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Abstract

Objective—To identify population subgroups under-vaccinated for influenza through
classification tree analysis to inform interventions aimed at improving future vaccine uptake.

Method—A cross-sectional community health needs assessment was conducted from 09/2012
through 11/2012 among randomly selected households in six low-income neighborhoods in New
Haven, CT (N=1300 adults, aged 18-65). Known correlates of influenza vaccine uptake plus
experience of medical mistreatment were used to develop a classification tree to identify under-
vaccinated population subgroups
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Results—Forty-five percent of respondents reported receiving the influenza vaccine. The
classification tree identified healthy adults and uninsured adults at increased risk of
influenzacomplications as subgroups with low vaccine uptake (40% and 30%, respectively). The
subgroup representing insured, high-risk adults who reported experience of medical mistreatment
had moderate vaccine uptake (45%). Sensitivity of the classification tree was high (83%, 95% Cl=
80% to 86%), indicating a strong true positive rate using these subgroups.

Conclusion—Results highlight the need for renewed attention to promoting the influenza
vaccination recommendation for all adults, particularly among healthy adults, uninsured, high-risk
adults and insured, high-risk adults who have experienced medical mistreatment. Further research
is needed to better understand how to reach these population subgroups.

Introduction

In the wake of the 2009-H1N1 pandemic, the Centers for Disease Control and Prevention
(CDC) recommended that everyone older than 6 months receive the seasonal influenza
vaccine annually.! During the 2012-2013 moderately severe influenza season, the CDC
estimated that the influenza vaccine prevented 6.6 million illnesses and 79,260
hospitalizations.2 Despite burden of illness, hospitalization and mortality associated with
seasonal influenza and preventive benefits of the influenza vaccine,23 only 42% of U.S.
adults (=18 years) reported getting vaccinated during the 2012-2013 season.* Understanding
factors associated with vaccine uptake, and how they interact with each other, can inform
interventions to increase vaccine coverage.

Several studies conducted during the 2009-2010 influenza season among adults documented
that influenza vaccine uptake increased with age,> and White Americans were more likely
than Latino and Black Americans to be vaccinated.>8 Being female,>7 U.S. nativity,® and
having higher income® and health insurance® were also associated with uptake. Beyond
sociodemographics, one study found that negative health behaviors (consuming fewer than 5
servings of fruits and vegetables daily, no physical activity, and smoking) and obesity were
associated with lower vaccine uptake, and people reporting poor health status and prior
diagnoses of chronic disease were more likely to be vaccinated compared to healthy adults.?
Although not directly related to vaccine uptake, other research suggests that when
individuals feel they have been discriminated against or treated unfairly by a medical
professional, they are less likely to utilize healthcare services.%-12

CDC reports since the universal recommendation show that age, racial/ethnic and gender
disparities persist in vaccine uptake.* During the 2012/2013 season, 58% of adults were
unvaccinated against seasonal influenza, with rates even higher among 18-64 year-olds
(64%), Black (64%) and Latino adults (66%), and men (62%).* Since the universal
recommendation, no studies have explored how factors associated with lack of vaccine
uptake interact with each other to identify more specific under-vaccinated population
subgroups, nor have they examined the impact of medical mistreatment, which may
contribute to limited vaccine uptake.

This study addresses these gaps by using classification tree analysis, a decision tree
methodology with useful applications to and increasingly used in public health studies to test

Prev Med. Author manuscript; available in PMC 2016 May 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gilstad-Hayden et al.

Methods

Measures

Page 3

complex interactions between factors known or hypothesized to be associated with health
and health behaviors.13-16 This study's objective is to develop a classification tree to identify
under-vaccinated subgroups among a sample of predominantly Black and/or Latino adults,
aged 18-65, from low-income neighborhoods in New Haven, CT, representing an
underserved population with increased health risk and low influenza vaccine coverage.
Results may inform future intervention efforts to reduce disparities in and increase vaccine
uptake.

