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ABSTRACT
Objective: Few studies have examined factors affecting the high frequency of hospitalization
for pediatric asthma. This study identifies individual and environmental characteristics of chil-
dren with asthma from a low-income community with a high number of hospitalizations.
Methods: The study population included 902 children admitted at least once to a children’s
hospital in South Texas because of asthma from 2010 to 2016. The population was divided
into three groups by utilization frequency (high: �4 times, medium: 2–3 times, or low: 1
time). Individual-level factors at index admission and environmental factors were included
for the analysis. Unadjusted and adjusted multivariate ordered logistic regression models
were applied to identify significant characteristics of high hospital utilizers.
Results: The high utilization group comprised 2.4% of total patients and accounted for sub-
stantial hospital resource utilization: 10.8% of all admissions and 13.5% of days stayed in
the hospital. Patients in the high utilization group showed longer length of stay (LOS) and
shorter time between admissions on average than the other two groups. The multivariate
ordered logistic regression models revealed that age of 5–11 years (OR ¼ 0.57, 95%CI ¼
0.35–0.93), longer LOS (2 days: OR ¼ 1.80, 95%CI ¼ 1.15–2.84; �3days: OR ¼ 3.38, 95%CI ¼
2.10–5.46), warm season at index admission (OR ¼ 1.49, 95%CI ¼ 1.01–2.20), and higher
average ozone level in children’s residential neighborhoods (OR ¼ 1.78, 95%CI ¼ 1.01–3.14)
were significantly associated with a higher number of asthma hospitalizations.
Conclusions: The findings suggest the importance of monitoring high hospital utilizers and
establishing strategies for such patients based on their characteristics to reduce repeated
hospitalizations and to increase optimal use of hospital resources.
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Introduction

Preventable hospital readmissions are an important
indicator of healthcare quality as high readmission
rates can indicate sub-optimal care during a hospital
stay and post discharge (1–3). Asthma-related read-
missions are also one of the most widely used and
accepted outcome measurements of asthma exacerba-
tions, asthma control, and care quality (4–6). These
rehospitalizations are prioritized in the United States
(U.S.) given that hospital readmissions increase
healthcare costs and negatively affects quality of life
for both children and their parents/caregivers (7,8).

Many readmissions are considered preventable with
effective coordination of services and transitional care
(9,10), so reducing preventable hospital readmissions
is essential to enhance quality of care and decrease
financial healthcare burdens (11). By one estimate,
preventing hospital readmissions could reduce U.S.
healthcare costs by over $25 billion annually (12).

Previous studies support that air pollution is a signifi-
cant contributing factor for pediatric asthma readmis-
sions (13,14). Specifically, outdoor air pollution was
significantly associated with hospital readmissions
among children with asthma, specifically traffic-related
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air pollution (13,15) and residential proximity to major
roads (16,17). In addition, a growing body of literature
also recognizes the significance of area-based socioeco-
nomic deprivation on hospital-related health outcomes
for asthma, such as hospitalization and emergency
department (ED) visits (18), in-hospital mortality (19),
length of stay (LOS) and costs (20), and readmission
rates (20–22). Higher levels of area-based deprivation in
neighborhoods where children live was also specifically
associated with increased risk of hospital readmissions
for pediatric asthma (20,22,23); air pollution also pre-
sented as a modifying effect for asthma-related pediat-
ric ED visits in Atlanta (24).

These studies only focused on a single readmission
after the index hospitalization. Other investigations
defined multiple admissions as at least one readmission
(25–27). However, few studies have identified the char-
acteristics of patients with a high frequency of hospital-
izations. For example, a retrospective cohort study based
on 37U.S. children’s hospitals revealed that age, race/
ethnicity, and use of public insurance were important
characteristics associated with the highest number of
readmissions (28). Considering the potential differences
that may exist in asthma severity, preventive care access,
or air pollutant exposure among children who have been
hospitalized once or multiple times (29), it would be
important to differentiate patients with single versus
multiple readmissions and assess distinct characteristics
of the highly repeated hospital utilizers. Identifying those
children at an early stage would allow hospitals to use
their resources more effectively and reduce acute health
service utilization of children (30). Therefore, this study
examines individual-level and environmental character-
istics of pediatric asthma patients with the highest fre-
quency of hospitalizations in South Texas.

