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Abstract

Introduction: Hospital patient satisfaction has been a salient policy concern. We examined rurality’s impact on patient
satisfaction measures. Methodology: We examined patients (age 50 and up) from 65 rural and urban hospitals in Massa-
chusetts, using the merged data from 2007 American Hospital Association Annual Survey, State Inpatient Database and Survey
of Patients’ Hospital Experiences, utilizing Hierarchical binary logistic regression analyses to examine the rural disparities in
patient satisfaction measures. Results: Relative to the urban location, rurality reduced the likelihood of cleanliness of
environment (odds ratio = 0.66, 95% confidence interval: [0.63-0.70]); but increased the likelihood of staff responsiveness and
quietness. Compared to Caucasian counterparts, Hispanic patients were less likely to reside in a quiet hospital. Compared to
other payments, Medicare or Medicaid coverage each reduced the likelihood of staff responsiveness and cleanliness. Com-
pared to other diagnoses, depressive or psychosis disorders predicted smaller odds in responsiveness and cleanliness. Anxiety
diagnosis reduced the likelihood of cleanness and quietness. At the facility level, higher registered nurse full-time equivalent
(FTE)s or being a teaching hospital increased the likelihood of all measures. Conclusion: Relative to the urban counterparts,
rural patients experienced lower likelihood of staff responsiveness after adjusting for other factors. Compared to Caucasian
patients, Hispanic patients were less likely to reside in quiet hospital environment. Research is needed to further explore the
basis of these disparities. Mental health diagnoses in depressive and psychosis disorders also called upon further studies in
special care needs.
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Current studies have examined the rural-urban disparities in
hospitals’ quality of care. In general, rural health care is facing
several barriers, including lack of reimbursement, limited

Introduction

Aiming to increase the US health-care quality, from fiscal
year (FY) 2006, the Centers for Medicare & Medicaid Ser-
vices (CMS) developed a national survey: Hospital Con-
sumer Assessment of Healthcare Providers and Systems
(HCAHPS). This survey reports patients’ assessment of
health-care providers and plans by assessing 32 items (1).
In addition to the public reporting of the HCAHPS scores in
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2008; CMS started to associate the HCAHPS scores with
hospital payment through the Hospital Value-Based Pur-
chasing Program since 2012 (1).

According to the 2016 National Healthcare Quality and
Disparities Report, excluding “age, sex, disability status, sex-
ual orientation” and gender, the quality of health has varied by
several factors, including the residential location (2, p. 9).
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population base to attract specialized services, and limited
transportation (3). Particularly, compared to the nonrural
patients, rural patients were 14% more likely to die after trau-
matic injuries (4). Additionally, patients in different locales
(metropolitan versus nonmetropolitan) are varied by adher-
ence, proximity to high-volume or accredited hospitals, and
hospital type (5). According to a cross-sectional study in
2005, rural patients showed less adherence to care guide-
lines for myocardial infarction (MI) and heart failure (HF)
(6). On the other hand, compared to smaller urban or rural/
remote residents, urban residents were prone to have 24 or
more physician visits in the past year (7). According to a
study examining 10 108 coronary artery bypass surgery
patients, urban or higher income patients were more likely
to be treated by providers with better performance (8). Com-
pared to the nonaccredited rural hospitals, accredited rural
hospitals scored higher in 4 out of 16 quality indicators,
including MI, HF, pneumonia, and surgical infections (9).

A growing body of research has been targeting the pre-
dictors for hospital patients’ satisfaction. The weight of the
evidence reveals several predictors, with the preponderance
of this work directed to patient satisfaction results in hospital
care. One study using California hospital data found that a
higher level of registered nurses per bed was associated with
increased patients’ satisfaction rate, whereas a higher portion
of contract nurses predicted lower patient satisfaction rate
(10). Another study indicated that being a teaching hospital
or the introduction of medical students was positively asso-
ciated with patients’ perceptions of care quality (11).

