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Abstract

Introduction

Readmission within 30 days is used as a standard quality metric for hospitalized patients. We
hypothesized that patients who get readmitted within 30 days may have higher short- and
long-term mortality.

Material and Methods

Using administrative data, we retrospectively analyzed 2,353 patients admitted to inpatient
medicine service over a period of one year. The patients were matched for diagnostic

group (DRG) and severity index (SI) using nearest propensity scores in a 2:1 ratio between non-
readmissions (NRA) to readmissions (RA) patients.

Results

There was no statistically significant difference in the groups between age, sex, length of stay
(LOS), race, and ethnicity. The hazard model yielded a hazard ratio (HR) of 2.06 for 30-day
readmissions (95% CI of 1.55, 2.74; p=<0.001). The survival probability at 6, 12, 18, and 24
months was consistently greater for NRA patients.

Conclusions

Thirty-day readmissions are an independent risk factor for all-cause mortality which persists
for at least two years independent of DRG and SI.

Categories: Internal Medicine, Quality Improvement
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Introduction

Readmissions within 30 days of discharge are used as a quality metric for the care of
hospitalized patients. Hospitals with higher readmission rates face significant negative
financial implications [1]. The magnitude of hospital readmissions is substantial and costly for
the healthcare system [2]. In an ideal situation, the hospitals should be able to maintain both
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low rates of readmissions and mortality. On a survey of the literature, the data in regard to the
direct correlation between readmissions and mortality is at best mixed, with studies revealing
lower as well as higher mortality rates as discussed below [3-6]. Further on, its prognostic value
has not been fully elucidated. In one study, based on individual disease states such as acute
myocardial infarction, pneumonia, and congestive heart failure (CHF), it suggests that there
may not be any such association [7]. In a second study, even when the rate of readmission was
higher in the CHF patients the mortality rate was lower [3]. Furthermore, some existing data
points toward high mortality in readmitted patients; however, most of these studies had a
follow-up period of only up to a year [4-6]. These inconsistent findings generate our interest in
exploring if 30-day all-cause hospital readmissions portend increased all-cause mortality in the
short term and if it holds true for the future mortality as well, specifically in our veteran
population. Our hypothesis being thus is that patients who get readmitted within 30 days of
their discharge date may have a higher short- and long-term mortality.

Materials And Methods

This study was done using administrative data set from Hunter Holmes McGuire Veteran Affairs
Medical Center, at Richmond, Virginia. After approval from the institutional review board, the
electronic medical record was used for retrospective data gathering. This data comprised a total
of 2,353 patients who were admitted for all causes to the internal medicine service between
March 1, 2009 and February 28, 2010. Comparison of all-cause mortality between the two
groups, those patients readmitted (RA) within 30 days, and those patients not getting
readmitted (NRA) was made. Patients were classified as RA if they were discharged from an
internal medicine service and then readmitted to an internal medicine service for any reason
other than an elective procedure, within 30 days of the immediately preceding discharge.
Patients were classified as NRA if they did not get readmitted to the hospital within 30 days.
Only a single pair of “discharge- and-readmission/non-readmission” events was studied for
each patient at the first occurrence only. Each patient was followed for a maximum of 24
months. In addition to demographic data, time to death (in days), 30-day readmission status,
length of stay (LOS), diagnostic group (DRG), and severity index (SI) were recorded. Patients
were categorized into one of eight different DRGs and into five groups according to SI (Table I).

Unmatched Sample (n=2387) Matched Sample (n=735)

Covariate Readmitted (n=245) Not readmitted (n=2142) P-Values Readmitted (n=245) Not Readmitted (n=490) P-Values
Age (mean, sd) 67.6 (12.2) 66.4 (13.2) 0.1529 67.6 (12.2) 68.4 (13.4) 0.4211
Length of stay (mean, sd) 45 (4.6) 5.2 (8.7) 0.0721 4.4 (4.6) 45(4.3) 0.5928
Diagnostic group 0.0019 0.9848
Cardiovascular 64 (26%) 734 (34%) 64 (26%) 118 (24%)

