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Results: Using a multilevel regression model, we found that individual factors were as-
sociated with influenza hospitalization with the highest adjusted odds ratio (AOR) of
9.20 (95% CI 8.72-9.70) for those 265 vs 5-17 years old. African Americans had an
AOR of 1.67 (95% Cl 1.60-1.73) compared to Whites, and Hispanics had an AOR of
1.21 (95% Cl 1.16-1.26) compared to non-Hispanics. Among census tract-based deter-
minants, those living in a tract with 220% vs <5% of persons living below poverty had
an AOR of 1.31 (95% CI 1.16-1.47), those living in a tract with 25% vs <5% of persons
living in crowded conditions had an AOR of 1.17 (95% Cl 1.11-1.23), and those living
in a tract with >40% vs <5% female heads of household had an AOR of 1.32 (95% ClI
1.25-1.40).

Conclusion: Census tract-based determinants account for 11% of the variability in in-

fluenza hospitalization.

KEYWORDS

1 | INTRODUCTION

Influenza epidemics result in substantial morbidity and mortality each
year in the United States with annual deaths ranging from approxi-
mately 3300-49 000.1° Although annual vaccination is fundamental
in preventing and controlling influenza,® vaccination coverage is sub-
optimal and is further impeded by racial and ethnic disparities.”® To
guide vaccination programs and reduce disease burden, it is essential
to understand the risk factors for severe influenza outcomes.

Interventions and policies that focus on both individuals and their
neighborhoods may be more effective in improving health outcomes
than those that focus exclusively only on individuals.”*® As most
disease surveillance systems do not capture sufficient individual so-
cioeconomic characteristics, using census tract data can provide im-
portant neighborhood-level dynamics that impact an individual’s risk
for influenza to characterize neighborhood-level determinants.!*8
Census tract-based determinants such as percent living below pov-
erty, household crowding, and female head of household have been
associated with influenza hospitalization.'?2?

To date, researchers have incorporated census tract-based de-
terminants into evaluations of univariate associations with influenza
hospitalization, which do not account for whether census tract-
based determinants have an independent effect beyond the effect of
individual-level factors. In community-level data, population charac-
teristics of individuals living within a census tract tend to be correlated,
and hence, the assumption of independence among observations is
violated. Multilevel analyses take into account hierarchical data struc-

tures?>24

and enable us to account for this lack of independence,
detect multivariate associations, incorporate covariates at both the
individual and the geographic level, and model interactions between
variables. These models have been used to evaluate health disparities

and to describe the relationship between geographic exposures and a

census tract-based determinants, disparities, geocoding, influenza hospitalization, multilevel

modeling, socioeconomic determinants

wide variety of health outcomes such as diabetes, immunization, obe-
sity, and cancer mortality.?>3?

We conducted a multilevel analysis to identify individual and cen-
sus tract-based determinants associated with influenza hospitaliza-
tion using population-based surveillance data collected from 14 sites
across the United States. We hypothesized that census tract-based
determinants such as poverty and household crowding would con-
tribute significantly to the risk of influenza hospitalization above and

beyond individual-level determinants.

2 | METHODS

2.1 | Data sources

We used Influenza Hospitalization Surveillance Network (FluSurv-
NET)®? data collected from the 2009-2010 through the 2013-14 sea-
sons. FluSurv-NET is composed of the Centers for Disease Control
and Prevention’s (CDC) Emerging Infections Program, which conducts
population-based surveillance in select counties in California, Colorado,
Connecticut, Georgia, Maryland, Minnesota, New Mexico, New York,
Oregon, and Tennessee and the Influenza Hospitalization Surveillance
Project (IHSP) which conducts population-based surveillance in select
counties in Michigan, Ohio, and Utah. Rhode Island participated as
an IHSP site from 2010-2013. All sites contributed 5 years’ worth of
data from 2009-2013 except for Michigan (2010-2013), Ohio (2010-
2013), and Utah (2010-2013) (4 years) and Rhode Island (2010-2012)
(3 years). This network performs surveillance in over 70 counties
covering approximately 27 million people (about 9% of the U.S. pop-
ulation). Patients with laboratory-confirmed influenza-associated hos-
pitalizations were identified through hospital laboratory and admission
databases, infection control logs, hospital discharge data, and weekly

