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Pervasive Income-Based
Disparities In Inpatient Bed-Day
Rates Across Conditions And
Subspecialties
Building a culture of health in hospitals means more than
participating in community partnerships. It also requires an enhanced
capacity to recognize and respond to disparities in utilization patterns
across populations. We identified all pediatric hospitalizations at
Cincinnati Children’s Hospital Medical Center, in the period 2011–16.
Each hospitalized child’s address was geocoded, allowing us to calculate
inpatient bed-day rates for each census tract in Hamilton County, Ohio,
across all causes and for specific conditions and pediatric subspecialties.
We then divided the census tracts into quintiles based on their
underlying rates of child poverty and calculated bed-day rates per
quintile. Poorer communities disproportionately bore the burden of
pediatric hospital days. If children from all of the county’s census tracts
spent the same amount of time in the hospital each year as those from
the most affluent tracts, approximately twenty-two child-years of
hospitalization time would be prevented. Of particular note were “hot
spots” in high-poverty census tracts neighboring the hospital, where
bed-day rates were more than double the county average. Hospitals that
address disparities would benefit from a more comprehensive
understanding of the culture of health—a culture that is more cohesive
inside the hospital and builds bridges into the community.
ABSTRACT

H

ealth varies considerably between and within communities.
Across Greater Cincinnati, life
expectancy differs by more than
twenty years.1 Similar disparities exist around the country for many acute
and chronic pediatric conditions.2–5 Certain
patients and populations are more likely to
experience morbidity as well as the social and
financial disruptions it can cause. Hospitals
often view hospitalizations with a narrow lens,
focusing attention on people as they enter care
without fully addressing those disruptions. This
can lead to missed opportunities to identify larger patterns in how and why certain patients and
populations experience excess morbidity.6,7

The Robert Wood Johnson Foundation recently formulated a vision for a “Culture of Health,”8
defined as a “national movement toward better
health where individuals, communities, and
organizations take action to improve health.”9
For key stakeholders, including health systems,
to support this movement, disparities in health
outcomes must be better understood. This would
allow for the more appropriate deployment of
targeted interventions in inpatient, outpatient,
and community settings.8 It would also help a
broader array of stakeholders understand root
causes more fully and develop coordinated
action steps to address them.10–12
At Cincinnati Children’s Hospital Medical Center, we recently developed a measure, the comA pr i l 2 01 8
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munity or census tract inpatient bed-day rate, to
enumerate disparities and guide our communitybased improvement efforts. The rate is calculated
by dividing the number of days children from a
given community spend in the hospital by the
number of children living within that community. This rate likely reflects the variety of underlying medical and social factors that influence
child morbidity. We initially set out to use this
measure to illuminate all-cause disparities within our region. We hypothesized that disparities
in the rate would extend across both specific
conditions and pediatric subspecialties. We also
saw such data as relevant to local action. Thus,
we focused additional attention on the area encircling our hospital, considering the degree to
which we and our partners could promote targeted, multidisciplinary, disparity-reducing improvements inside and outside the hospital.

