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Abstract

This study examines racial variation in length of stay (LOS) among patients hospitalized for respiratory illness in Texas to
determine whether observed differences represent true health disparities or reflect underlying demographic and structural factors.
Using population health principles, the analysis compares both total LOS and average LOS across racial groups, evaluates the
impact of missing race data, and assesses age distribution as a potential confounding variable. Findings indicate that total LOS
disproportionately reflects population size, with White patients demonstrating the highest aggregate LOS largely due to greater
representation in older age groups. However, when LOS is measured at the individual level using average LOS, differences
between racial groups become less pronounced. The analysis also identifies the “Null” race category as a source of missing
demographic data that may introduce bias and affect the validity of disparity assessments. Additionally, age distribution patterns
suggest that age significantly influences LOS outcomes and may confound interpretations of racial disparities. These findings
demonstrate that raw differences in healthcare outcomes should not automatically be interpreted as evidence of inequity without
adjustment for demographic and contextual variables. The study highlights the importance of using standardized, age-adjusted,
and population-sensitive measures in population health analytics to ensure accurate interpretation of disparities and support
equitable healthcare decision-making in Texas.
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1. Introduction

Health disparities remain a significant public health con-
cern in the United States, particularly among populations af-
fected by differences in access to healthcare, socioeconomic
conditions, and demographic characteristics. In Texas, respir-
atory illnesses contribute substantially to hospitalization rates
and healthcare utilization, making the examination of patient
outcomes across racial groups an important area of population

health research. One commonly used indicator of healthcare
burden is hospital length of stay (LOS), which reflects the du-
ration of inpatient care and may signal differences in disease sever-
ity, access to treatment, quality of care, or underlying social deter-
minants of health. However, variation in LOS does not automati-
cally indicate the presence of a health disparity, as demographic
and structural factors may also influence observed outcomes.
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Population health frameworks emphasize the importance of
evaluating health outcomes within the broader context of so-
cial, economic, and environmental influences. According to
Nash et al. [1] disparities should be interpreted carefully and
supported by analyses that account for confounding variables
rather than relying solely on descriptive comparisons.
Measures such as total LOS may be heavily influenced by
population size, while average LOS may provide a more ac-
curate representation of individual patient experiences. In ad-
dition, incomplete demographic information and unequal age
distribution across racial groups may further complicate the
interpretation of disparities.

This study analyzes respiratory illness hospitalization data
in Texas to explore differences in LOS across racial groups
and determine whether these differences represent true health
disparities. The analysis compares total and average LOS, ex-
amines the impact of missing race data, and evaluates age dis-
tribution as a potential confounding variable. By applying
population health principles and considering demographic
context, this study aims to provide a more accurate interpreta-
tion of healthcare variation and contribute to evidence-based
approaches for addressing health inequities in Texas.

Health disparities are defined as preventable differences in
health outcomes that are closely linked with social, economic,
and environmental disadvantage. Public health researchers
have consistently demonstrated that disparities are influenced
by factors such as race, income, education, healthcare access,
and living conditions. Population health focuses on under-
standing patterns of disease and healthcare outcomes across
groups while examining the broader determinants that contrib-
ute to inequities. This framework emphasizes that statistical
differences alone are insufficient to establish disparities unless
they are connected to structural disadvantages and unequal op-
portunities for health.

Length of stay (LOS) is widely used in healthcare research
as an indicator of disease severity, healthcare utilization, and
quality of care. Previous studies have shown that LOS may
vary across racial and ethnic populations due to differences in
chronic disease burden, delayed access to care, socioeconomic
status, and healthcare resources. However, researchers caution
that aggregate measures such as total LOS may produce mis-
leading conclusions because they are strongly influenced by
population size. Public health literature recommends the use
of standardized or per-capita measures, such as average LOS,
to allow meaningful comparisons between demographic
groups.

Research on healthcare disparities also highlights the im-
portance of demographic variables such as age when analyz-
ing patient outcomes. Older adults generally experience
longer hospital stays due to higher rates of chronic illness,
multiple comorbidities, and increased disease severity. Une-
qual age distribution across racial groups may therefore con-
found analyses of LOS if not properly controlled. Nash et al.
(2019) explain that confounding variables can distort the rela-
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tionship between demographic characteristics and health out-
comes, leading to inaccurate conclusions about disparities. As
a result, public health researchers often use age-adjusted rates,
stratified analyses, or multivariate statistical methods to iso-
late the effects of race and other social determinants on
healthcare outcomes.