calls to catchment area hospitals. For patients with a positive influenza
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test, medical records were reviewed using a standardized case report
form to collect information on demographic characteristics, medical
history (including underlying medical conditions), influenza vaccina-
tion, clinical course of illness during hospital stay, and treatment with
influenza antiviral medications. Data on underlying medical conditions
were collected including asthma, chronic pulmonary disease, meta-
bolic disease, cardiovascular disease (excluding hypertension), blood
disorders/hemoglobinopathies, neurologic/neuromuscular disease,
renal disease, and liver disease. A patient was considered vaccinated
if receipt of influenza vaccine occurred at least 14 days prior to hos-
pitalization. Multiple sources, including the medical record, state vac-
cination registry, the patient’s primary care provider, and interview of
the patient or proxy, were used to obtain vaccination history.

Data collection was determined by the CDC to be for routine pub-
lic health surveillance purposes, and thus was not subject to institu-
tional review board (IRB) approval for human research protections.
Participating sites submitted the study to their state and local IRBs for

review as required.

2.2 | Study population

In this analysis, we included children and adults with laboratory-
confirmed influenza-associated hospitalizations who resided in the
surveillance areas and were hospitalized <14 days after the positive
test during the 2009-2010 through 2013-2014 influenza seasons
(October 1 - April 30). Hospitalization was defined as an admission to
an inpatient ward of the hospital or patients who were kept in obser-
vation for more than 24 hours. Laboratory testing for influenza was
performed at the discretion of the clinicians providing medical care,
and confirmation included any positive result from diagnostic tests
available for influenza including reverse transcriptase polymerase
chain reaction (RT-PCR), rapid antigen test, direct or indirect fluores-

cent antibody staining, viral culture, or serology.

2.3 | Geocoding and census tract determinants

Each patient’s address was geocoded to a latitude and longitude
point and linked to a census tract using geocoding software such as
ArcMap.33 Each site participating in FluSurv-NET was responsible
for geocoding its own data. Census tracts from geocoded data were
then merged to the US Census Bureau’s American Community Survey
(ACS)***> and aggregated over 5 years (2009-2013) to obtain cen-
sus tract-based determinants. The census tract-based determinants
extracted included information regarding total tract population, race,
ethnicity, age, median income, percent who commute, overall tract
population density and population density of children less than 5 years
of age, and percent living below poverty, percent college-educated,
percent employed, percent with a female head of household, per-
cent of single-parent households, median income, percent household
crowding (defined as numbers of persons per room), percent insured—
both private and public. Details regarding how these variables were
defined and correspond to the ACS variables are provided in the eAp-
pendix (Table S1).

WILEY-*

2.4 | Outcome and covariates

Our primary outcome variable was hospitalization due to laboratory-
confirmed influenza during the study period. As our goal was to
estimate the association of neighborhood and individual-level char-
acteristics on influenza hospitalization rates, we included covariates
at both the individual level and the census tract level. Individual-level
covariates included age (<5, 5-17, 18-49, 50-64, >65 years), race
(White, African American, other), gender, and ethnicity (Hispanic or
non-Hispanic). Census tract-based determinants for the model were
chosen a priori based on existing literature, biological plausibility,
and whether these factors were found to be associated with influ-
enza hospitalization in a prior study using Tennessee data.!? When
two variables were found to be highly correlated (Spearman’s corre-
lation coefficient >0.70), only one was included to avoid inflation of
variances. Spearman correlation values between census tract-based
determinants are presented in the eAppendix (Table S2). Census tract-
based determinants used in the analysis were percent below poverty
(0-4.9, 5.0-9.9, 10.0-19.9, 20.0+), percent female head of household
(0-19.9, 20.0-39.9, 40.0+), percent crowding (0-4.9, 5.0+), population
density (categorized into tertiles), percent insured (0-79.9, 80.0+), and
percent college-educated (0-39.9, 40.0+). These categorizations were
adopted based on previously published standards by the Harvard
Public Health Disparities Geocoding Project.!”