In recent studies, patient satisfaction has increasingly been
utilized as an indicator for the overall quality of care (12). How-
ever, prior studies have limited discussions regarding the
patient’s satisfaction as the quality measures when examining
the rural-urban disparities. Particularly, measures such as the
staff responsiveness, cleanliness, or quietness were not fre-
quently used in prior studies to measure quality of care in a
hospital setting. In this study, we examine the possible explana-
tions for the rural and urban disparities in hospital quality of care,
utilizing 3 patient assessment items from the HCAHPS survey.

Data and Methods
Data Source

This study utilized merged data from 3 major sources. The
first data source was the State Inpatient Database (SID). The
SID data are part of the Healthcare Cost and Utilization
Project by Agency for Healthcare Research and Quality
(AHRQ) that provides patient-level variables. The SID is a
state-specific data that contains more than 95% of hospital
discharge information in the United States (AHRQ, SID
Documentation, 2017). The second data source came from
the American Hospital Association (AHA) Annual Survey
Database, which provides hospital-level variables (13,14).
The AHA annual survey is an ongoing survey providing
information about hospitals’ organizational structure,

facilities, and services, as well as the staffing information.
The third data source is the CMS-HCAHPS. The HCAHPS
survey provides 21 patient-rated items about care, these
hospital-level variables are classified by 9 major topics (1).
The score in HCAHPS measures are reported in percen-
tiles, with both “top box” (most positive) and “bottom
box”(least positive) values, which are presented in the
HCAHPS Percentiles Table, at the 5th, 10th, 25th, 50th,
75th, 90th, and 95th percentiles (15). The CMS conducted
a large-scale experiment on the mode effects, according to
which, patients’ response may vary based on the mode of
survey types. In general, compared to patients who were
randomly chosen for “mail only or mixed modes,” patients
surveyed through “telephone only and active IVR” were
more likely to provide positive feedback. Hence, “mode
adjustment” was utilized to modify these effects (16).

Study Variables

Dependent variable. This study utilized 3 patient satisfac-
tion measures from the CMS-HCAHPS survey. They are
patient-rated measures, including: the responsiveness of
hospital staff, the cleanliness of hospital environment, and
the quietness of hospital environment (1). They have been
selected among other measures in the CMS Hospital
Compare site to inform the quality of hospital practice
and the patients’ selections of services (17,18). Particu-
larly in this study, cleanliness and quietness are indica-
tions of the health-care environment; whereas the
responsiveness is an indication of the quality of care from
the medical staff’s perspective. The CMS Hospital Com-
pare included 7 categorizations of the measures, the
selected 3 measures are under the category of “patient
experience” (19).

Independent variables. The primary variables of interest in the
study were the facility locations that were categorized into
rural-urban areas. This study defined rural-urban areas
according to the 2006 National Center for Health Statistics
urban—rural classification, according to which, urban areas
include large central metro, large fringe metro, medium
metro, and small metro areas; while rural areas include the
micropolitan and noncore areas (20).

This study utilized the Andersen’s behavioral model to
organize the predictors for the 3 patient’s satisfaction mea-
sures. Based on the Andersen Model, the health behaviors
are categorized by 3 factors: predisposing, enabling, and
need (21). In the Emerging Model (phase 4 of the Andersen
model), consumer satisfaction is categorized under the out-
comes, while the external environment will impose influence
on said outcomes (21).

In this study, the predisposing factors include demo-
graphic characteristics, such as age, gender, and race. The
enabling factors include income level and sources of pay-
ment (ie, Medicare, Medicaid, and other types insurance).
The need factors include residents’ primary diagnosis at
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admission (ie, cancer, anxiety, depression, fatigue, syn-
cope, epilepsy, hypertension, diabetes, psychosis, Parkin-
son, stroke, and cognitive disorders). Other need factors
include whether the patient was a surgical patient or expe-
rienced radiochemotherapy, the total number of chronic
conditions per person, and the total length of stay (LOS)
measured by days.

