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Abstract This study investigates the incidence and

determinants of hospital readmissions among elderly

patients in Norway. The analyses are based on registered

data on inpatient admissions to public hospitals from 1999

to 2006. During this period, mean length of stay in hospital

decreased, while readmission rates increased. Probit and

instrumental variable regression models are applied for the

analyses. The results indicate that longer length of stay in

the hospital is associated with lower probability of read-

mission. A patient’s age, comorbidities, and complexity of

the treatment procedure are positively associated with

readmissions, while higher number of diagnostic proce-

dures negatively affects hospital readmission. Finally,

patients discharged to institutions are more likely to be

readmitted to the hospital.

Keywords Prospective payments � Readmission � Length

of stay � Discharge destination

JEL Classification I11 � I18

Introduction

In many countries, hospital financing is based on a pro-

spective payment system, also called activity-based

financing, where hospitals are paid a pre-determined rate

based on the Diagnosis Related Group (DRG) prices for

each admission depending on the patient’s illness, regard-

less of the length of stay in hospital or intensity of care.

This payment system may provide economic incentives for

hospitals to control costs and/or incentives to increase

treatment activity. The evidence on prospective payments

suggests that the system has been successful in reducing

costs [33, 42], but it has also resulted in early discharges

[27, 35] which has created many concerns because of

the rise in unplanned readmission rates [7, 25, 30, 36],

morbidity, and mortality [6].

Several studies demonstrate increased rates of unplanned

hospital readmission and reduction in length of stay [5, 7,

30]. In the United States, 30-day readmission rates among

patients with heart failure increased from 17 to 20 %

between 1993 and 2006, followed by about 26 % reduction

in the mean length of stay, i.e., from 8.6 to 6.4 days [7].

Unplanned hospital readmissions are considered an

outcome indicator reflecting quality of care [13, 45]. The

rise in such readmissions has caused wide concerns in

many countries not only concerning the quality of hospital

services but also because of the burden placed on patients

and treatment costs [1, 23]. For instance, inpatient

emergency care is the most expensive type of health care

services [1, 16, 21]. Apart from these issues, unplanned

readmissions cause delays in elective admissions.

Elderly patients are at increased risk for readmission to

the hospital [14, 39, 47]. These patients are frailer and often

have to rely on support from their families or community

care institutions. In Norway, 13 % of the population is aged
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67 years or older, and it is expected that this proportion will

increase to 19 % in 2030 (Statistics Norway 2003). With the

growing number of elderly requiring hospital care, it is

important to provide more information on the incidence and

determinants of unplanned readmissions among these

patients. Studies of this kind are scarce in Norway. Using

data for 1996, Heggestad [20] studied the association

between hospital risk factors and readmissions among

elderly patients in Norway. She found that admissions to the

hospitals with relatively shorter length of stay increased the

risk for readmission. The study focused on observations for

1 year prior to the implementation of activity-based

financing in 1997, and hence, is not necessarily relevant for

the present financing system.

The objective of the present study is to add to the

literature on the risk for unplanned readmissions and pro-

vide a better insight on the incidence and determinants of

hospital readmissions among elderly patients in Norway

under an activity-based financing system. The findings

might be useful for the health authorities in implementation

of appropriate strategies or interventions for reducing

readmission rates.

The present study explores the relationship between the

length of hospital stay and unplanned readmissions, also

controlling for the setting to which the patients are dis-

charged, patient characteristics, and DRG and hospital

specific effects. The empirical analyses are based on unique

register data on admissions to all public hospitals in

Norway for a period of 8 years (1999–2006). The study

identifies DRG categories with high incidence of read-

mission rates, providing a sample of around 1 million

hospital admissions for patients 60 years of age or older at

63 public hospitals. Probit and instrumental variable

regression models are applied for the analysis. The latter

model is used to correct for the potential endogeneity of the

length of stay as an explanatory variable.

Descriptive statistics indicate that over a period of

8 years, the mean length of stay in the hospital has decreased

by 13 %, accompanied by a 14 % increase in readmission

rates. The regression results indicate that longer length of

stay is associated with lower probability of readmission.