2.5 | Exclusions

For our analysis, we excluded those without a hospitalization date and
those with a missing laboratory diagnostic test for influenza. For the
purposes of geocoding, we excluded addresses that could not be geo-
coded to rooftop accuracy. Additionally, due to new surveillance areas
being incorporated over time, for consistency purposes we limited our
sample to only those census tracts that remained common through

our study period of interest.

2.6 | Data analyses

We calculated descriptive statistics by site and influenza season.
Categorical variables were summarized by frequency and percent-
age whereas median and interquartile ranges (IQR) were used to
describe continuous variables. We computed crude site-specific an-
nual incidence rates as well as age-standardized incidence rates by
individual factors as well as census tract-based determinants. The
age-standardized rates were calculated using the 2000 U.S. Standard
Population. Health disparity measures such as risk ratio (RR), risk dif-
ference (RD), relative index of inequality (RIl), and the Concentration
Curve for individual factors age, race, gender, and ethnicity and cen-
sus tract-based determinant were calculated by site and are presented
in the eAppendix (Table $3-58).%¢ These methods and interpretation
have been previously published by Tennessee.'?

The dataset used for the analysis of associations had a three-level cell
structure in which individuals were nested in census tracts, which were

further nested within sites. A cell is defined as a unique combination of
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age, race, gender, ethnicity, season, census tract, and site for the popula-
tion. For every cell, we computed the hospitalization proportion (defined
as the number of influenza hospitalizations divided by the population
denominator of the catchment area within each site). Cells without any
denominator data or zero people residing were not included. Our three-
level hierarchical structure consisted of a total of 1 458 440 cells nested
within 5955 tracts that were further nested within the 14 sites.

A logistic regression model using the denominators as weights was
used to model this proportion as the outcome. Due to the correla-
tion present between individuals from the same census tract/site, a
random-effect multilevel logistic regression model was used to eval-
uate the association between the individual and census tract-based
determinants on influenza hospitalization. First, a multilevel uncondi-
tional means model was fit using the proportion as the outcome to
compute the intraclass correlation coefficient associated with both
tract and site. This helped us quantify the proportion of variability as-
sociated with tract and site and to determine whether both needed
to be included as a random effect in the model. The season variable
was also included as a covariate. All statistics were calculated using R
version 3.2.4 (R Development Core Team).

To address whether the association between percent poverty and
influenza hospitalization was modified based on population density,
we included an interaction of the two terms in the model. In addition,
we evaluated whether using population density of children less than
5 years old would yield identical results to the overall population den-
sity. Finally, to explore the impact of individual-level covariates such
as the presence of asthma, underlying medical conditions, and influ-
enza vaccination status, we refit the model separately on subsets of
patients that were indicated to be affirmative for that variable. The
model was also fit on the subset of hospitalized patients who did not

get vaccinated for influenza.

3 | RESULTS

3.1 | Descriptive statistics of influenza-positive
patients

Exclusion details are provided via a flowchart in Figure 1 which culmi-
nates in 33 515 patients with influenza-related hospitalization eligible
for analysis. The individual-level and census tract-based characteristics
are shown in Tables 1 and 2, respectively. The 33 515 cases resided in
5713 census tracts (out of a possible 6029 tracts) from 14 sites over the
5-year study period. The median age of the population was 54 years
old (IQR, 28-72). There were 15 670 (47%) males, 19 495 (58%) were
White, 7139 (21%) were African American, and among the 24 429
(73%) that provided ethnicity, 4001 (16%) were Hispanic. The 2012-
2013 season had the highest number of cases (11 224; 33%) and 2011-
2012 had the lowest number of cases (2273; 7%) reported.

3.2 | Hospitalization rates and Disparity measures

Crude annual influenza hospitalization incidence rates per 100 000
persons by site are shown in Figure 2. Age-standardized rates by site

Influenza hospitalization cases
2009-2010 through 2013-2014
from 14 sites
(n =35493)

Excluded for the following reasons:

1. Missing report date (n = 1)

2. Missing addresses/geocodes (n = 957)

3 Inconsistent tracts through the 5-year
surveillance period (n = 882). Tracts were
removed from sites RI, CT, MI, NM, and
OH

4. Missing laboratory confirmation method
(n=138)

Total cases used for analyses
(n=33515)

FIGURE 1 Flowchart of inclusions and exclusions of influenza
hospitalization cases 2009-2010 through 2013-2014 from 14 sites

and census tract-based determinants were computed and are shown
in Figure 3(A-F). Census tracts with greater than 20% of the popula-
tion living below poverty had the highest rates of influenza hospitali-
zations across all sites, as did those with greater than 40% of homes
having a female head of household. Similar disparities were observed
with increases in crowding and population density, and with decreases
in percent college-educated and percent insured.