Gastrointestinal 34 (14%) 236 (11%) 34 (14%) 76 (16%)

Infections 31 (13%) 206 (10%) 31 (13%) 64 (13%)

Metabolic 22 (9%) 157 (7%) 22 (9%) 54 (11%)

Neurological 9 (4%) 201 (9%) 9 (4%) 17 (3%)

Renal

Respiratory

17 (7%)

40 (16%)

90 (4%)

287 (13%)
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Other
Ethnicity
Hispanic
Not Hispanic
Gender
Female
Male
Race
White
Black
Other
Severity Index
<2.5%
25-5%
5-10%

10 - 30%

>=30%

29 (11%)

2 (1%)

243 (99%)

6 (3%)

239 (97%)

129 (53%)

113 (46%)

3(1%)

127 (52%)

63 (26%)

30 (12%)

22 (9%)

3(1%)

231 (11%)

29 (11%)

54 (11%)

05718 0.7254
31 (2%) 2 (1%) 6 (2%)
2,111 (98%) 243 (99%) 484 (98%)

0.2051 0.1663
94 (4%) 6 (3%) 24 (3%)
2,048 (96%) 239 (97%) 466 (97%)

0.6422 0.2573
1,193 (56%) 129 (53%) 289 (59%)
923 (43%) 113 (46%) 196 (40%)
26 (1%) 3 (1%) 5 (1%)

<0.0001 0.205
1,468 (69%) 127 (52%) 272 (56%)
314 (15%) 63 (26%) 143 (29%)
213 (10%) 30 (12%) 39 (8%)
108 (5%) 22 (9%) 32 (7%)
39 (1%) 3 (1%) 4 (<1%)

TABLE 1: Summaries and the corresponding p-values before and after using nearest
neighbor propensity score matching.

The means and standard deviations of each of the two groups are provided for age and length of stay, while frequencies and
proportions are provided for gender, race, ethnicity, diagnostic group, and severity index (n = 2,387 for the unmatched sample; n = 735

for the matched sample).

2020 Shaw et al. Cureus 12(7): €9308. DOI 10.7759/cureus.9308

The Veteran Affairs Inpatient Evaluation Center (IPEC) definition of severity index in cases of
non-operative patients is as follows: “predicted mortality for non-operative patients at a given
location divided by the national predicted mortality for such patients.” Logistic regression
modeling is used to calculate predicted mortality, including predictors such as age, marital
status, comorbid illnesses, diagnoses, laboratory variables, intensive care unit admission, DRG,
etc. Patients with and without readmissions were matched on DRG and SI using nearest
neighbor propensity scores, estimated in a 2:1 ratio of NRA to RA. In order to evaluate the
matching, the two groups were compared using t-tests and Pearson chi-square tests. A Kaplan-
Meier curve was plotted against readmission status and a stratified log-rank test was
performed to evaluate the overall difference in the survival probabilities of the two groups.
Lastly, a stratified Cox proportional hazards model was used to estimate to model the survival
distributions between RA and NRA patients while adjusting for patient and clinical
characteristics including age, gender, race, ethnicity, LOS, DRG, and SI. Hazard ratios (HR) and
95% confidence intervals (CI) were reported. All statistical analyses were conducted in R version
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Time (Months)

24

TABLE 2: Estimated mortality rates for 6, 12, 18, and 24-month time points, with
corresponding 95% CI and p-values separated by readmission status.

No readmission

3.4.2 (R Foundation for Statistical Computing, Vienna, Austria) at a significance level of 0.05.

Results

In our study, age, LOS, ethnicity, gender, and race were not related to readmission status,
however, DRG (p=0.002) and SI (p<0.001) did have a relationship prior to matching (Table ).

Patients with cardiovascular-related diseases and SI values less than 2.5 had more

readmissions. After matching, the sample size was reduced to include a total of 735 patients,
490 in NRA vs 245 in the RA group. The two groups were more balanced across the covariates of
interest after matching (Table ). The KM curves for survival following admission, separately,
demonstrate that patients that are readmitted had a higher death rate than those not

readmitted in 30 days (p<0.001, Figure 7).

