UCLA
UCLA Previously Published Works

Title

Health Care Utilization of Homeless Minors With Diabetes in New York State From 2009
to 2014

Permalink

https://escholarship.org/uc/item/2mfOow7kt]

Journal
Diabetes Care, 43(9)

ISSN
1066-9442

Authors

Sakai-Bizmark, Rie
Mena, Laurie A
Estevez, Dennys

Publication Date
2020-09-01

DOI
10.2337/dc19-2219

Peer reviewed

eScholarship.org Powered by the California Diqgital Library

University of California


https://escholarship.org/uc/item/2mf0w7kt
https://escholarship.org/uc/item/2mf0w7kt#author
https://escholarship.org
http://www.cdlib.org/

I
O
o
<
i
0
w
o
(7]
w
o
>
o
wi
)
I
ar
<
wi
=3
>
(L)
o
-
=)
=
wi
=]
o
wi

2082

D

Health Care Utilization of
Homeless Minors With Diabetes
in New York State From 2009
to 2014

Diabetes Care 2020;43:2082-2089 | https://doi.org/10.2337/dc19-2219

OBJECTIVE

This study aims to describe differences in health care utilization between homeless
and nonhomeless minors with diabetes.

RESEARCH DESIGN AND METHODS

Data from the Healthcare Cost and Utilization Project’s Statewide Inpatient Da-
tabase from New York for years 2009-2014 were examined to identify pediatric
patients <18 years old with diabetes. Outcomes of interest included hospitalization
rate, in-hospital mortality, admission through the emergency department (ED),
diabetic ketoacidosis (DKA), hospitalization cost, and length of stay (LOS). Other
variables of interest included age-group, race/ethnicity, insurance type, and year.
Multivariate logistic regression models were used for in-hospital mortality, ad-
mission through ED, and DKA. Log-transformed linear regression models were used
for hospitalization cost, and negative binomial regression models were used for LOS.

RESULTS

A total of 643 homeless and 10,559 nonhomeless patients were identified. The
hospitalization rate was higher among homeless minors, with 3.64 per 1,000
homeless population compared with 0.38 per 1,000 in the nonhomeless population.
A statistically significant higher readmission rate was detected among homeless
minors (20.4% among homeless and 14.1% among nonhomeless, P < 0.01). Lower
rates of DKA (odds ratio 0.75, P = 0.02), lower hospitalization costs (means ratio
0.88, P < 0.01), and longer LOS (incidence rate ratio 1.20, P < 0.01) were detected
among homeless minors compared with nonhomeless minors.

CONCLUSIONS

This study found that among minors with diabetes, those who are homeless
experience a higher hospitalization rate than the nonhomeless. Housing instability,
among other environmental factors, may be targeted for intervention to improve
health outcomes.

Inthe U.S., about 193,000 people under 20 years old are estimated to have diagnosed
diabetes, encompassing ~0.24% of that population (1). Several studies have shown
increasing trends in the incidence of childhood diabetes, both for type 1 and type 2
diabetes (2). The incidence of diabetes may vary by race/ethnicity and socioeconomic
status (SES) (3). On the basis of rising incidence, the prevalences of both type 1 and
type 2 diabetes have been predicted to increase by 54% from 2015 to 2030 (4).
Diabetes leads to both short-term complications, such as hypoglycemia and
diabetic ketoacidosis (DKA), and long-term complications, such as retinopathy,
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neuropathy, nephropathy, and macrovas-
cular disease. These complications can be
successfully reduced by tight blood glu-
cose control (5). However, social deter-
minants of health play a significant role
in the success of diabetes management.
Disparities across race and SES for di-
abetes management outcomes have
been reported (6-9). Ibanez et al. (8)
reported that patients with the lowest
education levels and lowest income lev-
els are less likely to achieve the target
hemoglobin A,.. Valenzuela et al. (10)
reported that black youth with type 1
diabetes and a low SES were less likely to
have a regular health care provider.
Housing status is an important com-
ponent of the environment in supporting
physical, mental, and behavioral health.
Homeless minors face challenges in ac-
cess to age-appropriate and develop-
mentally appropriate services, such as
medical, behavioral health, and social
services (11). Among homeless minors
with asthma, a higher hospitalization rate
was observed in comparison with non-
homeless minors (12). Diabetes is an-
other chronic condition that requires a
maintenance care plan. Individuals with
diabetes must engage in multiple activ-
ities for management, including blood
glucose monitoring, taking insulin mul-
tiple times each day, and correction of
low or high blood sugars (13). Nonhome-
less minors are more likely to have a
stable living environment, which can fa-
cilitate parental or guardian support in
daily self-care (13,14). Homeless minors
endure environment instability and
may live alone or with a parent in
a shelter, be shuffled between several
relatives, or temporarily live in the street
when social services are not negotiated
in a timely manner. Even with parental
guidance in this situation, a young person
with diabetes will not maintain good
health if unable to carry out the respon-
sibilities for disease management. Home-
lessness leads to additional challenges
in maintaining access to medication and
supplies, storing medications, and access to
regular health care (15), thereby increas-
ing risk of uncontrolled blood glucose.
Greater susceptibility to uncontrolled
blood glucose in homeless minors with
diabetes would be expected to increase
health care utilization, including emer-
gency department (ED) visits and diabetes-
related hospitalizations, at higher levels
than the general population. However,

