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BACKGROUND: There has been little research to examine
post-discharge adverse events (AEs) in rural patients
discharged from community hospitals.
OBJECTIVE: We aimed to determine the rate of post-
discharge AEs, classify the types of post-discharge AEs,
and identify risk factors for post-discharge AEs in urban
and rural patients.
DESIGN: This was a prospective cohort study of patients
at risk for post-discharge adverse events from December
2011 through October 2012.
PATIENTS: Six hundred and eighty-four patients who
were under the care of hospitalist physicians and were
being discharged home, spoke English, and could be
contacted after discharge, were admitted to the medical
service. Patients were stratified as urban/rural using zip
code of residence. Rural patients were oversampled to
ensure equal enrollment of urban and rural patients.
MAIN MEASURES: The main outcome of the study was
post-discharge AEs based on structured telephone inter-
views, health record review, and adjudication by two
blinded, trained physicians using a previously
established methodology.
RESULTS: Over 28 % of 684 patients experienced post-
discharge AEs, most of which were either preventable or
ameliorable. There was no difference in the incidence of
post-discharge AEs in urban versus rural patients (ARR
1.04 95 % CI 0.82 -1.32 ), but post-discharge AEs were
associated with hypertension, type 2 diabetes mellitus,
and number of secondary discharge diagnoses only in
urban patients.
CONCLUSIONS: Post-discharge AEs were common in
both urban and rural patients and many were prevent-
able or ameliorable. Potentially different risk factors for
AEs in urban versus rural patients suggests the need for
further research into the underlying causes. Different

interventions may be required in urban versus rural pa-
tients to improve patient safety during transitions in care.

KEY WORDS: medical errors; adverse events; quality of care; transitional

care.

J Gen Intern Med 30(8):1164–71

DOI: 10.1007/s11606-015-3260-3

© Society of General Internal Medicine 2015

INTRODUCTION

Post-discharge safety is a major public health concern for
patients who transition from the hospital to home.1 The first
study to examine post-discharge adverse events (AEs) identi-
fied a 19 % AE rate in urban patients discharged from the
hospital’s internal medicine service.2 A follow-up urban study
identified a 23 % rate of AEs.3 These AE rates are approxi-
mately five times higher than the rate of AEs that occur during
a hospitalization,4,5 and were not reported by the Institute of
Medicine (IOM) report, BTo Err Is Human.^6

However, neither prior post-discharge study examined AEs
involving a large number of both urban and rural patients
discharged to home from a medical service run by hospitalist
physicians of a community hospital. This is important, be-
cause 87% of hospitalized patients are cared for in community
hospitals,7 at least 40 % of community hospitals have hospi-
talist programs,8 and 35 % of community hospitals serve rural
patients.9 Moreover, rural patients are considered a priority
population by the Agency for Healthcare Research and Qual-
ity because of potential disparities in care and relative lack of
research in these patients.10 It is possible that the overall rate of
AEs involving rural patients may be higher than the two urban
studies,2,3 due to difficulties in access to care, lack of follow-
up care in rural communities, and difficulties in transitional
care between an urban provider and a rural patient’s home.11

The objective of this study was to determine the incidence
and types of AEs (including preventable and ameliorable AEs)
in urban and rural patients in the month after discharge. A
second objective was to examine the risk factors for post-
discharge AEs in urban vs. rural patients, with a goal of further
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understanding underlying causes and possible interventions to
improve patient safety in these different populations.

METHODS

Setting, Participants, and Study Recruitment

Eligible subjects for this prospective cohort study were re-
cruited from Tallahassee Memorial Hospital (TMH) an aca-
demically affiliated community hospital of Florida State Uni-
versity (FSU), Tallahassee, Florida, from 14 December 2011,
through 8 October 2012. We recruited adults admitted to the
medical service, under the care of TMH hospitalist physicians,
who were being discharged home, spoke English, and who
could be contacted 30 days after discharge for a telephone
interview. In the event that patients were unable to complete
the telephone interview themselves, patient surrogates were
permitted to complete the telephone interview.2,3 The study
was approved by FSU, TMH, and Wayne State University
institutional review boards.
Rural patients were defined by zip code of residence with a

