease
and functional limitations than do community dwellers,
but they also are more likely to be vaccinated (Table I).
Medicare beneficiaries <65 years of age qualify under the
Social Security Disability Insurance program and, like
nursing home residents, generally are sicker than the
average Medicare beneficiary. Inclusion of these popula-
tions was believed to be important to the generalizability
of the findings of the present study. Unlike the earlier
study, the present study controlled for specific risk fac-
tors for influenza-related complications. Because indi-
viduals with these risk factors are more likely to be vac-
cinated and have higher expenditures for respiratory
conditions, it is important to include them as confound-
ers in the multivariate analysis.

Other investigators also have failed to find evidence of
vaccine effectiveness in older populations. Jefferson et al?”
reviewed 64 studies on the effectiveness of influenza vac-
cines for people 265 years of age and found that vaccines
were not significantly effective against influenza, influenza-
like illness, or pneumonia among community-dwelling
older adults. This finding is buttressed by the fact that the
rate of hospitalization from complications of influenza has
increased steadily since 1979 despite a rising trend in vac-
cination rates.28 In addition, several recent studies have
called into question conclusions about vaccine effective-
ness based on cohort studies that controlled inadequately
for unrecognized selection bias 24:26-32

Every effort was made in the present study to avoid
such biases through a combination of traditional cova-
riate control regression, risk stratification models, PS
matching, and difference equations. The striking con-
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sistency in results across these various techniques leads
us to conclude that vaccination of Medicare beneficia-
ries during the 2003 /2004 and 2004,/2005 influenza
seasons likely had no impact in reducing Medicare costs
for acute and chronic respiratory conditions. The evi-
dence for cost savings during the 2002 /2003 influenza
season was slight and limited to inpatient hospitali-
zation. Although the present study did not include
beneficiary coinsurance or third-party payments in the
dependent variable, such payments were generally pro-
portional to Medicare payments; hence, the findings
may be generalizable to all health care spending for
influenza-related outcomes.

These findings are, of course, subject to the usual
caveats associated with observational designs, includ-
ing the possibility that the findings are biased by unob-
served factors correlated with vaccination status and
study outcomes. It was believed that inclusion of spe-
cific influenza risk factors helped control for confound-
ing variables that may have biased previous studies. One
major limitation of the present study was the exclusion
of persons who died during or shortly after an influenza
season. This exclusion was necessitated by the source
documentation for self-reported influenza vaccinations.
It is not clear how this exclusion aftected the generaliz-
ability of the results. On the one hand, because Medi-
care costs are generally much higher for beneficiaries in
their final year of life, the exclusion of influenza-related
deaths will bias the findings to the null. On the other
hand, some research has found that the mortality rate
for vaccinated older adults tends to be lower before the
influenza season begins.3%3! To the extent that is true,
the bias is in the opposite direction.

The explanation for null findings may also lie, in part,
on influenza severity and vaccine match. The CDC
considered the 2002,/2003 influenza season to be
mild, and the vaccine and virus were well matched.33
The 2003,/2004 influenza season was considered mod-
erately severe, but the vaccine and virus were not opti-
mally matched.3* The 2004,/2005 influenza season was
considered moderately severe, with a good match be-
tween vaccine and virus,3® but the shortage of vaccine
that year may have reduced its protective effects.

CONCLUSION

Vaccination status in 3 recent influenza seasons was
examined in relation to costs associated with acute and
chronic respiratory conditions among Medicare benefi-
ciaries 255 years of age. Contrary to previous research
findings, no significant cost savings were found in the
3 influenza seasons examined.

21



The American Journal of Geriatric Pharmacotherapy

ACKNOWLEDGMENTS

This work was funded by GlaxoSmithKline PLC. Mr.
Kemner is a previous employee of GlaxoSmithKline.
The authors have indicated that they have no other con-
flicts of interest regarding the content of this article.

REFERENCES

1.

10.

11.

212

Thompson WW, Shay DK, Weintraub E, et al. Mortality
associated with influenza and respiratory syncytial virus in
the United States. JAMA. 2003;289:179-186.

. Centers for Disease Control and Prevention. Prevention

and control of influenza: Recommendations of the Advisory
Committee on Immunization Practices (ACIP). MMWR.
2006;55:1-42. http://www.cdc.gov/mmwr/preview/
mmwrhtml/rr5510al.htm. Accessed January 5, 2008.

