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Abstract

Background: Despite the availability of a universal influenza vaccination program in the United States and
Canada, seasonal influenza vaccine (SIV) uptake among the elderly remains suboptimal. Understanding the factors
that determine SIV uptake in this important population subgroup is essential for designing effective interventions
to improve seasonal influenza vaccination among the elderly. We evaluated the determinants of SIV uptake in the
elderly in the United States and Canada. Methods: We systematically searched relevant bibliographic databases
and websites from 2000 to 2017 for population-based clinical trials or observational studies conducted in
community-based elderly individuals in the United States or Canada, irrespective of health status. Two reviewers
independently screened the identified citations for eligibility using a two-stage sifting approach to review the title/
abstract and full-text article. We gathered data on determinants of uptake (any vaccine receipt) and adherence
(receipt of vaccine in more than one season) to seasonal influenza vaccination. Where possible, we pooled the
data using inverse variance methods to minimize the variance of the weighted average. Results: Five cross-
sectional studies on SIV uptake (none on adherence) from the United States met our eligibility criteria. Being
older (pooled odds ratio [POR] = 1.44, 95% Confidence Interval [CI] = I.11, 1.86); White (POR = 1.33, 95%
CI = [1.10, 1.64]); and having higher income (POR = 1.06, 95% CI = [1.04, 1.09]); and health insurance (POR =
1.40, 95% CI = [1.25, 1.55]) were associated with increased SIV uptake. Conclusion: Older, ethnically White,
higher income elderly individuals with access to health insurance coverage and a regular health care provider have
higher SIV uptake in the United States. There was limited evidence for other socioeconomic and health-related
determinants. Further studies are needed to provide an evidence base for planning more effective influenza
vaccination programs in the United States.
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Both countries have implemented vaccination programs
to prevent influenza and to reduce the impact of influenza
outbreaks. In both countries, annual administration of

Introduction

Influenza remains a major public health concern in
Canada and the United States, with a substantial disease
and economic burden. An estimated 12,200 hospitaliza-
tions and 3,500 deaths are associated with influenza every
year in Canada (Schanzer, Sevenhuysen, Winchester, &
Mersereau, 2013). In the United States, an estimated 9.2
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to 35.6 million illnesses, 140,000 to 710,000 hospitaliza-
tions, and 12,000 to 56,000 deaths have been attributable
to influenza annually since 2010 (Centers for Discase
Control and Prevention, 2017).
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seasonal influenza vaccines (SIVs) is recommended for
groups at higher risk of serious illness and death due to
influenza, including pregnant women, people with chronic
diseases, and those 65 years or older (henceforth, elderly)
(Grohskopf et al., 2017; National Advisory Committee on
Immunization, 2017). However, SIV uptake among the
elderly in both countries remains suboptimal even in juris-
dictions with universal influenza immunization programs.
For instance, only about 65% of elderly Canadians received
the SIV during the 2015/2016 season (Public Health
Agency of Canada, 2017); a figure that is consistent with
estimates of vaccine uptake among this age group from the
United States (Lu, O’Halloran, Ding, Greby, & Williams,
2015; Mereckiene et al., 2010). The number of those who
consistently receive SIV yearly is likely much lower,
although these figures are not known with certainty
(Mahmud et al., 2012).

Generally, a person’s knowledge, perceptions, and atti-
tudes toward influenza vaccination are important deter-
minants of SIV uptake (Kamimura et al., 2017; Mytton,
O’Moore, Sparkes, Baxi, & Abid, 2013). However, per-
sonal characteristics, such as gender and socioeconomic
status, as well as health care provider and health care sys-
tem characteristics, could either facilitate or hinder vac-
cine uptake and adherence. Given so many plausible
determinants of SIV uptake, to date, the available evi-
dence has not been well summarized. Understanding
these factors and their interactions is essential for design-
ing effective interventions to improve SIV uptake and
adherence. It is also important for effective planning,
optimization, and evaluation of influenza vaccination
programs and for public health decision making.

We undertook a systematic review to identify, criti-
cally appraise, and summarize the findings of published
studies that examined determinants of SIV uptake and
adherence among the elderly in the United States and
Canada.

Methods

We undertook a systematic review following the Cochrane
Handbook for Systematic Reviews of Interventions guide-
lines (Higgins & Green, 2011), and reported the findings
following Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines
(Moher, Liberati, Tetzlaff, Altman, & Group, 2010). As
per best practice, we developed and registered a system-
atic review protocol prior to executing our search strategy
(Protocol Registration: PROSPERO CRD42018086803).
The review team consisted of two methodologists, a
reviewer, a librarian, and a content expert.

