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Abstract: Objectives: To explore the influence of hospital and patient characteristics on deaths at
home among inpatients facing impending death. Method: In this historical cohort study, 95,626
inpatients facing impending death from 362 hospitals in 2011 were recruited. The dependent variable
was the place of death. The independent variables were the characteristics of the hospitals and the
patients. A two-level hierarchical generalized linear model was used. Results: In total, 41.06% of
subjects died at home. The hospital characteristics contributed to 29.25% of the total variation of the
place of death. Private hospitals (odds ratio [OR] = 1.32, 95% confidence interval [CI] = 1.00-1.75),
patients >65 years old (OR = 1.48, 95% CI. = 1.42-1.54), married (OR = 3.15, 95% CI. = 2.93-3.40) or
widowed (OR = 3.39, 95% CL. = 3.12-3.67), from near-poor households (OR = 5.16, 95% CI. = 4.57-5.84),
having diabetes mellitus (OR = 1.79, 95% CI. = 1.65-1.94), and living in a subcounty (OR = 2.27,
95% CI. = 2.16-2.38) were all risk factors for a death at home. Conclusion: Both hospital and patient
characteristics have an effect of deaths at home among inpatients facing impending death. The
value of the inpatient mortality rate as a major index of hospital accreditation should be interpreted
intrinsically with the rate of deaths at home.
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1. Introduction

Because of the clinical competence provided by hospital personnel, dying in hospital is deemed
preferable to dying at home for inpatients facing an impending death [1,2]. However, dying at home
is considered psychologically more comfortable for patients facing an impending death because it
gives family members and friends more time with the person and grants them more autonomy and
privacy [3,4]. The choice of dying in a familiar environment such as the home is judged reasonable and
might even be suggested by doctors [4].

The proportion of people dying at home ranges from 12% to 60% [5-13]. A study by Brazil et al.
revealed that the rate of at-home deaths was 56% [14]. The rate of at-home deaths in Japanese
patients was approximately 46% to 67% [15,16]. Among patients in Singapore, 29% died at home [17].
Tang et al. reported that the rate of at-home deaths in patients with cancer was approximately 32.4%
to 43.6% [18,19]. Cohen et al. reported a strikingly large variation in the rate of home deaths (from
12% to 57%) in patients with cancer across 14 countries, namely Belgium, Canada, the Czech Republic,
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England, France, Hungary, Italy, Mexico, the Netherlands, New Zealand, South Korea, Spain, the
United States, and Wales [20].

In addition to patients’ sex, age, education level, marriage status, income, and type of
cancer [3,21-29], the accessibility and availability of health care services affect inpatients and their
families in their choice between a hospital or an at-home death [21,25,29,30]. In Taiwan, the National
Health Insurance (NHI) programs cover almost the entire population and reduce financial barriers to
receiving medical care. Therefore, we investigated the effect of hospital and inpatient characteristics
on the place of death under minimum influence from medical expenses. Whether hospitals play a
role in the decision-making process of inpatients choosing an at-home death is of interest. If the lower
inpatient mortality rate is due to inpatients who are facing impending death choosing an at-home
death, the value of the inpatient mortality rate as a major index of hospital accreditation might be
altered [6,31,32].

2. Methods

2.1. Study Cohort and Data Sources

The national register of deaths, health records of medical facilities, registry of beneficiaries, registry
of contracted medical facilities, and inpatient expenditures from the National Health Informatics
Project of the Ministry of Health and Welfare were linked using encrypted personal identification
numbers and hospital IDs in this retrospective cohort study.

2.2. Participants and Sampling

In 2011, 152,030 people (0.65% of the total population) died in Taiwan. After excluding people
who died an accidental death, death by suicide or homicide, or before hospitalization, 97,203 people
who had been hospitalized the day before their death were selected as inpatients facing impending
death. Subsequently, 1577 deaths that occurred in psychiatric hospitals were excluded. Finally, 95,626
inpatients facing impending death from 362 hospitals were included for analysis in the present study.
Because the NHI program covers most of the population, the use of national databases with encrypted
personal IDs and death certificates prevented selection and participation bias [33].