Another significant issue identified in the literature is the
impact of missing demographic data on disparity analysis. In-
complete race and ethnicity reporting can bias results and re-
duce the accuracy of population health assessments. Studies
suggest that missing data may not occur randomly and may
instead reflect systemic issues such as inconsistent reporting
practices, mistrust of healthcare systems, or barriers to data
collection.

Recent literature on respiratory illness outcomes further
supports the need for careful interpretation of racial variation
in healthcare utilization. Studies conducted during periods of
increased respiratory disease burden, including influenza and
COVID-19 outbreaks, revealed substantial differences in hos-
pitalization patterns among racial and ethnic groups. However,
these differences were often associated with broader social de-
terminants of health, including housing density, occupational
exposure, insurance coverage, and access to preventive care.
Researchers emphasize that identifying true disparities re-
quires moving beyond descriptive statistics to examine the
structural and contextual factors that influence outcomes.

Overall, the literature demonstrates that evaluating health
disparities requires a multidimensional approach that incorpo-
rates demographic adjustment, accurate data collection, and
consideration of social determinants of health. Existing re-
search supports the use of average LOS and adjusted analyses
rather than relying solely on aggregate measures. The litera-
ture also underscores the importance of addressing missing
data and confounding variables, particularly age, to ensure ac-
curate interpretation of racial differences in healthcare out-
comes. These findings provide the foundation for the present
study examining respiratory illness hospitalization disparities
in Texas.

Health disparities remain a major concern in public health
and sports medicine, particularly among populations experi-
encing unequal access to healthcare, recreation, and wellness
opportunities. Recent literature has increasingly emphasized
the need to identify structural inequities that contribute to dif-
ferences in injury outcomes, healthcare utilization, mortality,
and participation in physical activity across racial, ethnic, and
disability groups. Kliethermes et al. [2] conducted a compre-
hensive scoping review of North American-based health dis-
parity research in sports medicine and found that most studies
focused on racial and socioeconomic inequities, with growing
attention to gender identity, disability, and access to care. The
authors highlighted substantial methodological inconsisten-
cies across studies and emphasized the need for standardized
frameworks to improve health disparity research in sports
medicine.

Similarly, Baker et al. [3] argued that disparities in sport and
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recreation injuries are often overlooked despite their signifi-
cant impact on vulnerable populations. Their study stressed
that social determinants of health, including income, race, ed-
ucation, and neighborhood environment, directly influence in-
jury risk and recovery outcomes. Tucker et al. [4] further ex-
panded this discussion during the COVID-19 pandemic by
demonstrating how healthcare inequities disproportionately
affected athletes and performers with limited healthcare ac-
cess, thereby exposing weaknesses in traditional sports medi-
cine systems. Tuakli-Wosornu et al. [5] reinforced the concept
of sports equity by advocating for inclusive policies and equi-
table healthcare delivery models that prioritize underserved
populations in athletic and recreational settings.

Research examining racial and ethnic inequalities in
broader health outcomes has also contributed significantly to
understanding health disparities. Puka et al. [6] investigated
whether lifestyle factors could explain racial and ethnic differ-
ences in all-cause mortality among U.S. adults. Their findings
indicated that although behaviors such as smoking, diet, and
physical activity contribute to mortality differences, these fac-
tors alone do not fully explain disparities, suggesting that
structural and socioeconomic determinants remain major con-
tributors to unequal health outcomes. This aligns with public
health theories that disparities emerge not solely from individ-
ual behaviors but from systemic inequities embedded within
healthcare and social institutions.

Several studies have focused on inclusion and participation
in physical activity among marginalized populations. Bopp et
al. (2017) explored perceived welcomeness in sports partici-
pation among racial and ethnic groups and found that minority
participants frequently reported lower levels of inclusion and
belonging in recreational sport environments. Brown et al. [7]
examined motivations among midlife Black female triathletes
and identified social support, empowerment, and representa-
tion as important influences on sustained physical activity par-
ticipation. Calzo et al. [8] similarly identified disparities in
physical activity participation among sexual minority youth,
noting that gender nonconformity and reduced athletic self-
esteem contributed to lower activity engagement among these
populations.

Disability-related disparities also represent an important
area of health equity research. Fagher et al. [9] emphasized the
importance of para sport in promoting health equity among
individuals with disabilities and argued that adaptive sports
provide opportunities for physical, psychological, and social
well-being. Baria et al. [10] investigated experiences among
wrestlers with limb deficiencies and highlighted the im-
portance of inclusive athletic opportunities and specialized
healthcare support. Likewise, Barfield and Malone [11] exam-
ined barriers and benefits associated with power wheelchair
soccer participation and found that adaptive sports improved
quality of life despite persistent environmental and accessibil-
ity barriers. Braza et al. [12] further demonstrated the value of
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academic-community partnerships in promoting awareness of
adaptive sports opportunities to underserved populations.