Eligible studies included clinical trials or observa-
tional studies carried out in the years 2000 to 2017 in the
United States or Canada that recruited community-based
elderly persons, irrespective of health status. Our deci-
sion to search for literature from 2000 was because a
publicly funded influenza vaccination program was first

introduced in Canada in 1999 (Hilderman et al., 2011),
and in the United States in 1993, but became only widely
available toward the end of the 1990s (Hinman,
Orenstein, & Rodewald, 2004). Only study results pub-
lished in a full-text English manuscript were considered
for inclusion. We were interested in identifying any fac-
tors (henceforth, determinants) influencing uptake (any
vaccine receipt) or adherence (receipt of vaccine in more
than one season) to seasonal influenza vaccination
(Supplementary Table 1). We excluded studies of deter-
minants of uptake or adherence to the 2009 pandemic
vaccine; studies based on analysis of self-reported inten-
tions or attitudes toward vaccination; noncommunity-
based studies such as studies conducted in schools and
personal care homes; mathematical modeling studies;
and studies without a full-text manuscript (e.g., letter to
the editor and conference abstract).

Search Strategy

A knowledge synthesis librarian designed the original
search strategy, and this was peer-reviewed by a second,
independent librarian using the Peer Review of Electronic
Search Strategies (PRESS) checklist (McGowan et al.,
2016). The final executed search strategy is listed in
Supplementary Table 2. We searched MEDLINE (Ovid),
Embase (Ovid), CINAHL (EbscoHost), and Scopus
(Elsevier) bibliographic databases. We also searched rel-
evant websites including www.cdc.gov, www.bccdce.ca,
and www.who.int. We conducted all literature searches
in January 2018.

Study Selection

Two reviewers independently screened the identified
citations for eligibility using a two-stage sifting approach
to review the title/abstract and full-text article. We
recorded the number of ineligible citations at the abstract
screening stage and both the number and reason for inel-
igibility at the full-text article screening stage.
Disagreements during these screening stages were
resolved by discussion or by involving a third reviewer,
when necessary.

Data Extraction

We created a data extraction spreadsheet in MS Excel
2016 (Microsoft Corporation, Redmond, WA, USA) and
piloted it on a small selection of studies. One reviewer
independently extracted data from the included studies
and a second reviewer independently checked the
extracted data for errors. Disagreements were resolved
by discussion between the two reviewers or by involving
a third reviewer, when necessary. We extracted the fol-
lowing data: study details (study identifier, first author,
year the study was conducted, year of publication, coun-
try, province/state/region, number of sites, funding
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source), study population (number of study participants,
average age and range, sex), outcome (SIV uptake and
adherence, and how they were measured), determinants
included in the analysis (including how they were mea-
sured and represented in the analysis), results (multivari-
ate effect estimates and associated 95% confidence
intervals [CIs] of the association between each determi-
nant and outcome), and details relevant to study quality
assessment (see below).

Study Quality Assessment

Two reviewers independently assessed study quality
using the National Institutes of Health (NIH) quality
assessment tool for observational cohort and cross-sec-
tional studies (NIH, 2014). This tool uses 14 criteria to
assess and determine study quality including clarity of
the research question and objectives; appropriateness of
study population and participants’ selection; sample size
justification; and quality of measurements and data anal-
ysis. We judged a study to be of high quality if it satis-
fied all assessed parameters; of good quality if it satisfied
all but one parameter; of moderate quality if it did not
satisfy two to four parameters; and of poor quality if it
did not satisfy more than four parameters.

Data Synthesis and Analysis

Reported odds ratios and Cls for association between
reported determinants and SIV uptake were converted
to their natural logs and then pooled (where possible)
using inverse variance methods to minimize the vari-
ance of the weighted average. Where pooling was not
possible, we synthesized data narratively. We also pro-
vided tabular descriptions of specific study characteris-
tics, quality assessments, and results from the included
studies.