as no recent efforts have been reported
in quantifying levels of diabetes-related
health care utilization among homeless
minors, we first aimed to describe basic
characteristics of these hospitalizations.
Second, we examined differences between
homeless and nonhomeless minors in 1)
diabetes hospitalization, 2) in-hospital
mortality, 3) admission through the ED,
4) DKA, 5) hospitalization cost, and 6) length
of stay (LOS). We hypothesized that di-
abetes hospitalization rates, symptom se-
verity, and admission through the ED would
be higher among homeless minors in
comparison with nonhomeless minors.

RESEARCH DESIGN AND METHODS

The institutional review board at The
Lundquist Institute for Biomedical Innovation
at Harbor-UCLA Medical Center approved
this study as exempt through determina-
tion that it does not meet the federal
Department of Health and Human Serv-
ices definition of human subject research.

The Healthcare Cost and Utilization
Project (HCUP) Statewide Inpatient Da-
tabase (SID) from New York, compiled by
the Agency for Healthcare Research and
Quiality (16) was analyzed for this study,
using years 2009 through 2014. SID in-
cludes all inpatient discharges from com-
munity hospitals in the state.

Patients younger than 18 years of age
with a primary diagnosis of diabetes were
identified using International Classifica-
tion of Diseases, 9th revision, Clinical
Modification (ICD-9-CM) 250 codes. We
alsoincluded patients for whom diabetes
was the secondary or tertiary diagnosis
only if previous diagnostic codes were
among those listed in Supplementary
Table 1. Homeless patients were iden-
tified by their zip code, coded as “H” in
the SID, while patients with complete zip
codes were defined asnonhomeless (17).
The SID has been used in previous studies
analyzing health outcomes among indi-
viduals experiencing homelessness (18,19).

Population estimates for homeless mi-
nors were derived from the U.S. Depart-
ment of Housing and Urban Development
(HUD) 2009-2014 Continuum of Care
(CoC) Homeless Populations and Sub-
populations Reports, which provide
summary information on point-in-time,
unduplicated counts of homeless in-
dividuals in New York (20). Annual
population estimates of homeless minors
were calculated based on the total num-
ber of reported homeless families with
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children and the number of unaccompa-
nied children under 18 years of age. The
number of children in homeless families
was available only after 2013; therefore,
we calculated the average number of
children per family by dividing the total
number of children in homeless families
by the number of homeless households
with children, using data from the 2013—-
2014 CoC Homeless Populations and
Subpopulations Reports. To estimate the
total number of minors in homeless
families for years 2009-2012, we multi-
plied the number of homeless house-
holds with children for these years by the
average number of children in homeless
families for the years 2013-2014. Cor-
responding population estimates for
nonhomeless minors were calculated
using census data from the U.S. Census
Bureau (21). HUD CoC Homeless Popula-
tions and Subpopulations Reports provide
the most widely referenced estimates of
the homeless population (22,23).

The primary predictor of interest was
homelessness. Study outcomes of inter-
est included 1) in-hospital mortality, 2)
admission through the ED, 3) DKA, 4)
hospitalization cost, and 5) LOS. DKA was
identified by ICD-9-CM diagnostic code
250.1.