Health disparities extend beyond athletics into broader pat-
terns of social participation and community engagement. Bu-
davari et al. [13] studied adolescents with autism spectrum
disorder and found significant disparities in recreational and
community participation compared to neurotypical peers.
These findings suggest that social exclusion and limited ac-
cess to inclusive activities contribute to broader inequities in
health and quality of life. Hartill and Rulofs [14] also high-
lighted disparities in exposure to interpersonal violence in
sports settings across European countries, emphasizing the
need for protective policies and equitable safeguarding prac-
tices for children participating in athletics.

Methodologically, several foundational studies guide the
conduct of health disparity reviews and population health re-
search. Arksey and O’Malley [15] introduced the scoping re-
view framework widely used in health sciences to map evi-
dence across emerging areas of research. Peters et al. [16] later
updated methodological guidance for scoping reviews, em-
phasizing transparency, reproducibility, and systematic report-
ing procedures. Tricco et al. [17] developed the PRISMA-ScR
checklist to standardize reporting practices for scoping re-
views and improve methodological rigor. Additionally,
Bramer et al. [18] addressed database de-duplication methods
for systematic reviews, improving the reliability and effi-
ciency of evidence synthesis in health research.

Emerging technologies and advanced analytics have also
been applied to healthcare disparity research. De Melo et al.
[19] demonstrated the use of Kaplan-Meier analytics for accu-
rate survival prediction in cancer research, illustrating how
predictive modeling can support improved healthcare deci-
sion-making. De Melo and St. Rose [20] further explored the
use of generative artificial intelligence in diabetes classifica-
tion, highlighting the potential of machine learning technolo-
gies to enhance disease prediction and population health man-
agement. These studies suggest that advanced analytics may
play an increasingly important role in identifying at-risk pop-
ulations and addressing healthcare inequities through preci-
sion-based interventions.

Collectively, the literature demonstrates that health dispari-
ties are multidimensional and influenced by race, disability
status, socioeconomic factors, healthcare access, and social in-
clusion. Existing studies consistently emphasize the im-
portance of equitable healthcare systems, inclusive recrea-
tional opportunities, and evidence-based public health inter-
ventions. Furthermore, methodological advancements in
scoping reviews, data analytics, and predictive modeling pro-
vide valuable tools for improving future health disparity re-
search. These findings support the importance of continued in-
vestigation into healthcare inequities and reinforce the need
for targeted strategies that promote equitable health outcomes
across diverse populations.
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2. Data Description

2.1. Overview of the Dataset

The Texas respiratory illness dataset was developed to sup-
port population health analysis of hospitalization outcomes
across demographic groups within the state of Texas. The da-
taset contains patient-level hospitalization information associ-
ated with respiratory illnesses and was used to evaluate
healthcare utilization patterns, length of stay (LOS), and de-
mographic variation among hospitalized populations. The
data provide an opportunity to explore potential health dispar-
ities and identify factors influencing patient outcomes across
racial and age groups.

The dataset includes several demographic and clinical var-
iables relevant to respiratory illness hospitalizations. Key var-
iables examined in this study include race, age, and hospital
length of stay. Race was used as the primary grouping variable
to evaluate differences across populations, while age served as
an important demographic factor for assessing potential con-
founding effects. Length of stay was used as the primary out-
come measure because it reflects healthcare utilization, dis-
ease severity, and resource consumption within hospital sys-
tems.

2.2. Data Structure and Variables

The dataset is organized in tabular format, with each row
representing an individual hospitalization encounter. Variables
included in the dataset capture demographic characteristics
and healthcare outcome measures associated with respiratory
illness admissions in Texas hospitals. Important variables used
in the analysis include:

1) Race/Ethnicity

2) Age

3) Length of Stay (LOS)

4) Hospitalization Counts

5) Patient Classification Categories

The race variable categorizes patients into multiple demo-
graphic groups, including White, Black, Asian or Pacific Is-
lander, American Indian, Other, and a “Null” category repre-
senting missing or unreported race information. This variable
was central to the disparity analysis because racial differences
in healthcare outcomes are frequently associated with social
determinants of health, healthcare access, and structural ineq-
uities.

The age variable was grouped into categorical ranges to ex-
amine population distribution patterns across racial groups.
Age is an important factor because older populations are gen-
erally associated with increased disease burden, chronic ill-
ness prevalence, and longer hospital stays. Therefore, age dis-
tribution was evaluated to determine whether differences in
LOS were influenced by demographic composition rather than
race alone.