Results

We identified 9,990 citations, of which only five cross-
sectional studies met our inclusion criteria (see Figure 1
for details). The included studies were all conducted in
the United States between 2001 and 2015, were pub-
lished from 2005 to 2018, and were all focused on SIV
uptake. We did not identify any Canadian studies or
studies that reported on determinants for adherence to
seasonal influenza vaccination. Of the included studies,
one was limited to people who had three primary care
visits in the previous 2 years (Appel, Everhart, Mehler,
& MacKenzie, 2006) and one study excluded those who
self-identified as Pacific Islanders or had a mixed-
descent background (J. Y. Chen, Diamant, Pourat, &
Kagawa-Singer, 2005). The other studies did not report
their inclusion or exclusion criteria, but based on their
findings, we believe they met our inclusion criteria. One
study did not report the number of participants (La et al.,

2018). The other studies had participants between 740
and 13,106,163 (Table 1).

The included studies examined sociodemographic
characteristics, clinical factors, health behaviors, and
organizational factors as determinants of SIV uptake,
focusing on receipt of an SIV in the previous year and
employing multivariable analysis. They all adjusted for
varied demographic and socioeconomic characteristics,
and health-seeking behaviors. One study was funded by
industry (La et al., 2018), two studies were funded by
nonindustry sources (J. Y. Chen et al., 2005; Khan, Hall,
Tanner, & Marlow, 2018) and two studies did not report
funding source (Table 1) (Appel et al., 2006; Takayama,
Wetmore, & Mokdad, 2012).

Study Quality Assessment

Most of the studies did not report on the justification of
their sample size (Appel et al., 2006; Khan et al., 2018; La
et al., 2018; Takayama et al., 2012), and two studies did
not apply well-defined eligibility criteria, having recruited
participants from diverse populations at local, state, and
national levels (La et al., 2018; Takayama et al., 2012).
We judged one study to be of high quality, having satis-
fied all assessed parameters (J. Y. Chen et al., 2005). Two
studies did not report on one assessed parameter (sample
size justification) and were judged to be of good quality
(Appel et al., 2006; Khan et al., 2018). A further two stud-
ies did not report on sample size justification and also did
not apply participant eligibility uniformly and, as such,
were judged to be of moderate quality (Supplementary
Figure 1) (La et al., 2018; Takayama et al., 2012).

Individual Sociodemographic Determinants of
SIV Uptake

Four studies examined the effect of age on SIV uptake;
with age measured in 1-year increments in two studies
(Appel et al., 2006; Takayama et al., 2012), and in
groups in two studies (Khan et al., 2018; La et al., 2018).
All studies showed a statistically significant increase in
SIV uptake with advancing age. The pooled odds ratio
(POR) was 1.01 (95% CI =[1.00, 1.03]) when age was
measured in l-year increments, and 1.44 (95% CI =
[1.11, 1.86]) when comparison was made by age group
(Table 2).

Only one study examined gender, reporting a nonsta-
tistically significant association with SIV uptake: OR =
0.92,95% CI=[0.59, 1.44] (La et al., 2018). All included
studies examined the effect of ethnicity or “race” (Figure
2). Generally, ethnic minorities, compared with Whites,
had lower SIV uptake (POR = 0.75; 95% CI = [0.61,
0.91]) albeit with substantial heterogeneity (I* = 86.1%).
All studies of African American and Hispanic people
found lower SIV uptake than in White people with pooled
estimates of 0.60 (95% CI = [0.49, 0.73]) for African
Americans and 0.69 (95% CI=10.53, 0.89]) for Hispanics.
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Citations from bibliographic databases Citations from relevant websites (n=459)
(n=9531) USA CDC - 193
Medline — 3624 BC CDC - 40
EMBASE — 4419 WHO-International — 210
CINAHL - 846 Others — 16
Scopus — 642
Duplicates removed Citations title and abstract Excluded citations
(n=3992) screening (n=5998) > (n=5908)

A 4

Excluded full-text
articles (n=85)

Reasons for exclusion

Full-text articles reviewed design — 18
(n=90)

Unsuitable study

A4

Unsuitable study

\ 4

population — 30

Unsuitable study
intervention — 2

Unsuitable study
outcome — 1

Abstract/Letter/News
Article — 4

(n=5)

Included studies Studies from outside

North America—30

Figure I. Summary of literature search and screening process (PRISMA flow diagram).
Note. CDC = Centers for Disease Control and Prevention; BC CDC = British Columbia Center for Disease Control; WHO = World Health
Organization; PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

The two studies that compared Asians with Whites
reported conflicting findings: a 40% higher uptake for
Asians in one (J. Y. Chen et al., 2005) and 30% lower
uptake for Asians in the other (Khan et al., 2018).