Patient’s age, number of diagnoses, and complexity of the

treatment procedure are also positively associated with

readmission, while a higher number of diagnostic proce-

dures performed negatively affects hospital readmission.

Finally, patients discharged to institutions (nursing homes or

other care institutions) are more likely to be readmitted

compared with patients discharged to personal homes.

The paper is organized as follows. Section 2 provides

an overview of the related literature on hospital read-

mission. Research questions are discussed in Sect. 3. In

Sect. 4, data and descriptive statistics are presented. The

empirical framework is presented in Sect. 5, followed by

presentation of the results in Sect. 6, and conclusions in

the final section.

Related literature

Hospitals’ incentives to discharge patients earlier have been

associated with increased morbidity and mortality after dis-

charge [6], increased discharge rates to nursing homes [29,

38, 41] and unplanned readmissions [7, 25, 36]. Recent

studies in the United States report that 20–26 % of elderly

patients were rehospitalized within 30 days after discharge,

while over 30 % were rehospitalized within 90 days [23, 24].

The risk for unplanned readmissions may depend on

several factors. One important factor is the type of illness or

diagnosis, where cancer, cardiac diseases, and obstructive

lung diseases are the most common diagnoses associated

with the risk for unplanned readmissions [3, 26]. Disease

progression, surgical complications, and infections are

found to be among the reasons for such readmissions. For

instance, the readmission risk for cardiac surgery patients is

related to the various complications that these patients may

experience following surgery [11]. Other factors influenc-

ing hospital readmissions include a patient’s demographic

factors, clinical factors (e.g., comorbidities), social status,

and type of health care provider [9, 23, 26, 34, 37, 43].

There is also some evidence that patients discharged to

nursing homes or other care institutions were more likely to

be readmitted to the hospital [28, 43]. However, the impact of

discharge destination on readmissions is not quite clear and

there is some indication that the results may vary depending

on the diagnosis, comorbidities, and the level of care received

at nursing homes. For instance, Camberg et al. [8] found that

patients with chronic obstructive pulmonary disease and

patients with dementia who were discharged to nursing

homes were less likely to be readmitted within 30 days after

discharge than patients discharged to personal homes, but

they found no significant effect for stroke patients.

Research questions

The study has several objectives. First, it aims to identify

which diagnoses (DRGs) have the highest frequency for

readmission. Next, it examines the variation in the average

length of hospital stay and readmission rates over time. The

main objective of the study is then to identify the determi-

nants of hospital readmissions among elderly patients. An

important question in this context is whether length of stay

in the hospital is associated with unplanned readmissions.

Furthermore, do patient-specific factors and discharge des-

tination of patients (nursing homes and other care institu-

tions vs. personal homes) have an impact on readmissions?
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Finally, is there a difference between the determinants of

short-term and long-term readmissions, i.e., within 30 and

90 days of discharge, respectively?

Data and descriptive statistics

Data sources

The data sets used in this study are register data on inpatient

admissions to all public hospitals for the period 1999–2006

provided by the Norwegian Patient Registry. These data are

year-specific and include all hospital stays with individual

records on each patient such as age, gender, type of

admission, main and secondary diagnoses, date of admis-

sion, discharge date, etc. The data are cross-sectional since

it is not possible to follow patients from 1 year to another.

Data specifications

The study sample was constructed as follows. Admissions

for patients under 60 years of age were excluded. Planned

readmissions such as dialysis, chemotherapy for treatment

of cancer, etc., were also excluded. Such readmissions are

part of a regular treatment plan which requires frequent

hospital admissions, and hence, do not count as unplanned

readmissions. Therefore, the variable readmission consid-

ers only unplanned readmissions within 30 or 90 days after

the initial discharge from hospital. Since the data do not

allow us to track patients from 1 year to another, all

admissions during the month of December were excluded.

In this way, one can trace all readmissions following the

initial discharge during January to November. Similar

reasoning applies for readmissions within 90 days, so that

admissions during the last 3 months of the year were

excluded. Finally, DRGs with the highest frequency of

hospital readmissions were identified. All observations

except for the top 30 DRGs with the highest readmission

rates were then excluded, providing a sample of around

1 million patient observations for 30-day readmissions and

around 800,000 observations for 90-day readmissions.

