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BACKGROUND: National administrative datasets have
demonstrated increased risk-adjusted mortality among
patients undergoing interhospital transfer (IHT) com-
pared to patients admitted through the emergency de-
partment (ED).
OBJECTIVE: To investigate the impact of patient-level
data not available in larger administrative datasets on
the association between IHT status and in-hospital
mortality.
DESIGN: Retrospective cohort study with logistic regres-
sion analyses to examine the association between IHT sta-
tus and in-hospitalmortality, controlling for covariates that
were potential confounders. Model 1: IHT status, admit
service.Model 2:model 1 andpatient demographics.Model
3: model 2 and disease-specific conditions. Model 4: model
3 and vital signs and laboratory data.
PARTICIPANTS: Nine thousand three hundred twenty-
eight adults admitted to Medicine services.
MAIN MEASURES: Interhospital transfer status, coded
as an unordered categorical variable (IHT vs ED vs clinic),
was the independent variable. The primary outcome was
in-hospital mortality. Secondary outcomes included un-
adjusted length of stay and total cost.
KEY RESULTS: IHT patients accounted for 180 out of
484 (37%) in-hospital deaths, despite accounting for only
17% of total admissions. Unadjusted mean length of stay
was 8.4 days vs 5.6 days (p < 0.0001) and mean total cost
was $22,647 vs $12,968 (p < 0.0001) for patients admit-
ted via IHT vs ED respectively. The odds ratios (OR) for in-
hospital mortality for patients admitted via IHT compared
to the EDwere as follows:model 1 OR, 2.06 (95%CI 1.66–
2.56, p < 0.0001); model 2 OR, 2.07 (95% CI 1.66–2.58,
p < 0.0001); model 3 OR, 2.07 (95% CI 1.63–2.61,
p < 0.0001); model 4 OR, 1.70 (95% CI 1.31–2.19,

p < 0.0001). The AUCs of themodels were as follows:mod-
el 1, 0.74; model 2, 0.76; model 3, 0.83; model 4, 0.88,
consistent with a good prediction model.
CONCLUSIONS: Patient-level characteristics affect the
association between IHT and in-hospital mortality. After
adjusting for patient-level clinical characteristics, IHTsta-
tus remains associated with in-hospital mortality.
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INTRODUCTION

Interhospital transfer (IHT) is defined as the transfer of hospi-
talized patients between acute care hospitals 1. Annually,
approximately 1.6 million patients are transferred between
hospitals.2,3 Several population-wide studies have demonstrat-
ed worse outcomes for patients admitted to hospitals following
an interhospital transfer compared to patients admitted directly
through the emergency department (ED): specifically in-
creased risk-adjusted mortality, adverse events, cost, and
length of stay.3–7 In one study utilizing the 2009 Nationwide
Inpatient Sample dataset to examine outcomes related to med-
icine and surgical transfer patients to academic and non-
academic medical centers, investigators found a twofold in-
crease in risk-adjusted inpatient mortality among transfer pa-
tients.4 In another study utilizing the 2011–2012 University
HealthSystem Consortium (UHC) Clinical database, IHTwas
associated with higher inpatient mortality compared to ED
admissions (adjusted OR 1.36).3 Based on these large national
datasets, IHT status itself has been independently associated
with inpatient mortality. Although national administrative
datasets are excellent for preliminary studies, limitations in-
clude coding errors, the inability to adjust for disease-specific
conditions, or other patient-level clinical characteristics as is
possible with smaller studies.8,9 Specifically, the studies
highlighted above were unable to take into consideration
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important variables such as admitting service, detailed demo-
graphics, vital signs, or other laboratory data.3,4