Two studies examined the effect of annual income
(Khan et al., 2018; Takayama et al., 2012). Earning a
higher income was associated with increased SIV uptake
(1.06, 95% CI = [1.04, 1.09]). Being married (two stud-
ies) (Khan et al., 2018; Takayama et al., 2012) and hav-
ing a higher level of education (three studies) (Khan
etal., 2018; La et al., 2018; Takayama et al., 2012) were
both associated with increased vaccine uptake, although
the pooled estimates were statistically nonsignificant
and quite heterogeneous for the latter.

Clinical, Health Behavioral, and
Organizational Determinants of SIV Uptake

Four studies examined clinical factors (Table 2) (Appel
etal.,2006; Khanetal.,2018; Laetal.,2018; Takayama

et al., 2012). In pooled analyses, having unspecified
comorbidity (two studies) (Appel et al., 2006; La et al.,
2018) was associated with increased SIV uptake
although the individual estimates were heterogeneous.
Another study examined the effect of having a speci-
fied illness (hypertension, arthritis, asthma, diabetes,
coronary heart disease, myocardial infarction, or
stroke) (Takayama et al., 2012) and reported a statisti-
cally significant increase in SIV uptake for all illnesses
exceptmyocardial infarction and stroke (Supplementary
Table 3). A fourth study found that having a disability
was associated with increased SIV uptake (Khan et al.,
2018).

A study that compared smokers against nonsmokers
(Takayama et al., 2012) reported a small but statistically
significant decrease in SIV uptake among smokers (OR
0.94, 95% CI =10.89, 0.99]).

Four studies evaluated the effects of having health
insurance on SIV uptake (Appel et al., 2006; J. Y. Chen
et al., 2005; Khan et al., 2018; Takayama et al., 2012);
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Table 2. Meta-Analysis of Comparisons Between Reported Determinants and SIV Uptake.

Number of Total
Determinants Comparison made studies population size POR [95% Cl] I? statistic (%)
Age By one-year increment in age 2 134,841 1.01 [1.00, 1.03] 28.7
Older age compared with 2 Unclear 1.44 [1.11, 1.86] 26.4
younger age
Ethnicity African Americans compared 4 Unclear 0.60 [0.49, 0.73] 37.6
with Whites
Hispanics compared with Whites 2 13,116,887 0.69 [0.53, 0.89] 63.6
Asians compared with Whites 2 13,116,887 1.01 [0.50, 2.05] 80.6
Ethnic minorities compared with 5 Unclear 0.75 [0.61, 0.91] 86.1
Whites
Income Low compared with high income 2 13,106,163 0.94 [0.92, 0.96] 0
Marital status Married compared with not 2 13,240,264 1.10 [0.89, 1.37] 0
married
Education Higher compared with lower 3 13,240,264 1.28 [0.97, 1.68] 744
education
Comorbidity Comorbidity compared with no 2 Unclear 1.31 [0.75, 2.30] 71.6
comorbidity
Health care insurance  Health insurance compared with 4 13,285,379 1.40 [1.25, 1.55] 0.1

no insurance

Note. SIV = seasonal influenza vaccine; POR = pooled odds ratio; Cl = confidence interval; Unclear = one study population size was not

reported.

Note: Bold values shows statistically significant results.

% %
Study OR (95% Cl) Weight
L}
African-Americans .
Chen 2005 —_—— ] 0.50 (0.40,0.60)  13.84
Appel 2006 4 0.74(0.44,1.23) 7.69
Khan 2017 —_—— 0.66 (0.54,0.80)  13.96
La 2018 = 3 0.80(0.24,2.62) 2.32
Subtotal (I-squared = 37.6%, p = 0.187) <>E 0.60 (0.49,0.73)  37.80
:
Asians :
Chen 2005 ' — 1.40 (1.00,1.80)  11.90
Khan 2017 g 0.68(0.39,1.17) 7.15
Subtotal (I-squared = 80.6%, p = 0.023) _—— B——— 1.01(0.50,2.05) 19.05
:
Hispanics ,
Chen 2005 ——— 0.60 (0.50,0.80)  13.17
Khan 2017 —_— 0.78 (0.64,0.96)  13.84
Subtotal (I-squared = 63.6%, p = 0.098) - 0.69 (0.53,0.89)  27.00
. :
Non-Whites :
Takayama 2012 S 0.88(0.85,0.91) 16.15
Subtotal (I-squared =.%, p=.) E o 0.88(0.85,0.91) 16.15
. 1
Overall (I-squared = 86.1%, p = 0.000) <> 0.75(0.61,0.91)  100.00
:
T T . | — T

4

8

14 1.8 2.5

Vaccine uptake

Figure 2. Forest plot of the association between ethnicity (ethnic minorities compared with Whites) and seasonal influenza
vaccine uptake.
Note. OR = odds ratio; Cl = confidence interval.