population density of less than or equal to 100 people per
square mile.12 Potential subjects were identified from hospital
administrative data. In order to ensure that equal proportions
of urban and rural subjects were recruited, based on methods
utilized in prior studies by these investigators,13 nurse-
reviewers first stratified the patient list by urban/rural, then
randomized the order in which potentially eligible patients
from the list were approached to ensure unbiased patient
enrollment, and finally over-sampled rural patients to ensure
that equal proportions of urban and rural patients were recruit-
ed. Prior to discharge, nurse-reviewers obtained informed
written consent from study subjects, including a release to
allow researchers to review health records from other institu-
tions in the month after discharge, and then administered a
brief demographic survey regarding exposure variables diffi-
cult to obtain from health records, including education level,
household income and living arrangements, transportation,
and caregiver status.

Telephone Interviews

Nurse-reviewers made their first attempt to contact study
patients by telephone within 3–4 weeks of discharge. If
nurse-reviewers were unable to reach patients after ten
attempts or within 6 weeks after discharge from the
hospital, these patients were recorded as non-responders,
and efforts to gather post-discharge health records were
initiated. For these non-responders, we searched the
TMH electronic health record to identify possible clinic
visits, emergency department visits, and/or TMH
readmissions. We also reviewed local newspapers for
obituaries and the State of Florida Vital Statistics regis-
try to assist in the identification of deceased patients. If
a patient was contacted and declined study participation,

that patient was recorded as withdrawn and excluded
from the study.
The 20-minute telephone interview consisted of three com-

ponents necessary for outcome assessment. The first compo-
nent included the Care Transition Measure-3 questions ad-
dressing the patient’s understanding of their health care needs
and health management after discharge.14 The second compo-
nent included questions to determine a patient’s use of health
services since discharge, including home care services, physi-
cian office or clinic visits, laboratory visits, emergency depart-
ment visits, and readmissions to a hospital. If this utilization
occurred outside the TMH system, additional contact infor-
mation was obtained to allow researchers to obtain health
records from these facilities. The third component consisted
of a full review of organ systems, with questions addressing
issues such as fever, pain or discomfort, inability to eat, nausea
or vomiting, diarrhea, shortness of breath, cough, skin break-
down, rash, falls, swollen legs, urinary frequency, and dys-
uria.2,3,15,16 If patients answered that any of these symptoms
were new or worse since discharge, the nurse-reviewer asked
additional follow-up questions regarding the severity of the
symptoms, the timing of symptoms in relation to hospitaliza-
tion and treatments, and the resolution of symptoms, in order
to determine the relationship between these symptoms and
health care delivery.

Review of Health Records

TMH outpatient health records were utilized to validate the
telephone interview information provided by the patient and
abstract additional information necessary for outcome mea-
surement. Nurse-reviewers also contacted non-TMH health
practices or institutions by fax and phone to collect paper
health records for patients reportedly seen at these practices
or institutions.
Next, nurse-reviewers combined information obtained from

the telephone interview and/or the outpatient health records to
screen for: 1) new or worsening symptoms; 2) unplanned
health services utilization; and 3) abnormal laboratory test
results. If nurse-reviewers identified any of the above infor-
mation, they referred these cases to physician adjudicators
who independently reviewed all information prepared by
nurse-reviewers to determine the occurrence of post-
discharge AEs. For cases for which nurse-reviewers could
not identify any of the above information, they were recorded
as negative for post-dischargeAEs requiring no further review.
Two physician-adjudicators (J.A. and S.Q.) blinded to

urban/rural status independently created case summaries for
patients they identified with possible post-discharge AEs.2,3