Two previous single-center studies performed some two
decades ago in the late 1980s and early 1990s were able to
control for patient-level characteristics. Using a logistic regres-
sion model adjusting for severity of illness and other covari-
ates, one study demonstrated that in-hospital mortality was
nearly two times higher (OR 1.99) in IHT patients than in
direct admissions.10 Additionally, a similar study in 1993
found that 12% of IHT internal medicine patients experienced
in-hospital mortality compared to only 4% in non-transfer
patients.11 Since this time, there have been significant im-
provements to the US healthcare system including implemen-
tation of electronic health records, expansion of hospitalists,
and enhanced focus on quality improvement and patient safe-
ty. Notwithstanding, interhospital transfer outcomes remain
poor—suggesting important and long-standing problems that
are yet to be identified and addressed.7,12–15

In this study, our goal was to re-evaluate whether IHTstatus
is associated with inpatient mortality, after adjusting for highly
detailed patient-level characteristics not available in larger
administrative datasets and not assessed in the recent health
care climate.

METHODS

Study Population. This study was conducted at the Medical
University of South Carolina (MUSC), an academic, tertiary
referral center located in Charleston, South Carolina. The
study was submitted to the MUSC Internal Review Board
(IRB); it was deemed to fall under the umbrella of quality
improvement, and thus the IRB advised that approval for
human research was not required.
Adults ≥ 18 years of age admitted to the following services

between July 1, 2013, and June 30, 2014, were included:
general internal medicine or internal medicine subspecialty
services (medical intensive care unit (ICU), cardiology, gas-
troenterology, hepatology, pulmonary, or hematology/
oncology services). Using MUSC’s Enterprise Data Ware-
house, data were extracted from two local databases: the
Medical University Hospital Authority (MUHA) inpatient
database, and the hospital’s patient accounting system.

Outcome Measures. In-hospital mortality was the primary
outcome. The independent variable of interest was IHT
status coded as an unordered categorical variable (IHT vs
ED vs clinic). Secondary outcomes included unadjusted
length of stay and total cost retrieved from the hospital’s
patient accounting system and derived from univariate
analysis. Hospital length of stay was calculated as date of
admission to date of discharge. Total hospital costs are the
summation of both fixed costs (expenses that do not fluctuate
based on level of patient care) and variable costs (expenses

driven by specific patient care). Both fixed and variable costs
were available for all non-physician components of the hospi-
tal stay. These include, but are not limited to, surgical suites,
catheterization suites, intensive care units, postoperative or
post-procedural floor care, respiratory therapy, physical thera-
py, nursing and other floor personnel, anesthesia, recovery
room, medical and surgical supplies, laboratory costs, phar-
maceutical costs, pulmonary functions, telemetry, and social
services. All costs are reported in 2014 US dollars.16

Covariates. Age, gender, race, insurance status, source of
admission, and admitting service were coded as binary or
categorical variables. The admitting service was defined as
the service in which the attending physician billed for the
admission. Distance from MUSC was modeled by
determining miles between the center of the patient’s zip
code and the medical campus. Accurate data regarding social
determinants of care were limited, so the zip code of the
patient’s residence was matched to 2010 Census data as a
proxy for poverty status. The poverty variable is
dichotomous and given a value of 1 if the zip code has ≥
25% of its residents below the federal poverty level.17 Poverty
status was included as a surrogate for income and
socioeconomic status, which has been investigated in
previous research 1. For the identified population, ICD-9-
CM disease codes were captured from all preceding inpatient
encounters, including any index admission encounter data.
Dichotomous indicators for Elixhauser comorbidities (exclud-
ing cardiac arrhythmias), select Charlson comorbidities (myo-
cardial infarction, cerebrovascular disease, and dementia),
asthma, hyperlipidemia, and sickle cell disease were derived
by using enhanced ICD-9-CM diagnosis codes.18 Because the
goal of this study was to explore the potential effects of
individual covariates, each comorbidity was included as a
dichotomous variable (i.e., CHF yes/no), as has been used in
prior research, as opposed to utilizing a summative comorbid-
ity index.16 Admission vital signs, creatinine, potassium, so-
dium, blood urea nitrogen, white blood cell count, anion gap,
albumin, INR, and total bilirubin were retrieved and coded as
continuous variables, as has been used in prior research related
to predictive modeling of in-hospital medicine patients.16 The
earliest laboratory and clinical data available for the admission
were used in the model, with a cut-off of 48 h after admission.