Materials and methods

Study population and data source

This hospital-based retrospective study pooled data
over 7 years to identify high utilizers of hospital serv-
ices among pediatric asthma patients and examine
their individual-level and environmental characteris-
tics. The study included children aged 5–18 years old,
living in South Texas, who were admitted at least
once to the Driscoll Children’s Hospital in South
Texas with a primary diagnosis of asthma between
2010 and 2016. This study was approved by the
Institutional Review Boards of the Texas A&M
University and Driscoll Children’s Hospital.

Data were gathered from multiple sources. First,
hospitalization data for children admitted to the

hospital due to asthma (International Classification of
Diseases, 9th Revision, 493-493.92 or ICD, 10th
Revision, J45.21-J45.909) were collected through the
hospital’s electronic database. All records included
age, gender, ethnicity, type of insurance, use of medi-
cation, admission date, discharge date, and patients’
residential census tract information. The research
team collected outdoor air pollution data from the
Environmental Public Health Tracking Network of the
Centers for Disease Control and Prevention (CDC)
(31). The daily average predictions modeled for two
types of air pollutants, Particulate Matter 2.5 (PM2.5)
and ozone concentrations, were estimated by using
the Downscaler model of the U.S. Environmental
Protection Agency at the census tract level (32). The
data available were limited to those between 2001 and
2014, so we calculated the average values during
2010–2014 in order to obtain the overall air pollution
levels in each census tract.

We gathered social deprivation data from the social
vulnerability index (SVI) created by the Agency for
Toxic Substances and Disease Registry of the CDC
(33). This percentile rank index was developed to
determine social vulnerability of each community in
the census tract level by using fifteen social factors
based on the U.S. census data, including poverty, edu-
cation transportation, minority status, and household
composition (34). The 15 social factors are presented
in Table A1. Given data availability, the social vulner-
ability variable was created as an average of SVI val-
ues for 2010, 2014, and 2016 in census tract level to
cover the study period. We linked the data of outdoor
air pollution and SVI to the hospitalization data by
using census tract information.

Measurement

In this study, asthma hospitalization was defined as
any hospital admission with a primary diagnosis of
asthma. A unique medical record number was used to
track each patient’s hospitalizations during the study
period. The dependent variable representing hospital
utilization groups was determined based on the total
number of hospitalizations between 2010 and 2016 for
pediatric patients with asthma who were admitted to
the hospital. This ordinal variable was divided into
three groups given its distribution: (i) low utilization
group (hospitalized once with no readmissions), (ii)
medium utilization group (hospitalized two or three
times), and (iii) high utilization group (hospitalized
four times or more). Patients in the high utilization
group represented the 97.5th percentile in the
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distribution of hospitalizations among the study popu-
lation. Hospital resource utilization, including the
number of admissions, the number of days spent in
the hospital, and time between hospitalizations (days),
was accumulated for each patient during the entire
study period and calculated to compare among the
three hospital utilization groups. We divided the time
between hospitalizations for patients who had at least
one readmission into four categories: (i) 1–30 days,
(ii) 31–90 days, (iii) 91–365 days, or (iv) 366 days
or longer.

The independent variables contained various indi-
vidual-level and environmental factors, all of which
may affect hospital readmission for pediatric asthma
patients to a certain degree. First, individual-level
characteristics included age (5–11 years old or
12–18 years old), gender (male or female), ethnicity
(Hispanic or non-Hispanic), type of insurance (public:
Medicaid or private/self-pay), use of medication (yes
or no), LOS (1 day, 2 days, or �3 days), season (warm:
May–October or cold: November–April) and year.
LOS was calculated as the difference in days between
the admission date and the discharge date. LOS for a
patient admitted and discharged on the same day was
recorded as one day. The information gathered at the
initial admission was used in this study.

Environmental characteristics for this study
included two types of air pollutants (PM2.5 and ozone
levels) and social deprivation in neighborhoods where
children live. We measured these variables based on
each patient’s census tract information. PM2.5 and
ozone concentrations were divided into four categories
as quartiles: quartile 1 (the lowest) to quartile 4 (the
highest) (35). Social deprivation factor was estimated
by calculating the average of SVI data of years 2010,
2014, and 2016 to cover the years of 2010 to 2016 in
each census tract. The range of this index is between
0 (least vulnerable) and 1 (most vulnerable). We also
categorized this variable into four categories by quar-
tile from quartile 1 (the lowest) to quartile 4 (the
highest) for outdoor air pollution.