Other variables of interest included
age-group, race, insurance type, and year.
Age-group was broken into four catego-
ries: 0-4, 5-9, 10-14, and 15-17 years.
Race was defined as non-Hispanic white,
black, Hispanic, and other, and insurance
type was categorized as public, private,
self-pay, and other form of insurance.

Statistical Analysis

Demographic data on the patient pop-
ulation were tabulated to compare
homeless and nonhomeless patients with
variables of interest. Variables included
whether patients died during hospitali-
zation, admission through ED, DKA, hos-
pitalization cost, LOS, age-groups, race,
sex, and insurance status. Cells with
values =10 have been masked in accor-
dance with HCUP's Data Use Agreement
to protect the privacy of individuals who
fall into said categories. Hospitalization
costs were estimated by multiplying the
total charges provided in SID with hos-
pital-level cost-to-charge ratios available
through HCUP (24). To account for in-
flation, costs were converted to 2015 U.S.
dollars using the medical care compo-
nent of the Consumer Price Index (25).
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Table 1—Descriptive statistics of diabetes hospitalizations among homeless and nonhomeless minors in New York

Variables Total (n = 11,202) Homeless (n = 643) Nonhomeless (n = 10,559) P value
Hospitalization rate (per 1,000 population) 0.43 4.26 0.41 <0.01
For type 1 diabetes 0.38 3.45 0.36 <0.01
For type 2 diabetes 0.06 0.8 0.05 <0.01
Outcome
Died * * * 0.28
Hospitalization cost $3,951 ($2,531, $6,441) $3,792 ($2,295, $5,979) $3,963 ($2,548, $6,504) 0.34
LOS 1(1, 3) 3 (2, 5) 2(1,3) <0.01
Admission through ED 8,623 (76.98) 533 (82.89) 8,090 (76.62) <0.01
Ketoacidosis (ICD-9-CM 250.1) 6,025 (53.79) 339 (52.72) 5,686 (53.85) 0.58
Age, years 13 (9, 15) 13 (10, 16) 12 (9, 15) <0.01
Age-group
0-4 years 965 (8.61) 34 (5.29) 931 (8.82) <0.01
5-9 years 2,143 (19.13) 92 (14.31) 2,051 (19.42) <0.01
10-14 years 4,525 (40.39) 278 (43.23) 4,247 (40.22) 0.13
15+ years 3,569 (31.86) 239 (37.17) 3,330 (31.54) <0.01
Race group
White 4,959 (44.42) 13 (2.02) 4,946 (47.00) <0.01
Black 2,758 (24.70) 271 (42.21) 2,487 (23.63) <0.01
Hispanic 2,002 (17.93) 187 (29.13) 1,815 (17.25) <0.01
Other 1,446 (12.95) 171 (26.64) 1,275 (12.12) <0.01
Sex
Female 6,100 (54.45) 412 (64.07) 5,688 (53.87) <0.01
Male 5,102 (45.55) 231 (35.93) 4,871 (46.13) <0.01
Insurance
Public 5,221 (46.61) 529 (82.27) 4,692 (44.44) <0.01
Private 5,396 (48.17) 12 (1.87) 5,384 (50.99) <0.01
Self-pay 382 (3.41) 102 (15.86) 280 (2.65) <0.01
Other 203 (1.81) 0 (0.00) 203 (1.92) <0.01
Year
2009 1,978 (17.66) 134 (20.84) 1,844 (17.46) 0.03
2010 1,967 (17.56) 127 (19.75) 1,840 (17.43) 0.13
2011 1,921 (17.15) 105 (16.33) 1,816 (17.20) 0.57
2012 1,879 (16.77) 106 (16.49) 1,773 (16.79) 0.84
2013 1,770 (15.80) 84 (13.06) 1,686 (15.97) 0.05
2014 1,687 (15.06) 87 (13.53) 1,600 (15.15) 0.26

Data are median (interquartile range) or n (%) unless otherwise specified. *Data are not presented due to small cell size.