One case summary was prepared for each possible AE. In each
case, the same physician-adjudicators then rated their confi-
dence that the patient injury was a result of medical manage-
ment and not the patient’s underlying medical conditions,
including the absence of needed treatment when clearly clin-
ically indicated,2,6 i.e., a post-discharge AE, utilizing a scale of
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1 to 6 (1, little or no confidence; 2, slight to moderate confi-
dence; 3, less than 50 % confidence but a close call; 4, more
than 50 % confidence but a close call; 5, strong confidence;
and 6, virtually certain).2,3,5 If their rating was 4, 5 or 6, the
event was considered an AE. For AEs, the two independent
physician-adjudicators then determined Bpreventability^ and
Bameliorability.^ Preventable means the injury would not have
occurred at all had medical management been better, while
ameliorable means the injury could have been lessened in
severity or duration had the error not occurred. AEs were also
categorized by effects on functional status, by severity (signif-
icant, serious, life-threatening, or fatal),17 duration, organ sys-
tems involved, and additional health care utilization (of note,
an AE may be detected during a planned post-discharge phy-
sician visit and not the cause of any additional utilization).
Lastly, we utilized a standard approach to classify the type of
AE.2–5 We utilized the Naranjo algorithm, which is a validated
scoring system for determining attribution of symptoms to
medications,18 previously modified by these investigators,15,16

as a guide for determining adverse drug events (ADEs). If there
was disagreement between the two reviewers regarding causal-
ity (AE or not), preventability, or ameliorability, they discussed
the case and attempted to come to consensus. If they could not
reach consensus, a third independent physician-adjudicator
(J.L.S.) reviewed the case and made a final decision.2,3

Statistical Analysis

We determined the proportion of urban and rural patients with
post-discharge AEs and with preventable or ameliorable post-
discharge AEs. We also determined the functional conse-
quences of post-discharge adverse events, duration and sever-
ity of injury, health services utilization, and the different types
of post-discharge AEs at the patient level. Chi-square tests and
t-tests were utilized to test for differences in patient character-
istics. Bivariate analyses compared various exposure variables
and incidence of AEs. Subgroup analyses were conducted to
determine factors associated with AEs in urban and rural
patients, respectively. Multivariable log-binomial regression
models were then built to determine the independent factors
associated with the risk of experiencing a post-discharge AE at
the patient level.We excluded several covariates from the final
model that were not statistically significant. Reliability of
adjudication was assessed by utilizing the kappa statistic for
the reviewers’ rating of post-discharge AEs. We utilized SAS,
version 9.4 for all analyses (SAS Institute, Inc., Cary, North
Carolina).

RESULTS

We identified 809 eligible urban and rural patients who agreed
to participate in the study (Fig. 1). We excluded 96 patients
because they were discharged to skilled nursing facilities or by
non-hospitalist physicians, withdrew consent, or were

discharged to hospice or died prior to discharge, and 29
patients were lost to follow-up. Physicians adjudicated 347
patients for possible AEs, 185 of 347 patients required discus-
sion among the two adjudicators, and three of 185 patients
required a third adjudicator. Outcomes were assessed for 684
patients (including 119 non-interviewed patients but for whom
health records were available); urban patients were generally
more educated, had higher household incomes, and utilized
more private insurance, whereas rural patients more often had
a diagnosis of type 2 diabetes mellitus (Table 1).
We identified 196 patients with post-discharge AEs, of

which 98 (28.8 %) were urban and 98 (28.5 %) were rural
patients (Table 2 and Fig. 1). Thus, the overall incidence of
post-discharge AEs for all 684 patients was 28.7 %. The 196
patients with AEs experienced 290 separate post-discharge
AEs. Of these 290 post-discharge AEs, 108 (37 %) were
considered preventable and 105 (36 %) were ameliorable.
Inter-rater reliability for assessment of post-discharge AEs
was fair (κ=0.53).
ADEs comprised 204 (70.3 %) of all 290 AEs (Table 2).

Management errors and therapeutic errors were most often
considered preventable, while procedural complications were
least often considered preventable. There was a trend for rural
patients to have a higher rate of ADEs and procedural

Figure 1. Flow of participants through the study. SNF=skilled
nursing facility; AEs=adverse events; ED=emergency department;

OP=outpatient.
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complications when compared to urban patients. Urban pa-
tients had a higher rate of management and therapeutic errors,
but there were no differences in the frequencies of each AE
type between rural and urban patients.
Health care utilization for urban and rural patients that

experienced a post-discharge AE was similar (Table 3).
Rehospitalizations and emergency department visits oc-
curred in 24 % and 34 % of urban patients who suffered
an AE, respectively, and in 22 % and 30 % of rural
patients. However, among the entire population,
rehospitalizations occurred in 7 % of urban and 6 % of
rural patients. The functional consequences of post-

discharge AEs included predominantly mild effects on
activities of daily living (ADLs) (Table 3), although almost
one-third of patients with AEs suffered a major effect on
ADLs. Over two-thirds of patients had an AE with a
duration of over 1 week, and one-third of patients suffered
a serious injury or worse. In general, the consequences,
duration, and severity of post-discharge AEs were similar
among urban and rural patients, although there was a
nonsignificant trend towards longer duration among rural
patients (73.5 % vs. 67.4 % greater than 1 week, p=0.3,5)
and for anti-coagulants to more often be the cause of
ADEs in rural patients (12.2 % vs. 7.1 %, p=0.23).