Statistical analysis

Hospital resource utilization of asthma patients during
2010–2016 was compared among the hospital utiliza-
tion groups by calculating median and interquartile
range (IQR) since the data was not normally distrib-
uted. We calculated the baseline characteristics of the
study population to estimate the median and IQR for
continuous variables, or percentages of categorical
variables in total and by hospital utilization groups.

The Kruskal–Wallis H tests for continuous variables
and the chi-square tests for categorical variables were
performed to compare the hospital resource utilization
and characteristics among three groups of hospital uti-
lizers: low, medium, and high groups. We compared
time between hospitalizations only in medium and high
utilization groups. Pearson correlation was used to test if
air pollution and SVI was highly correlated.

Bivariate and multivariate ordered logistic regression
analysis was conducted to identify significant factors
that affect a high number of hospitalizations since the
dependent variable was categorical and ordered. We
developed three different regression models: model 1
(unadjusted model), model 2 (adjusted model with
only individual-level factors), and model 3 (adjusted
model with individual-level and environmental factors).
To evaluate the robustness of the findings, we per-
formed the multivariate regression analysis with each
air pollutant, separately. The results were represented
as the odds ratio (OR) and 95% confidence interval
(CI). Statistical analyses were performed using Stata 14
version (StataCorp LLC, College Station, TX). All stat-
istical tests were two-sided, and a p values <0.05 was
considered statistically significant.

Results

A total of 902 patients were admitted to the hospital
at least once during 2010–2016 in South Texas.
Among the study population, 121 patients (13.4%)
experienced 2–3 hospitalizations and 22 patients
(2.4%) had �4 hospitalizations (Figure 1). There were
1154 hospitalizations with 2295 days spent in the hos-
pital between 2010 and 2016 in total. The high utiliza-
tion group consisted of 2.4% of total patients and
accounted for substantial hospital resource utilization:
10.8% (125/1154) of total admission and 13.5% (310/
2295) of total number of hospital stays (Figure 1).

Hospital resource utilization of pediatric asthma
hospitalizations were compared among low, medium,
and high utilization groups (Table 1). Patients in the
high group stayed much longer (12-day LOS) than the
medium (4 days) and low (1 day) groups when they
were hospitalized (p< 0.001). When comparing
median days between hospitalizations, the high group
showed significantly shorter time in between hospital-
izations than the medium group (169 vs. 331 days;
p< 0.001). Furthermore, we found that only 9.7% of
readmissions in the high group occurred within
30 days, and that most of the total readmissions
(77.8% for all patients and 66.0% for the high group)
occurred 90 or more days after previous admission.
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Descriptive statistics of the study population at
index admission were presented across the three
groups (Table 2). Most of the study cohort (76.1%)
were children aged 5–11 years old and about three
quarters were Hispanic (75.2%). Over two-third
(68.4%) had public insurance and about 20%
remained in the hospital for 3 days or longer at index
admission. When comparing characteristics among
groups, only the differences in LOS and admission
year at initial hospitalization were statistically signifi-
cant. Specifically, the percentage of hospital stays for
3 days or longer was significantly higher in the high
utilization group when compared with the medium
and low groups (p< 0.001). In particular, the high
utilization group showed twice the percentage (36.4%
vs. 17.3%; p< 0.001) as the low utilization group for
LOS �3 days. None of the environmental factors
showed significant differences among groups although
percentages of the highest ozone level group (quartile
4) were larger in the high utilization group (31.8%)
than the medium (19.8%) and low groups (26.8%;
p¼ 0.052). Moreover, Pearson correlation tests

between air pollutants and SVI showed that they were
not highly correlated (0.21–0.43; p< 0.001; Table A2).