30 Day Readmission Status: == No

Yes

s \‘\

o -

Survival probability

Y

p < 0.0001

0.001

12
Time (days)

FIGURE 1: The Kaplan—Meier curves for survival following

admission shows that patients that are readmitted had a
higher death rate than those not readmitted in 30 days.

Patients that were not readmitted within 30 days had lower mortality across the entire study.
The mortality rate was consistently lower for patients that were NRA to the hospital within 30
days at 6, 12, 18, and 24 months after index admission (Table 2).

Readmission

Estimated Mortality Rate 95% Cl Lower  Upper EstimatedMortality Rate

0.102 0.075 0.128 0.192 0.859
0.147 0.115 0.178 0.290 0.769
0.188 0.152 0.222 0.359 0.704
0.216 0.179 0.252 0.412 0.653

95% ClI Lower

Upper

0.141

0.231

0.296

0.347

P-Values

<0.001

<0.001

<0.001

<0.001
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The risk of death for patients that were RA to the hospital within 30 days of discharge was
approximately two times that of patients that were not readmitted within 30 days (HR=2.06;
95% CI: 1.55, 2.745; p < 0.001).

Discussion

Thirty-day readmissions were associated with increased mortality, and this risk persisted for up
to two years. We matched on DRG and SI between the groups to eliminate potential bias
incurred by hospital-related factors on hospital readmission. Hence, we believe that 30-day
readmissions may be used as a prognosticator for poor outcomes by being able to forecast an
increase in the short- and long-term mortality.

Hospitalization has been shown to increase the risk of mortality, persisting up to a year after
the index discharge in elderly patients [8]. Another study reported higher mortality (39% vs.
12%) in those who did not get readmitted within a year [5]. Our data demonstrate that there is
an increased cumulative risk of mortality in patients who get readmitted within 30 days versus
those not getting readmitted, which exists well up to two years. From the review of literature,
one previous study which had a similar age group as in our study has shown that 30-day
readmission was independently associated with higher mortality [HR=2.97] [5]. Further on, the
results from two other studies suggested that 30-day readmissions are independent predictors
of mortality both at 90 days and one year [6,7]. In one of the above studies, there was a
significant association of 30-day readmission and mortality between those readmitted vs. not
readmitted (32% vs. 14%) with an odds ratio of 2.2 [7]. The main difference between these
studies and ours is that we describe differences in risk at one-year post-admission up to two
years post-admission.

In the case of individual diseases, it was found that there is an association of 30-day
readmissions with mortality. Arundel et al. found that in CHF patients, there was an all-cause
mortality rate of 41% in readmitted patients vs. 27% in those patients who were not readmitted
[HR=1.68] within one year with persistence of this association for an average of three years
more [9]. Scaglione et al. reported that 50% of patients admitted for decompensated cirrhosis
had 30-day readmissions resulting in higher 90-day, one-year, and overall mortality rates [10].
Nouh et al. reported a 30-day readmission rate of 8.7% in the case of stroke patients, associated
with high mortality of 36.6 % vs. 14% (OR 3.6) in readmitted vs. not readmitted, but these
patients were not followed up prospectively [11]. Our study is different from the above studies
in that we are investigating all-cause readmissions and not those related to any single disease
process, even though the theme of higher mortality rates in the readmitted patients is constant
with our results.

The results of our study suggest that prevention of hospital readmissions should be a high
priority to prevent increased all-cause mortality. However, there is no magical solution to
reduce readmissions and a combination of approaches may be effective [12]. Various prediction
models, although far from perfect, have been developed to forecast readmissions [13-14]. These
could help us to prioritize our fragile inpatient resources more efficiently towards those
patients who are at higher risk of getting readmitted with 30 days. Early outpatient follow-up
after inpatient stay has been proven to decrease in 30-day readmissions in case of heart failure
patients [15]. This correlation may hold true for other disease conditions as well.