Age-standardized rates by site and individual-level factors are pre-
sented in Figure 4(A-D). For individual-level factors, those 65 years
and older had the highest rates of influenza hospitalization. Females
and Hispanics also had a higher rate of influenza hospitalization in
most sites.

3.3 | Multilevel model

In the unconditional model that included only the site and tract within
site as random effects, the intraclass correlation that describes the
cluster effect was computed to be 8% for site and tract and 11% for
site alone. This indicated the presence of a moderate clustering effect
by site and that 11% of the variability in influenza hospitalization could
be explained by census tract-based determinants. This left 89% of the
variability to be accounted for by individual-level characteristics.

All individual-level demographics were significantly associated
with influenza hospitalization with the highest adjusted odds ratio
(AOR) of 9.20 (95% ClI 8.72-9.70) for adults 65 years and older vs chil-
dren 5-17 years (Table 3). African Americans had an AOR of 1.67 (95%
Cl 1.60-1.73) compared to Whites and Hispanics had an AOR of 1.21
(95% Cl 1.16-1.26) as compared to non-Hispanics.

All neighborhood measures except for population density were
significantly associated with influenza hospitalization. Patients living
in a census tract with more than 20% vs <5% of persons living below
poverty level had an AOR of 1.31 (95% Cl 1.16-1.47). Those living in a
census tract with over 40% vs <20% of persons with a female head of
household had an AOR of 1.32 (95% Cl 1.25-1.40). Persons living in a



CHANDRASEKHAR ET AL.

TABLE 1 Demographics of 33 515 influenza hospitalization cases
2009-2010 through 2013-2014 from 14 sites. Statistics are reported
among those that are non-missing. Categorical variables are
summarized by frequency and percentage

Variable Influenza hospitalizations (%)
Site
CA 3517 (10)
CcO 3928 (12)
CT 2472 (7)
GA 3358 (10)
MD 3899 (12)
MI 274 (1)
MN 3332 (10)
NM 1444 (4)
NY 3691 (11)
OH 1913 (6)
OR 1990 (6)
RI 853 (3)
TN 1474 (4)
uT 1370 (4)
Age (y)
<5 3729 (11)
5-17 2415 (7)
18-49 8460 (25)
50-64 7329 (22)
65+ 11582 (35)
Gender
Male 15 670 (47)
Female 17 845 (53)
Race
White 19 495 (58)
Black 7139 (21)
Other 6881 (21)
Ethnicity
Hispanic 4001 (16)
Non-Hispanic 20 428 (84)
Asthma
Yes 7512 (22)
No/Unknown 15 820 (47)
Missing 10 183 (30)
+Vaccination status
Yes 13043 (39)
No 17 664 (53)
Unknown 2808 (8)
Underlying medical conditions
Yes 27 814 (83)
No 5157 (15)
Unknown 544 (2)

2All sites contributed 5y worth of data from 2009-2013 except for
Michigan (2010-2013), Ohio (2010-2013), and Utah (2010-2013) (4 y) and
Rhode Island (2010-2012) (3 y). +Vaccination status stratified by year is
provided in the eAppendix (Table S13).

WILEY——®

TABLE 2 Census tract-based determinants of 33 515 influenza
hospitalization cases 2009-2010 through 2013-2014 from 14 sites.
Statistics are reported among those that are non-missing. Categorical
variables are summarized by frequency and percentage

Influenza

Variable hospitalizations (%)

Percent below poverty

0.0-4.9 5983 (18)

5.0-9.9 7373 (22)

10.0-19.9 9441 (28)

20.0+ 10701 (32)
2Percent crowding

0.0-4.9 26052 (78)

5.0+ 7445 (22)
Percent female head of household

0.0-19.9 12 316 (37)

20.0-39.9 11728 (35)

40.0+ 9407 (28)
Population density (persons/mi?)