The results of bivariate and multivariate ordered
logistic regression analyses were shown to identify
characteristics of the high utilization group (Table 3).
In the unadjusted model, ages 5–11 years old and
longer LOS at index admission were significantly
associated with a higher frequency of hospitalization
(age: p¼ 0.031; LOS: p¼ 0.005 [2 days], p< 0.001
[�3 days]). The multivariate analysis, controlling for
only individual-level factors, showed that age, LOS,
and season were significant characteristics for high
hospital utilizers. That is, children aged 5–11 years old
(p¼ 0.020), who stayed longer in the hospital (2 days:
p¼ 0.011; �3 days: p< 0.001), and who were admitted
during the warm season (p¼ 0.034) at index admis-
sion were significantly more likely to have a higher
number of hospitalizations.

In the multivariate model controlling for individ-
ual-level and environmental factors, the results for
individual-level factors were consistently represented
as the previous adjusted model (age of 5–11 years:

Figure 1. Hospital resource utilization of pediatric patients with asthma admitted to Driscoll Children’s hospital during 2010–2016.

Table 1. Comparison of hospital resource utilization among low, medium, and high groups in pediatric asthma hospitalizations.
Median (IQR) or N (%)

p Value

Number of pediatric asthma hospitalization

Total Low group (1 time) Medium group (2 or 3 times) High group (�4 times)

Number of patients 902 (100.0%) 759 (84.2%) 121 (13.4%) 22 (2.4%)
Average number of hospitalizations 1 (1–1) 1 (1–1) 2 (2–2) 5 (4–6) <0.001
Average number of days spent in the

hospital across hospitalizations
2 (1–3) 1 (1–2) 4 (3–5) 12 (10–14) <0.001

Time between hospitalizations (days) 274 (106–539) NA 331 (178–664) 169 (56–355) <0.001
Time between hospitalizations 252 (100.0%) 149 (100.0%) 103 (100.0%)
1–30 days 20 (7.9%) NA 10 (6.7%) 10 (9.7%) <0.001
31–90 days 36 (14.3%) 11 (7.4%) 25 (24.3%)
91–365 days 103 (40.9%) 60 (40.3%) 43 (41.7%)
366 days or longer 93 (36.9%) 68 (45.6%) 25 (24.3%)

Note: IQR, Interquartile range; NA, not applicable; p values from Kruskal–Wallis tests for continuous variables and Chi-square tests for categorical variable.
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p¼ 0.025; longer LOS: p¼ 0.011 [2 days], p< 0.001
[�3 days]; warm season: p¼ 0.042). We also found
that children living in areas with ozone level of quar-
tile 2 were more likely to be admitted to the hospital
than those living in areas with the lowest ozone level
(quartile 1; p¼ 0.045). The multivariate analysis with
each pollutant (single-pollutant models) also showed
consistent results that age, LOS, season, and ozone
level were important factors for higher number of
hospitalizations for pediatric asthma (Table A3).

Discussion

This study examined the individual-level and environ-
mental characteristics of pediatric patients who had
the highest number of asthma hospitalizations in a
children’s hospital in South Texas. The relatively small
number of patients within the high utilization group
(2.4% of the total patients) accounted for significant
hospital resource utilization: 10.8% of total admissions
and 13.5% of total time stayed in the hospital.
Patients in the high utilization group also showed

Table 2. Comparison of patient and environmental characteristics among hospital utilization groups.

Variables

Median (IQR) or N (%)

p ValueTotal (N¼ 902) Low group (N¼ 759) Medium group (N¼ 121) High group (N¼ 22)

Individual-level characteristics (at index admission)
Age (years) 8 (6-11) 8 (6-12) 8 (6-10) 7 (6-10) 0.194
Age 0.090
5–11 years 686 (76.1) 567 (74.7) 101 (83.5) 18 (81.8)
12–18 years 216 (23.9) 192 (25.3) 20 (16.5) 4 (18.2)

Gender 0.479
Male 536 (59.4) 445 (58.6) 78 (64.5) 13 (59.1)
Female 366 (40.6) 314 (41.4) 43 (35.5) 9 (40.9)

Ethnicity 0.775
Hispanic 677 (75.2) 567 (74.9) 94 (77.7) 16 (72.7)
Non-Hispanic 223 (24.8) 190 (25.1) 27 (22.3) 6 (27.3)

Type of insurance 0.794
Public (Medicaid) 617 (68.4) 516 (68.0) 86 (71.1) 15 (68.2)
Private or self-pay 285 (31.4) 243 (32.0) 35 (28.9) 7 (31.8)

