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Abstract

The Centers for Disease Control and Prevention recommend annual influenza vaccination of
persons = 6 months old. However, in 2016-17, only 43.3% of U.S. adults reported receiving an
influenza vaccination. Limited awareness about the cost-effectiveness (CE) or the economic value
of influenza vaccination may contribute to low vaccination coverage. In 2017, we conducted a
literature review to survey estimates of the CE of influenza vaccination of adults compared to no
vaccination. We also summarized CE estimates of other common preventive interventions that are
recommended for adults by the U.S. Preventive Services Task Force. Results are presented as costs
in US$2015 per quality-adjusted life-year (QALY) saved. Among adults aged 18-64, the CE of
influenza vaccination ranged from $8000 to $39,000 per QALY. Assessments for adults aged = 65
yielded lower CE ratios, ranging from being cost-saving to $15,300 per QALY. Influenza
vaccination was cost-saving to $85,000 per QALY for pregnant women in moderate or severe
influenza seasons and $260,000 per QALY in low-incidence seasons. For other preventive
interventions, CE estimates ranged from cost-saving to $170,000 per QALY saved for breast
cancer screening among women aged 50-74, from cost-saving to $16,000 per QALY for colorectal
cancer screening, and from $27,000 to $600,000 per QALY for hypertension screening and
treatment. Influenza vaccination in adults appears to have a similar CE profile as other commonly
utilized preventive services for adults. Efforts to improve adult vaccination should be considered
by adult-patient providers, healthcare systems and payers given the health and economic benefits
of influenza vaccination.
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1. Introduction

Millions of influenza-related illnesses, lost work days and outpatient medical visits -
including an estimated 140,000 to 710,000 influenza-related hospitalizations and 12,000 to
56,000 deaths - occur in the United States (U.S.) during influenza seasons (Centers for
Disease Control and Prevention, 2018). The Centers for Disease Control and Prevention
recommend that all people aged = 6 months receive the influenza vaccination each year
(Grohskopf et al., 2017). However, only 59.0% of children 6 months to 17 years old and
43.3% of adults =18 years old were vaccinated in the U.S. in the 2016-17 influenza season
(Centers for Disease Control and Prevention, 2017). Other health prevention services for
adults appear to have higher levels of utilization, with 71.5% of women aged 50-74
undergoing mammography (Centers for Disease Control and Prevention/National Center for
Health Statistics, 2016), 62.4% of adults aged =50 undergoing colorectal cancer screening
(White et al., 2017), and about 82.8% of adults aged = 18 screened for high blood pressure
(Mozaffarian et al., 2015). The relatively lower utilization of influenza vaccination may in
part be due to limited awareness of the cost-effectiveness (CE) profile of adult influenza
vaccination and the health burden that can be avoided by increasing the influenza vaccine
uptake, as providers tend to have better knowledge of recommendations for higher risk
groups (Centers for Disease Control and Prevention, 2017; Nowak et al., 2018).

CE analysis is one way to estimate and quantify the economic value of different health
services and public health interventions. CE studies provide information that can be used by
healthcare providers, healthcare systems, payers, and policy makers who are making
decisions regarding which services to prioritize and how to allocate additional health-related
investments. This study collects and summarizes results of research on the CE of adult
influenza vaccinations as well as other preventive services relevant to adults - specifically
breast cancer screening, colorectal cancer screening, and hypertension screening and
treatment. The results from this study provide support for the ongoing use and promotion of
influenza vaccinations as well as additional context for future CE analyses of influenza
vaccination.

2. Methods

In 2017, we conducted a literature review identifying and synthesizing CE analyses that
evaluated the use of influenza vaccination in the U.S. adult population. To summarize
selected CE findings for other common preventive services for U.S. adults, we reviewed the
economic literature related to colorectal cancer for persons = 50 years old, blood pressure
screening for adults of all ages, and breast cancer screening for women aged 50-74. The
selection of these three other preventive services was informed by recommendations made
by the U.S. Preventive Services Task Force (USPSTF), which indicates the quality of a
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recommendation using a scale of letter grades, with A and B grades signaling a “high
certainty that the benefit is moderate to substantial”(Drummond et al., 2007).