Descriptive statistics

Table 1 presents the most common DRG-categories for

hospital readmission among elderly patients. The majority

of these DRGs have been pointed out as the main DRGs

related to readmissions in several studies [3, 23, 26, 34,

37]. As evident from the table, cancer diagnoses, lung

diseases such as chronic obstructive pulmonary disease and

pneumonia, cardiac diseases such as circulatory disorders,

angina and heart failure are the most common DRGs for

readmissions.

Figure 1 illustrates the average length of stay in the

hospital across the 30 DRGs. Length of stay in the hospital

has, on average, decreased by about 13 % over time, that is

from 7.8 days in 1999 to 6.8 days in 2006. Figure 2 dis-

plays the incidence of unplanned hospital readmissions

within 30 and 90 days after initial discharge. As evident,

there is a gradual increase in readmission rates over time,

from 15 % in 1999 to 17.4 % in 2006 for 30 days read-

missions, and from 24 % in 1999 to 26 % in 2006 for

90-day readmissions. These rates are quite similar to the

reported readmission rates in other European countries

[9, 18, 46] but are lower than those reported in the United

States [7, 23, 24].

Table 2 presents the variables used in the analysis and

their definitions. The variables Secondary diagnosis and

Complex are included as proxies for severity of illness. The

dummy variable Complex reflects the coding of DRGs into

complex or noncomplex procedures according to the

Norwegian DRG system. Such coding shows the com-

plexity of a procedure and resources used for treatment of

patients. The variable Procedures indicates the number of

diagnostic procedures performed per patient. In many

cases, there are no other diagnostic procedures than the

main examination, explaining why the average for this

variable is less than unity.

Table 3 provides the summary statistics for the two

samples, indicating that 17 % of patients are readmitted to

the hospital within 30 days after the initial discharge, while

25 % are readmitted within 90 days. The statistics are

otherwise quite similar for the two samples. The average

length of stay is over 7 days. The distribution of male and

female patients is equal with an average age of 77 years

and two secondary diagnoses. Finally, 25 % of all patients

are discharged from hospital to an institution.

The empirical framework

The dependant variable, Readmission, is a binary variable

that takes the value 1 for readmitted patients. R* is the

latent readmission variable and cannot be observed, but we

can observe whether or not a patient is readmitted to the

hospital, i.e., R = 1 if R* [ 0 and R = 0 when there is no

readmission. Hence, the probability that a patient is read-

mitted is given by the following probit model:

Pr Rijt ¼ 1
� �

¼ U aþ b1LOSijt þ b2Aijt þ b3A2
ijt

�

þ b4Mijt þ b5Sijt þ b6Pijt þ b7Cijt þ st þ dd þ mj þ eijt

�

i ¼ 1; 2; . . .;N j ¼ 1; 2; . . .; J t ¼ 1; . . .; T d ¼ 1; . . .; D

ð1Þ

where i denotes patients, j hospitals, and t time. R is the

probability of readmission within 30 or 90 days after
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discharge. U is the normal cumulative density function.

The notation for right hand side variables is as follows:

patient’s length of stay in hospital (LOS), age (A), male

patient (M), number of secondary diagnoses (S), number of

diagnostic procedures (P), complex DRG (C). Further, s is

a set of time dummies (month, year, and their interactions),

d is a set of DRG dummies to control for DRG specific

effects, m is a set of dummy variables for hospitals in order

to account for hospital-specific effects and e is an error

Table 1 30-day readmission rates by DRG type

DRG Observations Readmission rates Definition

403 16,493 25.39 Lymphoma and non-acute leukemia, without complication (w/o cc)

346 15,902 25.03 Malignancy, male reproductive system, with complication (w cc)