Besides the predisposing, enabling, and need factors, we
also included the facility characteristics as a forth category in
the model. The facility characteristics include the facility
locations categorized by urban or rural (as the primary vari-
able of interest), facility size measure by number of beds,
whether the facility was a teaching hospital, the registered
nurse full-time equivalents (RN FTEs), and whether the
facility provided any drug allergy alerts.

Statistical Analysis

Descriptive analysis. First, we provided a frequency distribu-
tion (in percentage) of 3 patient satisfaction measures by
rural—urban location. Second, a descriptive analysis was con-
ducted to describe the characteristics of individuals and
facilities. Individual- and facility-level characteristics are
reported in percentages or means with standard deviations.

Multivariate analysis. We used a hierarchical binary logistic
regression model to predict risk-adjusted odds ratios (OR) of
rural-urban for 3 patient satisfaction measures, controlling
for the individual- and facility-level characteristics. We also
examined the effect of each covariate on the patient satisfac-
tion measures in the model. The multinomial logistic regres-
sion model has been selected for multivariate analysis,
because it properly accounts for the log-linear model effects
as well as for the generalized logit modeling with categorical
dependent variables (22, Appendix A: Mathematical Model
in Multivariate Analysis). Particularly, in the hierarchical
model, the first (individual) level of the multilevel logistic
regression model is specified in Equation 1, and the second
(facility) level model is specified in Equation (2) (Appendix
A). Yj; is the binary patient satisfaction measure for the ith
individual in the jth facility (Appendix A). All statistical
analyses were conducted using SAS, version 9.4 (SAS Insti-
tute, Inc, Cary, North Carolina) (Table 1).

Table 1. Frequency Distribution of 3 Patient Satisfaction Measures
by Rural-Urban Location (Percentage).

Total Rural Nonrural Area
Patient Satisfaction
Measures n=462397 n= 15491 n = 446 906
Responsiveness 42.12 54.19 41.71
Cleanliness 43.38 59.62 42.82
Quietness 43.42 48.10 43.26

Results
Descriptive Analysis

The study sample consisted of older patients (age > 50)
from 65 rural (n = 15 491) and metropolitan hospitals (n
= 446 906) in Massachusetts, using the merged data
from 2007 AHA, SID, and HCAHPS Survey. In general,
about 2 out of 5 sample patients were male. Nearly half
of the sample were using Medicare as the primary insur-
ance, about one-third were using private insurance, and
about 1 out of 8 used Medicaid to cover services. About
4 out of 5 were white patients, while black and Hispanic
patients account for 6.06% and 5.90% of the sample,
respectively. The average LOS was slightly less than 5
days. Nearly one-third of the sample were surgical
patients. The common diagnoses included cancer, anxi-
ety, epilepsy, diabetes, cognitive or psychosis disorders,
and stroke. At the facility level, about 3.08% facilities
were located in rural areas. About 2 out of 5 facilities
were teaching hospitals or offering drug allergy alerts
(Table 2).

In addition, a higher percentage of individuals who reside
in rural hospitals were male, white, older, surgical patients,
and a higher share of rural hospital patients were diagnosed
with depression or cancer, and use Medicare as the primary
payment approach at admission. A lower share of rural
patients were either black or Hispanic; in addition, a smaller
portion of the rural patients were diagnosed with hyperten-
sion, diabetes, or cognitive disorders (Table 2).

At the facility level, patients residing in rural hospitals
were more likely to experience higher RN FTEs. Whereas
rural patients were less likely to reside in facilities that were
teaching hospitals, of a large size (more than 300 beds), or
offering a drug allergy alert system (Table 2).

Multivariate Analysis

After adjusting for other individual- and facility-level fac-
tors, compared to the urban location, rurality was associ-
ated with smaller odds of hospital environment cleanliness
(OR = 0.66, 95% confidence interval [CI]: [0.63-0.70]);
but increased the likelihood of responsiveness of hospital
staff (OR = 3.43, 95% CI = [3.27-3.59]) and quietness of
hospital environment (OR = 1.22, 95% CI = [1.17-1.28])
(Table 3).