Table 1. Patient Characteristics

Characteristic Urban (n=340) Rural (n=344) Significance (p value)

Sex, No. 0.36
Female 182 (53.5 %) 172 (50.0 %)

Age, median (IQR) 64.0 (50.0–71.0) 62.5 (51.0–72.0) 0.55
Race, No. (%) 0.28
White 263 (78.7 %) 256 (75.3 %)
Black 70 (21.0 %) 83 (24.4 %)

Education, No. (%) < 0.0001
Less than High school 16 (4.8 %) 51 (14.9 %)
High school graduate 89 (26.5 %) 141 (41.2 %)

Some college/college graduate 177 (52.7 %) 134 (39.2 %)
Post-graduate 54 (16.1 %) 16 (4.7 %)

Household Income, No. (%) < 0.0001
<$25,000 89 (29.9 %) 147 (49.2 %)
$25,000–$49,999 70 (23.5 %) 72 (24.1 %)
$50,000–$74,999 63 (21.1 %) 46 (15.4 %)
$75,000+ 76 (25.5 %) 34 (11.4 %)

Living situation, No. (%) 0.55
Married or living as if married 273 (80.8 %) 284 (82.6 %)
Lives alone 65 (19.2 %) 60 (17.4 %)

Number of secondary discharge diagnoses, median (IQR) 9 (6–13) 10 (7–14) 0.014
Payer, No. (%) 0.0005
Private (= Blue cross,Bcommercial,^ BHMO^) 145 (43.0 %) 97 (28.4 %)
Government

Medicare (=medicare, medicare HMO) 154 (45.7 %) 191 (56.0 %)
Medicaid (=medicaid, medicaid HMO) 20 (5.9 %) 35 (10.3 %)

Self-pay 18 (5.3 %) 18 (5.3 %)
Hospital Stay, Number of days, median (IQR) 3.0 (2.0-4.5) 3.0 (2.0-4.0) 0.36
Pneumonia 41 (12.1 %) 33 (9.6 %) 0.30
Top five diagnoses
Hypertension 246 (72.4 %) 247 (71.8 %) 0.87
Type 2 Diabetes Mellitus 113 (33.2 %) 146 (42.4 %) 0.013
Atrial Fibrillation 74 (21.8 %) 75 (21.8 %) 0.99
Coronary Artery Disease 63 (18.5 %) 72 (20.9 %) 0.43
Infection 62 (18.2 %) 69 (20.1 %) 0.54

IQRinterquartile range

Table 2. Post-Discharge adverse Events Categorized as Preventable, Ameliorable, or Neither for Urban and Rural Patients

Urban Rural

Patients with AEs 98 / 340 98 / 344
Incidence Rate 28.8 % 28.5 %
AEs* 145 145
Preventable/ Ameliorable Prev Amel Non P/A Prev Amel Non P/A
Overall 56(39 %) 57(39 %) 32(22 %) 52(36 %) 48(33 %) 45(31 %)
Adverse Drug Events 29/100 (29 %) 45/100 (45 %) 26/100 (26 %) 29/104 (28 %) 36/104 (35 %) 39/104 (38 %)
Management Errors 18/24 (75 %) 3/24 (13 %) 3/24 (13 %) 14/18 (78 %) 3/18 (17 %) 1/18 (6 %)
Procedural Complications 3/9 (33 %) 3/9 (33 %) 3/9 (33 %) 2/14 (14 %) 7/14 (50 %) 5/14 (36 %)
Therapeutic Errors 5/8 (63 %) 3/8 (38 %) 0/8

(0 %)
4/4 (100 %) 0/4 (0 %) 0/4 (0 %)