203 14,692 24.35 Malignancy of hepatobiliary system or pancreas

88 48,142 24.09 Chronic obstructive pulmonary disease

404 14,002 23.16 Lymphoma and non-acute leukemia, w/o cc

172 26,608 23.13 Digestive malignancy, w cc

87 12,340 22.85 Pulmonary edema and respiratory failure

82 36,145 22.66 Respiratory neoplasms

122 40,436 21.82 Circulatory disorders with acute myocardial infarction (AMI), w/o cc

121 32,672 21.24 Circulatory disorders with AMI, w cc

395 19,044 20.05 Blood cell disorders

79 12,720 19.35 Respiratory infections and inflammations, w cc

140 62,784 19.24 Angina pectoris

173 13,286 18.87 Digestive malignancy, w/o cc

475 15,612 18.07 Respiratory system diagnosis with ventilator support

127 58,996 17.18 Heart failure and shock

182 33,418 16.39 Esophagitis, gastroint and miscellaneous digest disorders, w cc

89 78,337 16.34 Pneumonia and pleurisy, w cc

138 27,212 16.72 Cardiac arrhythmia and conduction disorders, w cc

316 22,183 16.70 Kidney failure

320 20,666 15.96 Kidney and urinary tract infections, w cc

416 20,972 14.61 Septicemia

467 17,218 12.12 Other factors influencing health status

139 36,410 11.75 Cardiac arrhythmia and conduction disorders, w/o cc

183 41,078 11.23 Esophagitis, gastroint and miscellaneous digest disorders, w/o cc

210 35,028 11.11 Hip and femur procedures except major joint, w cc

143 23,420 10.77 Chest pain

243 34,215 9.81 Medical back problems

14 74,528 8.89 Specific cerebrovascular disorders

209 72,289 5.87 Major joint and limb reattachment procedures

Fig. 1 Length of stay in the hospital

Fig. 2 Unplanned readmission rates
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term with mean zero and a standard normal distribution

with variance one.

In order to capture the effect of a patient’s discharge

destination on the probability of readmission, the variable

Institution is also included as control variable in a separate

regression model. This variable equals unity when a patient is

discharged to an institution (nursing home or other care

facility).

Endogeneity problem

A potential problem in estimating Eq. (1) is the endogeneity of

the variable LOS, which implies a correlation between the

length of stay and the error term, e. For example, more severely

ill patients require more care and therefore they may stay

longer in the hospital. If length of stay is endogeneous, then the

estimated coefficient is biased. Without accounting for endo-

geneity, the effect of length of stay on readmission will be

underestimated. An instrumental variable approach is a useful

way to obtain consistent estimates of the parameters of the

readmission equation. An instrument should be correlated with

the length of stay and independent of the error term. Any

instruments that satisfy these two conditions generate

consistent estimates of parameters [17, 40]. As instrument, I

use the 1 year lag for the average length of stay over a whole

year per DRG and per hospital (ALOSðdrgÞj; t�1).

Using an instrumental variable approach implies that in the

first stage, the endogenous variable is regressed on the

instrumental variable and other exogenous variables as in

Eq. (2).

LOSijt ¼ a0 þ a1ALOSðdrgÞj; t�1 þ cX þ uijt ð2Þ

where a and c are the set of parameters to be estimated.

X represents the explanatory variables as in Eq. (1). The

error term, u, captures the unobservable, e.g., the technol-

ogy improvements as such. In the second stage, the pre-

dicted values of length of stay are inserted into the

readmission equation.

Expected effects

Since hospitals have incentives to discharge patients ear-

lier, one might expect that patients are more likely to be

readmitted due to shorter stays, for example because of

undetected infections. On the other hand, shorter stays may

be a result of better care or treatment technology, and

therefore having no effect on readmission. Hence, the

effect of length of stay on readmission is not quite clear.

It is expected that older patients [34] and those with sec-

ondary diagnoses [4] are more likely to be readmitted. Also,

one might expect that patients diagnosed with complex DRGs

have serious condition, and hence, have higher chances of

being readmitted compared with other patients [45]. Finally,

more diagnostic procedures may indicate higher quality of

care and thereby reduced likelihood for readmission.