Predisposing. Compared to their Caucasian counterpart, His-
panic patients were more likely to reside in a clean hospital
(OR =1.35,95% CI = [1.28-1.43]), but they were less likely
to reside in a quiet hospital (OR = 0.75, 95% CI = [0.71-
0.78]). Black patients were more likely to be admitted to a
hospital with better experience statistics in all 3 measures:
responsiveness, cleanliness, and quietness. Compared to the
female patients, male patients were slightly less likely to be
satisfied in all 3 measures (Table 3).
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Table 2. Predisposing, Enabling, Need and Facility Factors of
Discharged Hospital Patients (Percentage, Mean, SD).

Percentage
_— Standard
n = 462 397 Mean Deviation
Individual-level
Age 59.15 20.90
Male 41.41
Income
Level | 27.61
Level 2 25.96
Level 3 25.40
Level 4 21.03
Insurance
Medicare 48.46
Medicaid 12.15
Private insurance 33.76
Self-pay 1.18
Black 6.06
Hispanic 5.90
White 80.38
Asian 1.80
LOS 4.84 5.94
Surgical 29.88
Cancer 17.80
Anxiety 6.76
Fatigue 1.03
Syncope 2.03
Epilepsy 1.99
Radiochemotherapy 0.46
Diabetes 21.26
Psychosis 2.95
Parkinson’ disease 0.99
Stroke 3.21
Cognitive 7.62
Total chronic conditions
0 27.84
| 23.59
2 20.72
3 14.12
4 8.09
5+ 5.64
Facility-level
Rural 3.08
Teaching hospital 40.00
Drug allergy alerts 41.67
Drug interact 47.22
RN FTE 37.49 24.85

Abbreviations: LOS, length of stay (days); SD, standard deviation; RN FTE,
registered nurse full-time equivalents.

Enabling. Patients with higher incomes have shown greater odds
of reporting better staff responsiveness (OR = 1.45,95% CI =
[1.44-1.46]) and cleanliness (OR = 1.02, 95% CI = [1.01-
1.03]), while showing smaller odds in residing in quiet hospital
environments. Compared to other insurance types, the Medicare
or Medicaid coverage was each associated with a lower like-
lihood of staff responsiveness and hospital cleanliness. Addi-
tionally, compared to other insurance types, Medicare payment
was associated with lower likelihood in quietness (Table 3).

Need. Compared to patients who were not receiving such
treatment, the surgical patients were more likely to report
satisfactions in all 3 quality measures. In addition, patients in
radiochemotherapy were associated with greater likelihood
of cleanliness and quietness, while they were less likely to be
satisfied with staff responsiveness (Table 3).

Relative to patients without such diagnoses, patients
with cancer were associated with greater odds among all
3 measures. Sample patients diagnosed with fatigue were
less likely to report satisfaction in cleanliness or quietness.
Diagnosis in epilepsy or hypertension was associated with
smaller odds in staff responsiveness or quietness accord-
ingly. Parkinson’s disease or cognitive disorders each pre-
dicted lower odds in staff responsiveness. Concerning
mental health diagnoses, patients diagnosed with depres-
sive or psychosis disorders were less likely to experience
higher responsiveness or cleanliness. An anxiety diagnosis
predicted a lower likelihood of cleanliness and quietness.
Sample patients’ characteristics such as total chronic con-
ditions per person predicted smaller odds in cleanliness and
quietness; while the LOS measured by days predicted
smaller odds in staff responsiveness (OR = 0.66, 95% CI
= [0.63-0.70]) (Table 3).

Facility characteristics. After controlling for other individual-
and facility-level covariates, the rural location was associated
with greater odds of self-reported staff responsiveness and
quietness (OR = 3.43, 95% CI = [3.27-3.59]; OR = 1.22,
95% CI = [1.17-1.28]); while the rural location was associ-
ated with smaller odds of cleanliness (OR = 0.66, 95%CI =
[0.63-0.70]). In addition, facility size measured by number of
beds predicted smaller chances in self-reported staff respon-
siveness (OR = 0.49, 95%CI = [0.49-0.49]) or cleanliness
(OR = 0.52, 95%CI = [0.52-0.53]), but the facility size was
related to greater chances of quietness (Table 3).