A randomized, cross-sectional health needs assessment was conducted from 09/2012
through 11/2012 among adults aged 18-65 in six low-income neighborhoods (i.e., 35% of
general population living below federal poverty level and median family income 41% and
38% of the metropolitan area and state median, respectivelyl’). Households were randomly
selected from a complete list of residential addresses provided by the City of New Haven.
Each was approached a maximum of three times or until an eligible resident answered the
door and agreed or refused to participate. Of 3,983 households randomized, 16% of
addresses were ineligible (e.g., businesses), 35% did not answer or were not accessible, 12%
refused participation, and 4% were ineligible due to age or language. An eligible resident
was reached within three attempts for 1,788 households, and 73% of these (N=1300) agreed
to participate. Surveys were administered in English or Spanish by trained interviewers who
resided in the neighborhoods under study. Responses were entered into hand-held
computers. Participants received a $10 grocery store voucher and were entered into a $500
raffle. Participants provided informed consent, and all procedures were approved by Yale
University's Institutional Review Board.

Vaccination Status—Influenza vaccine uptake was assessed using the question, “During
the past 12 months, have you had either a seasonal flu shot or a seasonal flu vaccine that was
sprayed in your nose?” Responses were grouped into four categories: Yes, No, Don't
know/Not sure, and Refused.18 Participants who responded Don't know/Not sure (N=13) or
Refused (N=102) were excluded from analyses. Seven more respondents were excluded
because they skipped this question; therefore the analytic sample included 1,178
participants. Compared to the analytic sample, excluded respondents were more likely to be
healthy weight (38% vs 26%) and uninsured (21% vs 11%), but no other differences were
observed.

Socio-Demographics—~Participants reported age, race/ethnicity, sex, income, and U.S.
nativity.

Health Status—Participants were asked to rate their overall health as excellent, very good,
good, fair or poor.1® Participants who reported one or more chronic disease that increases
risk for flu-related complications (i.e. asthma, chronic obstructive pulmonary disease, heart
disease or heart attack, cancer, diabetes, and/or morbid obesity) were classified as high-
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risk.29 Body Mass Index (BMI= kg/m?) was calculated from self-reported weight and
height,2! and BMI risk category was determined using CDC guidelines.?2

Health Behaviors—~Participants reported fruit and vegetable intake by number of days/
week and number of servings/day to calculate average daily intake.23 Participants reporting
zero minutes of moderate and vigorous physical activity were coded as being sedentary.24
Smoking status was assessed by the question “Do you currently smoke cigarettes every day,
some days, or not at all?”"18 Smokers included participants who reported smoking every day
or some days.

Health Care Measures—To measure insurance status, participants were asked, “Do you
have health insurance?” Response choices included: Yes, | have health insurance, Medicare,
or Medicaid (Title 19); No, | do not have it now, but | used to have health insurance; and |
have never had health insurance. The last two items were coded as “No” to create a
dichotomous yes/no variable. As further measures of access to and utilization of care, two
questions asked: “Do you have one person or place you think of as your personal doctor or
health care provider?” and “Have you seen a doctor or other health care provider in the past
12 months for health advice or treatment?” (nofyes).18 Experience of medical mistreatment
was measured by the question, “How often have you felt that a doctor or medical staff that
you saw judged you unfairly or treated you with disrespect?”’2> Response choices included
Never, Almost never, Sometimes, Fairly often, and Very often to capture a range of
frequencies.