0-789 9535 (28)

790-1959 11190 (33)

1960+ 12 790 (38)
Percent insured

0.0-79.9 7377 (22)

80.0+ 26 123 (78)
Percent college-educated

0.0-39.9 4981 (15)

40.0+ 28 532 (85)

?Percent crowding is defined as having more than one person per room.

tract with more than 5% vs <5% living in crowded conditions had an
AOR of 1.17 (95% Cl 1.11-1.23).

3.4 | Sensitivity analyses

As part of sensitivity analyses, we evaluated whether the association
between percent poverty and influenza hospitalization was modified
based on population density by including an interaction of the two
terms in the model. We also evaluated whether using population den-
sity of children less than 5 years old would result in the same results
as including overall population density. The model results remained
similar in inference when using population density of children less
than 5 years old in place of overall population density. The interac-
tion between population density and percent of people living below
poverty was not statistically significant and hence was removed from
the model for parsimony and ease of interpretation. We conducted
stratified analyses on subsets of the data that included asthma, un-
derlying medical conditions, and influenza vaccination status. The
model was also fit on the subset of patients that indicated that they
did not get vaccinated for influenza. Among people diagnosed with

asthma, those who were not vaccinated for influenza as well as those
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with underlying conditions, the three separate models provided ap-
proximately similar results to the overall population model with per-
cent below poverty being associated with influenza hospitalization.
However, in the model with hospitalized persons vaccinated for influ-
enza, the association of influenza hospitalization with percent below
poverty was no longer observed. The forest plots of the adjusted odds
ratios for these subsets are provided in Figure 5(A-D).

4 | DISCUSSION

In this study, we adopted a multilevel modeling approach in order to
better understand the simultaneous contributions of individual and
census tract-based determinants on influenza hospitalization while
accounting for geographic clustering. In our analyses of 33 515
influenza hospitalizations from 14 sites over a 5-year period, we
found that both individual and census tract-based determinants
were associated with hospitalization with laboratory-confirmed in-
fluenza. The results were consistent with recent studies that dem-
onstrated that living in a neighborhood with a high percentage of
residents below the poverty line is a risk factor for influenza hos-
pitalization.ig'22 Specifically, in our study the odds of being hospi-
talized with influenza were 31% higher in census tracts with the
highest level of poverty as compared to those tracts with the low-
est level of poverty. In addition, neighborhoods with the highest
percent of female head of households were 32% more likely to be
hospitalized with influenza as compared to those with the lowest
percent. Furthermore, living in a census tract with a high level of
household crowding was associated with higher odds of influenza
hospitalization.

Our unconditional model indicated that 11% of the variability
in influenza hospitalizations could be explained by clustering within
a census tract leaving 89% of the variability to be accounted for
by individual-level characteristics. Individual-level characteristics

such as age, race, gender, and ethnicity were all associated with

sites

influenza hospitalization with the highest association observed in
those >65 years old. These findings were also consistent with the
univariate analysis across all the sites, suggesting that these results
were robust. In the sensitivity analysis, individual models limited to
people diagnosed with asthma, those who were not vaccinated for
influenza, and those with underlying conditions had approximately
similar results for individual and census tract-based determinants
(Figure 5) compared to the overall population model. However,
when evaluating those persons who had received influenza vac-
cination, the association of influenza hospitalization with percent
below poverty was no longer present. Vaccination has resulted in
improvement in the racial differences seen in invasive pneumococ-

3738 and hence, this finding warrants further

cal disease for example,
investigation.

The multilevel framework has been used to evaluate determi-
nants of area-level and individual-level inequalities in public health
to quantify the relative contribution of geographic, demographic,
and socioeconomic factors. A major rationale for using the mul-
tilevel approach in the evaluation of influenza hospitalization is
that interventions and policies that focus on individuals and the
neighborhood environment may be more effective in improving
public health than interventions that focus on just individuals. It
can also prioritize individual interventions (such as vaccinations) to
certain high risk census tracts. The multilevel framework allows us
to evaluate the association between influenza hospitalization and
predictors at both levels. This modeling strategy also enables us to
partition the variability attributable to the individual-level and the
census tract determinants allowing us to quantify the contribution
of the census tract-based determinants in the variation in influenza
hospitalization rates.