Statistical Analysis. Univariate analysis of demographic,
clinical, and laboratory variables was performed to identify
variables associated with interhospital transfer. For continuous
variables, analysis of variance (ANOVA) was utilized to ana-
lyze differences among the means. For categorical variables,
Pearson’s chi-square test was performed to determine differ-
ence in proportions between the admission groups. Four mul-
tivariable logistic regression analyses were performed to ex-
amine the independent association between IHT status and in-
hospital mortality, controlling for several covariates that were
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potential confounders to the relationship between transfer and
death. Groups of covariates were strategically added based on
clinical judgment to assess for potential confounding. Back-
ward selection was not performed and all covariates were
retained in each model. Each model was run independently.
Model 1: IHT status, admitting service, and the interaction
between IHT status and admitting service. Model 2: IHT
status, admitting service, and patient demographics (gender,
age, race, insurance status, poverty, and distance from
MUSC). Model 3: IHT status, admitting service, patient de-
mographics, and disease-specific conditions (Elixhauser and
Charlson comorbidities). Model 4: IHT status, admitting ser-
vice, patient demographics, disease-specific conditions, ad-
mission vital signs, and patient laboratory data (Supplemental
Fig. 1). Of the 9328 patients admitted to the internal medicine
services between July 1, 2013, and June 30, 2014, 1757
patients had a missing vital sign or laboratory data. Analysis
was performed to determine if the distribution of covariates
differed based on whether or not variables were missing.
Using logistic regression, a missing variable indicator was
regressed on all of the covariates. Results confirmed there
was a statistically significant difference in the distribution of
covariates for patients with complete versus incomplete data,
suggesting the data was not missing completely at random
(MCAR). We hypothesized the data was missing at random
(MAR) and performed multiple imputation. Multiple imputa-
tion is a general approach to the problem of missing data.19We
utilized the multiple imputation procedure in SAS statistical
software (PROCMI) to impute the missing data ten times. All
covariates were included in the imputation models. Model
comparisons between multiple imputations (9328 patients)
and complete case analysis (7571 patients) were performed
and results were very similar, indicating it is unlikely the
results are missing not at random (MNAR) which further
supports the hypothesis the data was missing at random
(MAR). Multicollinearity was assessed. Multicollinearity ex-
ists when two or more of the predictor variables are moder-
ately or highly correlated, limiting conclusions from the mod-
el. To correct for multicollinearity, if two variables exhibited
high correlation, one was dropped from the model based on
clinical relevance. Receiver operating characteristic (ROC)
curves for each model were created by plotting sensitivity
against (1-specificity) for assessing the accuracy of predic-
tions. The area under the ROC curve (AUC) was used to
determine the quality of predictors. SAS 9.4 (SAS Institute
Inc., Cary, NC) was used for statistical analyses.

RESULTS

A total of 9328 patients were admitted to medicine services
from July 1, 2013, to June 30, 2014. Of these, 1548 patients
(17%) were admitted via interhospital transfer, 4913 patients
(53%) were admitted via the emergency department, and 2867

patients (30%) were admitted via clinic (Table 1). There was
no difference in the age of patients based on source of admis-
sion. There were statistically significant differences in other
demographics based on the location from which a patient was
admitted. White patients were more likely to be admitted via
IHT or clinic than were Black patients, while Black patients
had a higher rate of admission from the ED (p < 0.0001).
Additionally, more men than women were admitted via IHT
or clinic (p < 0.0001). There were also significant differences
in regard to admitting service based on the location from
which a patient was admitted. IHT patients were most often
admitted to cardiology or pulmonary critical care services,
while ED patients were most often admitted to internal med-
icine services. Patients from clinic were admitted to cardiolo-
gy, internal medicine, and hematology-oncology services with
similar frequency (p < 0.0001) (Table 1).
As might be expected, IHT patients often came from further

distances away fromMUSC than patients admitted via the ED

Table 1 Demographics

Clinic
(n =
2867)