We searched all major medical and public health research literature databases - PubMed,
ProQuest, EBSCO, Thomson Reuters, ProQuest Science & Technology, ScienceDirect, Web
of Science, EBSCO, Thomson Reuters, Applied Science & Technology Abstracts, Business
Source Complete, and MEDLINE - for publications dated from 1996 to 2016 using a
combination of terms that were designed to identify economic evaluations and CE analyses
of influenza vaccinations, colorectal cancer screening, mammaography, and hypertension
screening and treatment (see Appendix A). Note that the USPSTF only refers to
“hypertension screening,” while our searches identified studies that assessed the CE of
screening in combination with treatment for hypertension. A professional librarian
conducted these searches in January 2017. To capture additional studies that may not have
been identified with our database searches, we added studies to our final list by reviewing
the reference and citation lists in each of the articles identified by the database searches. The
original searches and subsequent additions yielded 1089 peer-reviewed articles.

These 1089 articles were then subjected to an initial review of the titles and abstracts, during
which we excluded 978 articles that did not appear to be relevant to our study objectives. In
particular, we excluded studies with titles and abstracts that did not contain any relevant
terminology, such as quality-adjusted life-year (QALY), CE ratio (CER), life-years saved
(LYS), cost, or benefit. Following the initial title and abstract review, there were 70 research
articles related to influenza vaccination in the United States and 41 articles related to the
other preventive services that we considered for the comparator group (see Fig. 1).

Of the 70 influenza vaccination articles, 51 were excluded because they either focused
exclusively on non-U.S. populations, were duplicates, compared two distinct types of
influenza vaccines but did not have a “no vaccination” comparison, were not CE analyses,
were not from the societal perspective, or did not meet our criteria for quality. The
evaluation of quality for the remaining CE studies was based on a checklist developed by
Drummond and colleagues (see Appendix B). In the assessment of quality, one point was
given for each of the ten questions in the Drummond check list that was effectively answered
by the study being assessed (see Appendix C). Questions consisting of multiple parts were
assessed as a one, receiving one point if both parts were answered or zero if any part of the
was unanswered. Studies that received six or more points, out of a total of ten, were included
in the final analysis. These quality scores were determined by two independent reviewers,
with any discrepancies in the two reviews resolved by discussion. Another 7 articles were
then excluded because they focused on childhood vaccinations, leaving a total of 12 studies
that assessed adult influenza vaccination CE for inclusion in the final analysis. Of the 41
other preventive services studies that remained following the title and abstract review, three
were retained based on their relevance and quality scores.

From the 12 influenza vaccination CE articles and the three studies of CE of other preventive
services that were included in our final analysis, we extracted and quantified relevant study
characteristics. These characteristics included the specific types of interventions being
assessed, the age ranges of the study population, the study perspective, the types of
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outcomes assessed, and the estimated cost per outcome (or the CE ratios). All monetary
values were adjusted to US$2015 using the U.S. consumer price index (The World Bank,
2018). CE ratios from the societal perspective were utilized and the units of outcome
focused on in this review included final outcome measures such as persons vaccinated, LYS,
and QALY saved, to maintain comparability across studies.

3. Results

The type of outcomes used in the CE ratios varied across the 12 studies on influenza CE that
were included in the final dataset. While cost per QALY saved was the most common CE
ratio measure used, several studies reported costs per outcome using other health outcomes,
such as LYS (Drummond et al., 2007; Patel and Davis, 2006), illnesses averted (Luce et al.,
2001), and costs per person vaccinated (White et al., 1999; Nichol, 2001; Jordan et al., 2006;
Gibson et al., 2016; Bridges et al., 2000).