Okoli et al. 7
%

Study OR (95% Cl) Weight

Khan 2017 —t—— 1.33(0.84, 2.13) 5.31

Takayama 2012 — 1.37 (1.23, 1.54) 90.17

Appel 2006 : 2.25(1.18, 4.31) 2.74

Chen 2005 : Y 2.00 (1.00, 5.00) 1.78

Overall (I-squared =0.1%, p = 0.391) @ 1.40 (1.25, 1.55) 100.00

T m T T

8 1 1.5

Vaccine uptake

3 5

Figure 3. Forest plot of the association between health insurance (insured compared with uninsured) status and seasonal

influenza vaccine uptake.
Note. OR = odds ratio; Cl = confidence interval.

all reporting higher SIV uptake among the insured (POR
=1.40,95% CI =[1.25, 1.55]) (Figure 3).

One study found that having a regular health care
provider was associated with higher SIV uptake (OR =
2.18,95% CI=[1.71, 2.79]) (Khan et al., 2018). Another
study found that compared with having had a checkup
within the past year, both having had a checkup 1 to 2
years ago and having had a checkup 2 years or more ago
were associated with lower SIV uptake: OR =0.33,95%
CI=10.15, 0.72] and OR = 0.21, 95% CI = [0.06, 0.75],
respectively (La et al., 2018).

Discussion

In this systematic review, we found that older, ethnically
White, higher income elderly individuals with access to
health care insurance coverage and a regular health care
provider have higher SIV uptake in the United States.
We found statistically significant lower SIV uptake
among the elderly African Americans and Hispanics
compared with Whites, but the two studies of the elderly
Asians produced conflicting results, likely because of
significant income differences between the included
Asians populations.

It was not clear from the reviewed studies which fac-
tors contributed to lower SIV uptake among ethnic
minorities. Ethnicity is associated with educational
achievement (Hochschild & Shen, 2014; Maestri, 2017,
Sander, 1992; Singleton, 1977), employment status, and
income (Byars-Winston, Fouad, & Wen, 2015; Djamba

& Kimuna, 2011; Zwysen & Longhi, 2018). For exam-
ple, compared with Whites, ethnic minorities in the
United States seem to have had a consistently lower
income from 1988 to 2009 (Monnat, Raffalovich, &
Tsao, 2012). Ethnicity (Ashton et al., 2003; Egede,
2006), income (Chokshi, 2018; Tumin, Menegay,
Shrider, Nau, & Tumin, 2018), and education (Fletcher
& Frisvold, 2009; Zajacova & Lawrence, 2018) have all
been shown to influence access and utilization patterns
of health care services in the United States. In addition,
the extent of health care insurance coverage is often
determined by an individual’s ethnicity, employment sta-
tus, and income (J. Chen, Vargas-Bustamante, Mortensen,
& Ortega, 2016; Fox & Shaw, 2014). Ethnicity is also a
strong determinant of overall health status (D. R.
Williams, Priest, & Anderson, 2016). The extent to which
each of these factors has contributed to lower SIV uptake
was not examined in the reviewed studies. However, a
cross-sectional study of community-dwelling elderly
Americans, utilizing data on influenza vaccination his-
tory from the 2010/2011 influenza season, and using the
Blinder—Oaxaca decomposition method to assess charac-
teristics associated with racial/ethnic disparities in influ-
enza vaccination, found that only about 45% of
unadjusted disparities in vaccination between ethnically
Whites and African Americans, and between ethnically
Whites and Spanish-speaking Hispanics, were due to dif-
ferences in the distribution of varied sociodemographic
variables (Yoo, Hasebe, & Szilagyi, 2015). A better
understanding of the interplay of the other factors is
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essential to devising effective policy and program
changes to increase SIV uptake among ethnic minorities.
It is however noteworthy that what constitutes an ethnic
group or ethnicity is hugely debatable, and that measure
of ethnicity often differs between studies (Connelly,
Gayle, & Lambert, 2016; M. Williams & Husk, 2013).