. Hak E, Nordin J, Wei F, et al. Influence of high-risk

medical conditions on the effectiveness of influenza vac-
cination among elderly members of 3 large managed-care
organizations. Clin Infect Dis. 2002;35:370-377.

. Nichol KL. The additive benefits of influenza and pneu-

mococcal vaccinations during influenza seasons among
elderly persons with chronic lung disease. Vaccine. 1999;
17(Suppl 1):891-S93.

. Nichol KL, Baken L, Nelson A. Relation between influ-

enza vaccination and outpatient visits, hospitalization,
and mortality in elderly persons with chronic lung dis-
case. Ann Intern Med. 1999;130:397-403.

. Nichol KL, Goodman M. The health and economic

benefits of influenza vaccination for healthy and at-risk
persons aged 65 to 74 years. PharmacoEconomics. 1999;
16(Suppl 1):63-71.

. Mullooly JP, Bennett MD, Hornbrook MC, et al. Influ-

enza vaccination programs for elderly persons: Cost-
effectiveness in a health maintenance organization. Ann
Intern Med. 1994;121:947-952.

. Molinari NA, Ortega-Sanchez IR, Messonnier ML, et al.

The annual impact of seasonal influenza in the US:
Measuring disecase burden and costs. Vaccine. 2007;25:
5086-5096.

. Gilman BH, Bonito AJ, Eicheldinger C. Impact of influ-

enza immunization on medical expenditures among
Medicare elderly, 1999-2003. Am J Prev Med. 2007;32:
107-115.

Nichol KL, Nordin J, Mullooly J. Influence of clinical
outcome and outcome period definitions on estimates of
absolute clinical and economic benefits of influenza vac-
cination in community dwelling elderly persons. Vaccine.
2006;24:1562-1568.

Nichol KL, Goodman M. Cost effectiveness of influenza
vaccination for healthy persons between ages 65 and
74 years. Vaccine. 2002;20(Suppl 2):S21-524.

B. Stuart et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Nichol KL, Wuorenma J, von Sternberg T. Benefits of
influenza vaccination for low-, intermediate-, and high-
risk senior citizens. Arch Intern Med. 1998;158:1769—
1776.

Aballéa S, Chancellor J, Martin M, et al. The cost-
effectiveness of influenza vaccination for people aged 50
to 64 years: An international model. Value Health. 2007,
10:98-116.

Maciosek MV, Solberg LI, Cofficld AB, et al. Influenza
vaccination health impact and cost effectiveness among
adults aged 50 to 64 and 65 and older. Am | Prev Med.
2006;31:72-79.

Turner DA, Wailoo AJ, Cooper NJ, et al. The cost-
effectiveness of influenza vaccination of healthy adults
50-64 years of age. Vaccine. 2006;24:1035-1043.

US Department of Health and Human Services (HHS),
Centers for Medicare and Medicaid Services (CMS)
Medicare current beneficiary survey overview (MCBS)
http://www.cms.gov/MCBS. Accessed November 23,
2008.

Centers for Discase Control and Prevention (CDC).
The Flu Season. http://www.cdc.gov,/flu/about/season,/
flu-season.htm. Accessed November 23, 2008.
American Medical Association. Current Procedural Ter-
minology (CPT) 2008. Chicago, Ill: American Medical
Association; 2007.

American Medical Association. Healthcare Common
Procedural Coding System (HCPCS) 2008. Chicago, Ill:
American Medical Association; 2007.

American Medical Association. International Classifica-
tion of Diseases, 9th Revision, Clinical Modification (ICD-
9-CM) for Physicians. Chicago, Ill: American Medical
Association; 2007.

Centers for Disease Control and Prevention. Prevention

and control of influenza: Recommendations of the Advi-
sory Committee on Immunization Practices (ACIDP),
2008. MMWR. 2008;57:1-60. http://www.cdc.gov/
mmwr,/preview,/mmwrhtml/rr57¢717al .htm. Accessed
January 2, 2008.

Buntin MB, Zaslavsky AM. Too much ado about two-
part models and transformation? Comparing methods of
modeling Medicare expenditures. | Health Econ. 2004,
23:525-542.

Leuven E, Sianesi B. PSMATCH2: Stata module to per-
form full Mahalanobis and propensity score matching,
common support graphing, and covariate imbalance test-
ing. http://ideas.repec.org/c/boc,/bocode,/s432001.html.
Accessed May 20, 2008.