Diagnostic Errors 1/4 (25 %) 3/4 (75 %) 0/4 (0 %) 3/4 (75 %) 1/4 (25 %) 0/4 (0 %)
Hospital Acquired Infections 0/0 0/0 0/0 0/1 (0 %) 1/1 (100 %) 0/1 (0 %)

*The number of adverse events exceeds the number of unique patients with adverse events because patients can have more than one adverse event. AEs
adverse events; Prevpreventable adverse events; Amelameliorable adverse events; Non P/Aneither preventable nor ameliorable
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In the bivariate analysis, the number of secondary discharge
diagnoses (p ≤ 0.01), hypertension (p=0.01), and type 2
diabetes mellitus (p=0.02) were significant for urban patients
in predicting post-discharge AEs (Table 4), while primary
discharge diagnosis (p=0.04) and coronary artery disease
(p=0.03) were significant predictors for rural patients. How-
ever, in only three cases was there evidence of effect modifi-
cation by urban/rural status based on the p value of the
interaction term: number of secondary diagnoses (p=0.03),
hypertension (p=0.01), and diabetes (p=0.05).
In the multivariable log-binomial complete adjusted cohort

analysis, urban versus rural residency status was not signifi-
cantly associated with risk for post-discharge AEs (ARR 1.04,
95 % CI 0.82 -1.32) (Table 5). In subgroup analyses, we found
that an increase in a patient’s number of secondary diagnoses
increased the risk of post-discharge AEs among urban patients
(ARR 1.05 95 % CI 1.02–1.08), but not among rural patients
(ARR 0.99 95 % CI 0.97–1.02, p for interaction=0.008)
(Table 5). Interestingly, there was also evidence of effect

modification for a primary diagnosis of gastrointestinal dis-
ease, with a nonsignificant trend towards being a positive
predictor in urban patients and a negative predictor in rural
patients (p for interaction=0.05).

DISCUSSION

In this study, the largest to date to examine post-discharge AEs
in both urban and rural patients, we found that more than 28%
of patients suffered a post-discharge AE and over two-thirds of
AEs were considered preventable or ameliorable. AE rates
were almost identical in urban versus rural patients, with urban
patients showing a stronger relationship between number of
secondary diagnoses and AE risk than rural patients. We found
the rate of post-discharge AEs to be higher than previous
studies (19 % and 23 %).2,3 While this may be due to temporal
trends or differences in the health systems or patient popula-
tions, the difference may also be in the extensive review of

Table 3. Health Care Utilization, Functional Consequences, Duration and Severity of Injury, Symptoms, and Drug Classes Associated with
Post-Discharge Adverse Events

Urban Rural

Total subjects 340 344
Subjects experiencing any AE 98(28.8 %) 98(28.5 %)
Outcome N (% of AE patients) N (% of AE patients)
Health care utilization:*

Readmission to Hospital 24 (24.5 %) 22 (22.4 %)
Visit to ED 33 (33.7 %) 29 (29.6 %)
Visit to diagnostic facility 4 (4.1 %) 1 (1.0 %)
Planned visit to MD office 39 (39.8 %) 37 (37.8 %)
Unplanned visit to MD office 10 (10.2 %) 9 (9.2 %)
Telephone MD office 8 (8.2 %) 6 (6.1 %)

Functional consequences of AEs: †

Symptoms only 24 (24.5 %) 30 (30.9 %)
Mild effects on ADLs 41 (41.8 %) 37 (38.1 %)
Major effects on ADLs 32 (32.6 %) 28 (28.9 %)
Death 1 (1.0 %) 2 (2.1 %)

Duration of injury associated with AEs: 2

Up to 1 day of symptoms 9 (9.2 %) 7 (7.1 %)
1–3 days of symptoms 11 (11.2 %) 9 (9.2 %)
4–7 days of symptoms 12 (12.2 %) 10 (10.2 %)
>1 week of symptoms 66 (67.4 %) 72 (73.5 %)

Severity of injury associated with AEs: †

Significant 65 (66.3 %) 66 (68.0 %)
Serious 31 (31.6 %) 25 (25.8 %)
Life-threatening 1 (1.0 %) 4 (4.1 %)
Fatal 1 (1.0 %) 2 (2.1 %)