ED
(n =
4913)

IHT
(n =
1548)

p value

Age (mean, SD) 56.3 ±
17.3

56.4 ±
18.0

56.4 ±
17.0

0.8929

Age group (%) 0.6216
18–34 14.9 15.1 14.0
35–44 9.2 10.0 9.8
45–54 15.6 16.6 16.7
55–64 23.4 22.5 24.2
65 + 36.9 35.8 35.3

Gender (%) < 0.0001
Female 45.7 49.7 44.2
Male 54.3 50.3 55.8

Race (%) < 0.0001
Black 36.0 46.7 37.5
Other 3.0 2.2 3.2
White 61.0 51.2 59.2

Insurance status (%) < 0.0001
Medicaid 14.4 15.7 15.6
Medicare 53.0 53.4 50.7
Commercial 28.0 20.2 25.6
Uninsured 4.7 10.7 8.1

Admitting service
(%)

< 0.0001

Cardiology 27.3 18.7 29.5
Gastrointestinal 5.0 6.4 13.4
Internal medicine 27.6 48.9 20.4
Hematology-

oncology
25.6 10.3 8.4

Pulmonary critical
care

14.6 15.7 28.4

Distance (mean, SD) 62.4 ±
112

40.5 ±
117

87.4 ±
100

< 0.0001

Far to MUSC
(Distance > 50 miles)

44.2 20.2 75.6 < 0.0001

Poverty (%) 28.1 33.7 27.1 < 0.0001
Quarter of the admit
date

0.0202

Jan–Mar 23.4 24.9 24.9
Apr–Jun 27.4 24.3 26.4
Jul–Sep 25.0 26.2 22.9
Oct–Dec 24.2 24.7 25.8

***p values represent a statistically significant difference between the 3
groups, based on ANOVA for continuous variables and chi-square for
categorical variables
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or clinic (p < 0.0001). Patients from all sources were admitted
with approximately equal frequency throughout the year de-
spite statistical significance (p = 0.0202) (Table 1). Several
comorbid diseases were more common in patients admitted
via IHT compared to patients admitted via ED and clinic,
including diseases such as renal failure, congestive heart fail-
ure, liver disease, coagulopathy, neurologic disorders, among
others (Table 2).
Notable clinical characteristics were identified in IHT pa-

tients as compared to patients admitted from the ED and clinic

(Table 3). The respiratory rate among IHT patients was higher
than that in patients admitted via the ED or clinic (p < 0.0001).
IHT patients had a higher WBC (p < 0.0001), BUN
(p < 0.0001), and creatinine (p < 0.0001) levels than those
patients admitted via the ED and/or clinic. Additionally, the
serum albumin was lower in IHT patients compared to ED and
clinic patients (2.8 g/dL vs. 3.1 g/dL vs. 3.1 g/dL, p < 0.0001).
Differences in unadjusted secondary outcomes were identi-

fied in IHT patients as compared to patients admitted from the
ED and clinic (Table 4).While themean andmedian lengths of