The limitation of our study is that it represents a single-center experience with a select cohort
of veteran patients, mostly males which makes it difficult to generalize the results across all the
settings. Another limitation is that the data extraction was done administratively, and some
readmissions may have been missed on the electronic health record as some of these might
have happened outside of the Veteran Affairs health system. We attempted to balance patient
characteristics, but imbalances on unmeasured characteristics could have confounded the
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results.

Conclusions

In conclusion our study suggests that 30-day readmission regardless of overall severity of
illness, is an independent risk factor for all-cause mortality which persists for at least two years.
This reinforces the need for increased resource allocation to those patients who are at highest
risk for readmission. This will allow for aggressive optimization of inpatient care, case
management and transitions of care to prevent such readmission which will ultimately
translate into decreased mortality and improved overall health-care outcomes.

Additional Information
Disclosures

Human subjects: Consent was obtained by all participants in this study. IRB at Hunter Holmes
McGuire VA Medical Center issued approval 02069. This study was approved as a retrospective
database study by our IRB and as such no informed consent was necessary for this study.
Animal subjects: All authors have confirmed that this study did not involve animal subjects or
tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all
authors declare the following: Payment/services info: All authors have declared that no
financial support was received from any organization for the submitted work. Financial
relationships: All authors have declared that they have no financial relationships at present or
within the previous three years with any organizations that might have an interest in the
submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

Acknowledgements

This material is the result of work supported with resources at the Hunter Holmes McGuire
VAMC, Richmond, VA. The views expressed in this article are those of the authors and do not
necessarily reflect the position or policy of the Department of Veterans Affairs or the United
States government. Special thank are accorded to Dr. Sean Slusher for helping with proof
reading. A part of this work was presented as an abstract at the society of hospital medicine
annual meeting at Maryland in 2019.

References

1. Hospital readmissions reduction program (HHRP). (1999). Accessed: July 1, 2020:
http://www.cms.gov/Medicare/Medicare-Fee-for-Service-
Payment/AcutelnpatientPPS/Readmissions-Reduction-Program.html.

2. Jencks SF, Williams MV, Coleman EA: Rehospitalizations among patients in the Medicare fee-
for-service program. N Engl ] Med. 2009, 360:1418-1428. 10.1056/NEJMsa0803563

3. Gorodeski EZ, Starling RC, Blackstone EH: Are all readmissions bad readmissions?. N Engl |
Med. 2010, 363:297-298. 10.1056/NEJMc1001882

4. Lum HD, Studenski SA, Degenholtz HB, Hardy SE: Early hospital readmission is a predictor of
one-year mortality in community-dwelling older Medicare beneficiaries. ] Gen Intern Med.
2012, 27:1467-1474. 10.1007/s11606-012-2116-3

5. Robinson T, Kerse N: Medical readmissions amongst older New Zealanders: a descriptive
analysis. N Z Med J. 2012, 125:24-34.

6. Aljishi M, Parekh K: Risk factors for general medicine readmissions and association with
mortality. N Z Med J. 2014, 127:42-50.

7. Krumholz HM, Lin Z, Keenan PS, Chen ], et al.: Relationship between hospital readmission and
mortality rates for patients hospitalized with acute myocardial infarction, heart failure, or
pneumonia. JAMA. 2013, 309:587-593. 10.1001/jama.2013.333

8. Creditor MC: Hazards of hospitalization of the elderly . Ann Intern Med. 1993, 118:219-223.

2020 Shaw et al. Cureus 12(7): €9308. DOI 10.7759/cureus.9308 60of7


http://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/AcuteInpatientPPS/Readmissions-Reduction-Program.html
http://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/AcuteInpatientPPS/Readmissions-Reduction-Program.html
https://dx.doi.org/10.1056/NEJMsa0803563
https://dx.doi.org/10.1056/NEJMsa0803563
https://dx.doi.org/10.1056/NEJMc1001882
https://dx.doi.org/10.1056/NEJMc1001882
https://dx.doi.org/10.1007/s11606-012-2116-3
https://dx.doi.org/10.1007/s11606-012-2116-3
https://pubmed.ncbi.nlm.nih.gov/23321881/
https://pubmed.ncbi.nlm.nih.gov/24929570/
https://dx.doi.org/10.1001/jama.2013.333
https://dx.doi.org/10.1001/jama.2013.333
https://dx.doi.org/10.7326/0003-4819-118-3-199302010-00011

Cureus

10.