Study Data And Methods
We examined all hospitalizations at Cincinnati
Children’s Hospital Medical Center in the period
January 1, 2011–December 31, 2016, for children
younger than age eighteen from Hamilton County, Ohio. Cincinnati Children’s is a 628-bed urban pediatric academic center that cares for
more than 90 percent of all Hamilton County
children who require hospitalization. Hamilton
County, which includes Cincinnati, has approximately 190,000 children spread across 222 urban, suburban, and rural census tracts. The median child poverty rate for those tracts, according
to 2011–15 data from the Census Bureau’s American Community Survey, was 23.5 percent (interquartile range: 9.1 percent, 44.8 percent).13
During the study period, 46,076 hospitalizations were identified, contributed by 27,770
unique children. Each child’s home address extracted from the electronic health record (EHR)
was geocoded using custom software based
on 2015 census TIGER/Line address range files
and assigned to an associated census tract.14 We
excluded hospitalizations that were connected
to addresses outside Hamilton County; could
not be geocoded; or matched the address of
the hospital, the local Ronald McDonald House,
or the local foster care system. This left a final
sample of 40,482 hospitalizations contributed
by 24,428 unique children.
This study was approved by the Institutional
Review Board of Cincinnati Children’s Hospital
Medical Center.
Measures Our outcome was the inpatient bedday rate within each census tract in Hamilton
County. We defined the rate as the annual number of bed-days per 1,000 children younger than
eighteen years. The numerator was derived from
552
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the number of days children from a given tract
spent in the hospital; the population denominator (that is, the number of children per tract) was
obtained from data for 2011–15 from the American Community Survey.13 We normalized this
value by 1,000 children to make the rate easier
to interpret.
We used the child poverty rate measure, chosen a priori and also available from the American
Community Survey, to approximate the underlying socioeconomic makeup of a given tract.15
This measure is created by dividing the number
of children (people younger than age eighteen)
within a household with an aggregate income
below the federal poverty level during the previous twelve months by the number of children for
whom poverty status has been determined.13
We categorized tracts into quintiles according
to poverty rates (low, low-medium, medium,
high-medium, and high poverty). We used this
categorical measure in our subsequent analyses.
These analyses included a look at inpatient
bed-day rates across all conditions and across
a subset of conditions, defined using International Statistical Classification of Diseases and Related
Health Problems, Tenth Revision (ICD-10), codes.
We drew on previous work that cited asthma,
gastroenteritis, seizure or epilepsy, and appendicitis or appendectomy as common reasons
for pediatric hospitalization.16 To broaden our
scope, we also included, a priori, respiratory infections (bronchiolitis and pneumonia), diabetic ketoacidosis, and injury. We saw these seven
conditions collectively as broadly representative
of the variety of acute and chronic medical-surgical conditions present on a typical inpatient
pediatric unit. Still, these conditions accounted
for just 28.4 percent of all included bed-days at
Cincinnati Children’s Hospital Medical Center
during the study period. The remaining bed-days
were linked to more than a hundred other conditions. To begin to capture additional disparities across this breadth of conditions, and to
simultaneously determine whether disparities
extended across pediatric subspecialties, we
next identified the subspecialty team or service
that managed the patient during the inpatient
stay (such as hospital medicine or hospitalist
service, neurology, and surgery).
To further characterize our population, we
also extracted patient-level information from
the EHR, including the child’s age at the time
of hospitalization, sex, race, ethnicity, insurance
status, and a marker of medical complexity.
Age was treated as a continuous variable. Race
was defined as white/Caucasian, black/African
American, or other. Ethnicity was non-Hispanic
or Hispanic. Insurance was defined as Medicaid/
other public or private. Within our EHR, patient
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Tackling disparities
and narrowing
associated equity
gaps would benefit
from a culture of
health within
hospitals.

complexity is estimated using the Pediatric Medical Complexity Algorithm. The algorithm uses
ICD-10 codes to define patients as M1 (low complexity), M2 (medium complexity), or M3 (high
complexity).17 We pulled these data to characterize our population, not to adjust for outcome
assessments, given our hypothesis that such
complexity may be influenced by poverty.
Analyses Descriptive statistics illustrated the
distribution of inpatient bed-day rates. The bivariate relationship between our continuous
inpatient bed-day and census tract child poverty
rate measures was assessed using a Spearman
correlation coefficient. Our analyses of the inpatient bed-day rates across all causes, specified
conditions, and subspecialties used quintiles
(defined by census tract child poverty rates).
Our primary analyses looked at differences on
an absolute scale. However, given that certain
conditions and subspecialties contributed a disproportionate absolute number of bed-days, we
also pursued supplementary analyses to illustrate relative disparities (see the online appendix).18
Although we originally considered using a test
for trend to assess for significant differences
across poverty quintiles, initial analyses showed
that the relationship between inpatient bedday and poverty rates was neither linear nor
monotonic. Because of this more complex relationship, we used the Kruskal-Wallis test to simplify interpretation and align with our main
hypothesis—that disparities are present in the
hospital setting.
Local Area Analysis We then used geographic information systems to identify bed-day “hot
spots” within a two-mile radius of Cincinnati
Children’s Hospital Medical Center, employing
the point density function within ArcGIS, version 10.5.1. We also mapped community assets
(such as schools, health centers, and pharma-