Symptoms associated with AEs:‡

Gastrointestinal 29 (29.6 %) 30 (30.6 %)
Neuropsychiatric 20 (20.4 %) 16 (16.3 %)
Cardiovascular 21 (21.4 %) 22 (22.4 %)
Respiratory 7 (7.1 %) 8 (8.2 %)
Other 56 (57.1 %) 56 (57.1 %)

Drug categories implicated in ADEs:
Cardiovascular 26 (26.5 %) 19 (19.4 %)
Anti-infectives 17 (17.4 %) 19 (19.4 %)
Anti-coagulants 7 (7.1 %) 12 (12.2 %)
Steroids 6 (6.1 %) 7 (7.1 %)
Opioids 5 (5.1 %) 6 (6.1 %)
Analgesics 4 (4.1 %) 5 (5.1 %)
Diuretics 2 (2.0 %) 5 (5.1 %)

*Health care utilization percentages sum to more than 100 % because patients may have experienced multiple adverse events, and because a single
adverse event may result in the utilization of multiple types of care
†For functional consequences, duration, and severity of injury, the results are presented as the most severe outcome for all AEs suffered by an individual patient
‡Symptoms reported by patient, physician, or both. Certain patients have multiple symptoms per AE or multiple AEs
EDemergency department, MDphysician, AEsadverse events, ADLsactivities of daily living, ADEsadverse drug events
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outpatient health records in the present study; such differences
were used to explain higher rates of post-discharge ADEs in a
different study.13 Consistent with previous studies is the find-
ing that the majority of post-discharge AEs are preventable or
ameliorable.
Interestingly, the number of secondary discharge diagnoses

was more strongly associated with AE risk in urban than in
rural patients. This phenomenon may be explained by the fact
that rural patients are less likely to seek health care utilization,
as shown by other studies,19,20 and therefore less likely to
receive a prompt secondary diagnosis when compared to
urban patients who more frequently utilize the health care
system. Supporting evidence for this theory may be found in

hypertension and diabetes diagnoses that are associated with
regular health care and were only associated with AE risk in
urban patients. A trend towards more management and thera-
peutic errors among urban patients suggests that these patients
may be more medically complex. On the other hand, several
nonsignificant findings provide hints at access-to-care issues
among rural patients: rural patients had a trend toward longer
duration of AEs andmoreADEs due to anticoagulation, which
require regular monitoring to prevent.
Few studies have evaluated post-discharge AEs in rural

patients.2,3 Studies of rural patient safety have focused almost
exclusively on inpatient medical errors and AEs.21,22 The
potential for post-discharge AEs is conceivably greater for

Table 4. Patient Characteristics With and Without Post-Discharge Adverse Events

Urban Rural Interaction
P

Overall count (%) 340 (49.7 %) 344 (50.3 %)

AE No AE AE No AE

Overall count (%) 98 (28.8
%)

242 (71.2
%)

98 (28.5
%)

246 (71.5
%)

Characteristics p p

Sex, N (%)
Female 58(59.2 %) 124(51.2 %) 0.19 52(53.1 %) 120(48.8 %) 0.47 0.66

Age, mean (SD) 61.3(15.7) 60.3(15.9) 0.66 61.0(15.4) 61.4(14.5) 0.85 0.64
Race, N (%)
White 76(80.8 %) 187(78.2 %) 0.63 72(74.2 %) 184(76.0 %) 0.72 0.53
African American 18(19.2 %) 52(21.8 %) 25(25.8 %) 58(24.0 %)

Education, N (%)
<High school 4(4.1 %) 12(5.0 %) 0.58 14(14.4 %) 37(15.1 %) 0.88 0.58
High school graduate 29(29.9 %) 60(25.1 %) 40(41.2 %) 101(41.2 %)
Some college/ college grad 52(53.6 %) 125(52.3 %) 37(38.1 %) 97(39.6 %)
Post-graduate 12(12.4 %) 42(17.6 %) 6(6.2 %) 10(4.1 %)