11.

12.

13.

14.

15.

10.7326/0003-4819-118-3-199302010-00011

Arundel C, Lam PH, Khosla R, et al.: Association of 30-day all-cause readmission with long-
term outcomes in hospitalized older Medicare beneficiaries with heart failure. Am ] Med.
2016, 129:1178-1184. 10.1016/j.amjmed.2016.06.018

Scaglione SJ, Metcalfe L, Kliethermes S, et al.: Early hospital readmissions and mortality in
patients with decompensated cirrhosis enrolled in a large National Health Insurance
administrative database. ] Clin Gastroentrol. 2017, 51:839-844.
10.1097/MCG.0000000000000826

Nouh AM, McCormick L, Modak J, Fortunato G, Staff I: High mortality among 30-day
readmission after stroke: predictors and etiologies of readmission. Front Neurol. 2017, 8:632.
10.3389/fneur.2017.00632

Ahmad FS, Metlay JP, Barg FK, Henderson RR, Werner RM: Identifying hospital organizational
strategies to reduce readmissions. Am ] Med Qual. 2013, 28:278-285.
10.1177/1062860612464999

Donze ], Aujesky D, Williams D, Schnipper JL: Potentially avoidable 30-day hospital
readmissions in medical patients: derivation and validation of a prediction model. JAMA
Intern Med. 2013, 173:632-638. 10.1001/jamainternmed.2013.3023

Burke RE, Schnipper JL, Williams MV, et al.: The HOSPITAL score predicts potentially
preventable 30-day readmissions in conditions targeted by the hospital readmissions
reduction program. Med Care. 2017, 55:285-290. 10.1097/MLR.0000000000000665
Hernandez AF, Greiner MA, Fonarow GC et al.: Relationship between early physician follow-
up and 30-day readmission among Medicare beneficiaries hospitalized for heart failure.
JAMA. 2010, 303:1716-1722. 10.1001/jama.2010.533

2020 Shaw et al. Cureus 12(7): €9308. DOI 10.7759/cureus.9308 7of7


https://dx.doi.org/10.7326/0003-4819-118-3-199302010-00011
https://dx.doi.org/10.1016/j.amjmed.2016.06.018
https://dx.doi.org/10.1016/j.amjmed.2016.06.018
https://dx.doi.org/10.1097/MCG.0000000000000826
https://dx.doi.org/10.1097/MCG.0000000000000826
https://dx.doi.org/10.3389/fneur.2017.00632
https://dx.doi.org/10.3389/fneur.2017.00632
https://dx.doi.org/10.1177/1062860612464999
https://dx.doi.org/10.1177/1062860612464999
https://dx.doi.org/10.1001/jamainternmed.2013.3023
https://dx.doi.org/10.1001/jamainternmed.2013.3023
https://dx.doi.org/10.1097/MLR.0000000000000665
https://dx.doi.org/10.1097/MLR.0000000000000665
https://dx.doi.org/10.1001/jama.2010.533
https://dx.doi.org/10.1001/jama.2010.533

	Thirty-Day Hospital Readmissions: A Predictor of Higher All-cause Mortality for Up to Two Years
	Abstract
	Introduction
	Material and Methods
	Results
	Conclusions

	Introduction
	Materials And Methods
	TABLE 1: Summaries and the corresponding p-values before and after using nearest neighbor propensity score matching.

	Results
	FIGURE 1: The Kaplan–Meier curves for survival following admission shows that patients that are readmitted had a higher death rate than those not readmitted in 30 days.
	TABLE 2: Estimated mortality rates for 6, 12, 18, and 24-month time points, with corresponding 95% CI and p-values separated by readmission status.

	Discussion
	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