Table 2 Comorbidities

Clinic (n = 2867) ED (n = 4913) IHT (n = 1548) p value

Comorbidities
Congestive heart failure (%) 26.4 27.0 31.1 0.0020
Valvular heart disease (%) 10.3 8.7 11.1 0.0083
Pulmonary circulation disorders (%) 14.9 13.4 15.7 0.0339
Peripheral vascular disorders (%) 9.1 10.8 9.0 0.0229
Hypertension, uncomplicated (%) 47.5 47.8 44.8 0.1104
Hypertension, complicated (%) 25.9 28.2 28.0 0.0744
Paralysis (%) 2.0 2.6 2.8 0.1614
Other neurological disorders (%) 12.6 18.4 15.6 < 0.0001
Chronic pulmonary disease (%) 31.4 31.5 30.1 0.5651
Diabetes, uncomplicated (%) 26.7 30.6 30.3 0.0008
Diabetes, complicated (%) 9.8 13.2 9.4 < 0.0001
Hypothyroidism (%) 12.9 12.3 13.6 0.3533
Renal failure (%) 28.6 30.6 32.6 0.0202
Liver disease (%) 12.8 15.1 23.1 < 0.0001
Peptic ulcer disease, excluding bleeding (%) 2.4 3.5 4.1 0.0036
AIDS/HIV (%) 1.0 2.1 0.7 < 0.0001
Cancer (%) 25.4 15.5 13.2 < 0.0001
Rheumatoid arthritis/collagen vascular diseases (%) 5.5 6.3 7.2 0.0735
Coagulopathy (%) 17.7 13.8 21.8 < 0.0001
Obesity (%) 11.0 13.1 14.1 0.0044
Weight loss (%) 20.2 21.3 20.6 0.4887
Fluid and electrolyte disorders (%) 49.8 54.2 48.7 < 0.0001
Blood loss anemia (%) 2.8 3.6 4.3 0.0168
Deficiency anemia (%) 13.2 16.4 13.4 0.0002
Alcohol abuse (%) 6.6 11.7 11.7 < 0.0001
Drug abuse (%) 7.9 12.0 7.6 < 0.0001
Psychoses (%) 2.3 3.9 1.6 < 0.0001
Depression (%) 26.3 28.7 22.5 < 0.0001
Asthma (%) 9.7 10.7 5.0 < 0.0001
Hyperlipidemia (%) 42.1 41.3 40.2 0.4508
Sickle cell disease (%) 3.5 4.4 1.6 < 0.0001
Myocardial infarction (%) 13.6 17.9 20.2 < 0.0001
Dementia (%) 0.6 1.3 0.7 0.0041
Cerebrovascular disease (%) 6.4 8.9 7.0 0.0002

Table 3 Clinical Data

Clinic (n = 2867) ED (n = 4913) IHT (n = 1548) p value

Vitals and labs* (mean, SD)
Systolic BP, n = 9171 127.8 ± 24.3 129.8 ± 26.0 127.9 ± 26.0 0.0048
Diastolic BP, n = 9289 65.0 ± 24.2 67.2 ± 22.6 65.6 ± 24.9 0.2852
Respirations, n = 9288 18.7 ± 3.1 19.0 ± 4.1 19.5 ± 4.4 < 0.0001
Anion Gap, n = 9262 8.7 ± 3.5 10.4 ± 4.3 9.2 ± 3.5 < 0.0001
Creatinine, n = 9273 1.6 ± 1.8 1.9 ± 2.6 1.9 ± 2.2 < 0.0001
Potassium, n = 9280 4.07 ± 0.71 4.12 ± 0.80 4.12 ± 0.76 0.1659
Sodium, n = 9279 137.0 ± 4.5 136.7 ± 4.9 136.9 ± 4.7 0.0233
BUN, n = 9230 23.0 ± 21.4 25.1 ± 24.8 27.0 ± 23.7 < 0.0001
WBC, n = 9243 9.5 ± 11.8 10.9 ± 12.4 13.0 ± 25.5 < 0.0001
Albumin Serum, n = 7835 3.1 ± 0.7 3.1 ± 0.7 2.8 ± 0.7 < 0.0001
Total Bilirubin, n = 7819 1.5 ± 2.9 1.7 ± 3.3 2.7 ± 5.3 < 0.0001

***1757 patients had a missing vital sign or laboratory data so the number varies per measure
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stay for IHT patients were 8.4 and 5 days, respectively, those
for patients admitted via ED were 5.6 and 3 days, respectively,
and those for clinic admitted via clinic were 6.4 and 3.9
respectively (p < 0.001). There were significant differences
in hospital costs between IHT patients as compared to patients
admitted from the ED and clinic. The mean and median total
costs for IHT patients were $22,647 and $12,662, respectively,
those for ED patients were $12,968 and $7736, respectively,
and those for clinic patients were $16,878 and $9822 respec-
tively (p < 0.0001).
There was a statistically significant difference in in-hospital

