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Objective: Hospital readmissions are significant and potentially preventable sources of healthcare cost in the United States.
The Affordable Care Act (ACA) establishes the Hospital Readmissions Reduction Program (HRRP) in an attempt to reduce
readmissions by penalizing institutions whose 30-day readmission rates are above the national average. The current study examines
demographic and clinical variables associated with early hospital readmission in a low socioeconomic status, underserved
population.

Methods: A secondary data analysis was conducted of 2,536 patients from the acute primary care facilities who were hospitalized.
Age, sex, race, ethnicity, smoking status, systolic blood pressure, diastolic blood pressure, body temperature, pulse rate, and days
to follow up visit were analyzed in a sample of 2,536 hospitalized patients at or below 200% of federal poverty guidelines in
Central Texas to determine association with risk of 0-30- (30), 31-60- (60) and 61-90- (90) day all-cause readmission.

Results: Multinomial statistical analysis found pulse rate was associated with 30-, 60-, and 90-day readmission as compared to a
control group. Days to follow-up were associated with decreased risk of readmission in all groups, and passive smoking status
was associated with decreased risk of 90-day readmission as compared to a control group.

Conclusions: Results offer healthcare providers with tools for potentially identifying patients at elevated risk for readmission in a
disadvantaged population and suggest further investigation of other clinical and laboratory variables as predictors of readmission
risk.
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1. INTRODUCTION

For decades, the United States has faced what many consider
a healthcare crisis characterized by escalating costs and ex-
panding coverage gaps. Between 1990 and 2008, national
healthcare spending increased by an average of 7.2% annu-
ally,!' and by 2010 18% of U.S. residents under the age of 18
lacked any form of health insurance coverage.!?! The Patient
Protection and Affordable Care Act (ACA) was passed by

Congress in 2010 to address inflating costs, coverage gaps,
and attempt to increase the overall quality of care through
several regulatory measures. One area of focus for the ACA
in improving healthcare delivery has been the reduction of
excessive hospital readmissions. It has long been postulated
that hospital readmissions represent an unnecessary cost bur-
den to national healthcare delivery.’’] One report estimates
that nearly $12 billion of the $17.5 billion spent annually on
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readmissions in the United States are related to potentially
preventable readmissions.'*! In addition to representing a
significant cost burden, unnecessary readmissions have also
come to be reported in recent years as an indicator of poor
quality of care during a patient’s initial hospital encounter.!

In an effort to curb unnecessary and costly readmissions,
the ACA established the Hospital Readmissions Reduction
Program (HRRP). Under the initial provisions of the HRRP,
which took effect in 2013, the Center for Medicare and Medi-
caid Services (CMS) monitored the 30-day all cause hospital
readmission rate for Medicare patients receiving an initial
diagnosis of acute myocardial infarction (AMI), heart failure
(HF), or pneumonia (PN). Institutions whose readmission
rates fell above the national average were subject to reduc-
tions in Medicare and Medicaid payments of up to 1%.%!
For the 2015 fiscal year, the provisions of the HRRP were up-
dated to include patients diagnosed with chronic obstructive
pulmonary disease (COPD) or undergoing total knee or to-
tal hip arthroplasty (TKA/THA).!®! Additionally, the HRRP
penalty cap was raised to 3% of CMS payments.!”! Regard-
less of an individual’s Medicare status, hospital readmissions
represent a significant healthcare cost and act as an important
measure for quality of care administered by hospitals.

The expanding regulatory measures and penalties of the
HRRP have created within healthcare institutions an in-
creased focus on finding measures for reducing readmissions
that are both effective and cost efficient.®] One strategy
that has demonstrated promise is the use of readily collected
clinical and demographic variables to identify patients at an
elevated risk of experiencing early readmission.!*'2) Most
variables that have been proposed as viable risk predictors are
already collected in the course of patient care, and are thus
relatively cost efficient to analyze. Furthermore, the identi-
fication of at-risk patients could allow healthcare providers
to work closely with such patients to improve quality of care
and discharge strategy, thus minimizing the likelihood of an
unforeseen readmission.