The strongest reported associations with SIV uptake
were with having access to the services of a regular health
care provider (120% increased uptake) and having had a
recent checkup (200%). These findings are similar to the
finding from an analysis of the 1999 National Health
Interview Survey (NHIS) among adult Americans which
showed that those with >10 physician visits annually
were significantly associated with increased likelihood of
receipt of the SIV (134%) compared with those with no
physician visits (Egede, 2003). We also found that older
elderly individuals were more likely to have received the
SIV. This was similar to the finding by Ryu and col-
leagues (Ryu, Kim, Park, & Park, 2011), and may reflect
increased incidence of chronic diseases and possibly hav-
ing more frequent contact with health care providers.

Our findings confirm that some sociodemographic
and economic factors influence SIV uptake among the
elderly. Similar findings were observed for uptake of
other vaccines (e.g., human papillomavirus (Agénor,
Pérez, Peitzmeier, & Borrero, 2018), pneumococcal
vaccines (Black et al.,, 2017; Daniels, Gouveia,
Gildengorin, & Winston, 2006), and various vaccines
for subgroups [adult diabetics] (Egede & Zheng,
2003)) in the United States. To the best of our knowl-
edge, this study is the only available recent systematic
review of determinants of SIV uptake among the
elderly in the United States and Canada. A 2011 sys-
tematic review by Nagata et al. (2013) examined social
determinants of seasonal influenza vaccination among
the elderly globally and concluded that sociodemo-
graphic determinants such as age, sex, marital status,
education, ethnicity, and others factors influenced sea-
sonal influenza vaccination. However, this was a narra-
tive synthesis and covered only social determinants,
unlike our review which examined all determinants
and involved meta-analyses. Yeung, Lam, and Coker
(2016) systematically reviewed factors associated with
the uptake of seasonal influenza vaccination, but in
adults aged 18 to 64 years. They found that older age
and having chronic diseases were strongly predictive
of vaccination uptake. Dyda et al. (2016) systemati-
cally reviewed factors associated with influenza vac-
cination among adults, and, similar to our findings, old
age, education and income were found to be determi-
nants of seasonal influenza vaccination. However, the
review was limited to Australian adults.

Limitations of the Reviewed Studies

Both the measurements of the outcome (receipt of influenza
vaccine) and exposures (determinants) were self-reported in

the included studies, which increases the likelihood for
reporting, social desirability, and recall biases. The studies
were conducted in different regions/states of the United
States, so it is difficult to separate individual effects from
regional effects (e.g., effectiveness of vaccine policies and
programs). There were also differences between studies in
categorization of variables, reference groups used in the
analyses, and how statistical models were constructed,
which may explain the heterogeneity in some of their
findings.

Review Limitations

We included only full-text articles of studies published
in English. This was because of the lack of resources to
support professional translation of articles. However,
none of the retrieved citations and full-text articles were
in any language other than English. Moreover, it is
expected that a study conducted in the United States or
Canada would be reported in English, even if also
reported in Spanish (in some regions of the United
States) or French (in Canada). Our decision to only
include papers published since 2000 limited the number
of included studies, but allowed us to focus on recent
and possibly more relevant literature published since
influenza vaccination became freely available for the
elderly in the United States and Canada. The small num-
ber of studies did not permit subgroup analyses accord-
ing to study characteristics as we originally intended and
also did not allow for formal assessment of publication
bias in the reporting of the determinants assessed.

Review Strengths

Based on good practice, we registered a protocol in
PROSPERO prior to executing our search strategy, and
we conducted the review to the highest expected stan-
dards and reported in accordance to the PRISMA guide-
lines. Appropriate bibliographic databases were duly
searched for literature using a peer-reviewed and piloted
comprehensive literature search strategy. The quality of
included studies was properly assessed using the NIH
quality assessment tool for observational cohort and
cross-sectional studies.

Conclusion

We found that older, ethnically White, higher income
elderly individuals with access to health insurance cov-
erage and a regular health care provider have higher STV
uptake in the United States. We found statistically sig-
nificant lower SIV uptake in elderly African Americans
and Hispanics. There was limited evidence for other
socioeconomic and health-related determinants of SIV
uptake among the elderly. More research is needed to
provide a stronger evidence base for planning more
effective influenza vaccine policies and programs in the
United States.
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