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Background: Receipt of an annual flu vaccination (AFV) is a preventative health measure that reduces the
risk of infection with the flu. Screening for cancer (SC) is another recommended preventative health measure.
The current study hypothesizes that people who have previously obtained a cancer screening are motivated
to receive other preventative health measures.
Methods: Testing the association between a history of SC and receipt of an AFV used data from the 2016
Behavioral Risk Factor Surveillance System survey. The association was investigated using weighted and
adjusted multivariable logistic regression models on multiple age-based groups chosen according to cancer
screening recommendations.
Results: The odds of individuals with a history of SC receiving an AFV were significantly greater in women
screened for colorectal cancer, breast cancer, and colorectal cancer, and men screened for colorectal cancer,
when compared with those without a history of SC after adjusting for confounders of interest. It is notable
that no association was found between screening for cervical cancer and the receipt of AFV for women aged
30-65 years (odds ratio: 1.06; 95% confidence interval: 0.92, 1.21), and 50-65 years (odds ratio: 1.14; 95%
confidence interval: 0.93, 1.40).
Conclusions: More research is necessary to understand why cervical cancer screenings are not associated
with receipt of an AFV.
© 2019 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All

rights reserved.
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Seasonal influenza (flu) is an acute viral respiratory disease that
affects millions of people each year throughout the world.1 Receipt of
an annual flu vaccination (AFV) is currently the best method to pre-
vent contracting the virus.1,2 Receiving an AFV is imperative for indi-
viduals who are at greater risk for experiencing health-related
complications from the flu. This includes: all children aged 6-59
months; all individuals aged ≥50 years; people with chronic pulmo-
nary or cardiovascular disease; renal, hepatic, neurologic, hemato-
logic, or metabolic disorders; people who are immunocompromised;
pregnant women; children aged 6 months through 18 years receiving
aspirin- or salicylate-containing medications; residents of nursing
homes and long-term care facilities; and individuals with a body
mass index ≥40.2,3 Therefore, the Advisory Committee on Immuniza-
tion Practices recommends an AFV for all individuals aged ≥6 months
who do not have a known contraindication to the vaccine.2,3

The number of individuals affected by the flu each season—from
October to May2-4—varies. It is estimated that from 2010-2016, the
incidence of flu in the United States was approximately 8%.5 The
2016-2017 flu season saw an estimated 30.9 million people fall ill,
14.5 million doctor visits, and 600,000 hospitalizations,4 and during
the 2017-2018 season approximately 80,000 deaths,6 all owing to the
flu or its complications.

However, vaccination programs have been able to reduce the disease
burden of flu. Vaccination has been associated with reducing the num-
ber of intensive care unit admissions,6-8 days spent in the hospital,7,8

and mortality8,9 due to flu and flu-related complications. During the
2016-2017 season, flu vaccinations prevented 5.29 million illnesses,
2.64 million medical visits, 84,700 hospitalizations, and between 1,588
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and 4,562 deaths.4 If the United States was able to raise the AFV rate to
70%—the Healthy People 2020 goal10—an additional 1.89 million ill-
nesses, 822,000 medical visits, and 17,300 hospitalizations could be
prevented.4

The cumulative economic cost to the United States is significant. In
one estimate, on average 610,660 potential life-years and 44.0 million
days of productivity are lost annually.11 This results in an estimated
total annual economic burden to the United States of $87.1 billion
(95% confidence interval [CI]: $47.2 billion, $149.5 billion).11

KNOWLEDGE GAP

Given the benefits of AFV, it is concerning that vaccination rates in
the United States have remained low. Between 2009 and 2017, <50%
of US adults received an AFV.10,12

Prior research has explored possible causes of these low vaccina-
tion rates such as personal attitudes toward vaccinations,13,14 being
at high risk of health-related complications if infected,1 geographic
constraints,12,15 location of vaccine administration,15 and ethnic/
racial disparities.16

Another avenue of research has been the association between AFV
and other preventative health measures.17 However, in much of the
literature, vaccinations and screenings are independent variables not
in association with each other.9,18 Only one study has looked specifi-
cally at the association between the receipt of a cancer screening
(mammography) and AFV, but only among Medicare beneficiaries.19

The current study hypothesized that people who have received a
screening for cancer (SC) are motivated to seek out other preventive
health measures such as an AFV. The current study seeks to determine
if there is an association between an individual’s history of SC and their
receipt of an AFV using a nationally representative sample of US adults.