Residing in teaching hospitals or higher RN FTEs corre-
lates with greater self-reported patient satisfactions in all 3
measures (OR = 1.05, 95%CI = [1.04-1.05]; OR = 1.17,
95%CI = [1.16-1.17]; OR = 1.05, 95%CI = [1.05-1.05]).
Residence in facilities offering drug allergy alerts predicted
smaller risks of all 3 patient satisfaction measures (Table 3).

Discussion

Prior studies suggested several risk factors contributing to
the rural—urban disparities in hospital quality of care, includ-
ing age, gender, race, cognitive impairment, mental health
diagnoses, and several other diagnoses. Findings from this
study suggested mixed effects of income level, minority
race, and several diagnoses (such as anxiety, fatigue, epi-
lepsy, hypertension, psychosis, radiochemotherapy) on 3
patient assessment items. The differences in demographic
characteristics, diagnoses, functional limitations, and other
conditions may contribute to the varying needs of hospital
facilities. This difference, therefore, varied the impact on
patient satisfaction results in different facilities.
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Table 3. Multilevel Analysis of 3 Patient Satisfaction Measures.
Responsiveness Cleanliness Quietness
95% 95% 95%
OR Confidence Limits P Value OR Confidence Limits P Value OR Confidence Limits P Value
Individual-Level
Age 1.00 1.00 1.00 <.0001 0.99 0.99 0.99 <.0001 1.00 1.00 1.00 .04
Female Ref Ref Ref
Male 0.94 0.93 0.96 <.0001 0.92 0.90 0.94 <.0001 0.94 0.92 0.95 <.0001
Income 1.45 |.44 1.46 <.0001 1.02 1.01 1.03 .00 0.83 0.83 0.84 <.0001
Other Insurance Ref Ref Ref
Medicare 0.99 0.96 1.01 32 0.95 0.92 0.97 <.0001 0.89 0.87 091 <.0001
Medicaid 0.84 0.82 0.86 <.0001 09I 0.89 0.93 <.0001 1.04 1.02 1.07 .00
Black 1.73 1.65 1.82 <.0001 1.85 1.76 1.95 <.0001 I.10 1.05 .15 <.0001
Hispanic 0.96 091 1.02 21 1.35 1.28 1.43 <.0001 0.75 0.71 0.78 <.0001
LOS 0.99 0.99 1.00 <.0001 1.00 1.00 1.01 .00 1.01 1.01 1.01 <.0001
Surgical 1.37 1.34 1.40 <.0001 I.10 1.08 .13 <.0001 1.14 I.11 .16 <.0001
Cancer 1.22 .19 1.24 <.0001 I.17 .14 1.19 <.0001 1.08 1.06 .11 <.0001
Anxiety 1.07 1.03 I.11 .00 0.83 0.79 0.86 <.0001 0.92 0.89 0.95 <.0001
Depression 0.93 0.87 1.00 .05 0.78 0.73 0.84 <.0001 1.04 0.98 .11 24
Fatigue 1.55 1.44 1.67 <.0001 0.6l 0.57 0.67 <.0001 0.85 0.80 0.92 <.0001
Syncope 1.08 1.03 .14 .00 1.06 1.00 1.12 .04 0.96 091 1.01 .08
Epilepsy 0.75 0.69 0.80 <.0001 1.00 0.93 1.08 .98 1.17 I.10 1.26 <.0001
Radio-Chemotherapy 0.99  0.88 1.12 .86 1.72 1.47 2.00 <.0001 2.17 1.87 2.53 <.0001
Paralysis 0.92 0.82 1.04 .19 .16 1.02 1.31 .02 0.93 0.83 1.03 A7
Hypertension 0.99 0.97 1.01 .33 1.06 1.04 1.08 <.0001 0.90 0.88 0.92 <.0001
Diabetes 0.97 0.95 1.00 .0l 1.03 1.01 1.05 .0l 0.97 0.95 0.99 .00
Psychosis 0.89 0.84 0.95 .00 0.74 0.70 0.79 <.0001 1.07 1.01 .13 .02
Parkinson disease 0.92 0.86 1.00 .04 1.04 0.96 .13 3l 1.10 1.03 1.18 .00
Stroke 0.99 0.95 1.03 .63 1.03 0.99 1.08 .19 1.06 1.02 .11 .00
Cognitive 0.94 091 0.97 <.0001 .05 1.02 1.09 .00 0.98 0.96 1.01 .26
Total chronic conditions 1.06 1.05 1.07 <.0001 0.99 0.99 1.00 .02 0.99 0.99 1.00 .02
Facility-level
Urban Ref Ref Ref
Rural 343 3.27 3.59 <.0001 0.66 0.63 0.70 <.0001 1.22 1.17 1.28 <.0001
Bed size 0.49 0.49 0.49 <.0001 0.52 0.52 0.53 <.0001 1.07 1.06 1.07 <.0001
Teaching hospital 4.26 4,15 4.37 <.0001 1.07 1.04 1.09 <.0001 1.13 I.11 1.15 <.0001
RN FTE 1.05 1.04 1.05 <.0001 I.17 I.16 1.17 <.0001 1.05 1.05 1.05 <.0001
Drug allergy alerts 0.48 0.46 0.49 <.0001 0.13 0.13 0.14 <.0001 0.79 0.77 0.8l <.0001