Empirical results

The statistical software program used in the analyses is

Stata version 12. Tables 4 and 5 report the estimated

Table 2 Variable definition

a All DRGs are classified as

complex or non-complex

diagnoses in the Norwegian

DRG-system

Variable Definition

Readmission Readmitted to hospital = 1, 0 otherwise

LOS Length of hospital stay in days

Age Patient’s age in years

Male Male patient = 1, 0 otherwise

Secondary diagnosis Number of secondary diagnoses, varying from 0 to 10

Procedures Number of diagnostic procedures, varying from 0 to 7

Complexa Complex DRG = 1, 0 otherwise

Institution Discharge to nursing home facility/care institution = 1, 0 otherwise

Time dummies 1999 to 2006: year dummies, month dummies and their interactions

DRG dummies 30 DRGs

Hospital dummies 63 hospitals

Table 3 Summary statistics; 1999–2006

Variable 30-day readmission 90-day readmission

Mean SD Mean SD

Readmission 0.17 0.37 0.25 0.43

LOS 7.34 8.29 7.31 8.28

Age 76.65 8.72 76.71 8.72

Male 0.48 0.50 0.49 0.50

Secondary diagnosis 2.18 1.75 2.16 1.74

Procedures 0.52 1.00 0.51 0.99

Complex 0.28 0.45 0.28 0.45

Institution 0.25 0.43 0.25 0.43

Observations 976,848 796,403
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marginal effects from the probit and instrumental variable

probit (IVprobit) regression models for 30 and 90 days

readmissions, respectively. For continuous variables, the

marginal effects are computed at the means of the inde-

pendent variables. The marginal effect of a dummy vari-

able indicates the discrete change as the dummy variable

changes from zero to one, holding all other variables at

their means.

For 30-day readmissions, both probit and IVprobit

models indicate significant effect of length of stay on

readmission. The estimated effects are negative, implying

that patients with longer length of stay are less likely to be

readmitted to the hospital. This result is consistent with the

findings of several studies [7, 25, 30, 36], but inconsistent

with the findings of some other studies [23, 48]. The

inconclusive results could be related to the type or number

of DRGs considered, or the time of the study period.

As evident from Table 4, the probit model provides

smaller coefficient of the length of stay than the IVprobit

model, indicating the underestimation of this variable as a

predictor of readmission. This result is similar to the study

by Malkin et al. [32]. The regression results show a mar-

ginal effect of -0.0003 in the probit model and -0.0023 in

the IVprobit model. The estimated coefficients are statis-

tically significant. According to the IVprobit model, a

1-day increase in the average length of stay reduces the

probability of readmission within 30 days by 0.23 %.

The other control variables have all significant effects on

the probability of readmission. For instance, patient’s age

is positively associated with readmission. However, the

effect is diminishing with age. Findings from several

studies indicate that readmitted patients are older [9, 26,

34, 37]. Further, male patients are more likely to be read-

mitted than female patients. This result is also supported by

several studies [1, 14, 15, 34]. As expected, patients with

more diagnoses and complex DRGs are more likely to be

readmitted. This is similar to other studies showing that

number of secondary diagnoses [4] and complexity of a

DRG are important risk factors for unplanned readmissions

among elderly [31, 45]. In addition, undergoing more

diagnostic procedures reduces the likelihood of hospital

readmission. Finally, patients discharged to institutions

have 4 % higher probability of readmission than patients

discharged to personal homes. This finding is supported by

[28], but it is inconsistent with the finding in the study by

Camberg et al. [8]. The year-specific predicted probabili-

ties of 30-day readmissions are graphically illustrated in

Fig. 3.

The results for the probability of readmissions within

90 days are presented in Table 5. Commenting on the key

variables of interest, a 1-day increase in the average length

of stay reduces the readmission probability by 0.25 %,

while discharging a patient to an institution increases the

probability of readmission by about 3 %. The remaining

results are quite similar to the previous results.

As noted earlier, male patients were more likely to be

readmitted to the hospital than female patients. Table 6

presents separate regression results for these patients. For

brevity, the results are only reported for the 30-day read-

missions. As evident, there is no major difference between

male and female patients regarding the size of the estimates

for length of stay and secondary diagnoses. However, age,

complex DRG, and being discharged to an institution have

stronger effect for men than women. For instance, the

probability of readmission after being discharged to an

institution is 5.4 % for male patients and 2.9 % for female

patients. Figure 4 illustrates the predicted probability of

readmission for men and women.