While the potential benefit of using readily collected clini-
cal variables to identify patients at risk of early readmission
has been commented on within the literature, there exists
some uncertainty as to which variables might serve as useful
predictors of readmission risk. Common variables found in
the literature include demographic data such as age, race,
ethnicity, sex, and socioeconomic status. Clinical variables
such as blood pressure, body temperature, BMI, smoking
status, and pulse rate make up a second category of interest.
Finally, days between hospital encounter and follow-up visit
have also received attention from prior researchers.*-'!1

While multiple studies have examined the relationship of
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clinical/demographic variables, follow-up time, and early
readmission, few have reported on a socioeconomically dis-
advantaged population. There exists a good deal of evidence
that low socioeconomic status (SES) patients are at an in-
creased risk of experiencing early readmission,!'% 13 and that
safety net institutions experience greater penalties under the
HRRP than hospitals serving primarily non-disadvantaged
populations.['*-11 Recent studies have suggested that the
addition of COPD to the diagnoses included in the calcula-
tion of readmission penalties will only further harm hospitals
serving large numbers of low SES patients.!'”-8] Given the
increasing penalties levied on institutions serving socioe-
conomically disadvantaged populations, the evaluation of
relevant predictor variables for readmission in high-risk pa-
tients within low SES population has become an important
topic for investigation. The purpose of the current study was
to examine risk factors associated with 0-30- (30), 31-60-
(60), and 61-90- (90) day all-cause hospital readmission in
an underserved, socioeconomically disadvantaged patient
population.

2. METHODS

2.1 Population overview and setting of study

Data were obtained from patients at 12 Federally Qualified
Health Centers throughout Central Texas that serve patients
whose annual income is 200% or more below federal poverty
guidelines. These centers offered acute primary care ser-
vices, defined by the World Health Organization to “include
all preventive, curative, rehabilitative, or palliative actions,
whether oriented towards individuals or populations, whose
primary purpose is to improve health and whose effective-
ness largely depends on time-sensitive and, frequently, rapid
intervention”.!"”) The study examined 2,536 patients from
the acute primary care facilities who were hospitalized for
any reason between January 1, 2006 and October 1, 2013.
The total sample included 1,803 (71.1%) females and 733
(28.9%) males. The majority of patients belonged to an eth-
nic or racial minority group (32.1% Black/African American,
25.8% Hispanic or Latino, 42.1% White/Not Hispanic). The
average age of participants in the study was 44.81 years (o =
18.06 years).

2.2 Data collection

Patient data were obtained from the Epic electronic health
records system of the primary care facilities under study.
The demographic variables collected include age, sex, race,
ethnicity, and smoking status. Ethnicity and race were self-
reported by patients using preselected options based on fed-
eral government classification standards. Smoking was also
self-reported, allowing for choice between the options of cur-
rent smoker, former smoker who has quit, non-smoker who
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lives with smoker, never smoked, or choose not to answer.
During the initial hospital encounter BMI, systolic blood
pressure, diastolic blood pressure, temperature, and pulse
rate were recorded as the first values obtained by healthcare
professionals. The follow-up time was recorded at the pa-
tient’s follow-up visit to a primary care facility. Patients
admitted more than once were only included in the group
of their first readmission period. Variables were selected
based on a physician panel and review of the literature. Data
were encrypted and made devoid of patient names or other
identifying information, pursuant to the IRB approval of the
host university.