Length of stay (LOS) represents the number of inpatient
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days associated with each hospitalization encounter. Two
forms of LOS analysis were conducted in this study:

1. Total LOS: The cumulative number of hospitalization
days for each racial group.

2. Average LOS: The mean hospitalization duration per pa-
tient within each racial group.

The distinction between total LOS and average LOS is im-
portant because total LOS may be strongly influenced by pop-
ulation size, whereas average LOS provides a standardized
measure that better reflects individual patient experiences.

2.3. Data Quality and Missing Information

One notable feature of the dataset is the presence of missing
race information represented by the “Null” category. This cat-
egory reflects cases in which race was either unreported, una-
vailable, or improperly recorded during data collection. Miss-
ing demographic data present an important challenge in pop-
ulation health research because incomplete information can
bias analyses and limit the accuracy of disparity assessments.

The “Null” category was not treated as a valid racial classi-
fication during comparative analysis because it may contain
individuals from multiple unidentified populations. However,
the category was retained within the dataset to maintain trans-
parency regarding data completeness. The presence of missing
race information highlights the importance of standardized de-
mographic data collection practices in healthcare systems.

2.4. Population Characteristics

Analysis of the dataset revealed variation in demographic
composition across racial groups. White patients represented
the largest proportion of respiratory illness hospitalizations,
particularly within older age categories. Black and Other ra-
cial groups demonstrated moderate representation across age
groups, while Asian or Pacific Islander and American Indian
populations represented smaller proportions of the hospital-
ized population.

The dataset also demonstrated a trend of increasing hospi-
talization frequency among older age groups across all racial
categories. This pattern is consistent with public health evi-
dence showing that respiratory illnesses disproportionately af-
fect older adults due to increased comorbidity, weakened im-
mune function, and greater disease severity.

2.5. Relevance to Population Health Research

The Texas respiratory illness dataset provides valuable in-
sight into healthcare utilization and demographic variation
within hospitalized populations. By examining LOS across ra-
cial and age groups, the dataset supports investigation into po-
tential healthcare disparities and factors influencing patient
outcomes. The data also allow researchers to evaluate how de-
mographic variables such as age and race interact to influence
hospitalization patterns.
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From a population health perspective, the dataset empha-
sizes the importance of adjusting for confounding variables

and using standardized measures when interpreting disparities.

Raw differences in hospitalization outcomes may not neces-
sarily indicate inequity without considering population struc-
ture, social determinants of health, and healthcare access.
Therefore, the dataset serves as a useful foundation for con-
ducting evidence-based analyses aimed at improving
healthcare equity and informing public health interventions
within Texas healthcare systems.

3. Data Visualization

Figure 1 shows the total Length of Stay (LOS) by Race/Eth-
nicity among patients hospitalized for respiratory illness in
Texas. The Figure illustrates the cumulative hospital length of
stay across three demographic groups: White, Black, and
Spanish (Hispanic or Latino) populations. White patients
demonstrated the highest total LOS, exceeding 80,000 hospi-
tal days, while Spanish (Hispanic or Latino) patients ac-
counted for approximately 30,000 hospital days and Black pa-
tients accounted for slightly more than 20,000 hospital days.

Total Length of Stay (LOS) by Race/Ethnicity
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Figure 1. Total Length of Stay (LOS) by Race/Ethnicity among patients hospitalized for respiratory illness in Texas.

These differences in total LOS may reflect variations in
population size, hospitalization frequency, age distribution,
disease burden, healthcare utilization, and underlying demo-
graphic characteristics. Because total LOS represents aggre-
gate hospitalization days rather than individual patient aver-
ages, the findings should not be interpreted as direct evidence
of healthcare disparities without further adjustment for con-
founding variables such as age, comorbidities, socioeconomic
status, and access to care. The visualization highlights the im-
portance of considering both demographic composition and
standardized outcome measures when evaluating population
health patterns and respiratory illness burden across racial and
ethnic groups in Texas.

Figure 2 shows an average length of stay (LOS) by
Race/Ethnicity among patients hospitalized for respiratory ill-
ness in Texas. The Figure presents the mean hospital length of
stay per patient across three demographic groups: White,
Black, and Spanish (Hispanic or Latino) populations. Unlike
the total LOS analysis, which reflects the cumulative burden
of hospitalization across the entire population, average LOS
standardizes the outcome at the individual patient level and
therefore provides a more accurate comparison of hospitaliza-
tion experience between demographic groups. The results
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demonstrate that differences in average LOS across racial and
ethnic groups are substantially smaller than differences ob-
served in total LOS, suggesting that population size strongly
influenced the cumulative hospitalization totals observed in
the previous analysis.