To examine the variation in DRG types, separate

regressions were conducted for the subcategories of the

study sample focusing on the top ten DRGs with the

highest readmission rates (see Table 2). The results for

the DRG-specific regressions reveal some differences

(Table 7). As in the main analysis, length of stay has a

negative and significant impact on the probability of

readmission for six DRGs (346, 404, 172, 87, 122, and

121). Also for these DRGs patients discharged to institu-

tions are more likely to be readmitted, where the effect is

significant, except for DRG 172. Only for DRG 203, the

impact of the length of stay is significantly positive.

Patients with this diagnosis are also less likely to be

readmitted after discharge to an institution. The remaining

results indicate that both length of stay and discharge

destination have no significant effect for DRGs 403, 88,

and 82.

Additional analyses were also conducted. For brevity,

only the main findings are reported in the following. The

linear probability model using instrumental variable

ordinary least squares regression provided smaller

estimates of the length of stay, i.e., 0.0014 for 30-day

readmission. Another analysis was performed using

an alternative instrument variable. This instrument was

defined as the average length of stay per DRG per hospital

for 1 year before and 1 year after the admission date. This

approach provided similar results as the main analysis.

Finally, regression results using age categories showed that

patients in their 60 s and 70 s were more likely to be

readmitted than those over 80 years.

Discussion and conclusion

Using register data on inpatient admissions to all public

hospitals in Norway, this study identified the top 30 DRGs

for readmission among elderly patients aged 60 years

or older, providing a sample of around one million

814 A. Bjorvatn

123



observations. Cancer, lung diseases, and heart diseases

were the most common diagnoses for readmissions. Over a

period of 8 years, the mean length of stay in the hospital

decreased by 13 %, while readmission rates increased by

14 %. Besides a reduction in hospitalization time, other

factors may have contributed to the rise in readmission

rates. In fact, during the same period, patients’ average

number of secondary diagnoses (comorbidities) increased

from less than 2 to above 2.5 over time and the share of

patients treated for a complex condition increased from 20

to 35 %.

The present paper considers a large number of DRG

categories over an 8-year time period, using an instru-

mental variable approach to identify causality, which is

Table 4 Readmission within

30 days; marginal effects

All regressions include time,

DRG, and hospital dummies;

standard errors are in

parentheses

For dummy variables discrete

change from 0 to 1

* p \ 0.10; ** p \ 0.05; ***

p \ 0.01. Baselines Female;

non-complex DRG

Probit IV-probit

(1) (2) (1) (2)

LOS -0.0003*** -0.0006*** -0.0023*** -0.0022***

(0.0000) (0.0000) (0.0003) (0.0003)

Age 0.0085*** 0.0094*** 0.0087*** 0.0097***

(0.0006) (0.0006) (0.0006) (0.0006)

Age2 -0.0001*** -0.0001*** -0.0001*** -0.0001***

(0.0000) (0.0000) (0.0000) (0.0000)

Male 0.0124*** 0.0127*** 0.0117*** 0.0122***

(0.0007) (0.0007) (0.0007) (0.0007)

Sec_diag 0.0077*** 0.0075*** 0.0103*** 0.0095***

(0.0002) (0.0002) (0.0005) (0.0005)

Procedures -0.0108*** -0.0103*** -0.0080*** -0.0080***

(0.0005) (0.0005) (0.0007) (0.0006)

Complex 0.0099* 0.0094* 0.0126** 0.0114**

(0.0052) (0.0052) (0.0052) (0.0052)

Institution – 0.0363*** – 0.0402***

– (0.0009) – (0.0012)

N = 795,468

Table 5 Readmission within

90 days; marginal effects

All regressions include time,

DRG and hospital dummies;

standard errors are in

parentheses

For dummy variables discrete

change from 0 to 1; * p \ 0.10;