cies) that could serve as important partners in
attempts to “cool” the hot spots through our
communitywide learning network, which already includes providers of inpatient and outpatient care, community leaders, and parents.12
Limitations This study was not without limitations. First, we used data specific to children
from Hamilton County who were hospitalized at
Cincinnati Children’s Hospital Medical Center.
These children may differ from patients living
elsewhere. Moreover, the range, distribution,
and severity of the conditions that contributed
to our institution’s bed-days may differ from
those seen at other hospitals or health care
systems.
Second, although Cincinnati Children’s Hospital Medical Center accounts for the vast majority of pediatric hospitalizations in the county,
it is possible that children were hospitalized
elsewhere.
Third, certain patients may be disproportionately represented in our data set as a result of
multiple or prolonged hospitalizations. This
could have skewed results for certain census
tracts. Grouping tracts into quintiles likely diminished the impact of this limitation. That said,
grouping tracts into categories places limits on
our ability to capture the breadth of distributions
of inpatient bed-day or poverty rates within these
groupings.
Fourth, our condition- and subspecialty-level
analyses may have been limited by the relative
rarity of certain associated events (for example,
hospitalizations for diabetic ketoacidosis or
to the endocrinology service are less common
than hospitalizations for asthma or to hospital
medicine).
Fifth, the Kruskal-Wallis test allowed us to
identify whether a disparity exists, but it could
not statistically depict whether there was a “doseresponse” relationship between variables of interest.
Finally, our analyses were isolated to medicalsurgical reasons for hospitalization. Psychiatric
hospitalizations were not included and warrant
further inquiry. Similarly, our focus here was on
inpatient utilization. We did not have the ability
within our data to assess for disparities in the
delivery of outpatient preventive services, unanticipated utilization, or access challenges.

Study Results
In our six-year study period, there were 40,482
hospitalizations, contributed by 24,428 unique
children, that collectively amounted to 146,163
bed-days (exhibit 1). Of these hospitalizations,
54.6 percent involved males, and 61.0 percent
involved publicly insured children. The median
A pr i l 2 01 8
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Exhibit 1
Characteristics of children involved in 40,482 hospitalizations in Hamilton County, Ohio,
January 1, 2011–December 31, 2016, with data on the related inpatient bed-days and the
county’s child population and inpatient bed-day rates
No. or median

Percent or IQR

22,101
4.6

54.6
1.3, 11.4

Children
Male
Average age (years)
Race
White or Caucasian
Black or African American
Other
Unknown or refused
Ethnicity
Non-Hispanic
Hispanic
Unknown or refused
Insurance
Medicaid/other public
Private
Medical complexity
Low
Medium
High
Missing

19,218
17,709
3 ,013
542

47.5
43.7
7.4
1.3

38,233
1,925
324

94.4
4.8
0.8

24,682
15,800

61.0
39.0

13,929
7,847
14,534
4,172

34.4
19.4
35.9
10.3

146,163

100.0

19,628
25,475
29,328
32,007
39,726

13.4
17.4
20.0
21.9
27.2

187,545

100.0

Inpatient bed-days
Total
By poverty quintile
Low
Low medium
Medium
High medium
High
County child population
Total
By poverty quintile
Low
Low medium
Medium
High medium
High
County inpatient bed-day rate (per
All census tracts
By poverty quintile
Low
Low medium
Medium
High medium
High