Household Income, N (%)
<$25,000 26(29.9 %) 63(29.9 %) 0.49 45(50.6 %) 102(48.6 %) 0.89 0.83
$25,000-$49,999 17(19.5 %) 53(25.2 %) 19(21.4 %) 53(25.2 %)
$50,000-$74,999 17(19.5 %) 46(21.8 %) 15(16.8 %) 31(14.8 %)
$75,000+ 27(31.0 %) 49(23.2 %) 10(11.2 %) 24(11.4 %)

Living Situation, N (%)
Married or living as if married 79(81.4 %) 194(80.5 %) 0.84 84(85.7 %) 200(81.3 %) 0.89 0.56
Lives alone 18(18.6 %) 47(19.5 %) 14(14.3 %) 46(18.7 %)

Primary Discharge Diagnosis, N (%)
Circulatory 10(10.2 %) 23(9.5 %) 0.87 15(15.3 %) 26(10.6 %) 0.04 0.33
Respiratory 29(29.6 %) 90(37.2 %) 33(33.7 %) 93(37.8 %)
Gastrointestinal 25(25.5 %) 55(22.7 %) 11(11.2 %) 54(22.0 %)
Genitourinary 5(5.1 %) 8(3.3 %) 2(2.0 %) 8(3.3 %)
Infectious 8(8.2 %) 14(5.8 %) 11(11.2 %) 12(4.9 %)
Musculoskeletal 3(3.1 %) 7(2.9 %) 3(3.1 %) 14(5.7 %)
Neurovascular 11(11.2 %) 32(13.2 %) 17(17.4 %) 33(13.4 %)
Other 7(7.1 %) 13(5.4 %) 6(6.1 %) 6(2.4 %)
Number of Secondary Discharge Diagnoses,
mean (SD)

11.0 (5.2) 9.3 (4.8) <0.01 10.8 (5.2) 10.8 (5.9) 0.98 0.03

Payer, N (%)
Private Institution 42(43.3 %) 103(42.9 %) 0.70 27(28.1 %) 70(28.6 %) 0.89 0.96
Government

Medicare 47(48.4 %) 107(44.6 %) 56(58.3 %) 135(55.1 %)
Medicaid 4(4.1 %) 16(6.7 %) 8(8.3 %) 127(11.0 %)

Self-Pay 4(4.1 %) 14(5.8 %) 5(5.2 %) 13(5.3 %)
Hospital stay, mean (SD) 4.1 (3.4) 3.5 (2.1) 0.11 3.6 (2.2) 3.9 (3.6) 0.52 0.10
Pneumonia, N (%) 16(16.3 %) 25(10.3 %) 0.12 9(9.2 %) 24(9.8 %) 0.87 0.28
Top five diagnoses
Hypertension, N (%) 80(81.6 %) 166(68.6 %) 0.01 66(67.4 %) 181(73.6 %) 0.25 0.01
Type 2 Diabetes Mellitus, N (%) 42(42.9 %) 71(29.3 %) 0.02 40(40.8 %) 106(43.1 %) 0.70 0.05
Atrial Fibrillation, N (%) 21(21.4 %) 53(21.9 %) 0.92 23(23.5 %) 52(21.1 %) 0.64 0.69
Coronary Artery Disease, N (%) 18(18.4 %) 45(18.6 %) 0.96 28(28.6 %) 44(17.9 %) 0.03 0.13
Infection, N (%) 21(21.4 %) 41(16.9 %) 0.33 25(25.5 %) 44(17.9 %) 0.11 0.69

Interaction p indicates whether the effect of the characteristic on a patient’s risk of experiencing an adverse event differs between urban and rural
patients
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poor and underserved populations, including those residing in
small rural communities. However, in our study we did not
identify a difference in the rate of post-discharge AEs when we
compared urban to rural patients. As in previous studies, we
identified ADEs as the most common type of post-discharge
AEs.2,3 Other types of AEs that we reported, unlike the previ-
ous post-discharge studies,2,3 included management errors,
which were the second most common AE type.
The multivariable subgroup analysis found evidence of

effect modification by number of secondary diagnoses (which
was a significant predictor in urban patients, but not in rural
patients) and by primary diagnosis of gastrointestinal disease
(which trended towards a positive predictor in urban patients
and a negative predictor in rural patients). Further investiga-
tion is needed to determine the robustness of these findings.
Our study had several limitations. We were not able to inter-