Centers for Disease Control and Prevention (CDC). Influ-
enza and pneumococcal vaccination coverage among per-
sons aged >65 years—United States, 2004-2005. MMWR.



25.

26.

27.

28.

29.

2006;55:1065-1068. http: / /www.cdc.gov/mmwr,/preview,/
mmwrhtml/mm5539a2.htm. Accessed May 22, 2008.
Centers for Disease Control and Prevention (CDC). Ta-
ble: Self-reported influenza vaccination coverage trends
1989-2006 among adults by age group, risk group, race/
ethnicity, health-care worker status, and pregnancy status,
United States, National Health Interview Survey (NHIS).
http://www.cdc.gov,/flu/professionals /vaccination /pdf/
vaccinetrend.pdf. Accessed May 20, 2008.

Yoo BK, Frick KD. The instrumental variable method to
study self-selection mechanism: A case of influenza vac-
cination. Value Health. 2006;9:114-122.

Jefferson T, Rivetti D, Rivetti A, et al. Efficacy and ef-
fectiveness of influenza vaccines in elderly people: A sys-
tematic review [published correction appears in Lancet.
2006;367:986]. Lancet. 2005;366:1165-1174.
Thompson WW, Shay DK, Weintraub E, et al. Influenza-
associated hospitalizations in the United States. JAMA.
2004;292:1333-1340.

Jackson ML, Nelson JC, Weiss NS, et al. Influenza
vaccination and risk of community-acquired pneumo-
nia in immunocompetent elderly people: A population-
based, nested case—control study. Lancet. 2008;372:398-405.

B. Stuart et al.

30.

31.

32.

33.

34.

35.

The American Journal of Geriatric Pharmacotherapy

Jackson LA, Jackson ML, Nelson JC, et al. Evidence of
bias in estimates of influenza vaccine effectiveness in se-
niors. Int J Epidemiol. 2006;35:337-344.

Jackson LA, Nelson JC, Benson P, et al. Functional status
is a confounder of the association of influenza vaccine
and risk of all cause mortality in seniors. Int J Epidemiol.
2006;35:345-352.

Simonsen L, Reichert TA, Viboud C, et al. Impact of
influenza vaccination on seasonal mortality in the US
elderly population. Arch Intern Med. 2005;165:265—
272.

Centers for Disease Control and Prevention (CDC).
2002-03 US influenza season summary. http://www.
cde.gov/flu/weekly /weeklyarchives2002-2003 /02-03
summary.htm. Accessed May 12, 2008.

Centers for Disease Control and Prevention (CDC).
2003-04 US influenza season summary. http://www.
cde.gov/flu/weekly /weeklyarchives2003-2004 /03-04
summary.htm. Accessed May 15, 2008.

Centers for Discase Control and Prevention (CDC).
2004-05 US influenza season summary. http: /www.cdc.
gov/flu/weekly /weeklyarchives2004-2005/04-05
summary.htm. Accessed May 15, 2008.

(continued on next page)

Address correspondence to: Jennifer Lloyd, MA, Pharmaceutical Health Services Research Department, The Peter
Lamy Center for Drug Therapy and Aging, University of Maryland School of Pharmacy, 220 Arch Street, 12th

Floor, Baltimore, MD 21201. E-mail: jlloyd@rx.umaryland.edu

213



The American Journal of Geriatvic Pharmacotherapy | B. Stuart et al.

Appendix. Individual risk factors for influenza-related complications.32°

Disease ICD-9-CM Codes
Pulmonary disease 011, 460, 462, 465-466, 480-511,512.8,513-517,518.3,518.8,519.9, 714.81
Cardiac disease 093, 112.81,130.3, 391, 393-398, 402, 404, 410-429, 745-746, 747.1-747 .49,

759.82,785.2,785.3
Diabetes and other endocrine disorders 250-251

Immunosuppression

Renal disease 274.1, 403, 580-591, 593.71-593.73, 593.9
Immunodeficiency or receipt of organ transplant 042,079, 279, V08, V42
Hematologic cancer 200-208
Nonhematologic cancer 140-198, 199.1

Other comorbidities
Dementia or stroke 290-294, 331, 340-341, 348, 438
Vasculitis or rheumatologic disease 446,710, 714.0-714.4,714.8,714.89, 714.9

ICD-9-CM = International Classification of Diseases, 9th Revision, Clinical Modification.?°
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