Statistical Analyses

Frequencies and percentages on outcome and independent variables were calculated for
descriptive purposes. Bivariate associations of sample characteristics with seasonal
influenza vaccination were tested using Pearson's y2 statistic and t-tests. Descriptive and
bivariate analyses were conducted using SAS v9.3 (Cary, NC). To test independent and
interactive associations of independent variables with influenza vaccine uptake, a
classification tree analysis was conducted.13:26.27.28

Classification tree analysis offers several benefits over logistic regression.13:26-28 |t js a non-
parametric method, so assumptions (such as linearity) do not have to be met. Second,
classification tree analysis allows for testing complex interactions (e.g., 3-way and 4-way
interactions) that are difficult to interpret and test in logistic regression, where small cell
sizes often make estimates unreliable. Third, observations with missing data can be included
in the analysis. Finally, results lead to a decision tree that is easy to interpret and clearly
identifies population subgroups to be targeted for intervention.

Classification tree analysis involves an algorithm used to split the parent node, consisting of
the entire sample. The algorithm examines a set of candidate splitting variables to find the
variable and its optimal cut point that results in the most homogeneous descendent nodes
with respect to the outcome variable. The process is recursively applied to all descendent
nodes until no significant improvement in the homogeneity of the nodes can be gained or a
minimum cell size is reached. Nodes that cannot be split are called terminal nodes and
represent the population subgroups. This analysis was conducted in R using the R
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package, rpart39 which uses the CART algorithm and the Gini Index and altered priors for
its splitting rule. Minimum node size was specified as 30 observations (2.5% of the total
sample),13 and 0.001 was the lower limit for the complexity parameter, a measure of how
much each node improves the relative error of the tree. To validate the resulting data-driven
classification tree, a 10-fold cross-validation method was used.?® This method divides the
sample into 10 equal subsamples. Nine of the subsamples are used to create a learning tree,
and the resulting tree is tested with the remaining subsample and a misclassification rate is
calculated. This procedure is repeated until all of the subsamples have been used to test a
learning tree and an average of the 10 misclassification rates is calculated. A cross-validated
misclassification rate similar to the misclassification rate of the tree based upon the entire
sample indicates that the resulting classification tree is stable and generalizable. Resulting
classification trees can be large and often over-fit the data so the pruned tree associated with
the complexity parameter with the minimum cross-validated misclassification error was
selected as the final tree.

To assess the utility of the final classification tree, sensitivity [true positives / (true positives
+ false negatives)] and specificity [true negatives / (true negatives + false positives)] of the
classification tree were calculated, along with 95% confidence intervals using SAS v9.3
(Cary, NC). Sensitivity represents the ability of the tree to correctly classify those who were
unvaccinated into subgroups needing intervention. Specificity measures its ability to
correctly classify people who were vaccinated into subgroups not in need of intervention.

Sample characteristics and bivariate associations with vaccine uptake are in Table 1. Figure
1 shows results of the pruned classification tree analysis, which has 3 splits and 4 terminal
nodes. The splitting variables are displayed above descendent nodes, and within each node,
the total number of respondents classified into that node is shown. The bar graphs below
each node show the proportion of people within nodes who were and were not vaccinated.

Overall, 45.5% of respondents (95% ClI, 42 to 49%) reported uptake of the seasonal
influenza vaccine. Vaccine uptakes within each terminal node that were below, within and
above the confidence interval were classified as low, moderate and high, respectively.14
Based upon the Gini Index, the CART algorithm identified each of our access to care
measures (health insurance, usual source of care, and visit to a medical practitioner in the
past year) as strong candidates for primary splitting variables, but the high/low health risk
variable yielded the most homogeneous descendent nodes and was the first splitting
variable. The terminal node representing respondents reporting no high-risk conditions was
classified as having low vaccine uptake, with only 39.9% of respondents reporting uptake.
High-risk respondents who were uninsured were classified into a terminal node with low
vaccine uptake, in which 29.5% of respondents were vaccinated. The final split was among
the node representing high-risk respondents with health insurance, which was further split
according to report of never versus ever being medically mistreated. Vaccination uptake was
high (59.0%) among the high-risk and insured patients reporting never experiencing medical
mistreatment, compared to the moderate uptake (43.2%) among those who had experienced
medical mistreatment. The misclassification rate for the entire sample was similar to the
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cross-validated misclassification rate (39.5% vs 41.4%, respectively), suggesting the
resulting tree is stable and generalizable.