Use of medication 0.965
Yes 832 (92.2) 700 (92.2) 112 (92.6) 20 (90.9)
No 70 (7.8) 59 (7.8) 9 (7.4) 2 (9.1)

Length of stay (days) 2 (1–2) 1 (1–2) 2 (1–3) 2 (2–3) <0.001
Length of stay <0.001
1 day 430 (47.6) 387 (51.0) 38 (31.4) 5 (22.7)
2 days 291 (32.3) 241 (31.7) 41 (33.9) 9 (40.9)
3 days or longer 181 (20.1) 131 (17.3) 42 (34.7) 8 (36.4)

Season 0.376
Warm 355 (39.4) 292 (38.5) 52 (43.0) 11 (50.0)
Cold 547 (60.6) 467 (61.5) 69 (57.0) 11 (50.0)

Year <0.001
2010 171 (19.0) 132 (17.4) 27 (22.3) 12 (54.5)
2011 138 (15.3) 105 (13.8) 27 (22.3) 6 (27.3)
2012 162 (18.0) 138 (18.2) 22 (18.2) 2 (9.1)
2013 130 (14.4) 106 (14.0) 22 (18.2) 2 (9.1)
2014 136 (15.1) 121 (15.9) 15 (12.4) 0 (0.0)
2015 75 (8.3) 67 (8.8) 8 (6.6) 0 (0.0)
2016 90 (9.9) 90 (11.9) 0 (0.0) 0 (0.0)

Environmental characteristics
SVI (continuous) 0.68 (0.49-0.83) 0.68 (0.49-0.84) 0.68 (0.48-0.81) 0.67 (0.57-0.81) 0.809
SVI (categorical) 0.138
Quartile 1 (the lowest) 235 (24.9) 186 (24.5) 35 (28.9) 4 (18.2)
Quartile 2 236 (26.2) 201 (26.5) 25 (20.7) 10 (45.5)
Quartile 3 216 (24.0) 177 (23.3) 36 (29.7) 3 (13.6)
Quartile 4 (the highest) 225 (24.9) 195 (25.7) 25 (20.7) 5 (22.7)

PM2.5 (continuous) 8.52 (8.32–8.63) 8.51 (8.31–8.63) 8.53 (8.37–8.64) 8.51 (8.38–8.66) 0.454
PM2.5 (categorical) 0.335
Quartile 1 (the lowest) 229 (25.4) 202 (26.6) 24 (19.8) 3 (13.6)
Quartile 2 222 (24.6) 183 (24.1) 30 (24.8) 9 (40.9)
Quartile 3 228 (25.3) 190 (25.0) 34 (28.1) 4 (18.2)
Quartile 4 (the highest) 223 (24.7) 184 (24.2) 33 (27.3) 6 (27.3)

Ozone (continuous) 36.01 (35.8–36.29) 36.02 (35.8–36.3) 35.97 (35.87–36.19) 36.20 (35.97–36.33) 0.160
Ozone (categorical) 0.052
Quartile 1 (the lowest) 211 (23.4) 183 (24.1) 25 (20.7) 3 (13.6)
Quartile 2 240 (26.6) 193 (25.4) 44 (36.4) 3 (13.6)
Quartile 3 217 (24.1) 180 (23.7) 28 (23.1) 9 (40.9)
Quartile 4 (the highest) 234 (25.9) 203 (26.8) 24 (19.8) 7 (31.8)

Note: IQR, Interquartile range; p values from Kruskal–Wallis tests for continuous variables and Chi-square tests for categorical variables.
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longer LOS and shorter time gap between admissions
on average when compared to the low and medium
utilization groups. Our findings are consistent with a
previous study that found about 3% of the total
patients (the group with the highest frequency of
readmissions) accounted for about 19% of total hospi-
talization and about 23% of total LOS (28). Patients
readmitted most often are also readmitted sooner and
stay longer. Thus, identifying the high utilization
group and establishing specific strategies for this
group is essential to use hospital resources efficiently
and reduce healthcare costs effectively. Given high
costs of asthma hospitalizations in particular, by one
well-surveyed estimate over $5000 per patient (36),
preventing hospitalizations especially of the high util-
ization group would contribute to saving considerable
healthcare costs.