mortality based on the location from which a patient was
admitted. Patients admitted via IHT had significantly higher
in-hospital mortality (11.6%) than those admitted from the
emergency department (4.5%) or clinic (2.9%) (p < 0.0001)
(Table 4). Based on regression analysis, compared to patients
admitted via the emergency department, patients admitted via
IHT had 2.06 times the odds of experiencing in-hospital
mortality after adjusting for admitting service (model 1—OR
2.06, 95% CI 1.66–2.56, p value < 0.0001). The interaction
between IHT status and admitting service was not statistically
significant and therefore not included in model 1. After addi-
tionally adjusting for patient demographics in model 2, pa-
tients admitted via IHT similarly had 2.07 times of the odds of
experiencing in-hospital mortality compared to patients admit-
ted via the emergency department (model 2—OR 2.07, 95%
CI 1.66–2.58, p value < 0.0001). The estimated odds of in-
hospital mortality for IHT patients in model 3, which addi-
tionally controlled for disease-specific conditions, was un-
changed at 2.07 times that for patients admitted via the ED
(model 3—OR 2.07, 95% CI 1.63–2.61, p value < 0.0001).
The final model, which additionally adjusted for patient labo-
ratory data and vital signs, found that patients admitted via
interhospital transfer had 1.70 times the odds of experiencing
in-hospital mortality (model 4—OR 1.70, 95% CI 1.31–2.19,
p value < 0.0001) (Table 5). The AUCs of the four regression
models to evaluate prediction capability for in-hospital mor-
tality were as follows: model 1, 0.74; model 2, 0.76; model 3,
0.83; model 4, 0.88 (Fig. 1), consistent with a good prediction
model.]–>
Compared to admission to the general medicine service,

admission to the pulmonary critical care service (OR 3.33,
95% CI 2.43–4.55, p value < 0.0001), gastrointestinal service
(OR 1.84, 95% CI 1.16–2.93, p value = 0.0100), and cardiol-
ogy service (OR 1.84, 95% CI 1.25–2.71, p value = 0.002)
was associated with increased in-hospital mortality. Patients

with other neurologic disorders (OR 2.00, 95% CI 1.57–2.56,
p value < 0.0001), fluid and electrolyte disorders (OR 1.83,
95%CI 1.41–2.38, p value < 0.0001), coagulopathy (OR 1.64,
95% CI 1.28–2.10, p value < 0.0001), and congestive heart
failure (OR 1.39, 95% CI 1.06–1.83, p value 0.0160) were
also more likely to experience in-hospital mortality. Measures
of association for all covariates included in the final model are
reported in Table 5.

DISCUSSION

Our study demonstrates an association between IHTstatus and
in-hospital mortality before and after adjusting for patient-
level clinical characteristics. Patients admitted via interhospital
transfer had 1.70 times the odds of experiencing in-hospital
mortality compared to patients admitted via the emergency
department, after adjusting for demographics, individual co-
morbidities, vital signs, and laboratory data. Our findings align
with previous work in the area of outcomes associated with
interhospital transfer utilizing both the Nationwide Inpatient
Sample and University HealthSystem Consortium (UHC)
Clinical administrative datasets.3,4 While these results could
be explained by additional unmeasured, confounding patient
characteristics, the consistent nature of these findings with
those described in national administrative data reinforces the
need to investigate this relationship further.
Our study is unique in that we were able to reveal certain

patient-level characteristics do play a role in the relationship
between IHT status and in-hospital mortality. Model 4, which
additionally adjusted for vital signs and laboratory data, de-
picts a reduced odds ratio of in-hospital mortality for interhos-
pital transfer patients compared to patients admitted from the
emergency department from 2.08 to 1.70. This illustrates that
vital signs and laboratory data do have some influence on the
relationship between IHT status and in-hospital mortality and
should be controlled for in future studies. However, even after
adjusting for patient demographics, individual conditions, vi-
tal signs, and laboratory data, our final model indicates that
interhospital transfer is associated with in-hospital mortality.
Our findings on the importance of controlling for patient-level
characteristics confirm the two previous single-center studies
done two decades ago as mentioned in the introduction, pro-
posing a long-standing problem yet to be fixed despite signif-
icant advances in our healthcare system.10,11 Our study sug-
gests that the interhospital transfer process remains dangerous.