Hospitalization rates were calculated
using homeless population estimates as
described above. The number of cases
was divided by population estimates for
each group and multiplied by 1,000 to
represent cases per 1,000 minors. Rates
were then compared between homeless
and nonhomeless minors using xz tests
for categorical variables. Rates were fur-
ther stratified by income quartile for
nonhomeless minors. Nonhomeless pop-
ulation estimates by zip code level, which
were necessary to calculate the popula-
tion stratified by income quartile, were
available forthe years 2011-2014. There-
fore, hospitalization rates among home-
less and nonhomeless minors are presented
for the years 2011-2014 only.

Year trends in hospitalization rates
were evaluated for homeless and non-
homeless minors. To test yearly trends,
the univariable negative binomial regres-
sion model was used in favor of the

Poisson model due to overdispersion in
data. Year trends in hospitalization rates
stratified by diabetes type, i.e., type 1and
type 2 diabetes, were also assessed. For
the nonhomeless population, stratified
analyses by zip code—level median in-
come quartile were completed. The
outcome of total cases was offset by the
log-transformed population size for each
unit of analysis. Diagnosis codes 250.x0
and 250.x2 account for type 2 diabetes,
while diagnosis codes 250.x1 and 250.x3
account for type 1 diabetes, where the x
represents numbers from zero to nine.
Detailed ICD-9-CM codes for type 1 and
type 2 diabetes are presented in Supple-
mentary Table 2.

Multivariable regression models with
hospital random effects were used to
evaluate the association between home-
lessness and outcomes, including in-hospital
mortality, admission through ED, DKA,
hospitalization cost, and LOS. Logistic

regression models were used for in-
hospital mortality, admission through
ED, and DKA. Since the decision to admit
patients is not made at the hospital level,
hospital random effects were not in-
cluded when evaluating the association
between homelessness and ED admissions
(ED level). We could not account for ED
random effects, due to a lack of data
available in the data set used for the
analysis. Hospitalization cost was log-
transformed, and linear regression was
used to evaluate the association with
homelessness. Negative binomial regres-
sion was used for LOS. All models were
adjusted for age, race/ethnicity, sex, and
insurance type.

Akaike information criterion (AIC) for
the models with and without a home-
lessness indicator are presented to dem-
onstrate if homeless status had a meaningful
effect on each outcome, after controlling
for the effects of the control variables.
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Table 2—Rates of hospitalization per 1,000 population and readmission by homeless

and nonhomeless status

Total P value*
Hospitalization rate (per 1,000 population)
Total 0.41
Homeless 3.64 Reference
Nonhomeless 0.38 <0.01
Nonhomeless by income quartile
First quartile (lowest) 0.51 <0.01
Second quartile 0.38 <0.01
Third quartile 0.38 <0.01
Fourth quartile 0.33 <0.01
Hospitalization rate for type 1 diabetes
Total 0.36
Homeless 2.96 Reference
Nonhomeless 0.34 <0.01
Nonhomeless by income quartile
First quartile (lowest) 0.43 <0.01
Second quartile 0.33 <0.01
Third quartile 0.34 <0.01
Fourth quartile 0.30 <0.01
Hospitalization rate for type 2 diabetes
Total 0.05
Homeless 0.68 Reference
Nonhomeless 0.05 <0.01
Nonhomeless by income quartile
First quartile (lowest) 0.08 <0.01
Second quartile 0.05 <0.01
Third quartile 0.04 <0.01
Fourth quartile 0.03 <0.01
Readmission rate (%)
Total 14.48
Homeless 20.42 Reference
Nonhomeless 14.13 <0.01
Nonhomeless by income quartile
First quartile (lowest) 21.74 0.61
Second quartile 15.33 0.02
Third quartile 11.86 <0.01
Fourth quartile 9.23 <0.01

*p values from x? tests comparing homeless versus nonhomeless.

By showing AIC, we are able to assess
whether homelessness has a significant
contribution to the explanation of changes
in each outcome, or if the changes in each
outcome are already accounted for by the
control variables.

Sensitivity Analyses
Since low SES is known to be associ-
ated with poorer diabetes management
outcomes (6-9), the nonhomeless case
subjects from the lowest-income neigh-
borhoods was used as a comparison
group for evaluation of the association
with homelessness.

All analyses used SAS (version 9.4, SAS
Institute, Inc., Cary, NC).

RESULTS

In the database, 11,202 patients, with
643 homeless and 10,559 nonhome-
less minors, were identified. Homeless

patients were significantly older, less
likely to be white, and more likely to be
female and on public insurance or self-
pay (Table 1).