Abbreviations: LOS, length of stay (days); OR, odds ratio; RN FTE, registered nurse full-time equivalents.

In the multivariate models, we found evidence of several

facility factors that affect hospital patients’ satisfaction rat-
ings, while controlling for other individual- and facility-level
characteristics. Specifically, the higher level of RN FTEs
and being a teaching hospital predicted greater odds of
patient satisfaction in all 3 measures. Unlike prior studies,
large facility size (measured by number of beds) imposed a
mixed effect in predicting hospital patient satisfaction: it was
positively associated with responsiveness and cleanness but
was negatively associated with quietness.

Rural-urban disparities and racial disparities in hospital patient
satisfaction. According to the multivariate analysis, after con-
trolling for other covariates, nursing staff level—such as RN
FTEs—was positively associated with patient satisfaction in
all 3 measures. Staffing levels are included in the CMS 5-star
rating system, and are 1 of 4 components being tested in the

pay-for-performance initiative (23). Prior studies have also
stated that a higher satisfaction in nursing teams, or a higher
level of RNs per bed, was each associated with a higher rate
of patient satisfaction (10,24). According to this study, the
patients in rural hospitals are less likely to report cleanliness
in their environment, which may indicate improper system
management and the lack of cleaning staff in rural hospitals.

In addition, one study found that the urban areas predicted
for dissatisfaction measures such as telephone consultations,
which also indicated the lack of medical resources due to
rural locations (25). Another study also found quality dispa-
rities among rural critical access hospitals and urban acute
care hospitals, using quality indicators such as acute MI, HF,
and pneumonia (26). All findings regarding the rural dispa-
rities have called upon policy initiatives to address this issue.

From the public policy perspective, CMS should provide
rural hospitals with financial incentives to conduct
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workshops or other training programs that better prepare
nursing staff to care for patients residing in rural hospitals.
Policy initiatives and financial incentives should be designed
to improve nursing staff’s knowledge on caring for rural
patients, and hence to decrease the rural-urban disparities.