Timing is also a factor. We found that the average
time between admissions was 274 days for all patients
who experienced at least two episodes of hospitalization,

and 169 days for those with hospitalizations of four
times or more. Fewer than 10% of readmissions in the
high group occurred within 30 days; most readmis-
sions (77.8% for all patients and 66.0% for the high
group) had 90-day or longer readmissions. If hospitals
only focus on the traditional 30-day readmissions,
most patients with repeated hospitalizations, especially
patients with the highest number of admissions, might
be under-recognized in receiving necessary transitional
care. Therefore, hospitals should monitor the number
of hospitalizations for individual patients and establish
their readmission reduction initiatives based on distri-
bution of hospitalizations and the resource utilization
of patients with the higher number of admissions.

To that end, we observed three individual-level char-
acteristics of patients with the highest number of
asthma admissions: age, hospital LOS, and season at
index admission. This study showed that children aged
5–11 years were more likely to have a higher number of
hospitalizations than those aged 12–18 years. Previous

Table 3. Results of bivariate and multivariate ordered logistic regression analysis among hospital utilization groups.
Unadjusted model Adjusted models

OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value

Individual-level characteristics (at index admission)
Age
5–11 years Ref. 0.031 Ref. 0.020 Ref. 0.025
12–18 years 0.60 (0.37, 0.95) 0.56 (0.35, 0.91) 0.57 (0.35, 0.93)

Gender
Male Ref. 0.277 Ref. 0.204 Ref. 0.229
Female 0.81 (0.56, 1.18) 0.78 (0.53, 1.14) 0.79 (0.53, 1.16)

Ethnicity
Non-Hispanic Ref. 0.630 Ref. 0.455 Ref. 0.538
Hispanic 1.11 (0.73, 1.69) 1.18 (0.76, 1.84) 1.16 (0.73, 1.83)

Type of insurance
Private or self-pay Ref. 0.544 Ref. 0.662 Ref. 0.627
Public (Medicaid) 1.13 (0.76, 1.67) 1.09 (0.73, 1.64) 1.11 (0.72, 1.72)

Use of medication
No Ref. 0.987 Ref. 0.626 Ref. 0.627
Yes 1.01 (0.51, 1.96) 1.19 (0.59, 2.40) 1.22 (0.60, 2.49)

Length of stay
1 day Ref. Ref. Ref.
2 days 1.88 (1.22, 2.92) 0.005 1.80 (1.15, 2.81) 0.011 1.80 (1.15, 2.84) 0.011
3 days or longer 3.43 (2.18, 5.39) <0.001 3.23 (2.01, 5.17) <0.001 3.38 (2.10, 5.46) <0.001

Season
Cold Ref. 0.197 Ref. 0.034 Ref. 0.042
Warm 1.27 (0.88, 1.82) 1.51 (1.03, 2.20) 1.49 (1.01, 2.20)

Admission year 0.75 (0.67, 0.83) <0.001 0.76 (0.68, 0.85) <0.001 0.76 (0.68, 0.86) <0.001
Environmental characteristics
Social vulnerability index
Quartile 1 (the lowest) Ref. Ref.
Quartile 2 0.86 (0.52, 1.41) 0.551 0.84 (0.48, 1.45) 0.525
Quartile 3 1.04 (0.64, 1.70) 0.862 0.89 (0.50, 1.56) 0.674
Quartile 4 (the highest) 0.74 (0.44, 1.25) 0.261 0.63 (0.34, 1.16) 0.135

PM2.5 level
Quartile 1 (the lowest) Ref. Ref.
Quartile 2 1.63 (0.96, 2.76) 0.071 1.42 (0.75, 2.71) 0.280
Quartile 3 1.49 (0.88, 2.53) 0.141 1.27 (0.62, 2.59) 0.514
Quartile 4 (the highest) 1.59 (0.94, 2.70) 0.085 1.48 (0.71, 3.09) 0.298