The hospitalization rate was overall
much higher among homeless minors,
with 3.64 per 1,000 homeless population
compared to 0.38 per 1,000 nonhome-
less population. Among minors with
type 1 diabetes, the hospitalization rate
among homeless minors was 2.96 per
1,000 compared with 0.34 among non-
homeless patients (P < 0.01). Among
minors with type 2 diabetes, the hospi-
talization rate among homeless patients
was 0.68 per 1,000 compared with 0.05
among nonhomeless patients (P < 0.01).
A statistically significant higher readmis-
sion rate was detected among homeless
minors (20.4% among homeless and
14.1% among nonhomeless patients,
P < 0.01). When compared with the

nonhomeless patients in the lowest in-
come quartile (Table 2), the homeless
patients with type 1 and type 2 diabetes
had higher hospitalization rates.

We observed a decreasing yearly trend
in hospitalizations among homeless mi-
nors (P << 0.01). The stratified analyses by
type 1 and type 2 diabetes showed that
such a decrease was driven by type 1
diabetes. A significant decreasing trend
in hospitalization rate among nonhome-
less minors with type 2 diabetes was also
observed (P = 0.03) (Fig. 1).

Our adjusted regression models (Table
3) detected a higher odds of admission
through ED (odds ratio [OR] 1.54; 95%
Cl 1.23, 1.91; P < 0.01), lower odds of
ketoacidosis (OR 0.75; 95% Cl 0.59, 0.96;
P = 0.02), lower hospitalization cost
(means ratio 0.88; 95% Cl 0.79, 0.97;
P < 0.01), and longer LOS (incidence rate
ratio [IRR] 1.20; 95% Cl 1.08, 1.35; P <
0.01 for LOS) among homeless minors
compared with nonhomeless minors. For
hospitalization cost, the point estimate
and Cl were back-transformed to repre-
sent means ratios and can be interpreted
as percent changes, e.g., average hospi-
talization cost among homeless was 12%
lower than that among nonhomeless.
The stratified analyses by type 1 and
type 2 diabetes showed that such dif-
ferences in admission through ED (OR
1.88; 95% Cl 1.45, 2.43; P < 0.01) and
LOS(IRR1.22;95% Cl11.08,1.37 P < 0.01)
were mainly driven by type 1 diabetes,
while type 2 diabetes drove the differ-
encein hospitalization costs (0.77; 95% Cl
0.65, 0.93; P < 0.01). AIC values for the
models that included a homeless indica-
tor were all smaller than those without a
homeless indicator when the models
detected significant associations between
outcomes and homelessness, which sug-
gests that the models that included a
homeless indicator had better perfor-
mance (Table 3). Regressions with un-
adjusted results are presented in
Supplementary Tables 3-5.

The results from the sensitivity anal-
ysis assessing differences between home-
less minors and low SES minors were
consistent with the results of the main
analyses (Supplementary Tables 6-8).

CONCLUSIONS

This study makes a unique contribution
to the existing literature, in which there
is scant information on the impact of
homelessness on diabetes outcomes among
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| Figure 1—Time trend in prevalence per 1,000 population.

minors. Our study highlights significant
differences in diabetes hospitalization
rates and associated outcomes between
homeless and nonhomeless minors <18
years of age in New York state.

Our analyses indicate that homeless
minors experience a much higher diabe-
tes hospitalization rate than nonhome-
less minors. The difference was especially
prominent among patients with type 2
diabetes, with the homeless hospitaliza-
tion rate for type 2 diabetes being almost
14 times higher than for nonhomeless
minors. Existing literature has found
associations between lower SES and a
higher likelihood of hospitalizations for
diabetes-related reasons (26). Our find-
ings are consistent in demonstrating that
the diabetes hospitalization rate among
homeless minors was much higher than
among minors with homes in the lowest-
income neighborhood.

The challenges of home diabetes man-
agement involve self-monitoring of blood
glucose, taking insulin or other medica-
tions, counting carbohydrates, and engag-
ing in regular physical activity. Homeless
individuals face additional obstacles in
carrying out these self-care activities.
Elder and Tubb (27) found that sched-
uling and logistics made it difficult for

homeless patients to arrange regular
health care visits. For homeless patient
families, the persistent competing prior-
ity to identify stable shelter or housing
can negatively impact medication adher-
ence and dietary management. Another
study reported that nearly 50% of their
homeless study sample had uncontrolled
diabetes (28). Homeless minors likely fo-
cus on meeting basic needs, making it dif-
ficult for them to anticipate next steps in
health care. Uncontrolled blood glucose
would be consistent with increased hos-
pitalizations observed among homeless
minors with diabetes.