For the sensitivity and specificity analysis, we assumed that we would target the subgroups
with low and moderate but not high influenza vaccine uptake. . Table 2 compares the low/
moderate versus high uptake subgroups to whether or not respondents actually reported
receiving the vaccine. Sensitivity was calculated to be 83% (95% CIl= 80% to 86%),
meaning 83% of respondents who reported being unvaccinated were correctly identified as
in need of a targeted intervention by the classification tree. Specificity was calculated to be
34% (95% CI = 30% to 38%), indicating only 34% who reported vaccine uptake were
correctly identified as not in need of intervention.

Discussion

The classification tree identified two subgroups with low vaccine uptake; healthy adults and
uninsured individuals with high-risk health conditions. Insured individuals reporting high-
risk conditions and experience of medical mistreatment were classified into a subgroup with
moderate vaccine uptake. High vaccine uptake was observed among the subgroup
representing insured, high-risk individuals who never experienced medical mistreatment.

Vaccine uptake was lower among people reporting no high-risk conditions (39.9%)
compared to those at risk (45.3%), consistent with other research.>:31:32 Although barriers to
vaccination were not assessed, results from classification tree and bivariate analyses suggest
that lack of access to health care is an important barrier to vaccination uptake since being
uninsured, not having a usual source of care and not seeing a medical practitioner in the past
year were significantly associated with lower vaccine uptake. Aside from access, lack of
awareness about the recently expanded recommendation for influenza vaccination could be a
factor in low vaccine uptake among healthy adults. A study measuring awareness of the
CDC's near universal vaccination recommendation showed that only one-half of U.S. adults
were aware that they were recommended for influenza vaccination, and awareness was
especially low among newly recommended healthy adults.33 Moreover, healthy individuals
may perceive the risk associated with influenza to be low, a perception that health behavior
theories and empirical studies suggest is a barrier to influenza vaccination uptake.34:35 More
research is needed to further classify this subgroup into more useful subgroups and to
understand barriers to vaccination uptake among individuals with no risk conditions.

Among the high-risk group, being uninsured was associated with lower likelihood of
vaccination, with only 29.5% of high-risk, uninsured respondents reporting vaccination
compared to 57.5% of their insured peers. Previous research has demonstrated similar
independent associations of chronic disease diagnosis®31:32 and health insurance
coverage®36:37 with influenza vaccination. This study demonstrates how these factors
interact with each other, with lack of insurance being an important barrier to influenza
vaccine uptake among high-risk adults. These findings also suggest that increasing access is
not sufficient to substantially increase vaccine coverage because many (42.5%) insured,
high-risk adults were not vaccinated.
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Perceived medical mistreatment further limited influenza vaccine uptake among this group
of high-risk, insured individuals, with vaccination coverage at 45.0% among those reporting
experience of medical mistreatment versus 62.2% among those reporting no such
experience. Like previous research, this finding suggests that being discriminated or
mistreated by a medical professional reduces the likelihood of utilizing healthcare.-11 The
impact of individuals’ experiences with medical mistreatment on healthcare utilization may
be heightened in communities that have experienced a long history of mistreatment by the
medical system,12 such as low-income communities and communities of color, that are
represented in this study. Interestingly, the best split for the medical mistreatment variable
was determined to be between never and any frequency of mistreatment, suggesting that, as
with other health outcomes,38 even infrequent experiences of mistreatment matter for
influenza vaccination uptake.