The visualization indicates that White patients do not
demonstrate elevated average LOS values relative to Black
patients, while Spanish (Hispanic or Latino) patients exhibit
intermediate hospitalization durations. However, the variation
between groups is considerably narrower when measured us-
ing average LOS rather than total LOS. These findings suggest
that raw cumulative hospitalization days may overstate appar-
ent disparities when demographic population size is not con-
sidered. Average LOS provides a more standardized measure
of healthcare utilization and may better reflect differences in
patient-level disease severity, treatment duration, access to
care, and clinical outcomes.

Interpretation of these findings should still be approached
with caution because average LOS may be influenced by mul-
tiple confounding factors, including age distribution, comor-
bidities, socioeconomic status, insurance coverage, healthcare
access, and severity of respiratory illness at admission. Older
populations, for example, often require longer hospital stays
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due to increased chronic disease burden and complications. whether the observed differences represent true healthcare dis-
Therefore, additional analyses using age-adjusted or multivar-  parities or are primarily attributable to demographic and struc-
iable statistical approaches would be necessary to determine tural variation across populations.

Average Length of Stay (LOS) by Race/Ethnicity

IS

Average LOS
w

White Black Spanish (Hispanic or Latino}
Race/Ethnicity

Figure 2. The mean hospital length of stay per patient across three demographic groups: White, Black, and Spanish (Hispanic or Latino)
populations.

where Length of Stay (LOS) is the outcome variable and
race/ethnicity is evaluated while controlling for other influ-

4. Confounders for LOS encing variables (confounders).
In our study, a general multiple linear regression model

A mathematical formulation for confounders in your respir- would look like this de Melo [21];

atory LOS analysis can be written using a regression model

LOS; = By + B1Race; + B,Age; + B3Sex; + ByInsurance; + BsComorbidity; + BgSocioeconomicStatus; + €;

Where: . . Confounder Description
1) LOS;= Length of stay for patient i
2) By = Intercept Sex Respiratory outcomes may differ bio-

3) Race; = Race/ethnicity category for patient i logically
4) Age; = Age of patient iii

h ) Insurance status Influences healthcare access

5) Sex; = Biological sex/gender

6) Insurance; = Insurance status Comorbidities Diabetes, COPD, asthma increase LOS
L

7) Comorbidity; = Presence of chronic diseases or sever- Severity of illness Sicker patients require longer care

ity indicators
8) SocioeconomicStatus; = Income, education, or neigh-
borhood indicators Smoking history Strong respiratory risk factor
9) €; = Random error term
The coefficients: §; measure the independent contribution
of each variable to LOS after adjusting for the others. Table 1 shows the relationship between race and LOS
Let us consider the following confounders for LOS: changes after adjustment for confounding variables. To ac-
count for potential confounding effects, a multivariable re-
gression framework may be applied in which length of stay
(LOS) serves as the dependent variable and race/ethnicity rep-
resents the primary independent variable. Additional covari-
ates including age, sex, comorbidities, insurance status, and
socioeconomic factors may be incorporated into the model to
control for demographic and clinical variation influencing

Socioeconomic status  Affects healthcare utilization

Table 1. LOS dependent confounders.

Confounder Description

Age Older patients generally stay longer
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hospitalization outcomes. This approach allows assessment of
whether observed differences in LOS remain significant after
adjustment for relevant confounding variables.

4.1. Age as a Confounder

Figure 3 shows an average hospital length of stay (LOS)
across major age groups stratified by race and ethnicity. The
grouped bar chart displays the mean LOS in days for White
patients (green), Black patients (red), and Hispanic/Latino pa-
tients (orange) within each age category: 0 to 17 years, 18 to
44 years, 45 to 64 years, 65 to 74 years, and 75 years and older.
Numerical labels above each bar indicate the average LOS for
the corresponding subgroup.

The Figure demonstrates substantial variation in LOS
across both age and racial/ethnic categories, illustrating the
potential confounding effect of age in analyses of healthcare
disparities. LOS generally increases with advancing age, con-
sistent with the greater clinical complexity, comorbidity bur-
den, and healthcare utilization typically observed among older
hospitalized patients. Because age is strongly associated with
the outcome (LOS), differences in age composition across ra-
cial or ethnic groups can distort crude comparisons of hospi-
talization duration.

The markedly elevated LOS observed among Black pa-
tients aged 0 to 17 years suggests the presence of subgroup-

specific clinical or utilization patterns that substantially influ-
ence overall disparity estimates. In contrast, LOS differences
among adult age groups are smaller and demonstrate different
directional patterns across racial and ethnic categories. White
patients exhibit progressively increasing LOS across older age
strata, while Hispanic/Latino patients demonstrate intermedi-
ate LOS values across most age groups. These heterogeneous
patterns indicate that the association between race/ethnicity
and LOS is not uniform across age strata.