37,322
19.9
37,460
20.0
37,393
19.9
37,007
19.7
38,636
20.6
1,000 children per year)
118.0

86.9, 165.0

87.7
113.3
130.7
144.1
171.4

—a
—a
—a
—a
—a

SOURCE Authors’ analysis. NOTES Medical complexity was determined using the Pediatric Medical
Complexity Algorithm (see note 17 in text). The poverty rates for the quintiles are as follows:
low, < 5 percent; low medium, 6–15 percent; medium, >15–27 percent; high medium,
>27–45 percent; and high, >45 percent. IQR is interquartile range. aNot applicable.

child age at the time of hospitalization was 4.6
years; the median length-of-stay was 1.38 days
(IQR: 0.92, 2.71) (data not shown). Among hospitalized children, 35.9 percent were classified as
with high medical complexity (M3) (exhibit 1),
and about 54 percent of all bed days were attributed to these patients (data not shown).
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The median inpatient bed-day rate across all
222 Hamilton County census tracts was 118.0
bed-days per 1,000 children per year. On a continuous scale, the rate was positively, albeit
weakly, correlated with the census tract child
poverty rate (r ¼ 0:36; p < 0:001).
The all-cause inpatient bed-day rate within the
low-poverty quintile of tracts was 87.7 per 1,000
children per year (exhibit 1). This rate increased
across the other quintiles, to 113.3 in the lowmedium, 130.7 in the medium, 144.1 in the highmedium, and 171.4 in the high-poverty quintile
(p < 0:001). If all census tracts had had the same
rate as the low-poverty quintile, there would
have been 47,477 (32.5 percent) fewer bed days
during the study period (annually, this would
amount to 7,913 fewer days, or approximately
22 fewer child-years, of hospitalization time)
(data not shown).
These gradients extended across multiple
clinical conditions (exhibit 2). We found significant differences in numbers of bed-days between
quintiles for multiple clinical conditions, including respiratory infections, asthma, and injury.
Bed-days for epilepsy, gastroenteritis, appendicitis, and diabetic ketoacidosis did not differ
significantly across quintiles, but ratios between
the high-poverty and low-poverty tracts were
always greater than 1.00. These ratios ranged
from 1.30 for appendicitis to 6.77 for asthma.
These relative differences are depicted in appendix exhibit 1, which shows comparisons on a
transformed scale that is consistent across conditions.18 In appendix exhibit 1 the inpatient
bed-day rate for each assessed condition in the
high-poverty quintile was always above the midline (which represents the county mean), and
the rate in the low-poverty quintile was always
below the midline.
Exhibit 3 depicts similar relationships across
hospital-based subspecialties. These relationships were found to be significant for hospital
medicine; pulmonology; ear, nose, and throat
surgery; neurology; orthopedics; critical care;
and hematology. Each subspecialty except the
bone marrow transplant service had a ratio
greater than 1.00 when the total bed-days in
the high-poverty quintile were divided by those
in the low-poverty quintile (ranging from 0.97
for bone marrow transplant to 5.58 for hematology). Again, relative differences are depicted on
a transformed scale in appendix exhibit 2.18 In
appendix exhibit 2 the inpatient bed-day rate for
each subspecialty in the high-poverty quintile
was above the county mean except for bone marrow transplant and neurosurgery. Still, rates in
the low-poverty quintile for each subspecialty
were all below the county mean.
Finally, exhibit 4 shows the location of Cincin-
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Exhibit 2
Inpatient bed-day rates for hospitalizations for selected
conditions at Cincinnati Children’s Hospital Medical Center,
by census tract poverty quintiles, 2011–16

ing around strategies aimed at cooling the
hot spots and collectively building a culture of
health.