METHODS

Dataset

The data used for this study came from the 2016 Behavioral Risk
Factor Surveillance System (BRFSS) survey.20 The BRFSS is an annual
population-based, cross-sectional, telephone survey of noninstitu-
tionalized adults (aged ≥18 years) administered in 54 US states and
territories. It is the largest continuously conducted health survey in
the world with 486,303 respondents in 2016.20 Self-reported data are
collected on health risk behaviors, chronic diseases, access to care,
and the use of preventive health services for noninstitutionalized
adults aged ≥18 years.20 The BRFSS 2016 survey data used in this
study is publicly available and de-identified.

The BRFSS is a telephone-based survey using both landline and
cell phone numbers. It uses iterative proportional fitting (also known
as “raking”) that improves the sample’s ability to match a state or ter-
ritory’s actual sociodemographic characteristics.21 The 50 states used
a disproportionate stratified sample design for their landline surveys,
whereas 4 territories used a simple random-sample design.21 Cell
phone surveys were based on random samples from the Telecordia
database of exchanges.21 Although all states and territories start with
a single sampling stratum, many states choose to disproportionately
sample populations of interest that can be defined as existing in a
particular sub-state area.21

Exposure of interest: A history of SC

The BRFSS 2016 contained questions relating to breast, cervical,
prostate, and colorectal cancer screenings.20 A history of SC was
determined by a respondent answering “Yes” to one or more of the
following sex, age, cancer screening type, and question combinations.
Women aged 40-65 years22,23 who answered yes to, “Have you ever
had a mammogram?” were considered to have a history of breast
cancer screening. Women aged 30-65 years22,23 who answered yes to
either of the following, “Have you ever had a Pap (Papanicolaou)
test?,” or “Have you ever had an HPV (human papillomavirus) test?”
were considered to have a history of cervical cancer screening. Men
aged 50-70 years22,23 who answered yes to, “Have you ever had a PSA
(prostate-specific antigen) test?”were considered to have a history of
prostate cancer screening. Finally, both men and women aged 50-75
years22,23 were considered to have a history of colorectal cancer
screening if they answered yes to either, “A blood stool test is a test
that may use a special kit at home to determine whether the stool
contains blood. Have you ever had this test using a home kit?” or “Sig-
moidoscopy and colonoscopy are exams in which a tube is inserted in
the rectum to view the colon for signs of cancer or other health prob-
lems. Have you ever had either of these exams?”

Outcome of interest: The receipt of influenza vaccination/flu shot

The receipt of flu-vaccination was assessed if the respondents
answered with “Yes” the following question “There are two ways to
get the flu vaccine, one is a shot in the arm and the other is a spray,
mist, or drop in the nose called FluMist (MedImmune, Gaithersburg,
MD). During the past 12 months, have you had either a flu shot or a
flu vaccine that was sprayed in your nose?”20 If necessary, surveyors
could prompt respondents that the Fluzone Intradermal vaccine
(Sanofi Pasteur, Lyon, France) is also considered a flu shot.20 Individu-
als who did not answer this question were excluded from the study.