The influenza vaccination studies looking at adult populations reported CE ratios that would
likely be considered CE by traditional standards (Grosse, 2008). Among the studies that
estimated CE ratios in terms of cost per QALY saved, CE estimates for adult influenza
vaccination ranged from being cost-saving (Prosser et al., 2008) to $39,000 Maciosek et al.,
2006 per QALY saved adults, excluding pregnant women. Among pregnant women, the CE
ranged from being cost-saving (Xu et al., 2016; Beigi et al., 2009) during a moderate
influenza season to $260,000 per QALY saved (Xu et al., 2016) during an influenza season
with little influenza activity (Fig. 2, details available in Appendices).

The three studies of other preventive services yielded a range of preventive service
interventions, age groups, and outcome measures. The CE ranged from being cost-saving to
$170,000 per QALY saved for breast cancer screening interventions (Stout et al., 2014),
from cost-saving to $16,000 per QALY saved for colorectal cancer screening interventions
(Kingsley et al., 2016) and from $27,000 to $600,000 per QALY saved for hypertension
screening and treatment (Dehmer et al., 2017). Among adult populations, the CE estimates
for influenza vaccination were comparable with the estimates for these other preventive
services considered (Fig. 2).

4. Discussion

We found that influenza vaccination compared favorably with other commonly accepted and
well-implemented preventive services for adults in terms of CE. This comparability is
noteworthy given the differences observed in implementation coverage and implementation
rates between other preventive services and influenza vaccinations among adult populations.
While at least one other recent study has summarized the cost-effectiveness of many types of
adult vaccinations (Leidner et al., 2018), our study goes further by focusing on the cost-
effectiveness of influenza vaccinations with comparisons to other preventive health
interventions in adults. In particular, this study highlights the difference in utilization rates
between influenza vaccination, which suggests that additional utilization of influenza
vaccinations could benefit adult patients.
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A recent Cochrane review found influenza vaccination of healthy adults protects against
experiencing a case of laboratory-confirmed influenza and influenza-like-illness (Demicheli
et al., 2018a). This large systematic review of randomized-control and quasi-randomized
studies also concluded that the influenza vaccine has a minimal or modest effect in reducing
hospitalizations (risk-ratio = 0.96 with 95% confidence interval from 0.85 to 1.08) and days
off work (-0.04 days with 95% confidence interval from - 0.14 days to 0.06 days). Both of
these findings were characterized as having low-certainty of evidence. Recent observational
studies that were not included in the Cochrane review found evidence of vaccine
effectiveness against hospitalizations that ranged 45% and 57% (Havers et al., 2016;
Ferdinands et al., 2018). The majority of CEA studies summarized in our review assumed a
moderate level of vaccine effectiveness against all influenza-related disease outcomes. Base
case assumptions of vaccine effectiveness ranged from 13% to 75% with differences related
to outcomes of interest (Maciosek et al., 2006), patient type (Xu et al., 2016; Beigi et al.,
2009), and vaccine match with the circulating types of influenza (Nichol, 2001).

The cost-effectiveness ratios that were estimated by the studies summarized in this review
looked at the differences in costs and health outcomes under scenarios with and without
influenza vaccination. We focused on results that utilized QALY saved by vaccination as
the primary health outcome of interest. Prevented influenza-related deaths and disease
resulted in QALY's saved, where the types of disease included in the models varied across
studies. Looking across all studies, disease states included influenza cases that were not
medically attended, outpatient cases, hospitalizations or inpatient cases, deaths, preterm
births, as well as adverse events from vaccinations.

Across the studies we reviewed, a number of estimates of cost-effectiveness for influenza
vaccination identified cost-saving results. Under a variety of modeling assumptions and
across several target populations, estimates of influenza vaccination cost-effectiveness varied
from being cost-saving to $260,000 per QALY saved. The majority of estimates costing less
than equal to $85,000 per QALY saved. In addition, influenza vaccination appears favorable
in terms of CE relative to other commonly recommended preventive services given A or B
grades by the USPSTF (U.S. Preventive Services Task Force, 2018): screening for colon
cancer for adults 50-74 years, breast cancer for women aged 50-74 years, and hypertension
for adults =18 years (U.S. Preventive Services Task Force, 2018). Relative economic
favorability may depend on a number of factors, including emerging data and scientific
consensus on the effectiveness of clinical interventions such as influenza vaccination
(Demicheli et al., 2018b) and mammaography (Gotzsche and Nielsen, 2013). Among
influenza vaccination CEA studies reviewed here, the greatest variability in influenza
vaccination economic outcomes is associated with pregnant women, with less variation
observed among the other, strictly age-based population groups among studies included in
our analyses. Variation among cost-effectiveness results could be due to multiple factors that
vary across population groups and across influenza seasons, including influenza antigenic
match between vaccine strains and circulating influenza viruses, and influenza illness rates
and severity of influenza illnesses in a given season and age groups most impacted.