** p \ 0.05; *** p \ 0.01

Baselines Female, non-complex

DRG, discharged home

Probit IV-probit

(1) (2) (1) (2)

LOS -0.0002** -0.0003*** -0.0026*** -0.0025***

(0.0001) (0.0001) (0.0005) (0.0005)

Age 0.0155*** 0.0162*** 0.0158*** 0.0166***

(0.0008) (0.0008) (0.0008) (0.0008)

Age2 -0.0001*** -0.0001*** -0.0001*** -0.0001***

(0.0000) (0.0000) (0.0000) (0.0000)

Male 0.0142*** 0.0144*** 0.0133*** 0.0138***

(0.0009) (0.0009) (0.0009) (0.0009)

Sec_diag 0.0138*** 0.0137*** 0.0169*** 0.0163***

(0.0003) (0.0003) (0.0007) (0.0006)

Procedures -0.0147*** -0.0144*** -0.0112*** -0.0114***

(0.0006) (0.0006) (0.0009) (0.0009)

Complex 0.0131* 0.0127* 0.0163** 0.0152**

(0.0069) (0.0069) (0.0070) (0.0070)

Institution – 0.0246*** – 0.0295***

(0.0012) (0.0016)

N = 975,702
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important due to the potential endogeneity of the length of

stay. In fact, using non-IV and IV regression models, I

show that the non-IV approach underestimates the impact

of length of stay on the probability of readmission.

The findings indicate that patients with longer hospi-

talization time are less likely to be readmitted within 30 or

90 days after the initial discharge. For instance, an addi-

tional day in the hospital reduces the probability of read-

mission within 30 days by 0.0023. With an average

readmission rate of 17 %, this amounts to a 1.4 % reduc-

tion in readmission rates. A direct comparison of the esti-

mates of length of stay from this study with other studies is

problematic due to the differences in methodology, varia-

tion with respect to age profile, number of specialties or

DRGs, number of observations, time period, and variables

included in the studies of readmission risks. However, it is

possible to trace some similarities. For instance, it has been

shown that a half-day increase in length of stay reduces

readmission by 0.6 percentage points [32].

Also, patient characteristics have an impact on read-

missions. For example, male patients are more likely to be

readmitted. It has been argued that the higher readmission

rates among male patients probably are due to higher

severity of illness in men [15]. Patients treated for a

complex condition and those with more secondary diag-

noses also have higher probability of readmission. In

contrast, patients undergoing more diagnostic procedures

are less likely to be readmitted, which could reflect higher

quality of care provided for these patients.

The role of discharge destination on readmissions is

inconclusive in the literature. For instance, on the one

hand, a study of elderly patients indicates that patients

discharged to nursing homes are more likely to be read-

mitted [28]. On the other hand, there is some indication that

Fig. 3 Predicted probabilities 30-day readmission

Table 6 Readmission within

90 days; IV-probit, marginal

effects

All regressions include time,

DRG, and hospital dummies;

standard errors are in

parentheses

For dummy variables discrete

change from 0 to 1; * p \ 0.10;

** p \ 0.05; *** p \ 0.01

Baselines Female, non-complex

DRG, discharged home

Male patients Female patients

(1) (2) (1) (2)

LOS -0.0023*** -0.0021*** -0.0024*** -0.0023***

(0.0005) (0.0005) (0.0004) (0.0004)

Age 0.0133*** 0.0145*** 0.0053*** 0.0059***

(0.0010) (0.0010) (0.0008) (0.0008)

Age2 -0.0001*** -0.0001*** -0.0001*** -0.0001***

(0.0000) (0.0000) (0.0000) (0.0000)

Sec_diag 0.0107*** 0.0098*** 0.0099*** 0.0093***

(0.0008) (0.0007) (0.0006) (0.0006)

Procedures -0.0097*** -0.0099*** -0.0060*** -0.0060***

(0.0011) (0.0010) (0.0008) (0.0008)

Complex 0.0177** 0.0150* 0.0087 0.0084

(0.0082) (0.0082) (0.0066) (0.0066)

Institution – 0.0540*** – 0.0286***

– (0.0021) – (0.0015)

N = 975,702 473,186 502,441

Fig. 4 Predicted probabilities 30-day readmission by gender
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the risk of readmission among these patients may vary

depending on their diagnosis and comorbidities or the level

of care received at nursing homes [8]. The present study

cannot directly control for the quality of care after the

discharge from hospital, but the results indicate that

patients discharged to institutions are more likely to be

readmitted than those discharged to personal homes. This is

probably because of the higher frailty among these patients.