2.3. Study Variables

The dependent variable selected was the place of death (either in hospital or at home).
The independent variables included the characteristics of patients and hospitals. The patient
characteristics included sex, age (<18, 18-39, 40-54, 55-64, 65-74, 75-84, 285), marital status (unmarried,
married, divorced, widowed, missing), income (low-income households, near-poor households,
moderate-income households, and high-income households), and cause of death (e.g., cancer, diabetes
mellitus, heart disease, stroke, disease of the respiratory system, disease of the digestive system, and
suicide). When reviewing the patients’ places of residence, the urbanization degree was categorized
into the following five types: municipality, province, county, subcounty, and rural area. The hospital
characteristics included the ownership status (public or private) and the accreditation status of the
hospital (medical center, regional hospital, district teaching hospital, and district hospital).

2.4. Statistical Analysis

All statistical analyses were performed using the SAS statistical (SAS system for Windows,
version 9.3) and HLM 6.06 software packages. Numbers and percentages were used to describe the
characteristics of the patients (Level 1) and the hospitals (Level 2).

In the present study, inpatients from the same hospital were likely to be correlated [34]. Therefore,
we applied two-level hierarchical generalized linear models (HGLMs) using the Bernoulli sampling
method and logit link function to avoid the violation of the assumption of uncorrected errors [35], and
to make the study result more robust [3]. At level 1, the characteristics of the patients were included.
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At level 2, the characteristics of the hospitals were included in this study. The model designed in the
present study was of random intercept and fixed slope. We assumed that the effect of each patient’s
factors was the same and the coefficient of each covariate was fixed across hospitals. This model design
is a widely used approach in multilevel analyses [3,36].

In the HGLMs, the intraclass correlation coefficient (ICC) measured the proportion of total variance
among hospitals [37]. In a normal hierarchical linear model, the estimation of the ICC requires both the
random intercept (t00) variance and the residual variance (¢2): ICC = t00/(t00 + o) [37]. However, if
an HGLM presents no error term in the logit link function, it means there is no residual variance term
(02). Therefore, an approximate ICC was calculated assuming that the latent residual term followed a
logistic distribution and using the variance of the logistic distribution 712/3 = 3.29. Under this model,
the ICC was measured as T00/[t00 + (712/3)] where 72/3 = 3.29 [38]. In addition, we calculated the
R%-type in different models. The R*-type, which was used to represent the explanation of the model,
was measured as [(VN — VF)/VN] x 100%. VN was the hospital-level variance of the null model, and
VF was the variance of the full model [39].

The multilevel modeling followed a staged approach [40]. In the first stage, we used an
unconditional model with no predictors to test for a significant between-hospital variability in the
place of death. In the second stage, we included the estimations from several preliminary conditional
models. Model 1 included the Level 1 predictors to determine if the effects of any of the Level 1
predictors varied across the study sample. Model 2 included the Level 2 predictors to determine if the
effects of any of the Level 2 predictors varied across the study sample. Finally, we included all of the
Level 1 and Level 2 predictors in Model 3.

2.5. Ethical Statement

This study was approved by the Institutional Review Board of National Yang-Ming University
(approval number 99007) in Taiwan. All data sets were analyzed at the Health and Welfare Data
Science Center (HWDC) because the results of the data analysis had to be verified by an examiner of
the HWDC to ensure the protection of personal data.

3. Results

In this study, 60.84% of patients facing impending death were male, 30.19% were between 75 and
84 years old, 54.55% were married, 40.17% had a moderate income, 35.39% died of cancer, and 54.73%
lived in a municipality. The patients were recruited at 67.84% from private hospitals and 32.16% from
public hospitals. Specifically, 36.22%, 44.21%, 4%, and 15.57% were hospitalized in a medical center,
regional hospital, district teaching hospital, and district hospital, respectively. In total, 41.06% (39,266
of 95,626) chose to die at home (Table 1).