Patients with specific physical health or mental health diagnoses.
Based on the multilevel analyses, compared to other diag-
noses, mental health diagnoses such as depression and psy-
chosis, each predicted for smaller odds of patient satisfaction
measures such as responsiveness and cleanliness. Patients
with anxiety disorders were less satisfied in hospital cleanli-
ness and quietness. Similarly, diagnoses in fatigue were
associated with less satisfaction in cleanliness and quietness;
whereas diabetes, syncope, and cognitive disorders were
each associated with smaller odds of quietness. In order to
increase rural hospital quality of care measured by patient
satisfaction surveys, medical and nursing staff should pay
additional attention when caring for individuals with the
conditions discussed above.

Public insurance programs versus patient satisfaction. According
to the multivariate analysis, after controlling for other vari-
ables, patients paying through either the Medicare or Med-
icaid programs were less likely to be satisfied in staff
responsiveness and the cleanliness of the hospital environ-
ment. Hence, further studies should investigate the structure
of the current Medicaid and Medicare program, focusing on
how to decrease the rural-urban disparities among the Med-
icare and Medicaid beneficiaries.

In FY 2017, CMS has linked the HCAHPS total perfor-
mance score with value-based incentive payment percent-
age for all Medicare beneficiaries that are fee-for-service
program participants. To better reflect patients’ needs in
assessing their experience in hospital care, from FY 2017,
CMS has modified the patient assessment measures by add-
ing one new measure in clinical care and 2 measures in
safety domain (1).

The Medicaid program is the single most important
source financing hospital care, especially with longer
LOS. The level of Medicaid payment was especially
important among the facilities with limited financial
resources other than the public insurance programs (27).
Policy innovations should also address the Medicaid ben-
eficiaries’ needs in hospital care, especially for those who
reside in rural hospitals.

Limitations

A number of limitations should be considered when inter-
preting the results of this study. First, the cross-sectional
design limited our ability to draw causal inferences from the
findings because the structural and patient assessments were
both obtained at the time of the survey. Future research
should examine these measures using a longitudinal data set.
Second, this study sample was limited to the state of

Massachusetts. In the future, we will use the merged data
sets of AHA, SID, and HCAHPS from various states to be
able to generalize the study results.

Conclusions

In summary, this study examined the impact of rurality as
well as other individual- and facility-level predictors on
hospital quality of care, measured by patients’ satisfac-
tion. The findings remained statistically significant after
adjusting for other individual- and facility-level covari-
ates, such as the demographic characteristics, the payment
sources, the diagnosis, and the facility characteristics.
Policy efforts to enhance Medicaid and Medicare pay-
ment approaches and levels, nursing staff trained to care
for patients with mental health conditions, as well as
teaching hospitals will likely decrease the rural-urban
disparities in hospital quality of care.

Appendix A
Mathematical Model in Multivariate Analysis

The first (individual) level of the multilevel logistic regres-
sion model is specified in Equation (1) below and the second
(facility) level model is specified in Equation 2 below. Yj; is
the binary patient satisfaction measure for the ith individual
in the jth facility. By; is the facility effect of location (1 =
rural vs 0 = urban) on the log-odds of occurrence of the
patient satisfaction measure (eg, ¥;; = 1 if resident i in facil-
ity j reported cleanliness in the environment; Y;; = 0 if not).
szinj represents the linear product of a vector of individual
covariate characteristics and their corresponding  coeffi-
cients in the jth facility.

log (py/(1 = py)) = B, + ByRURAL; + By X;
where, p; = Prob(Y; = 1)

(1)

In the second (facility level) of the model specified below,
B> the intercept in Equation 1 is assumed to be normally dis-
tributed (since random effect u,; is) across facilities. Hence,
each facility has its own intercept effecting overall probability
of, for example, a resident reporting cleanliness. Zi; and Z; are
dummy variables serving to indicate the facility characteristics
(eg, teaching hospital, drug allergy alerts). y;Z3; represents
the linear product of a vector of facility-level covariate charac-
teristics and their corresponding B coefficients in the jth
facility. All of the various vy effects in Equation 2 are assumed
fixed across the population of facilities.

Boj = Yoo + Yo121j + Yoo Zoj + Vo3 Z3j + thof

Blj =710 (2)
Btzj =75
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