Covariates of interest

Covariates used in the model were chosen based on previous
research showing they were risk factors associated with both AFV and
SC. The variables chosen were: age12-14,24 (in years), sex12,13,24 (female,
male), race12,13 (white, non-Hispanic; black, non-Hispanic; other),
marital status12,13 (married, or a member of an unmarried couple; sep-
arated, divorced, or widowed; never married), education12,24 (less
than high school graduate; high school graduate; some college or tech-
nical school; college graduate or more), employment status13

(employed for wages or self-employed; homemaker or student or
retired; out of work; unable to work), health insurance13,24 (purchased
through employer/union, purchased yourself or through family, Medi-
care, other), and income13,24 (<$15,000; $15,000 to <$25,000; $25,000
to <$35,000; $35,000 to <$50,000; $50,000 or more).

Final study sample

There were 486,303 eligible respondents in the BRFSS 2016. After
review, 106,030 individuals were excluded because of missing data,
for a final sample size of 380,273. Figure 1 is a cohort diagram of the
current study.

Statistical analyses

Ten weighted and adjusted multivariable logistic regression models—
based on sex, age, and type of SC—were used to examine the associa-
tion between SC and AFV. The first 5 models were based on sex, type
of SC, and recommended screening age range. Table 1 contains the
weighted prevalence and 95% CIs for the categorical and ordinal vari-
ables in these models. Subsequently, multivariable logistic regression
was performed adjusting for the 8 confounders of interest: age, sex,
race, marital status, education, employment, health insurance, and
income. Table 2 shows the regression results.

The wide variation in recommended SC age ranges in the first 5
models had a potential to affect any results. To mitigate this, a com-
mon age range across all 4 SC types (ages 50-65 years) was found.



Fig 1. Cohort diagram of final study sample size.

Table 1
Descriptive statistics: Screening guideline-based age ranges for all screening types

Sex

Cancer
screening
type

Age
range (years)

Final
sample
(unweighted N)

Received
SC
(unweighted N)

Received
AFV
(unweighted N)

% of those without
an AFV
who had an SC

% of those with
an AFV
who had an SC

Weighted % (95% CI) Weighted % (95% CI)

Female Breast 40-65 100,804 91,454 44,275 85.7% (85.1%, 86.3%) 92.4% (91.8%, 93.0%)
Female Cervical 30-65 124,423 119,956 53,019 95.3% (94.9%, 95.6%) 96.1% (95.7%, 96.5%)
Male Prostate 50-70 77,234 47,072 34,562 50.8% (49.8%, 51.8%) 67.0% (66.0%, 68.1%)
Female Colorectal 50-75 114,902 90,725 57,964 68.5% (67.7%, 69.4%) 83.4% (82.7%, 84.1%)
Male Colorectal 50-75 90,782 68,817 42,812 62.6% (61.7%, 63.6%) 82.5% (81.7%, 83.3%)

AFV, annual flu vaccine; CI, confidence interval; SC, screening for cancer.

Table 2
The weighted and adjusted association between screening for cancer and the receipt of
annual flu vaccination: Varying age ranges based on recommended guidelines for all
cancer screening types

Sex Cancer screening
Age
group (years) AOR (95% CI) P value

Female Breast 40-65 1.58 (1.43, 1.74) <.0001
Female Cervical 30-65 1.06 (0.92, 1.21) .4392
Male Prostate 50-70 1.54 (1.44, 1.65) <.0001
Female Colorectal 50-75 1.89 (1.77, 2.03) <.0001
Male Colorectal 50-75 2.08 (1.93, 2.23) <.0001

Bold text indicates statistical significance.
AOR; the odds of receiving an annual flu vaccination if the individual had a certain type
of cancer screening versus individuals without that particular cancer screen after
adjusting for all variables in the model: age, sex, race, marital status, education,
employment status, health insurance, and income.
AOR, adjusted odds ratio; CI, confidence interval.
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The decision was made to repeat our analysis on this common age
range. Table 3 shows the weighted prevalence and 95% CIs for the cat-
egorical and ordinal variables in these models. Similarly, the same
adjusted multivariable logistic regression was performed, with the
results shown on Table 4.