Discussion

SOURCE Authors’ analysis. NOTES The quintiles are explained
in the notes to exhibit 1. Significance was measured using the
Kruskal-Wallis test. DKA is diabetic ketoacidosis. *p < 0:1
****p < 0:001

nati Children’s Hospital Medical Center and
local disparities in inpatient bed-day rates. The
circle represents the area within two miles of the
center. “Hot spots” in the rates occur in close
proximity to the hospital, within communities
known to have high rates of both morbidity and
poverty. In Avondale, the neighborhood bordering the hospital on three sides and outlined in
bold, bed-day rates are more than double the
county average. It is composed of four census
tracts (three in the high-poverty quintile and
one in the high-medium-poverty quintile). In
the period 2011–16, the estimated 2,767 children
residing in these four tracts13 accounted for 1,161
hospitalizations and 4,229 bed-days. This
amounts to an inpatient bed-day rate of 254.7
days per 1,000 children per year, which is one of
the highest rates in Hamilton County. Moreover,
hospitalizations for Avondale children were
managed by every subspecialty represented in
exhibit 3. Thus, Avondale has become an early
site for our population health improvement
efforts, driving closer hospital-community partnerships. As the exhibit shows, within Avondale
there are key assets (and partners), including
schools, primary care and school-based health
centers, and pharmacies. These are now coalesc-

Each year Hamilton County’s children collectively spend about 25,000 days, or roughly sixtyeight years, in the hospital. Children from communities with more poverty disproportionately
bear this burden. We found clear relationships
between the inpatient bed-day rate and that of
child poverty across certain acute and chronic
conditions managed by the range of clinical subspecialties present in a large, academic pediatric
facility. As a result, we argue that tackling disparities and narrowing associated equity gaps
would benefit from a culture of health within
hospitals. This may require an expanded focus
on inpatient-to-outpatient transitions and community-connected work that gets to shared root
causes affecting disparities across conditions
and subspecialties. Such an approach may be
more fruitful than attempting to tackle disparities condition by condition or hoping in vain
that each subspecialty can close its own equity gap.
Historically, fee-for-service models provided
hospitals with incentives to keep beds filled with
patients. Evolving payment models are increasingly moving toward paying for value. As hospitals bear more financial risk, they will be driven
toward prevention of hospitalizations. In this
article we have identified ecological linkages
between inpatient bed-day and child poverty
rates. Perhaps these findings could, or should,
push hospitals to more consistently and effectively identify and act on those factors that drive
potentially preventable utilization (and disparities in that utilization).19–21 They may also
inform how not-for-profit hospitals proceed with
their needs assessments and community benefit
programs in ways that aim to improve outcomes
and narrow gaps.22
A key to making such improvements is ensuring that health equity is made a “shared value”
within hospitals and health care systems.9 Data,
presented systematically and transparently
across an institution, could play a key role. Historically, information on condition- and subspecialty-specific disparities has not routinely
reached front-line providers and clinical divisions in hospitals. Without these data in front
of them, providers may find it difficult to foster
equity-minded innovation and transform care
delivery models.23 To expedite such innovation
and transformation, the National Academy of
Medicine explicitly highlights the benefit of
“data acquisition, curation, and use for a continA pr i l 2 01 8
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Exhibit 3
Inpatient bed-day rates for hospitalizations for selected subspecialties at Cincinnati
Children’s Hospital Medical Center, by census tract poverty quintiles, 2011–16

SOURCE Authors’ analysis. NOTES The quintiles are explained in the notes to exhibit 1. In the hospital
medicine subspecialty, the bars for the low and low-medium quintiles are in the same place. Significance was measured using the Kruskal-Wallis test. *p < 0:10 **p < 0:05 ***p < 0:01 ****p < 0:001