USPSTF formulates recommendations based on evidence of effectiveness, but their
recommendations do not explicitly include economic CE U.S. Preventive Services Task

Prev Med. Author manuscript; available in PMC 2020 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dabestani et al.

Page 6

Force, 2018. The recommended use of vaccines in the United States are not evaluated by the
USPSTF, but rather by the Advisory Committee on Immunization Practices (ACIP). The
ACIP, in contrast to the USPSTF, considers cost-effectiveness analyses in their deliberations
of vaccine recommendations (Smith, 2010; Pike et al., 2019), which may explain, in part, the
larger number of CE studies found on influenza vaccination relative to other preventive
services. The effectiveness of the influenza vaccine varies across age groups, influenza
seasons, and measurable disease outcomes which also impacts that range of CE estimates
(Demicheli et al., 2018b; Cowling et al., 2016; Ohmit et al., 2013; Kostova et al., 2013);
however, the relatively favorable CE results associated with this vaccine are likely related to
the low cost of influenza vaccines - with a cost between $11 and $22 per dose (Centers for
Disease Control and Prevention, 2019) -as well as the substantial disease burden associated
with influenza (Reed et al., 2015).

Based on a survey conducted in 2016, approximately 53% of influenza vaccinations among
adults appear to occur at health-care locations, such as a physician’s office, hospital, or
public health clinic (Centers for Disease Control and Prevention, 2016). This finding is
consistent with an earlier study that used data from the Behavioral Risk Factor Surveillance
System that found 70% of influenza vaccinations among adults aged 18 years and older were
administered in physician offices and other traditional settings (Singleton et al., 2005). This
is also consistent with a more recent study that investigated the factors associated with
receiving influenza vaccinations in non-traditional settings, in which 60% of individuals in
this study that received an influenza vaccination did so in a traditional setting (Kim and
Mountain, 2017). The challenge to allocate time during routine patient visits to implement
all vaccine and USPSTF A and B recommended preventive services (Hurley et al., 2016)
may force healthcare providers to prioritize specific preventive services at each visit.
Concerns about payment adequacy and patient insurance coverage and patient out-of-pocket
costs may also influence preventive services decisions (Hurley et al., 2016). Utilization of
preventive visits for adults, such as Medicare annual wellness visits, may help providers
expand the implementation of preventive services by patients, including influenza
vaccination when visits are timed to coincide with influenza vaccination timing.

Influenza vaccination has been demonstrated to offer multiple benefits to patients of all ages,
including reduced risk of influenza-related hospitalization in both children age 6 months to
17 years and adults aged = 18 (Havers et al., 2016), reduced risk of major acute
cardiovascular events among persons with existing cardiovascular disease (Udell et al.,
2013; Barnes et al., 2015), reduced risk of influenza in pregnant women and infants born to
vaccinated pregnant women (Madhi et al., 2014), and finally, reduced risk of deaths in
children (Flannery et al., 2017) and adults (The World Bank, 2018; Shay et al., 2017;
Grohskopf, 2016). A 2018 Cochrane review found influenza vaccination of healthy adults
protects against experiencing a case of laboratory-confirmed influenza - with a risk ratio of
0.41 (confidence interval (CI): 0.36 to 0.47) - and protects against influenza-like-illness -
with a risk ratio of 0.84 (CI: 0.75 to 0.95) (Demicheli et al., 2018a). Similar results were also
found among the elderly, where influenza vaccinations protect against laboratory-confirmed
influenza illness - with a risk ratio of 0.42 (CI: 0.27 to 0.66) - and against influenza-like-
illness - with a risk ratio of 0.59 (ClI: 0.47 to 0.73) (Demicheli et al., 2018b). While these
results confirm the vaccine confers substantial benefits in terms of protection against illness,
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the review did not identify significant protection from certain specific outcomes, such as
hospitalization or work loss (Demicheli et al., 2018b). These outcomes were also associated
with substantial uncertainty around effectiveness estimates. Our review of the economic
literature on influenza vaccinations of adults also identifies uncertainty across studies, which
depended on attributes of the population under consideration as well as the severity of the
influenza season. Across the studies we reviewed, the substantial burden of influenza among
persons of all ages and the benefits of vaccination suggest that providers and health systems
should include influenza vaccination in routine care.