All the statistical analyses were performed using SAS Version 9.4
(SAS Institute, Cary, NC). To account for the complex sampling design,
the authors used the following SAS survey procedures: PROC SUR-
VEYMEANS, PROC SUVEYFREQ, and PROC SURVEYLOGISTIC. The sta-
tistical significance level was set at P <.05.
RESULTS

Descriptive statistics

Table 1 shows the descriptive statistics for the first 5 models. The
number of respondents in each age and SC group ranged from
77,234-124,423. The prevalence of cancer screening was highest for
women aged 30-65 years screened for cervical cancer at 95.3% (95%
CI: 94.9%, 95.6%) and lowest for men aged 50-70 years being screened
for prostate cancer at 50.8% (95% CI: 49.8%, 51.8%).

The descriptive statistics for the next 5 models corresponding to
the common age group of 50-65 years follow a similar pattern
(Table 3). The number of respondents in each age and SC group
ranged from 58,165-72,897. The prevalence of cancer screening was
highest for women aged 50-65 years screened for cervical cancer at
95.7% (95% CI: 95.3%, 96.2%) and lowest for men aged 50-65 years
being screened for prostate cancer at 48.1% (95% CI: 47.1%, 49.2%).
Analyses

Among women aged 40-65 years (Table 2), the weighted and
adjusted odds of receiving flu vaccination were 58% significantly
higher (adjusted odds ratio [AOR]: 1.58; 95% CI: 1.43, 1.74) if they
were screened for breast cancer compared with their counterparts
who were not screened for breast cancer. Within this model, after
keeping all the other variables constant, the weighted and adjusted



Table 3
Descriptive statistics: Common age range 50-65 years for all screening types

Sex

Cancer
screening
type

Age
range (years)

Final
sample
(unweighted N)

Received
SC
(unweighted N)

Received
AFV
(unweighted N)

% of those without
an AFV
who had an SC

% of those with
an AFV
who had an SC

Weighted % (95% CI) Weighted % (95% CI)

Female Breast 50-65 72,897 69,082 33,685 92.6% (92.0%, 93.1%) 96.4% (95.9%, 96.9%)
Female Cervical 50-65 72,897 70,489 33,685 95.7% (95.3%, 96.2%) 96.7% (96.2%, 97.1%)
Male Prostate 50-65 58,165 32,684 23,681 48.1% (47.1%, 49.2%) 63.2% (61.9%, 64.4%)
Female Colorectal 50-65 72,897 54,156 33,685 64.4% (63.4%, 65.5%) 79.3% (78.3%, 80.2%)
Male Colorectal 50-65 58,165 40,628 23,681 58.3% (57.3%, 59.4%) 78.1% (76.9%, 79.2%)

AFV, annual flu vaccine; CI, confidence interval; SC, screening for cancer.

Table 4
The weighted and adjusted association between screening for cancer and the receipt of
annual flu vaccination: Common age range 50-65 years for all cancer screening types

Sex Cancer screening
Age
group (years) AOR (95% CI) P value

Female Breast 50-65 1.80 (1.52, 2.13) <.0001
Female Cervical 50-65 1.14 (0.93, 1.40) .2187
Male Prostate 50-65 1.54 (1.43, 1.65) <.0001
Female Colorectal 50-65 1.84 (1.70, 1.98) <.0001
Male Colorectal 50-65 2.07 (1.91, 2.25) <.0001

Bold text indicates statistical significance.
AOR; the odds of receiving an annual flu vaccination if the individual had a certain type
of cancer screening versus individuals without that particular cancer screen after
adjusting for all variables in the model: age, sex, race, marital status, education,
employment status, health insurance, and income.
AOR, adjusted odds ratio; CI, confidence interval.
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odds of women aged 40-65 years without a health plan receiving an
AFV were 47% significantly lower than those with a health plan (AOR:
0.53; 95% CI: 0.46, 0.60). Other variables with a significant negative
association with the receipt of AFV included being black, having less
than college education, and an income <$50,000 per year. Being
unable to work had a significantly positive association with the
receipt of AFV when compared to being employed for wages. When
looking at women aged 50-65 years (Table 4), the odds of receiving
the AFV, although significantly higher among those who received
breast SC (AOR: 1.80; 95% CI: 1.52, 2.13) when compared with those
who didn’t receive this type of SC, were not significantly different
from the women aged 40-65 years. Therefore, the exclusion of
women aged 40-49 years from this last group did not change the
findings significantly.