Other notable strengths of this study include the following: (i)
geocoding of data which includes indicators that are not routinely
captured in surveillance systems; (i) the use of census tract-based de-
terminants which detect socioeconomic gradients more consistently

than zip codes; and (iii) a large cohort of 33 515 population-based
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FIGURE 3 Age-standardized influenza hospitalization incidence rates by site and census tract-based determinants (A-F). The study

population includes influenza hospitalization cases 2009-2010 through 2013-2014 from 14 sites

laboratory-confirmed influenza hospitalizations over a period of 5
influenza seasons from 14 sites geographically dispersed across the
United States.

Limitations to our study should also be noted. Testing practices
(low testing rates or use of tests with low sensitivity) could vary
by census tract which may bias influenza hospitalization rates and
this was not accounted for in our analyses. Our measures of census
tract-based determinants were categorized a priori based on exist-
ing cutoffs. This resulted in some variables having very few events
which may affect the precision of estimates. We also had data re-
garding hospitalizations, necessitating development of a control
group extracted from the census data—which would have possibly
contained those with influenza, but did not develop enough com-

plications to be hospitalized. We thus were only able to conduct

analysis on the associations of individual covariates such as vac-
cination status using a subset of patients, and this may lead to bi-
ased estimates of association. Due to our control group possibly
containing those who had influenza but were not hospitalized,
the impact of socioeconomic determinants in our analysis may be
underestimated. Although this study uses census tract-based de-
terminants as a proxy for individual socioeconomic measures, we
acknowledge the possibility of ecological fallacy and that these de-
terminants provide information only regarding the neighborhood
that are not reducible to the individual level. Additionally, residents
from nursing homes and other long-term care facilities as well as
patients transferred from other hospitals were not excluded from
the analyses, so the analyses results may not completely repre-

sent findings for community-dwelling adults. Although our results
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FIGURE 4 Age-standardized influenza hospitalization incidence rates by site and individual factors (A-D). The study population includes
influenza hospitalization cases 2009-2010 through 2013-2014 from 14 sites

may be relevant to the population of the United States, the results
found here may not have generalizability to other countries and
care must be taken when attempting to generalize these results to
populations outside the United States.

Area-based socioeconomic determinants have been shown to be
strongly associated with a wide range of health problems, and hence,
our finding that socioeconomic determinants play a fundamental role
in influenza hospitalization is not alarming. Although the exact under-
lying mechanisms remain unclear, we hypothesize that socioeconomic
determinants probably shape individual behavior by influencing char-
acteristics such as individual education, their income, medical insur-
ance status, education, access to care, and health-related behaviors as
well. Factors such as crowding may also increase exposure to the in-
fluenza virus. It is likely that there exist possible different perceptions
of the seriousness of influenza and hence delays in seeking care that
may be related to the outcome as well. It can also be hypothesized that
high level of health literacy may be associated with areas with higher
percent of educated.

In conclusion, although the strongest associations were ob-
served with respect to individual-level characteristics such as age
and race, census tract-based determinants also were associated
with hospitalization for influenza. Identifying and targeting areas for
specific prevention and control interventions (eg, vaccination) could
help reduce some disparities in influenza outcomes for areas with
high percent of poverty, household crowding, and female heads of

households.

TABLE 3 Adjusted odds ratio and its associated 95% confidence
interval from the multilevel regression model of influenza
hospitalization adjusting for individual-level (age, gender, race, and
ethnicity) and census tract-based determinants (female head of
household, percent below poverty, percent crowding, population
density, percent insured, and percent college-educated)