2.3 Statistical analysis

Descriptive analysis of the data was performed to yield fre-
quency distributions for the categorical variables under study
and means and standard deviations for the quantitative vari-
ables examined. Patients were then divided into groups based
on their readmission status of 30-, 60-, 90- day readmission
or control (no readmission within 180 days). A multinomial
regression analysis using the generalized logit link function
was performed to compare the 30-, 60-, and 90-day readmis-
sion groups to the control group experiencing no readmission
within 180 days. Loglinear analysis of the k-way contingency
table was also considered but ultimately decided against be-
cause loglinear analysis is based on the joint distribution
of all modeled variables. Multinomial regression is based
on the conditional distribution of the readmission status of
each patient given the set of included predictor variables.
Therefore, multinomial regression was selected because it
is consistent with the purpose of the study. Odds ratios and
their associated confidence intervals were calculated to deter-
mine the risk of readmission associated with each variable
under study. Data analysis was conducted using the SAS
statistical software program.

3. RESULTS

Patients in the study were primarily female (71.1%) be-
longing to an ethnic or racial minority group (32.1%
Black/African American, 25.8% Hispanic or Latino, 42.1%
White/Not Hispanic). The average age of the study partici-
pants was 44.81 years (o = 18.06 years). Frequency distribu-
tions of sex, race/ethnicity, and smoking status are presented
for each of the readmission groups in Table 1. Minimum,
maximum, mean, and standard deviation of age, days to fol-
low up visit, BMI, diastolic and systolic blood pressure, body
temperature, and pulse rate for the sample are presented in
Table 2.

Published by Sciedu Press

Table 1. Frequency distributions of categorical variables for
readmission groups

Readmission Group Frequency Percent
Sex
Female 451 71
Male 184 29
Total 635 100
Race/Ethnicity
Black/African American 180 28.3
Hispanic or Latino 261 411
0-30 days White, Not Hispanic 261 30.6
(N =635) Total 635 100
Smoking Status
Never Smoked 295 46.5
Passive Smoker 19 3
Quit Smoking 123 194
Current Smoker 149 235
No Response 49 7.7
Total 635 100
Sex
Female 270 734
Male 98 26.6
Total 368 100
Race/Ethnicity
Black/African American 116 315
Hispanic or Latino 94 255
31-60 days White, Not Hispanic 158 429
(N =368) Total 368 100
Smoking Status
Never Smoked 162 44
Passive Smoker 14 38
Quit Smoking 64 174
Current Smoker 99 26.9
No Response 29 7.9
Total 368 100
Sex
Female 201 76.7
Male 61 233
Total 262 100
Race/Ethnicity
Black/African American 94 35.9
Hispanic or Latino 54 20.6
61-90 days White, Not Hispanic 114 435
(N =262) Total 262 100
Smoking Status
Never Smoked 131 50
Passive Smoker 2 0.8
Quit Smoking 40 15.3
Current Smoker 69 26.3
No Response 20 7.6
Total 262 100
Sex
Female 881 69.3
Male 390 30.7
Total 1271 100
Ethnicity
Black/African American 425 334
Hispanic or Latino 312 245
Control . . .
(> 180 days) White, Not Hispanic 534 42
(N=1.271) Total 1271 100
' Smoking Status
Never Smoked 533 41.9
Passive Smoker 46 3.6
Quit Smoking 243 19.1
Current Smoker 394 31
No Response 55 43
Total 1271 100
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Table 2. Descriptive statistics for variables collected from total sample

Variable Minimum Maximum Mean Std. Deviation
Age 18 101 4481 18.06

Days to Follow Up 1 336 21.99 31.436

BMI 3 91 31.41 9.39

Diastolic Blood Pressure 24 135 76.39 12.341
Systolic Blood Pressure 72 250 128.2 20.421
Temperature 95.2 103 98.0 0.693

Pulse Rate 32 160 84.14 15.637

Of the 2,536 patients included in the study, 635 (25.0% of
the total sample) experienced a readmission within 30 days
of initial hospital encounter, 368 (14.5% of the total sample)
experienced a readmission between 31 and 60 days, and 262
(10.3%) experienced a readmission between 61 and 90 days.
1,271 patients (50.1% of the total sample) did not experience
a readmission within 180 days of their discharge. Patients
admitted more than once were only included in the group,
with the corresponding variables, of their first readmission
period. A multinomial analysis was employed to compare
the 30-, 60-, and 90-day readmission groups to the group
that experienced no readmission within 180 days using odds
ratios with 95% confidence intervals. The results of this
analysis are presented in Table 3.