This study is subject to several limitations. The rigor of our study criteria and of our
assessments of economic evaluations - in addition to the relative scarcity of intervention CE
studies - yielded few eligible studies. A number of high-quality economic evaluation studies
we found utilized different economic perspectives (i.e. provider), study types (i.e. cost
benefit analysis), and denominator units (i.e. illness averted). We therefore could not
compare these studies. The final studies we included, however, are high quality and
representative of the respective preventive health interventions. The small number of CE
studies underscores the need for additional economic evaluations of health prevention
interventions that - among other criteria - focus on the societal perspective, utilize a
consistent economic metric, and compare interventions to no intervention. We were not able
to assess the potential impact of herd immunity on CE since herd immunity was not included
in the majority of studies we reviewed. Omitting herd immunity impact is likely to
underestimate the CE of influenza vaccination (Bauch et al., 2009). The severity of an
influenza season as well as the efficacy of an influenza vaccine can vary substantially across
different years. In this review, we found that many influenza vaccination studies reported
only single-year data which may limit generalizability of the results (Bridges et al., 2000;
Havers et al., 2016; Shay et al., 2017; Grohskopf, 2016). Multi-year data analyses would
offer additional evidence useful to CE studies. We were unable to fully investigate the
impact of adverse events on the different interventions; however, the incidence and cost of
adverse events from the interventions were included in the CE analyses. While we consider
this issue to be important, it is beyond the scope of the current review. We also limited our
review to influenza vaccination and a few selected other USPSTF A and B grade prevention
interventions. The relative CE of influenza vaccination when compared to other preventive
services recommended by USPSTF that were not included in this study may differ from the
preventive services that were included.

5. Conclusion

Our literature review found several studies that demonstrate that influenza vaccination
among adult populations would likely be considered cost-effective by many standards. The
CE results for influenza vaccination among adults was comparable to the CE of other
USPTF grade A and B preventive health interventions targeting adults, including colorectal
screening, breast cancer screening, and hypertension screening and treatment. Healthcare
practitioners and healthcare systems may want to consider these findings in making
decisions regarding their level of effort and investment in promoting, implementing, and
incentivizing influenza vaccination programs. Adoption of the National Vaccine Advisory
Committee Standards for Adult Immunization Practice (National Vaccine Advisory
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Committee, 2014) is recommended so that all adults may benefit from influenza and other
vaccines and to reduce the health burden of vaccine preventable illnesses. Adoption of these
standards, especially as they apply to influenza vaccination of adults, may require system-
and policy-level changes to ensure all patients receive a strong provider recommendation for
vaccination and have the opportunity to benefit from influenza vaccination.
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Fig. 1.

Diagram of search, identification, screening, and eligibility of included studies.

12 articles focused on
adult vaccinations
included in analysis
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Fig. 2.

Summary of cost-effectiveness estimates of influenza vaccinations and other preventive

services among U.S. adults.

QALY = quality-adjusted life-year. Cost-effectiveness ratios that were cost-saving are
represented as a point on the x-axis. The “X” indicates a value that was truncated to simplify
presentation, where the upper range of this value was $600,000/QALY saved.
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