Model variables

Age: <5vs 5-17

Age: 18-49 vs 5-17

Age: 50-64 vs 5-17

Age: 65+ vs 5-17

Gender: Female vs Male

Race: African American vs White

Race: Other vs White

Ethnicity: Hispanic vs Not

Female Head of Household: 20.0-39.9 vs 0-19.9
Female Head of Household: 40.0+ vs 0-19.9
Percent Below Poverty: 5.0-9.9 vs 0.0-4.9
Percent Below Poverty: 10.0-19.9 vs 0.0-4.9
Percent Below Poverty: 20.0+ vs 0.0-4.9
?Percent Crowding: 5.0+ vs 0-4.9

Population Density: Tertile 2 vs Tertile 1
Population Density: Tertile 3 vs Tertile 1
Percent Insured: 0.0-79.9 vs 80.0+

Percent College-Educated: 0.0-39.9 vs 40.0+

AOR (95% ClI)

3.99(3.76,4.24
1.42(1.35,1.50
3.33(3.15,3.52
9.20(8.72,9.70
1.14(1.11,1.17
1.67 (1.60, 1.73
1.31(1.26,1.36
1.21(1.16,1.26
1.14(1.09, 1.19
1.32(1.25,1.40
1.14(1.05,1.24
1.20(1.10,1.31
1.31(1.16,1.47
1.17(1.11,1.28
1.06 (0.97,1.15
1.07 (0.95,1.21
1.06 (1.01,1.12

(

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
1.14 (1.07, 1.20)

#Percent crowding is defined as having more than one person per room.
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(A) s (D)
Individual measures Individual measures
Age: <5 vs 5-17 — 1.55[1.37,175 Age: <5 vs 5— ] 241 2.23, 261
Age: 18-49 vs 5-17 F 1.14[1.05,1.25 Age: 18-49 vs 5-1 W 1.85[ 1.55, 1.76
Age: 50-64 vs 5-17 et 202[1.84,2.23 Age: 50-64 vs 5-17 b 417 3.92, 444
Age: 65+ vs 5-17 —— 3.25[2.95,3.58 Age: 65+ vs 5-17 ——  11.89[11.19, 1264
Gender: Female vs Male bl 1.75[1.66,1.86] Gender: Female vs Male " 114 111, 117]
Race: African American vs Whites —— 2.60[2.41,2.80 Race: African American vs Whites [ 1.77[ 1.70, 1.84
Race: Other vs Whites i 1.46[1.35,1.59 Race: Other vs Whites [ 1.28[ 1.23, 1.34
Ethnicity: Hispanic vs Not et 1.35[1.24,147] Ethnicity: Hispanic vs Not ] 117[ 111, 1.23]
Census tract-based determinants Census tract-based determinants
Female Head of Household: 20.0-39.9 vs 0.0-19.9 it 1.1411.06,1.24 Female Head of Household: 20.0-39.9 vs 0.0-19.9 " 11471109, 1.20
Female Head of Household: 40.0+ vs 0.0-19.9 i 1.39[1.25,1.54 Female Head of Household: 40.0+ vs 0.0-19.9 N 134 1.25, 142
Percent Poverty: 5.0-9.9 vs 0.0-4.9 —— 1.10[0.95,1.29 Percent Poverty: 5.0-9.9 vs 0.0-4.9 " 1.16[ 1.06, 1.26
Percent Poverty: 10.0-19.9 vs 0.0-4.9 —— 1.26[1.08,1.49 Percent Poverty: 10.0-19.9 vs 0.0-4.9 H 1171 1.07, 1.29
Percent Poverty: 20.0+ vs 0.0-4.9 —— 8[1.12,1.70 Percent Poverty: 20.0+ vs 0.0-4.9 2l 1.34[ 1.18, 1.52
Percent Crowding: 5.0+ vs 0.0-4.9 =] 1.12[1.03,1.22] Percent Crowding: 5.0+ vs 0.0-4.9 ] 1.16[ 1.10, 1.23]
Population Density: Tertile 2 vs Tertile 1 i 1.1410.97,1.34 Population Density: Tertile 2 vs Tertile 1 1.06[ 0.97, 1.16
Population Density: Tertile 3 vs Tertile 1 —— 1.21[0.97,1.51 Population Density: Tertile 3 vs Tertile 1 1.04[ 091, 1.18
Percent Insured: 0.0-79.9 vs 80.0+ - 1.04[0.95,1.13] Percent Insured: 0.0-79.9 vs 80.0+ 1.07[ 1.01, 1.14]
Percent College-Educated: 0.0-39.9 vs 40.0+ et 1.27[1.15,1.39] Percent College-Educated: 0.0-39.9 vs 40.0+ ] 1.15[ 1.08, 1.23]
(c) 1.00 3.00 (D) 1.00 5.00 9.00