Ozone level
Quartile 1 (the lowest) Ref. Ref.
Quartile 2 1.57 (0.94, 2.60) 0.084 1.78 (1.01, 3.14) 0.045
Quartile 3 1.38 (0.81, 2.34) 0.238 1.43 (0.77, 2.67) 0.260
Quartile 4 (the highest) 1.02 (0.59, 1.76) 0.954 1.30 (0.64, 2.65) 0.469
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studies exploring asthma readmission by age group
showed mixed results. Most studies reported children
aged <5 years or 10–18 years were more likely to be
readmitted to a hospital (23,37–39). Yet, these studies
had different reference groups, and we could not find
any study that compared the same age groups as this
current study. Moreover, we found that initial admis-
sion during the warm season was a significant charac-
teristic of the high utilization group. This finding
corroborates previous research that found higher
readmission rates for children admitted in the summer
or fall versus winter (23). The most pronounced finding
was that longer LOS at index admission was signifi-
cantly associated with a higher frequency of hospitaliza-
tions. This result supports those observed in earlier
studies. A study in Rhode Island revealed that patients
with LOS of �3 days at index hospitalization had higher
readmission rates than those with LOS of 1 day (23).
Other studies also suggested longer LOS (�4 or 5 days)
at initial admission was a significant risk factor for
asthma rehospitalization (25,40,41).

Ozone level in patients’ neighborhoods also dem-
onstrated a significant association with a higher num-
ber of asthma admissions, in both the single-pollutant
and two-pollutant models. Our finding is consistent
with prior research associating an increased risk of
hospital readmission for pediatric asthma with both
indoor air pollution (such as bedroom air quality and
tobacco exposure) and traffic-related outdoor air pol-
lution (15,42,43). Our result is also consistent with
evidence that ozone concentration had a significantly
positive association with asthma exacerbations for
children (44,45). This study allows us to conclude that
outdoor air pollution (ozone) in neighborhoods where
children live and play should be considered a signifi-
cant risk factor for hospitalization among children
with asthma.

Limitations

This study has several limitations. First, since ambient
air pollution data collected from the CDC is the esti-
mate of the modeled predictions for two air pollu-
tants, it may not reflect the accurate outdoor air
condition, which thereby raises the possibility of
measurement error. Second, we used the hospitaliza-
tion records specific to a single hospital and could not
track the patients’ potential admissions to other hospi-
tals. Thus, the number of asthma hospitalizations may
be under-counted for some pediatric patients, though
this is mitigated by the large hospital size and rela-
tively few other pediatric facilities in the catchment

area. Also, since only a single children’s hospital in
South Texas was included in this study, we may not
generalize the results to other settings. Third, some
individual and environmental factors, such as severity
of asthma, comorbidities, and tobacco exposure
(7,37,42), all of which may affect the risk of asthma
rehospitalization, were not available in the hospitaliza-
tion data. Future studies should consider including
these factors to help better understand the characteris-
tics of high hospital utilization for pediatric asthma.
Finally, we included all hospitalizations of pediatric
patients despite the differences of time interval for
each patient. This serves as a limitation given the large
time variation between admissions among the
patients. Future studies should consider categorizing
different time intervals of readmission to examine
how risk factors may differ by time interval.

Implications for healthcare system

Our findings have important implications regarding
repeated asthma admissions and the opportunity to
improve transitional care for patients experiencing
higher numbers of hospitalizations. This study empha-
sizes the need to target strategies for high hospital uti-
lizers. We suggest that hospitals conduct follow-up for
at least six months after discharge based on the aver-
age times between admission for all readmitted
patients (274 days) and the high utilization group
(169 days) observed in this study. Several studies also
reported that a time interval of six months to two
years could be a reasonable criterion for follow up for
patients with chronic conditions (26,29,46).

Effective transition of care from hospital to com-
munity, including continual follow-up for patients
who have a higher risk for readmission, is also
important given recent research supporting the signifi-
cance of transitional care, including asthma education
and communication with primary care physicians
(PCPs), to reduce readmissions for pediatric asthma
(47,48). Therefore, collaboration between clinical and
community partners (e.g. PCPs, nonprofit organiza-
tions, and educators) for transitional care and follow-
up would contribute to reducing repeated hospital
admissions since appropriate care for asthma manage-
ment in the community, such as asthma education,
can prevent repeated hospitalizations (49–51).