view 17%of patients for outcome assessment, basing our results
on post-discharge health records alone. However, our results did
not change appreciably when the non-interviewed patients were
removed from the analysis. It is difficult to determine the direc-
tion of loss to follow-up bias in this study, because patients may
be unavailable for reasons unrelated or related to study out-
comes. For these patients, we relied on the review of health
records to determine the occurrence of post-discharge AEs. In
other cases, we were unable to obtain health records to corrob-
orate and supplement information provided during post-
discharge phone interviews. Our results may have been con-
founded by the fact that rural patients may have bypassed a local
hospital for a facility with more advanced care, which may
explain the higher number of secondary diagnoses among rural
patients. However, we adjusted for several measures of com-
plexity in our models. Our study was limited to English-
speaking patients. This may have limited the generalizability of
our study, but not the internal validity, since less than 2 % of
patients were excluded for this reason. The effect modification

results did not adjust for multiple testing, and therefore may be
overstated. In addition, the study may have been underpowered
for certain predictors. Both of these issues can be addressed with
additional research. The outcomes assessment process is theo-
retically prone to interviewer bias, and instrument and misclas-
sification bias, which can bias toward the null hypothesis.23–25

However, while the nurse-reviewers were not blinded to urban/
rural status, they used a structured interview guide and patient
summary process.15,16 Furthermore, physician-adjudicators
were blinded to residence status, rigorously trained, and with
co-adjudication by two physicians (and a third if necessary).
Lastly, recall bias was addressed by corroborating all patient
reports to the health record.
Future studies should probe in more depth the reasons for

differences in AE risk factors among urban versus rural patients,
especially regarding issues of access to health care and monitor-
ing of medical conditions. If our findings are corroborated, they
may suggest potential customization of interventions to improve
transitions of care based on residential status. Finally, while the
proportion of readmissions that is truly preventable is controver-
sial,26 the data demonstrating the high rate of preventability of
post-discharge AEs are more consistent across studies, thus
justifying the need for the effective implementation of interven-
tions to improve patient safety during transitions of care.
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Table 5. Multivariable Model for Urban and Rural Patient Risk of Experiencing a Post-Discharge Adverse Event *

Parameter Complete Cohort Subgroup Cohorts

ARR† (95 % CI) in
All Patients

p
value

ARR (95 % CI) in
Urban Patients

ARR (95 % CI) in
Rural Patients

p value‡ for
interaction term*

Urban (vs. rural) 1.04 (0.82, 1.32) 0.74 NA NA
Primary Diagnosis
(vs. respiratory)

0.18 0.19

Circulatory 1.35 (0.92, 1.97) 0.13 1.32 (0.73, 2.41) 1.41 (0.86, 2.32) 0.88
Gastrointestinal 1.00 (0.70, 1.42) 0.99 1.36 (0.87, 2.13) 0.63 (0.34, 1.17) 0.05
Infectious 1.68 (1.12, 2.52) 0.01 1.56 (0.83, 2.92) 1.94 (1.13, 3.29) 0.60
Neurovascular 1.18 (0.81, 1.72) 0.38 1.06 (0.59, 1.90) 1.29 (0.79, 2.10) 0.61
Other 1.26 (0.86, 1.85) 0.24 1.49 (0.89, 2.49) 1.08 (0.61, 1.93) 0.42
Female 1.12 (0.99, 1.26) 0.07 1.20 (1.02, 1.43) 1.10 (0.93, 1.30) 0.43
Age 1.00 (0.99, 1.01) 0.78 1.00 (0.99, 1.01) 1.00 (0.99, 1.01) 0.91
Number of Secondary
Discharge Diagnoses

1.02 (1.00, 1.04) 0.10 1.05 (1.02, 1.08) 0.99 (0.97, 1.02) 0.008

Sample size 684 340 344
Log Likelihood −403.09 −196.53 −199.37
*The multivariable model outcome indicates whether or not a patient experienced at least one adverse event. The multivariable model was specified as log-
binomial to provide relative risk estimates † ARR=Adjusted Relative Risk ‡ The p values for the interaction term indicate whether the effect of the covariate
on a patient’s risk of experiencing an adverse event differs between urban and rural patients
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