Elevated pulse rate was a predictor of increased readmission
risk in all three readmission groups examined in our study
(0-30 days: odds ratio = 1.008, 95% confidence interval =
[1.001, 1.015]; 31-60 days: OR =1.012, 95% CI = [1.004,
1.020]; 61-90 days: OR =1.013, 95% CI =[1.004, 1.022]) as
a continuous variable. Increased days between initial hospital
encounter and follow-up visit at a primary care facility were
found to be associated with lower risk of readmission within
30, 60, and 90 days when compared to patients who were not
readmitted within 180 days (0-30 days: OR = 0.939, 95% CI
=1[0.930, 0.949]; 31-60 days: OR =0.970, 95% CI = [0.962,
0.978]; 61-90 days: OR = 0.986, 95% CI = [0.980, 0.992]).
Status as a passive smoker was also found to be associated
with lower readmission risk between 60 and 90 days when
compared to patients who did not experience readmission
within 180 days (OR =0.179, 95% CI = 0.073, 0.751).

4. DISCUSSION

The purpose of the current study was to examine risk fac-
tors associated with 30-, 60-, and 90-day all-cause hospital
readmission in an underserved, socioeconomically disadvan-
taged patient population. Results from our study discovered
pulse rate was associated with increased risk of 30-, 60-, and
90-day all-cause readmission, while days to follow up were
associated with decreased readmission risk at 30, 60, and 90
days, and passive smoking was associated with decreased
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risk in only the 90-day readmission group. All other vari-
ables tested were not established as significant predictors of
elevated readmission risk in the current study.

Elevated pulse rate was a predictor of increased readmission
risk in all readmission groups examined in our study. Since
pulse rate acts as surrogate for cardiorespiratory fitness and
is determined by autonomic nervous system inputs and cir-
culating hormones,!?"! pulse rate might be a strong marker
of overall health and therefore an indicator of hospital read-
mission likelihood. Examination of the relationship between
pulse rate and readmission risk within the scientific commu-
nity has to this point been sparse. In their 2012 study of ICU
patients at four different institutions, Fialho et al. reported
elevated pulse rate to be associated with increased likelihood
of readmission to the ICU within 72 hours of discharge.?!]
The study authors note that elevated pulse rate may be in-
dicative of other cardiopulmonary conditions that may lead
to eventual readmission. Examination of pulse rate as a read-
mission predictor in patient populations beyond the ICU has
until this point shown little association with readmission risk.
Both Krumbholz et al. and Eapen et al. found no association
between pulse rate and early hospital readmission.!'-2?! Qur
study finding which suggests that pulse rate is a predictor
of 30, 60, and 90 day readmission is a novel finding. Our
finding may be due to the study being conducted in a so-
cioeconomically disadvantaged population. As Fialho et al.
notes, elevated pulse rate may accompany cardiovascular and
respiratory diseases.!?! It is generally well understood that
patients from poverty and the underserved experience worse
health outcomes from cardiorespiratory disease than their
more economically stable peers.[>3! Any disease associated
with elevated pulse rate in a disadvantaged population, then,
may be more likely to result in an adverse health outcome
(such as early readmission) than if that disease were encoun-
tered in the patient populations examined in previous studies
concerning the effects of pulse rate. It should be noted that
pulse rate can be highly variable and may be subject to fluc-
tuations based on time of day, condition at the first hospital
encounter, disease state and condition, and other variables.
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Table 3. Readmission risk associated with variables of study