Conclusions

This study found that a modest number of patients
with the highest number of hospitalizations accounted
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for substantial hospital resource utilization. Our
results revealed that young children, longer LOS,
warm season at index admission, and high level of
outdoor air pollution in residential neighborhoods are
associated with a higher number of hospitalizations
among children with asthma in South Texas. The
findings of this study underscore the importance of
effective monitoring of high hospital utilizers and
establishing strategies for such patients based on their
individual and contextual characteristics to reduce
repeated hospitalizations and increase efficiency and
optimal use of hospital resources.
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Table A1. List of 15 factors for social vulnerability index
Factor Description

Socioeconomic status Below poverty Percent of persons below federally defined poverty line
Unemployed Percent of persons aged 16þ unemployed
Income Per capita income
No high school diploma Percent of persons aged 25 years and old, with less than a 12th grade education

Household composition
and disability

Aged 65 or older Percent of persons aged 65 years or older
Aged 17 or younger Percent of persons aged 17 years or younger
Civilian with a disability Percent of persons more than 5 years old with a disability
Single-parent households Percent of male or female householder, no spouse present, with children under 18

Minority status and language Minority Percent of minority
Speak English “less than well” Percent of persons aged 5 years or older who speak English less than “well”

Housing and transportation Multi-unit structures Percent of housing units with 10 or more units in structure
Mobile homes Percent of housing units that are mobile homes
Crowding Percent of total occupied housing units with more than one person per room
No vehicle Percent of households with no vehicle available
Group quarters Percent of persons who are in institutionalized group quarters (e.g. nursing homes)

and non-institutionalized group quarters (e.g. college dormitories, military quarters)

Table A2. Pearson correlation coefficients between ambient air pollutants and social vulnerability index.
PM2.5 Ozone SVI

PM2.5 1
Ozone �0.4327� 1
SVI 0.2109� �0.2975� 1

Note: � p< 0.001.
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Table A3. Results of multivariate ordered logistic regression analysis for each pollutant.
PM2.5 model Ozone model

OR (95% CI) p Value OR (95% CI) p Value

Age
5–11 years Ref. Ref.
12–18 years 0.56 (0.35, 0.92) 0.021 0.56 (0.34, 0.91) 0.020

Gender
Male Ref. Ref.
Female 0.79 (0.54, 1.17) 0.251 0.79 (0.53, 1.16) 0.226

Ethnicity
Non-Hispanic Ref. Ref.
Hispanic 1.17 (0.74, 1.84) 0.503 1.16 (0.73, 1.83) 0.522

Type of insurance
Private or self-pay Ref. Ref.
Public (Medicaid) 1.13 (0.73, 1.73) 0.585 1.11 (0.73, 1.73) 0.595

Use of medication
No Ref. Ref.
Yes 1.16 (0.57, 2.36) 0.680 1.24 (0.61, 2.53) 0.553

Length of stay
1 day Ref. Ref.
2 days 1.81 (1.15, 2.84) 0.010 1.77 (1.13, 2.78) 0.013
3 days or longer 3.37 (2.10, 5.43) <0.001 3.33 (2.07, 5.36) <0.001

Season
Cold Ref. Ref.
Warm 1.47 (1.00, 2.15) 0.050 1.51 (1.03, 2.22) 0.036

Admission year 0.77 (0.69, 0.86) <0.001 0.76 (0.68, 0.85) <0.001
Social vulnerability index
Quartile 1 (lowest) Ref. Ref.
Quartile 2 0.87 (0.51, 1.49) 0.617 0.79 (0.47, 1.35) 0.395
Quartile 3 0.93 (0.54, 1.61) 0.807 0.85 (0.48, 1.48) 0.559
Quartile 4 (highest) 0.65 (0.36, 1.18) 0.161 0.61 (0.33, 1.11) 0.106

PM2.5 level
Quartile 1 (lowest) Ref.
Quartile 2 1.42 (0.75, 2.71) 0.280
Quartile 3 1.27 (0.62, 2.59) 0.514
Quartile 4 (highest) 1.48 (0.71, 3.09) 0.298

Ozone level
Quartile 1 (lowest) Ref.
Quartile 2 1.79 (1.05, 3.06) 0.036
Quartile 3 1.40 (0.80, 2.45) 0.242
Quartile 4 (highest) 1.06 (0.58, 1.93) 0.842
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