From an epidemiologic perspective, the Figure provides
visual evidence that age may function as a confounder because
it is associated with both the exposure (race/ethnicity) and the
outcome (LOS). If one racial or ethnic group contains a larger
proportion of older individuals, crude estimates of racial dis-
parity may partially reflect underlying demographic age struc-
ture rather than an independent effect of race or ethnicity on
hospitalization outcomes. Therefore, statistical adjustment for
age is necessary to obtain unbiased estimates of racial and eth-
nic disparities in LOS.

The stratified age-group presentation shown in this Figure
helps distinguish whether observed disparities are attributable
primarily to demographic differences in population structure
or whether disparities persist within comparable age strata af-
ter adjustment. Persistent differences across age groups after
adjustment would support the presence of independent
healthcare disparities beyond age-related effects alone.

Average LOS by Age Group and Race/Ethnicity
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Figure 3. Average hospital length of stay (LOS) across major age groups stratified by race and ethnicity. Among white patients, average LOS
increases steadily with age. Among Black and Hispanic/Latino patients, LOS appears flatter or even lower in older age groups. Black children
(0 to 17 years) have an unusually high average LOS compared with all other groups.

Table 2. LOS summary.

Group Number Female%

Black 3278 553
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Mean LOS Median LOS SD LOS

6.32 4.0 9.53
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Group Number Female%
Hispanic/Latino 5531 51.7
White 14043 55.1

Table 2 presents descriptive statistics of hospital length of
stay (LOS) across major racial and ethnic groups in the respir-
atory cohort. White patients constituted the largest cohort
(14,043 patients), followed by Hispanic/Latino (5,531) and
Black patients (3,278). Female representation was relatively
similar across groups, ranging from 51.7% to 55.3%. Black
patients demonstrated the highest mean LOS (6.32 days) and
the largest variability in hospitalization duration (SD = 9.53),

Mean LOS Median LOS SD LOS
5.20 3.0 6.63
5.48 4.0 6.75

suggesting a broader distribution of disease severity, comor-
bidities, or healthcare utilization patterns within this popula-
tion. Hispanic/Latino patients showed the lowest mean and
median LOS values, while White patients exhibited interme-
diate LOS measures. The consistently lower median LOS
compared with mean LOS in all groups indicates a right-
skewed distribution, where a smaller subset of patients expe-
rienced substantially prolonged hospitalizations, creating a
“long-tail” effect often observed in respiratory care datasets.

Cohort 5ize by Age Group and Race/Ethnicity
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Figure 4. The cohort size distribution across major age groups stratified by race and ethnicity among patients hospitalized with respiratory

conditions.

Figure 4 shows the cohort size distribution across major age
groups stratified by race and ethnicity among patients hospi-
talized with respiratory conditions. The grouped bar chart dis-
plays the number of patients within each age category for
White patients (green), Black patients (red), and Hispanic/La-
tino patients (orange). Numerical labels above each bar repre-
sent the total cohort size for the corresponding subgroup. Age
categories were consolidated into five clinically meaningful
strata: 0 to 17 years, 18 to 44 years, 45 to 64 years, 65 to 74
years, and 75 years and older.

The Figure demonstrates substantial differences in demo-
graphic composition across racial and ethnic groups, with
White patients comprising the largest cohort across all adult
age categories, particularly among older adults aged 75 years
and above. In contrast, Black and Hispanic/Latino cohorts are
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smaller overall and exhibit different age distributions. His-
panic/Latino patients show relatively greater representation
within younger age groups, whereas White patients demon-
strate marked predominance in older age strata. Black patient
cohort sizes are intermediate but decline substantially in the
oldest age category.

These differences in age composition are epidemiologically
important because age is strongly associated with hospital
length of stay (LOS), disease severity, comorbidity burden,
and healthcare utilization. Consequently, crude comparisons
of LOS across racial and ethnic groups may be substantially
influenced by underlying demographic structure rather than
reflecting independent racial or ethnic disparities alone. For
example, the disproportionately large number of older White
patients may contribute to higher overall LOS estimates in
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White cohorts because advanced age is typically associated
with prolonged hospitalization.

The Figure therefore provides important contextual evi-
dence supporting age as a potential confounder in analyses of
racial and ethnic disparities in LOS. A confounder is a variable
associated with both the exposure (race/ethnicity) and the out-
come (LOS) that can distort observed associations if not
properly controlled. The markedly uneven cohort distributions
observed across age strata indicate that statistical adjustment
for age is necessary to obtain unbiased estimates of racial and
ethnic differences in hospitalization outcomes.