Of note is the fact that among women aged 30-65 years (Table 2),
there was no weighted and adjusted association between screened for
cervical cancer and receiving a flu vaccination (AOR: 1.06; 95% CI: 0.92,
1.21). Within this model, after keeping all the other variables constant,
the adjusted odds of women aged 30-65 years without a health plan
receiving an AFV were 47.4% significantly lower than those with a
health plan (AOR: 0.53; 95% CI: 0.47, 0.59). Other variables with a sig-
nificant negative association with the receipt of AFV included being
black, having less than college education, and an income <$50,000 per
year. Being unable to work had a significantly positive association with
the receipt of AFV when compared to being employed for wages.
When looking at women aged 50-65 years (Table 4), there was also no
weighted and adjusted association between receiving a flu vaccination
and screened for breast cancer (AOR: 1.14; 95% CI: 0.93, 1.40). There-
fore, the exclusion of women aged 30-49 years from this last group did
not change the findings significantly.

Among men aged 50-70 years (Table 2), the odds of receiving flu
vaccination were 54% significantly higher (AOR: 1.54; 95% CI: 1.44,
1.65) if they were screened for prostate cancer compared with their
counterparts who were not screened for prostate cancer. Within this
model, after keeping all the other variables constant, the weighted
and adjusted odds of men aged 50-70 years without a health plan
receiving an AFV were 59% significantly lower than those with a
health plan (AOR: 0.41; 95% CI: 0.35, 0.47). Other variables with a sig-
nificant negative association with the receipt of AFV included being
black, being separated/divorced/widowed, and having less than col-
lege education. Being unable to work and being a homemaker/stu-
dent/retired both had a significantly positive association with the
receipt of AFV when compared to being employed for wages. When
looking at men aged 50-65 years (Table 4), the odds of receiving the
AFV, although significantly higher among those who received pros-
tate SC (AOR: 1.54; 95% CI: 1.43, 1.65) when compared with those
who didn’t receive this type of SC, were not significantly different
from the men aged 50-75 years. Therefore, the exclusion of men
aged 66-75 years from this last group did not change the findings
significantly.

Among women aged 50-75 years (Table 2), the odds of receiving
flu vaccination were 89% significantly higher (AOR: 1.89; 95% CI: 1.77,
2.03) if they were screened for colorectal cancer compared with their
counterparts who were not screened for colorectal cancer. Within
this model, after keeping all the other variables constant, the
weighted and adjusted odds of women aged 50-75 years without a
health plan receiving an AFV were 41% significantly lower than those
with a health plan (AOR: 0.59; 95% CI: 0.50, 0.70). Other variables
with a significant negative association with the receipt of AFV
included being black, having less than college education, and an
income <$50,000 per year. Being unable to work had a significantly
positive association with the receipt of AFV when compared to being
employed for wages. When looking at women aged 50-65 years
(Table 4), the odds of receiving the AFV, although significantly higher
among those who received colorectal SC (AOR: 1.84; 95% CI: 1.70,
1.98) when compared with those who didn’t receive this type of SC,
were not significantly different from the women aged 50-75 years.
Therefore, the exclusion of women aged 66-75 years from this last
group did not change the findings significantly.