Table 4 Outcomes

Clinic (n = 2867) ED
(n = 4913)

IHT
(n = 1548)

p value

Length of stay (mean; median ± SD) 6.4; 3.9 ± 15.8 5.6; 3.6 ± 9.1 8.4; 5.0 ± 11.3 < 0.0001
Total cost (mean; median ± SD) 16,878; 9822 ± 27,444 12,968; 7736 ± 21,971 22,647; 12,662 ± 31,186 < 0.0001
Mortality (%) 83 (2.9) 221 (4.5) 180 (11.6) < 0.0001
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Our study does not provide an underlying etiology for the
increased risk of in-hospital mortality for IHT patients. Prior
hypotheses include (1) patients selected for IHTwere at higher
risk of death in a manner that was not captured by mortality
risk scores, (2) physicians at transferring institutions provided
substandard care, and (3) the transfer process itself was poten-
tially harmful.3,20,21 Because our study focused on more

patient-level characteristics as compared to mortality risk
scores, we feel the first hypothesis is less likely. Our concern
is that factors associated with the transfer process itself are
potentially harmful including day of week of transfer, time of
day of transfer, time delay from acceptance to transfer, inter-
hospital communication, availability of outside records, rea-
son for transfer, and other.22–26 Existent data on interhospital

Table 5 Clinical Variables Associated with In-hospital Mortality (9328 Patients)

Estimate Std. error Odds ratio (OR) 95% lower OR 95% upper OR p value

Admit source: ED (ref.)
Clinic − 2.265 0.490 0.744 0.558 0.992 0.044
Transfer from Hospital − 0.296 0.147 1.695 1.312 2.191 < 0.0001

Admit service: GIM (ref.)
Cardiology 0.528 0.131 1.839 1.246 2.714 0.002
Gastrointestinal 0.609 0.199 1.840 1.156 2.928 0.010
Hematology-oncology 0.610 0.237 1.517 0.995 2.314 0.053
Pulmonary critical care 0.417 0.215 3.330 2.436 4.551 < 00001

Age group (ref. 55–64)
18–34 1.203 0.159 0.539 0.338 0.859 0.009
35–44 − 0.618 0.238 0.614 0.390 0.968 0.036
45–54 − 0.488 0.232 0.662 0.461 0.952 0.026
65 + − 0.412 0.185 1.398 1.020 1.916 0.037

Sex: male (ref) 0.335 0.161 0.985 0.784 1.237 0.897
Race: White (ref.)
Black − 0.015 0.116 0.980 0.761 1.263 0.878
Other − 0.020 0.129 0.934 0.481 1.815 0.841

Payor: commercial (ref.)
Medicaid − 0.068 0.339 0.847 0.571 1.254 0.407
Medicare − 0.167 0.201 0.859 0.619 1.192 0.363
Self-pay − 0.152 0.167 1.174 0.739 1.865 0.497

Poverty 0.160 0.236 1.074 0.845 1.364 0.559
Distance 0.071 0.122 1.000 1.000 1.001 0.279
Quarter of the admit date: Jul–Sep (ref.)
Jan–Mar 0.000 0.000 1.211 0.891 1.644 0.221
Apr–Jun 0.191 0.156 1.219 0.896 1.659 0.207
Oct–Dec 0.198 0.157 1.384 1.026 1.866 0.033