Finally, the probability of readmission within 30 days of

discharge is slightly higher than 90-day readmission (4 and

3 %, respectively). One possible explanation is that a

30-day phase after discharge represents a greater risk fac-

tor, while as the time after discharge passes, the likelihood

of post-discharge complications decreases.

Hospitals as providers of health care services have an

important role in providing adequate care for patients who

are at risk for readmission. Policies targeting at better

discharge planning such as patient follow-up programs by

outpatient consultations, general practitioners, or home

visits by nurses have shown to be effective in reducing

readmissions [2, 12, 19, 44]. Also, better cooperation

between hospitals, nursing homes, patients and their fam-

ilies seems to have a positive effect [10, 22, 37]. Other

interventions suggested in the literature include a reward-

ing system for hospitals with readmissions below a certain

level or reduction of reimbursements as a ‘‘penalty’’ for

readmitted patients. In fact, the recent health care reform in

the United States implies that hospitals with high read-

mission rates for certain conditions which should be

potentially preventable with the delivery of proper health

care, would be subject to a payment withhold on their DRG

payments [49].

With the available data, the present study cannot provide

estimates of cost savings due to the shorter length of stay or

identify how many readmissions were in fact unprevent-

able. However, among the 30 DRGs examined, readmis-

sions occurred at a rate of 17 % within 30 days and 25 %

within 90 days of discharge. Accordingly, health care

expenditures for readmitted patients increased from about

€64 million in 1999 to €102 million in 2006, i.e., by 59 %.1

Readmissions are costly. Hence, preventing unnecessary

readmissions is obviously important. However, the finding

that length of stay matters does not necessarily imply that

patients should stay longer in hospital. If the costs of longer

stays are high, the gains from a reduction in readmission

rates may not justify the costs.

The growing number of elderly patients being readmitted

to hospitals may indicate poor hospital performance. For

many diagnoses, readmissions should not be necessary if

patients receive proper care. Requiring that hospitals should

meet some minimum quality standards, such as minimum-

stay laws for certain DRGs with high readmission risk,

might be a good policy for reducing readmissions. In this

regard, the payment mechanism is obviously important. As

long as the payment system does not account for increased

length of stay, incentives to discharge patients earlier will

remain. Hence, policies for reducing unnecessary read-

missions might involve a redesign of the payment system.

Introducing a rewarding system for good performance, e.g.,

low readmission rates, and a penalty system for poor per-

formance, e.g., for higher-than-expected readmission rates,

could be other options for reducing readmissions.

As shown in this study, a number of other factors

influence readmission rates. For instance, patients with

certain characteristics and those discharged to institutions

face a higher risk for readmission. By acknowledging these

facts and identifying high-risk patients, intervention poli-

cies such as better discharge transition programs and

informing patients and their families about what they

should be aware of after hospital discharge could be useful

strategies for dealing with readmissions.

Starting in 2012, the most recent health care reform in

Norway aims at better cooperation between hospitals and

municipalities regarding patients who are ready to be dis-

charged to a community care institution. In fact, munici-

palities face a penalty for each additional day beyond the

scheduled discharge date set by the hospital. Such a penalty

system may reduce hospital costs, facilitate patient transi-

tion and reduce waiting times for hospital treatment.

However, since patients discharged to an institution are

more likely to be readmitted, the question for future

research is whether the intention to shorten hospitalization

time would further increase readmission rates.

In conclusion, this study has aimed to provide a better

understanding of the impact of hospital length of stay,

discharge destination, and patient characteristics on

unplanned readmissions and suggested policy tools for

reducing readmission rates. This is important since

unplanned readmissions are often considered a perfor-

mance indicator for quality of hospital care.
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