It is important to note that children
and adolescents often rely on a parent or
guardian to facilitate medication adher-
ence, carbohydrate counting, and visits
to a regular health care provider (13,14).
Decreases in health status, such as lapses
in glycemic control as well as gaps in
regular care, have been observed among
patients with diabetes in the transition
from pediatric to adult care (29), suggest-
ing that parental supervision promotes
adherence and outcomes. Nonhomeless
minors likely live with a parent or adult
who is involved in the decision-making
process to seek hospital care, while home-
less minors may or may not receive adult

—— — e — — e —— e — — — — — —g— — — — P70.03

2013 2014

guidance. Our study data lack information
about parental support, and therefore, we
do not know how this factor may have
influenced our findings.

In comparison with the nonhomeless
population, homeless minors used health
care resources for diabetes-related rea-
sons at a higher rate, with a notably
higher readmission rate. Among studies
reporting significant associations between
homelessness and high rates of health care
utilization (30,31), Doran et al. (30) found
that half of the homeless patients dis-
charged from a hospital returned within
30 days and were readmitted, which is
likely attributable to the stability of their
housing situation at discharge. Salit et al.
(31) proposed that physicians are more
likely to admit homeless patients if they
believe their presenting condition will
continue to deteriorate if discharged. It
is possible that the minors experiencing
homelessness in our study were dis-
charged back onto the street or to shelter
locations, which may have resulted in a
higher frequency of readmissions in com-
parison with nonhomeless minors.

Another major finding in this study was
that the homeless minors averaged a
longer LOS than nonhomeless minors.
One might assume that a longer LOS may
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Table 3—Adjusted regression results for the effect of homeless versus nonhomeless status on hospital-related outcomes

Total Type 1 diabetes Type 2 diabetes
ET 95% ClI P AIC 1§ AlC 2| E 95% ClI P AIC 1 AIC 2 E 95% ClI P AIC 1 AIC 2
In-hospital mortalityq]
Homeless 2.27 0.20, 25.28 0.51 109 110 = = = = = = = = = =
Nonhomeless Reference Reference Reference
Emergency admission#
Homeless 1.54 1.23, 1.92 <0.01 11,947 11,934 1.88 1.45, 2.43 <0.01 10,329 10,305 0.7 0.47, 1.14 0.17 1,639 1,639
Nonhomeless Reference Reference Reference
Ketoacidosis**
Homeless 0.75 0.59, 0.96 0.02 14,016 14,013 0.77 0.54, 1.09 0.14 12,565 12,564 0.70 0.36, 1.34 0.28 1,387 1,388
Nonhomeless Reference Reference Reference
Hospitalization costtt
Homeless 0.88 0.79, 0.97 <0.01 21,864 21,845 1.06 0.82, 1.03 0.17 18,630 18,630 0.8 0.65, 0.93 <0.01 3,200 3,190
Nonhomeless Reference Reference Reference
LOS*+
Homeless 1.20 1.08, 1.35 <0.01 46,279 46,270 1.22 1.08, 1.37 <0.01 39,075 39,068 1.10 0.87, 1.38 0.44 7,081 7,082
Nonhomeless Reference Reference Reference
Type 2 diabetes**
Homeless 2.02 1.20, 3.38 <0.01 7,525 7,520 = = = = = = = = = =
Nonhomeless Reference