The observed 45.5% vaccination coverage in this study is higher than national and state rates
of 33% and 36%, respectively among adults aged 18-64 during the 2011-2012 influenza
season.3! This may be due to over-representation of women, older adults and people at high
risk compared to the general population, groups that are all associated with higher rates of
vaccination.>~7:31 Another possibility is that those who were excluded because of refusing to
respond or not knowing actually did not get vaccinated, which would have decreased the
percentage of the sample that got vaccinated. Black adults, but not Latino adults, were less
likely to be to be vaccinated compared to White adults. This differs from national trends but
is more consistent with trends in Connecticut where influenza vaccine coverage is similar
among White (48%) and Latino (46%) adults, and comparatively lower among Black adults
(37%).31

This study has limitations. As with all cross-sectional studies, our results suggest
associations and not causal relationships. Our study sample was drawn from a
predominantly low-income, Black and Latino urban population and was over-represented by
females, older adults and those with high-risk conditions compared to the wider population,
so generalizability of these results has yet to be determined. The low response rate to our
survey further limits the generalizability of our results. Also, our measures were based upon
self-report which could introduce respondent bias. Self-report of influenza vaccination has
been shown to have high sensitivity, but low specificity due to the annual administration of
the vaccine,39 and our measure of chronic disease captures only diagnosed cases. To reduce
participant burden, survey items were relatively short (e.g., medical mistreatment was
measured with a single item); nonetheless, we did use established measures. Future research
should include more detailed assessments and include medical record reviews for objective
health indicators and outcomes. Our classification tree had high sensitivity though low
specificity, resulting in a high misclassification rate. However, for purposes of targeting
effective interventions to increase influenza vaccine uptake, sensitivity is more important
than specificity because it would be worse to miss those in need of intervention (i.e. people
who do not get an influenza vaccine) than to accidentally target people who already get an
influenza vaccine. The low specificity of our classification tree might lower the overall
accuracy of our model, but given the greater importance of specificity, it doesn't adversely
affect the utility of our model.
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Conclusion

Results highlight the need for renewed attention to promoting and implementing CDC's
influenza vaccination recommendation for all adults. Access to care remains an important
factor for vaccination uptake so ways to provide free or low-cost influenza vaccinations are
needed for individuals without health insurance, particularly for those at high-risk, until
barriers to access are fully removed. Training to enhance sensitivity and eliminate bias
among healthcare practitioners may result in better uptake of influenza vaccine among high-
risk insured individuals, and further research is needed to understand which attributes are the
basis for perceived medical mistreatment associated with lack of influenza vaccine uptake.
The importance of provider recommendations, one of the strongest predictors for influenza
vaccination,*0 should be emphasized among healthcare practitioners and reinforced with
provider incentives, such as higher reimbursement rates for the cost of administering the
vaccine.*! Approaches to increasing influenza vaccine uptake must be multi-pronged since
provider recommendations will not reach people without access to care and are less likely to
be followed by people who are mistrustful of their provider.
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Classification tree identifying population subgroups and their influenza vaccine uptake, Fall