Among men aged 50-75 years (Table 2), the odds of receiving flu
vaccination were 108% significantly higher (AOR: 2.08; 95% CI: 1.93,
2.23) if they were screened for colorectal cancer compared with their
counterparts who were not screened for colorectal cancer. Within this
model, after keeping all the other variables constant, the weighted and
adjusted odds of men aged 50-75 years without a health plan receiving
an AFV were 55% significantly lower than those with a health plan
(AOR: 0.45; 95% CI: 0.39, 0.53). Other variables with a significant nega-
tive association with the receipt of AFV included being black, being
separated/divorced/widowed, and having less than college education.
Being unable to work and being a homemaker/student/retired both
had a significantly positive association with the receipt of AFV when
compared to being employed for wages. When looking at men aged
50-65 years (Table 4), the odds of receiving the AFV, although signifi-
cantly higher among those who received colorectal SC (AOR: 2.07; 95%
CI: 1.91, 2.25) when compared with those who didn’t receive this type
of SC, were not significantly different from the men aged 50-75 years.
Therefore, the exclusion of men aged 66-75 years from this last group
did not change the findings significantly.
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DISCUSSION

Multiple factors were consistently associated with a decrease in the
odds of receiving an AFV. Many of these corroborate the findings of
earlier studies involving receipt of an AFV. In particular, the lack of a
health plan is a barrier to obtaining an AFV.12,24 Other factors in this
study negatively associated with receipt of an AFV included: an educa-
tion level less than a college graduate, being black, being female sex
with an income <$50,000, being a woman not employed for wages,
and being a man who is not married or in an unmarried couple.

Our findings revealed significant associations for most sex/age group/
SC type combinations, even after adjusting for potential confounders of
interest. A history of colorectal SC significantly increased the odds of
receiving an AFV by 84%-89% in women, and 107%-108% inmen.

However, the finding of no association between screening for cer-
vical cancer and the receipt of AFV for women aged 30-65 and 50-
65 years, is of concern. This finding may be partly owing to the fact
that individual screening visits occurred outside of the appropriate
time window for AFV.25

The difference between the cervical SC results when compared
with other SC types suggests there are variations between various SC
regarding clinical visit procedures that affect whether individuals
receive an AFV. One factor may be individuals hearing a recommen-
dation for and offer of an AFV from a health care provider during colo-
rectal SC visits.14 In a recent study, 63.9% of individuals whose doctor
recommended an AFV received the vaccine within the last 12 months,
compared to only 16.0% for individuals who did not get a provider
recommendation.13 This suggests an opportunity to change clinical
visit procedures to support providers educating and offering an AFV
during a clinical encounter.

Limitations

The present research does have certain limitations. As the BRFSS is
a cross-sectional survey, it is not possible to infer causality from any
association. The cross-sectional nature also obscures the temporal
relationship between SC and AFV. For example, the SC may have fol-
lowed an AFV, or it may have occurred years earlier, complicating any
association. The BRFSS’s reliance on self-reported data may introduce
recall, social desirability, or other similar biases,4 particularly involv-
ing cancer screenings.26 Also, it is not possible to tell how personal
beliefs and attitudes regarding vaccinations may affect usage rates as
the BRFSS 2016 did not include such questions.13,14

Strengths

The first strength of this article is that the large sample size
obtained from the BRFSS 2016—380,273 individuals—strengthened
the precision of our results. Next, our sample is nationally representa-
tive. In addition, previous research supports the use of self-reported
flu vaccination rates in this type of analysis.18

CONCLUSIONS

This research revealed an association between a history of SC and
receipt of an AFV. The odds of individuals with a history of screening
for colorectal, breast and prostate cancer receiving an AFV were sig-
nificantly greater than those respondents without a history of SC,
after adjusting for potential confounders of interest. However, there
was no association between SC and AFV for women screened for cer-
vical cancer.

These results are of interest to clinicians looking to promote pre-
ventative health measures in their practices, and to policy makers
working on encouraging higher AFV rates, especially for individuals
receiving cervical cancer screenings. Given the substantial impact flu
can have on both individuals and the nation, it is important to con-
tinue research for more ways to improve flu vaccination rates.
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