95% Confidence Interval

Readmission Group Variable Odds Ratio Lower Saumsl Waser Baue Sl
Age 0.995 0.989 1.001 129
BMI 0.994 0.983 1.006 311
Diastolic Blood Pressure 0.991 0.979 1.003 123
Systolic Blood Pressure 0.999 0.991 1.006 776
Temperature 0.951 0.818 1.105 .500
Pulse Rate 1.008 1.001 1.015 <.05
0-30 days (N = 635) Black/African American Race 0.880 0.688 1.126 .307
Hispanic/Latino Ethnicity 1.134 0.875 1.469 .345
Days to Follow Up 0.939 0.930 0.949 <.0001
Female Sex 1.064 0.852 1.345 .608
Passive Smoking 0.778 0.433 1.398 .398
Quit Smoking 0.966 0.728 1.282 .812
Current Smoker 0.775 0.597 1.011 .059
Age 0.999 0.992 1.006 .788
BMI 0.997 0.983 1.011 572
Diastolic Blood Pressure 0.991 0.977 1.005 .195
Systolic Blood Pressure 0.999 0.990 1.008 .817
Temperature 0.893 0.749 1.065 .207
Pulse Rate 1.012 1.004 1.020 <.01
31-60 days (N = 368) Black/African American Race 0.971 0.732 1.289 .837
Hispanic/Latino Ethnicity 0.989 0.725 1.350 .942
Days to Follow Up 0.970 0.962 0.978 <.0001
Female Sex 0.903 0.683 1.194 .465
Passive Smoking 1.037 0.546 1.969 915
Quit Smoking 0.888 0.630 1.251 498
Current Smoker 0.873 1.555 1.186 .378
Age 0.997 0.989 1.005 484
BMI 1.000 0.986 1.016 .944
Diastolic Blood Pressure 0.988 0.972 1.003 .126
Systolic Blood Pressure 1.006 0.996 1.016 .219
Temperature 0.830 0.680 1.014 .067
Pulse Rate 1.013 1.004 1.022 <.01
61-90 days (N = 262) Black/African American Race 1.058 0.775 1.444 723
Hispanic/Latino Ethnicity 0.766 0.529 1.109 .158
Days to Follow Up 0.986 0.980 0.992 <.0001
Female Sex 0.791 0.570 1.097 .160
Passive Smoking 0.179 0.043 0.751 <.05
Quit Smoking 0.675 0.453 1.005 .053
Current Smoker 0.725 0.515 1.019 .064

Increased days between initial hospital encounter and follow-
up visit at a primary care facility were found to be associated
with lower risk of readmission within 30, 60, and 90 days
when compared to patients who were not readmitted within
180 days. These findings are in disagreement with the small
amount of research that has previously investigated the ef-
fects of follow-up time on early all-cause readmission. In
their 2010 study of patients with heart failure above the age

Published by Sciedu Press

of 65, Hernandez et al. report an association between early
follow-up visit (within 7 days of discharge) and decreased
risk of 30-day all-cause readmission.**! As has been previ-
ously stated, our study is novel because it was conducted in
a socioeconomically disadvantaged patient population. This
low-income patient population may contribute to the diver-
gence of our results from those of Hernandez et al.**! Study
authors have reported that socioeconomically disadvantaged
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patients have an increased propensity for missing scheduled
primary care appointments and often do not visit their physi-
cian unless their disease has progressed significantly.””>! Low
SES patients in this study who did follow up with their physi-
cian promptly after hospitalization, then, may have done so
because their illness had worsened rapidly. Such disease
progression would predispose these patients to hospitaliza-
tion, leading to the association between early follow-up and
increased readmission observed in our analysis. It is likely
that the benefits reported by Hernandez et al. of patient ed-
ucation and care coordination that accompany early follow
up are still applicable to low-income patient populations.>*!
Our findings suggest that in order for these benefits to re-
sult in readmission reduction in these populations, methods
must be found to ensure early follow-up times in all patients
regardless of patient perception or disease progression.