In addition, the relatively small cohort sizes observed in
certain subgroups, particularly among Black patients aged 75
years and older, suggest that subgroup-specific LOS estimates
may be sensitive to statistical instability and outlier effects.
Small cohort sizes can produce exaggerated mean LOS values
when a limited number of patients experience unusually pro-
longed hospitalizations. Therefore, interpretation of age-strat-
ified LOS differences should incorporate consideration of co-
hort size, variability, and distributional characteristics in addi-
tion to crude mean estimates alone.

4.2. Disease as a Confounder

Substantial variation in LOS was observed across respira-
tory disease categories. Patients requiring prolonged ventila-
tor support demonstrated the highest LOS across all racial and

ethnic groups, with average hospitalization durations exceed-
ing 19 days. In contrast, viral illness and uncomplicated pneu-
monia were associated with substantially shorter hospital
stays.

Figure 5 shows that across disease categories, Black pa-
tients demonstrate the longest LOS, followed by White and
Hispanic/Latino patients. For example, within the ventilator-
support category, mean LOS was 21.5 days among Black pa-
tients, 20.6 days among White patients, and 19.9 days among
Hispanic/Latino patients. Similar patterns were observed in
pulmonary edema and respiratory failure, where Black pa-
tients exhibited higher average LOS compared with other
groups.

Visualization of LOS across age strata demonstrated a
strong age-dependent increase in hospitalization duration.
Older patients consistently exhibited longer and more variable
LOS distributions, particularly among individuals aged 65
years and older. Adjustment for age attenuated several ob-
served racial and ethnic differences in LOS, indicating that de-
mographic age structure contributed substantially to crude dis-
parity estimates.

Age fulfilled the epidemiologic criteria for a confounder be-
cause it was independently associated with both race/ethnicity
and LOS while not representing an intermediate causal varia-
ble. Interaction analyses further suggested that the magnitude
of racial disparities may differ across age groups, indicating
possible effect modification in older populations.

Average LOS by Disease Category and Race/Ethnicity

10-

Average LOS (Days)
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Figure 5. The cohort size distribution across major groups stratified by race and disease category hospitalized with respiratory conditions.
“1” refers to Pneumonia, “2” refers to Pulmonary Edema and Respiratory Failure, “3” refers to Respiratory Disease with 96+ hours of

ventilator support, and finally “4” corresponds to Viral illness.

5. Discussion

This study evaluated racial and ethnic differences in hospi-
tal length of stay (LOS) among patients hospitalized with res-
piratory illnesses and examined the extent to which age acted
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as a confounding variable in disparity estimation. Several im-
portant findings emerged from the analysis. First, LOS varied
substantially across respiratory disease categories, with the
longest hospitalization durations observed among patients re-
quiring prolonged ventilatory support. Second, crude racial
and ethnic differences in LOS were identified across multiple
disease categories, with Black patients generally demonstrating
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the highest average LOS. Third, and most importantly, adjust-
ment for age attenuated several observed disparities, indicating
that age distribution substantially influenced crude estimates of
racial and ethnic differences in hospitalization outcomes.

The observed increase in LOS among older patients was
clinically expected and epidemiologically significant. Ad-
vancing age is associated with greater physiologic vulnerabil-
ity, multimorbidity, reduced pulmonary reserve, frailty, and in-
creased risk of complications during hospitalization. Older
adults hospitalized with respiratory illnesses frequently re-
quire more intensive monitoring, prolonged oxygen therapy,
rehabilitation services, and extended discharge planning, all of
which contribute to longer hospitalization durations. The vis-
ualization analyses demonstrated a progressive upward shift
in LOS distributions across age categories, with widening in-
terquartile ranges and greater variability among elderly pa-
tients. These findings reinforce the strong relationship be-
tween age and inpatient healthcare utilization.

The present findings demonstrate why age represents a crit-
ical confounding variable when evaluating racial and ethnic
disparities in LOS. Confounding occurs when a third variable
is independently associated with both the exposure and the
outcome, thereby distorting the apparent association between
them. In this analysis, age satisfied the major epidemiologic
criteria for confounding because it was strongly associated
with LOS and differed across racial and ethnic populations.
As a result, crude LOS comparisons may partially reflect de-
mographic age structure rather than independent effects at-
tributable to race or ethnicity alone.

After adjustment for age, several racial and ethnic differ-
ences in LOS decreased substantially, suggesting that a mean-
ingful proportion of the crude disparities was attributable to
differences in underlying population age distributions. This
finding has important methodological implications. Studies
that fail to account for demographic confounding may overes-
timate healthcare disparities and potentially generate mislead-
ing interpretations regarding inequities in clinical outcomes.
The results therefore emphasize the importance of multivaria-
ble adjustment and stratified analysis when examining
healthcare utilization measures such as LOS.