uously learning health system.”24 We suggest
that relevant data, visible over time, should be
easily accessible on institutional and divisional
dashboards and to stakeholders from the top to
the bottom of traditional health care hierarchies.
We see this as critical to an effectively redesigned
system—one that works for those patients and
families who need that system the most.25
Establishing a culture of health, as articulated
and envisioned by the Robert Wood Johnson
Foundation, within health care settings will
not be easy. Data availability and transparency
must be supplemented by accessible, appropriately targeted interventions. Standard inpatient
556
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protocols tend to emphasize reactive medical
management instead of more proactive risk
assessments and upstream interventions. Prevention of acute conditions (such as respiratory
infections) and enhanced management of chronic conditions (such as asthma) before, during,
and after inpatient stays might facilitate a reduction in bed-days for those at highest risk of morbidity.26–28 We expect that such a reduction would
occur more seamlessly if there were a greater
focus on the root causes of the social determinants of health that are disproportionately present within the areas with the highest inpatient
bed-day rates.29
Evidence clearly links disparities in certain
conditions, such as asthma, to a range of such
poverty-linked determinants (for example, substandard housing, limited access to pharmacy
and primary care, and socioeconomic hardships).30–35 However, there is growing evidence
that such links may extend to other pediatric
conditions (such as epilepsy and diabetes mellitus), many of which are cared for in hospitals
by subspecialists.36,37 We see the acknowledgment of disparate outcomes, and their potential
linkage to competing social, economic, and environmental priorities, as relevant for clinical
practice across the inpatient-to-outpatient,
hospital-to-community continuum. Indeed, to
enhance the likelihood that prescriptions for
medications are filled and treatment plans are
followed, clinicians (and hospital-based divisions) may need to focus attention on removing
barriers for patients before their hospital discharge (for example, having needed medications
and follow-up appointments made with transportation arranged), addressing social determinants (through connections to social workers,
community health workers, or medical-legal
partnerships), and fortifying communication
between providers of inpatient and outpatient
care.33,38–43 The layering of medical data (for
example, inpatient bed-day rates) atop data on
community-based social determinants may also
have value by prompting collaborative interventions and pattern recognition.38,44,45 For example,
a cluster of asthma admissions may be identified
by community partners as an “outbreak” emanating from a problematic building complex. In
turn, community organizers and legal advocates
may join clinicians in seeking optimal outcomes.
We expect that a more robust culture of health
within our hospitals, one humbly shared with
the broader community, will be necessary for
closing equity gaps. In Cincinnati, we have
invested in relationships between providers of
inpatient and outpatient care; nonprofit organizations; public schools; the local health department; social service agencies; faith-based enti-
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Exhibit 4
Hot spots of inpatient bed-days for hospitalizations in Greater Cincinnati, 2011–16

SOURCE Authors’ analysis of data from Cincinnati Children’s Hospital Medical Center and the Cincinnati Area Geographic Information
System. NOTES Point density was determined using a radius of 1,320 feet or one-quarter mile. This density was split into quintiles using
natural cut-points chosen a priori.

ties; businesses; and, importantly, parents and
families. We have supported a growing learning
network that aims to foster health and well-being
for all of Cincinnati’s children, regardless of
where they live, learn, and play.12 This collaborative strategy has been key to our early efforts to
improve outcomes, particularly in neighborhoods such as Avondale that, despite being within steps of an internationally recognized children’s hospital, still experience unacceptable
health outcomes. Although many at Cincinnati
Children’s Hospital Medical Center, and across
the Greater Cincinnati community, likely knew
(and lived) this reality for years, a deep dive into
our population-based epidemiological data has
prompted new questions and a sharpened focus
on a community-oriented strategic plan. This

plan pushes ongoing population health improvement efforts, informs the allocation of community benefit dollars, and supports more equitable
investment in social services within our hospitals, health care systems, and communities.46,47

Conclusion
If children from all of Hamilton County’s census
tracts spent the same amount of time in the
hospital as those from the most affluent tracts,
roughly twenty-two child-years of hospitalization time would be prevented annually. Disparities such as this can be reduced, in part, by a
strengthened culture of health within a hospital
or health care system whose goals are aligned
with those of the community it supports. ▪
A p r i l 201 8
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