Models are adjusted by age, race/ethnicity, sex, and insurance type. TEstimates (E) are presented as ORs, except LOS, which is presented as an IRR, and hospitalization cost, which is presented as a means ratio. §AIC
1 indicates AIC without homeless indicator. ||AIC 2 indicates AIC with homeless indicator. fIn-hospital mortality was omitted as an outcome due to =10 cases. #Multivariable logistic regression. **Hierarchical
multivariable logistic regression. TtHierarchical multivariable log-transformed linear regression. ¥tHierarchical multivariable negative binomial regression.
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result from higher acuity at presentation
requiring additional treatments and may
incur higher medical costs for the pa-
tient and hospital. Our study showed
statistically significant lower hospitaliza-
tion costs among homeless than non-
homeless minors, which suggests that
homeless patients may have stayed in
the hospital longer than their nonhome-
less counterparts, receiving lower-cost
interventions. The sensitivity analyses
comparing homeless with nonhomeless
minors residing in the lowest-income
neighborhood displayed the same re-
sults, i.e., LOS was longer, but the
hospitalization cost was lower among
homeless compared with nonhomeless
minors residing in the lowest-income
neighborhood. Multiple studies have
found a longer average LOS among
homeless patients in comparison with
nonhomeless patients to be common as
well, and it is possible that the additional
days spent in the hospital may have been
due to wait time associated with a dis-
charge to a shelter or housing program
(31,32). Therefore, addressing housing
instability could be one strategy to re-
duce the LOS among homeless minors.

Finally, our analyses showed a de-
crease in the overall hospitalization rate
among homeless minors from 2011 to
2014. The U.S. economic recession in
2008 brought on a significant decrease
in overall quality of health in the pop-
ulation (33), with data from the Multi-
Ethnic Study of Atherosclerosis (MESA)
showing increased blood glucose levels
and decreased medication use after
the recession (34). Economic recovery,
along with passage of the Affordable Care
Act (35) and state-based expansions, led
to anincrease in access to health care for
low-income and homeless populations
(32,35). While the Affordable Care Act
expansion and its effects occurred at the
tail end of our study period (2009-2014),
we speculate that it may have contrib-
uted toward our observed decrease in
hospitalizations.

This study has a number of limitations.
First, our estimate of homeless individ-
uals is likely an underestimate, since
individual counts on a single night may
not fully represent the homeless popu-
lation in a given area. However, New
York’s unsheltered homeless minors
comprise just 1% of the reported unshel-
tered population (36), and the estimates
are the best available, since they are

provided by local CoC to HUD for federal
funding to support homeless services
(23). Second, our hospital-level analyses
are not able to distinguish whether in-
dividuals were counted twice during the
study period if they were discharged and
readmitted across calendar years. Third,
the ICD-9-CM codes are dependent upon
coding accuracy and may lack specificity.
Fourth, differences in health care access
between urban andrural residences have
been reported (37,38). While the current
data set cannot differentiate between
homeless minors living in urban or rural
areas, previous studies show that the
majority of homeless individuals live in
urban areas (39). Therefore, results most
likely represent health care utilization for
homeless minors in urban areas. Finally,
because minors who are homeless are
more likely to be uninsured, we may be
underestimating health care utilization
by homeless minors with diabetes if they
chose not to present for acute care. The
U.S. Census estimated ~3-5% of minors
living in New York were uninsured during
our study period (40).

In the context of homelessness, man-
agement of a chronic disease such as
diabetes is a public health challenge. Fu-
ture research is needed to assess the
specific factors that contribute to hospi-
talization, with attention toward poten-
tially different needs of minors with
type 1 versus type 2 diabetes. Health
education should be delivered in the
context of the minor’s living situation
and, perhaps, should focus on the pre-
vention of symptoms of hyper- and hy-
poglycemia to reduce need for acute
interventions. Careful discharge planning
including access to medications and sup-
plies should involve consultation with a
social worker. Health promotion efforts
may begin with addressing basic needs
such as increased referrals to shelters
and avenues for food access. The present
and future research could be used to pro-
mote public policy that aims to improve
access to housing services and subsidiza-
tion for individuals who require chronic
disease management. Respite from daily
worries over food and shelter may allow
homeless individuals to focus on personal
health management and improvement of
blood glucose-related outcomes.

Conclusion
Our analyses indicate that among minors
with diabetes, those who are homeless
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experience a nearly 9.6 times higher hos-
pitalization rate than their nonhomeless
counterparts. We detected a longer LOS
among homeless minors, despite a statis-
tically significant lower hospitalization
cost, indicating that they received
lower-cost interventions. We speculate
that the additional days spent in the hospital
may have been due to wait time associated
with a discharge to a shelter or housing
program. Addressing housing instability
could be one strategy to reduce the LOS
among homeless minors with diabetes.
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