Despite attenuation after adjustment, some racial differ-
ences persisted, particularly among Black patients in severe
respiratory disease categories. Several explanations may con-
tribute to these residual disparities. Differences in disease se-
verity at presentation, access to outpatient preventive care, so-
cioeconomic conditions, chronic comorbidity burden,
healthcare access, delayed presentation, and structural inequi-
ties may all influence hospitalization duration. In addition, so-
cial determinants of health such as housing instability, trans-
portation limitations, caregiver availability, and barriers to
post-discharge follow-up may prolong discharge readiness
and contribute to extended LOS in vulnerable populations.

The highest LOS values were observed among patients with
respiratory system diagnoses requiring ventilator support for
>96 hours. This finding likely reflects the substantial clinical
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complexity associated with prolonged mechanical ventilation,
including critical illness, respiratory failure, intensive care uti-
lization, secondary infections, prolonged rehabilitation, and
delayed recovery trajectories. Importantly, although all racial
and ethnic groups demonstrated markedly elevated LOS
within this category, Black patients exhibited the highest mean
hospitalization duration. This observation suggests that dis-
parities may become more pronounced among patients with
severe disease burden and intensive resource utilization.

The study also demonstrated the value of visualization tech-
niques in epidemiologic disparity research. Stratified boxplots
and grouped bar plots provided intuitive visual evidence of
age-related LOS gradients and highlighted the impact of de-
mographic composition on crude disparity estimates. Visuali-
zation of LOS distributions across age strata allowed clearer
identification of skewness, variability, and extreme outlier be-
havior that may not be fully captured by summary statistics
alone. Such graphical approaches improve interpretability and
enhance communication of complex confounding relation-
ships in healthcare disparities research.

Several limitations should be acknowledged. First, the anal-
ysis was retrospective and observational, limiting causal infer-
ence. Second, LOS may be influenced by numerous unmeas-
ured confounders not included in the present analysis, includ-
ing comorbidity burden, insurance status, socioeconomic sta-
tus, hospital characteristics, intensive care utilization, severity
indices, and discharge disposition. Third, categorization of
race and ethnicity may not fully capture social and cultural heter-
ogeneity within populations. Fourth, LOS distributions demon-
strated substantial skewness and outlier behavior, which may af-
fect regression assumptions despite adjustment efforts.

Nevertheless, the study has several strengths. The analysis
incorporated multiple respiratory disease categories, detailed
age stratification, visualization-based epidemiologic assess-
ment, and multivariable modeling approaches. The use of pub-
lication-quality graphical methods improved interpretability
of confounding effects and facilitated clearer understanding of
demographic influences on LOS disparities.

In conclusion, age is an important confounding factor in the
estimation of racial and ethnic disparities in hospital LOS
among patients with respiratory illnesses. Much of the ob-
served crude variation in LOS across racial and ethnic groups
reflects differences in underlying age distributions rather than
entirely independent disparity effects. Appropriate adjustment
for demographic variables is therefore essential for accurate
interpretation of healthcare disparities. Future studies should
incorporate broader social determinants of health, disease se-
verity metrics, and longitudinal outcomes to further clarify the
complex mechanisms underlying racial and ethnic variation in
hospitalization outcomes.

6. Conclusion

This study demonstrated significant racial and ethnic differ-
ences in hospital length of stay among patients hospitalized


https://www.sciencepg.com/journal/mhs

Medicine and Health Sciences

http://www.sciencepg.com/journal/mhs

with respiratory illnesses, particularly in severe disease cate-
gories requiring prolonged ventilatory support. However, the
analysis also showed that age substantially influenced these
observed disparities and functioned as an important confound-
ing variable in LOS estimation. Adjustment for age attenuated
several crude racial and ethnic differences, indicating that un-
derlying demographic age structure contributed meaningfully
to variation in hospitalization duration. These findings empha-
size the necessity of incorporating demographic adjustment
and stratified epidemiologic analysis when evaluating healthcare
disparities. Accurate interpretation of LOS outcomes requires
consideration of both clinical severity and population character-
istics to avoid overestimation of race-associated effects. Future
investigations should incorporate broader social determinants of
health, comorbidity burden, and longitudinal outcome measures
to further clarify the mechanisms contributing to disparities in
respiratory hospitalization outcomes.
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CDC Centers for Disease Control and Prevention
COPD  Chronic Obstructive Pulmonary Disease
LOS Length of Stay
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