Adjusted odds ratio Adjusted odds ratio [95% CI] Adjusted odds ratio Adjusted odds ratio [95% C1]

Individual measures Individual measures

ge: <5 vs 5-17 bl 3.38[ 3.04, 3.76 1 <5 vs 5-17 —— 4.26[3.94,4.60
Age: 18-49 vs 5-17 0.98[ 0.89, 1.08 Age: 18-49 vs 5-17 e 1.57[1.47,1.68
Age: 50-64 vs 5-17 ] 3.52[ 3.21, 3. Age: 50-64 vs 5-17 i 3.16[2.95,3.40
Age: 65+ vs 5-17 +——15.33[14.06 , 16.72 Age: 65+ vs 5-17 —— 5.46[5.08 ,5.86
Gender: Female vs Male 1.03[ 0.99, 1.07] Gender: Female vs Male H 1.22[1.18,1.27]
Race: African American vs Whites " 1.33[ 125, 1.42 Race: African American vs Whites - 1.90[1.80,1.99
Race: Other vs Whites ] 1.28[ 1.20, 1.36 Race: Other vs Whites - 1.31[1.25,1.38
Ethnicity: Hispanic vs Not 1.06[ 0.99, 1.14] Ethnicity: Hispanic vs Not - 1.32[1.25,1.39]
Census tract-based determinants Census tract-based determinants
Female Head of Household: 20.0-39.9 vs 0.0—-19.9i 1.09[ 1.03, 1.16 Female Head of Household: 20.0-39.9 vs 0.0-19.9 Ll 1.18[1.12,1.24
Female Head of Household: 40.0+ vs 0.0-19.9 N 1.29[ 119, 1.40 Female Head of Household: 40.0+ vs 0.0-19.9 & 1.38[1.28,1.48
Percent Poverty: 5.0-9.9 vs 0.0-4.9 1.11[ 1.00, 1.23 Percent Poverty: 5.0-9.9 vs 0.0-4.9 ] 1.20[1.09,1.33
Percent Poverty: 10.0-19.9 vs 0.0-4.9 1.04[ 092, 1.17 Percent Poverty: 10.0-19.9 vs 0.0-4.9 ) 1.38[1.23,1.53
Percent Poverty: 20.0+ vs 0.0-4.9 = 1.09[ 092, 1.30 Percent Poverty: 20.0+ vs 0.0-4.9 — 1.49[1.30,1.72
Percent Crowding: 5.0+ vs 0.0-4.9 1.08[ 1.00, 1.16] Percent Crowding: 5.0+ vs 0.0-4.9 ] 1.20[1.14,1.28]
Population Density: Tertile 2 vs Tertile 1 1.041 093, 1.16 Population Density: Tertile 2 vs Tertile 1 ot 1.10[0.98, 1.23
Population Density: Tertile 3 vs Tertile 1 1.03[ 0.87, 1.22 Population Density: Tertile 3 vs Tertile 1 et 1.17[1.00, 1.36
Percent Insured: 0.0-79.9 vs 80.0+ 1.09[ 1.01, 1.18] Percent Insured: 0.0-79.9 vs 80.0+ 1.01[0.95,1.07]
Percent College-Educated: 0.0-39.9 vs 40.0+ 1.09[ 1.00, 1.18] Percent College-Educated: 0.0-39.9 vs 40.0+ ] 1.17[1.09,1.25]

T T T T T T —— 1t 1
1.00 5.00 9.00 13.00 1.00 3.00 5.00

Adjusted odds ratio

Adjusted odds ratio

FIGURE 5 Forest plots displaying adjusted odds ratio and its associated 95% confidence intervals for the subset of cases that had
positive indicators for asthma (A), underlying conditions (B), vaccination (C), and no vaccination (D). The study population includes influenza

hospitalization cases 2009-2010 through 2013-2014 from 14 sites
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