2012, New Haven, CT
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Table 1
Sample Characteristics Overall and by Seasonal Influenza Vaccination Uptakea
Received Vaccine
overall®n (column%) Non (row9%)  Yesn (row %)  y*p-value
Total Sample (N=1178) 1178 (100%) 642 (54.5) 536 (45.5)
Socio-Demographics Agec 40.4 (13.4) 39.7 (12.9) 41.2 (13.9) 0.060
Race/Ethnicity 0.041
Black 727 (62.1) 406 (55.9) 321 (44.2)
Hispanic 239 (20.4) 114 (47.7) 125 (52.3)
White 114 (9.7) 60 (52.6) 54 (47.4)
Other 91 (7.8) 58 (63.7) 33(36.3)
Sex <0.001
Male 420 (35.7) 257 (61.2) 163 (38.8)
Female 756 (64.3) 384 (50.8) 372 (49.2)
Income 0.305
<$15,000 380 (34.7) 211 (55.5) 169 (44.5)
$15,000-$30,000 304 (27.8) 176 (57.9) 128 (42.1)
$30,000-$50,000 217 (19.8) 108 (49.8) 109 (50.2)
>$50,000 193 (17.6) 103 (53.4) 90 (46.6)
U.S. Nativity 0.104
Yes 1073 (91.2) 577 (53.8) 496 (46.2)
No 103 (8.8) 64 (62.1) 39 (37.9)
Health Status Self-Rated Health 0.692
Excellent 177 (15.1) 99 (55.9) 78 (44.1)
Very Good 292 (24.8) 163 (55.8) 129 (44.2)
Good 393 (33.4) 214 (54.5) 179 (45.6)
Fair 259 (22.0) 139 (53.7) 120 (46.3)
Poor 55 (4.7) 25 (45.5) 30 (54.6)
High-risk for flu-related complicationsd <0.001
Yes 443 (37.6) 201 (45.4) 242 (54.2)
No 734 (62.4) 441 (60.1) 293 (39.9)
BMI Risk 0.081
Underweight (BMI<18.5) 48 (4.6) 31 (64.6) 17 (35.4)
Healthy Weight (18.5<BMI<25) 264 (25.5) 153 (58.0) 111 (42.1)
Overweight (25.<BMI<30) 267 (25.8) 152 (56.9) 115 (43.1)
Obese (BMI1230) 457 (44.1) 231 (50.6) 226 (49.5)
Health Behaviors Eats 5 fruits & vegetables/day 0.170
Yes 217 (18.5) 109 (50.2) 108 (49.8)
No 959 (81.6) 531 (55.4) 428 (44.6)
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Received Vaccine

Overallb n (columno%) No n (row %) Yesn (row %) 2 p-value
Physical Activity 0.725
No physical activity 291 (25.1) 162 (55.7) 129 (44.3)
>0 minutes/day 870 (74.9) 474 (54.5) 396 (45.5)
Smoking Status 0.187
Smoker 346 (29.4) 199 (57.5) 147 (42.5)
Non-smoker 831 (70.6) 443 (53.3) 388 (46.7)
Health Care Insurance Status <0.001
Has Health Insurance 1041 (88.9) 543 (52.2) 498 (47.8)
Uninsured 130 (11.1) 94 (72.3) 36 (27.7)
Has a Usual Source of Care <0.001
Yes 1075 (91.6) 563 (52.4) 512 (47.6)
No 99 (8.4) 76 (76.8) 23(23.2)
Has seen a doctor in past year <0.001
Yes 907 (77.1) 459 (50.6) 448 (49.4)
No 270 (22.9) 182 (67.4) 88 (32.6)
Freq. of Medical Mistreatment 0.337
Never 924 (78.8) 488 (52.8) 436 (47.2)
Almost never 103 (8.8) 64 (62.1) 39 (37.9)
Sometimes 102 (8.7) 59 (57.8) 43 (42.2)
Fairly often 25(2.1) 15(60.0) 10 (40.0)
Very often 18 (1.5) 11 (61.1) 7(38.9)

aStudy conducted in New Haven, CT, Fall 2012

b .
Numbers may not sum to total (N=1178) due to missing data

C, . . . - .
Age is a continuous variable so numbers represent means and standard deviations and p-value is from t-test

Self-report of asthma, chronic obstructive pulmonary disease, heart disease or heart attack, cancer, diabetes, and/or morbid obesity
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Table 2

Sensitivity and specificity of the classification tree (N:1173a)

Page 15

Classified Condition

In subgroup with low or
moderate vs. high
uptake?

True Condition

Receiv

ed Influenza Vaccine?

Did not report influenza
vaccination

Reported influenza vaccination

Low/moderate uptake

532 (true positives)

354 (false positives)

High uptake

108 (false negatives)

179 (true negatives)

Sensitivity = 532 / (532
+108) = 83%

Specificity = 354 / (354 + 179) =
34%

a_. . . o - . . . A . .
Five subjects with missing data on health-risk, insurance status, or medical mistreatment are not included in this analysis; Study conducted in New

Haven, CT, Fall 2012
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