Status as a passive smoker was also found to be associated
with lower readmission risk between 60 and 90 days when
compared to patients who did not experience readmission
within 180 days. Past research on the association between
smoking status and readmission rates has produced equivocal
results,[26-34]

Many studies have examined commonly collected demo-
graphic variables. It has been reported that increasing age
could potentially serve as a predictor of all-cause hospital
readmissions, especially in patients over the age of 65.[143%
Race and ethnicity have also been reported to be potential
predictors of all-cause readmission risk, with African Ameri-
can and Hispanic patients facing a higher risk of early read-
mission than their white counterparts.>361 Additionally,
hospitals serving primarily ethnic and racial minority patient
groups experience elevated readmission rates.!'> 1! Mixed
results have been procured for sex as a variable associated
with readmissions, with some studies finding elevated risk
of 30-day readmission in females,!**3!l and others finding
the same risk elevation in males.[**! Contrary to the pos-
itive findings of previous researchers, in the current study
we found no statistically significant differences in hospital
readmission rates in our demographic variables. The de-
mographic variables of age and female sex were not found
to be significant predictors of 30-, 60-, or 90-day readmis-
sion, which is not out of character with the unfixed body of

literature [11,14,26-28,31,35,37]

Several clinical variables showed no association with an in-
creased risk of 30-, 60-, or 90-day all-cause readmission,
consistent in part with the equivocal findings of the literature.
Certain study authors have reported elevated blood pressure
to be predictive of readmission in patients who had spent time
in the ICU,?!" whereas other studies have reported that read-
mitted patients are more likely to have low blood pressure
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upon admission.[?”) Our study demonstrated no relationship
between blood pressure and hospital readmission rates. Body
mass index (BMI) has also been examined, with a BMI above
60 kg/m? found to be associated with 30-day readmissions in
a 2014 study of gastric bypass patients.[*® We found no rela-
tionship between 30-, 60-, or 90- day readmission and BMI;
however, our mean BMI (31.41 =+ 9.39 kg/m?) is noticeably
smaller than that of Tayne et al.*® Contrary to a previous
study,”?!! we did not find body temperature to be a predictor
of early hospital readmission. The inability of the clinical
variables BMI, systolic blood pressure, and diastolic blood
pressure to predict early readmission also supported in part
the indeterminate findings of past studies.!!-21-22:27.31.38]

There did exist some limitations to the design of this study.
Smoking status was measured as a self-identified variable,
creating the potential for self-reporting bias. The small per-
centage of passive smokers in the study and relative unpre-
dictability of 90-day readmission further limit the interpreta-
tion passive smoking findings. The small number of patients
reporting as passive smokers makes analysis of the risk as-
sociated with passive smoking variable and could have led
to the anomalous results of this study. With greater lengths
of time, there is an increased probability of latent variables
influencing the result. Additionally, the calculation of days
to follow up visit only included the time between the initial
hospital encounter and the follow-up visit with the physician,
and did not report the time between hospital discharge and
follow up. Because of this limitation, the reported days to
follow up serve only as a proxy measure for the actual time
between hospital discharge and patient visit to a primary care
facility, though the variable remains an important measure to
ascertain.

Despite these limitations, the results of the current study
still provide evidence for the usefulness of certain variables
in identifying patients at risk of early hospital readmission
within a socioeconomically disadvantaged population. The
identification of patients with elevated heart rate, passive
smokers, and the number of days to follow-up may allow
healthcare providers to develop more effective treatment
plans and discharge strategies to reduce the likelihood of
unforeseen readmission. Among these strategies should be
an increased focus on ensuring that patients adhere to sched-
uled follow-up visits with their physician to mitigate the risk
of experiencing early hospital readmission. These findings
are novel and provide healthcare providers with further tools
to identify at-risk patients in a socioeconomically disadvan-
taged population. Further study should examine the potential
use of other readily collected clinical variables and labora-
tory tests to identify readmission risk in underserved patient
populations. The continued evaluation of such methods of
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readmission reduction will allow healthcare institutions to CONFLICTS OF INTEREST DISCLOSURE
reduce costs and increase the overall quality of care provided The authors declare they have no conflicts of interest.
to patients.
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