Congestive heart failure 0.325 0.152 1.394 1.063 1.827 0.016
Peripheral vascular disorders 0.332 0.138 0.996 0.706 1.406 0.982
Hypertension, uncomplicated − 0.004 0.176 0.959 0.748 1.229 0.741
Paralysis − 0.042 0.127 0.659 0.345 1.258 0.207
Other neurological disorders − 0.417 0.330 2.002 1.566 2.560 < 0.0001
COPD 0.694 0.125 1.061 0.837 1.345 0.625
Diabetes, uncomplicated 0.059 0.121 0.836 0.657 1.065 0.147
Hypothyroidism − 0.179 0.123 1.004 0.728 1.384 0.982
Renal failure 0.004 0.164 0.847 0.629 1.142 0.277
Peptic ulcer disease, excluding bleeding − 0.166 0.152 0.393 0.192 0.805 0.011
AIDS/HIV − 0.934 0.366 1.408 0.588 3.373 0.442
Cancer 0.342 0.446 1.108 0.821 1.494 0.503
Rheumatoid arthritis/collagen vascular 0.102 0.153 1.032 0.667 1.596 0.889
Coagulopathy 0.031 0.223 1.639 1.280 2.098 < 0.0001
Obesity 0.494 0.126 0.810 0.573 1.144 0.232
Weight loss − 0.211 0.176 1.157 0.903 1.482 0.250
Fluid and electrolyte Disorders 0.146 0.126 1.834 1.411 2.384 < 0.0001
Blood loss anemia 0.606 0.134 1.338 0.828 2.161 0.234
Deficiency anemia 0.291 0.245 0.549 0.392 0.768 0.001
Alcohol abuse − 0.600 0.172 1.073 0.752 1.533 0.696
Drug abuse 0.071 0.182 0.553 0.341 0.897 0.016
Psychoses − 0.592 0.246 0.889 0.468 1.689 0.720
Depression − 0.117 0.327 0.643 0.491 0.844 0.001
Sickle cell − 0.441 0.138 1.580 0.622 4.012 0.336
Myocardial infarction 0.457 0.476 1.295 0.989 1.696 0.061
Dementia 0.258 0.138 0.745 0.294 1.891 0.536
Cerebrovascular disease − 0.294 0.475 1.136 0.792 1.630 0.488
Systolic BP (10-unit increase) 0.128 0.184 0.903 0.864 0.944 < 0.0001
Respiration (2-unit increase) − 0.102 0.023 1.115 1.074 1.158 < 0.0001
Anion gap (2-unit increase) 0.109 0.019 1.209 1.147 1.274 < 0.0001
Creatinine 0.190 0.027 0.940 0.879 1.006 0.075
BUN − 0.061 0.034 1.003 0.999 1.008 0.156
White blood cell count (2-unit increase) 0.003 0.002 1.012 1.004 1.020 0.002
Serum albumin 0.012 0.004 0.356 0.295 0.429 < 0.0001
Total bilirubin − 1.032 0.095 1.030 1.008 1.051 0.006
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transfers that report worse outcomes than similar patients
admitted directly from the emergency department suggest that
the poor outcomes are due, at least in part, to the discontinuity
of care for interhospital transfer patients.3 It has also been
recently shown that nighttime transfer was associated with
increased odds of ICU transfer and 30-day mortality.27 Unfor-
tunately, wewere unable to control for these residual variables.
We recognize limitations to this study. First, this was a

retrospective study, and therefore residual confounding cannot
be completely controlled. For instance, although the admitting
service was defined as the service in which the attending
physician billed for the admission, there were a few instances
in which a patient was admitted to one service and immedi-
ately transferred to a different service and we were unable to
control for this. Second, this study was performed at a single
urban tertiary care center in the southeast that accepts a sig-
nificant number of referrals from outside hospitals, potentially
limiting generalizability to other types of hospitals. Third, we
were unable to control for variables of the transferring hospital
and transfer process itself.
Future directions for the current work include using region-

al and national data to confirm our findings. Additionally, we
plan to develop a cumulative predictive model controlling for
variables associated with the transferring hospital, the transfer
process itself, and patient-level data to better evaluate the
association between interhospital transfer and in-hospital
mortality.
In summary, our study suggests that patient-level character-

istics including individual diagnoses, vital signs, and labora-
tory data do affect the association between IHTand in-hospital
mortality. After adjusting for patient-level clinical characteris-
tics, IHT status remains independently associated with in-
hospital mortality.
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