In the bivariate analysis, female patients appeared more likely to choose to die at home than male
patients (43.87% versus 39.25%, p < 0.001). The choice to die at home was significantly more common
in elderly patients than in younger patients (respectively, 47.34%, 45.74%, and 39.77% in the age groups
of 65-74 years old, 75-84 years old, and 285 years old versus 7.95%, 25.91%, 30.28%, and 38.98% in the
age groups of <18 years old, 18-39 years old, 40-54 years old, and 55-64 years old, p < 0.001). The
married and widowed patients were more likely to choose to die at home than the unmarried and
divorced patients (respectively, 44.44% and 47.37% versus 14.01% and 17.85%, p < 0.001). Patients from
moderate- to high-income households were also more likely to choose to die at home than patients
from low-income and near-poor households (respectively, 60.48% and 38.35% versus 12.5% and 21.45%,
p < 0.001). Patients with diabetes mellitus had a significantly higher rate of at-home deaths than
patients with cancer, heart disease, stroke, and respiratory system disease (51.62% versus 41.55%,
38.94%, 44.78%, and 38.76%, respectively, p < 0.001). Inpatients living in municipalities were less
likely to choose to die at home than those living in provinces, counties, subcounties, and rural areas
(31% versus 35.38%, 40.32%, 60.08%, and 51.8%, respectively, p < 0.001). Patients in medical centers,
regional hospitals, district teaching hospitals, and district hospitals chose to die at home in 39.24%,
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45.4%, 37.65%, and 33.88% of cases, respectively. Compared with public hospitals, more inpatients
hospitalized in private hospitals chose to die at home (31.50% versus 45.59%, p < 0.001) (Table 1).

Table 1. Situation of discharge for inpatients facing impending death in 2011: univariate analysis.

Death Place
Total % Hospital Home p Value
N % N %
Total 95,626 100.00 56,360 58.94 39,266 41.06
Patient’s characteristics
Gender <0.001
Female 37,444 39.16 21,017 56.13 16,427 43.87
Male 58,182 60.84 35,343 60.75 22,839 39.25
Age <0.001
<18 679 0.71 625 92.05 54 7.95
18-39 2848 2.98 2110 74.09 738 2591
40-54 10,848 11.34 7563 69.72 3285 30.28
55-64 13,318 13.93 8127 61.02 5191 38.98
65-74 16,601 17.36 8742 52.66 7859 47.34
75-84 28,867 30.19 15,663 54.26 13,204 45.74
285 22,465 23.49 13,530 60.23 8935 39.77
Marriage <0.001
Unmarried 8409 8.79 7231 85.99 1178 14.01
Married 52,168 54.55 28,982 55.56 23,186 44.44
Divorce 5222 5.46 4290 82.15 932 17.85
Widow 29,261 30.60 15,400 52.63 13,861 47.37
missing 566 0.59 457 80.74 109 19.26
Income <0.001

Low-income households 3015 3.15 2638 87.50 377 12.50
Near poor households 30,353 31.74 23,842 78.55 6511 21.45

Moderate income 38,415 40.17 15,181 39.52 23,234 60.48
High income 23,843 2493 14,699 61.65 9144 38.35
Cause of death <0.001
Cancer 33,841 35.39 19,781 58.45 14,060 41.55
Diabetes Mellitus 4287 448 2074 48.38 2213 51.62
Heart diseases 7960 8.32 4860 61.06 3100 38.94
Stroke 6932 7.25 3828 55.22 3104 44.78

Diseases of the
respiratory system
Diseases of the digestive

13,982 14.62 8562 61.24 5420 38.76

7530 7.87 4334 57.56 3196 42.44

system
Suicide 447 0.47 291 65.10 156 34.90
Others 20,647 21.59 12,630 61.17 8017 38.83
Urbanization degree <0.001
Municipality 52,336 54.73 36,110 69.00 16,226 31.00
Province 4113 4.30 2658 64.62 1455 35.38
County 8928 9.34 5328 59.68 3600 40.32
subcounty 27,971 29.25 11,166 39.92 16,805 60.08
Rural 2278 2.38 1098 48.20 1180 51.80
Hospital characteristics
Ownership <0.001
Public 30,757 32.16 21,068 68.50 9689 31.50
private 64,869 67.84 35,292 54.41 29,577 45.59
Accredited Hospital <0.001
Medical center 34,638 36.22 21,047 60.76 13,591 39.24
Regional hospital 42,277 4421 23,085 54.60 19,192 45.40
District teaching hospital 3825 4.00 2385 62.35 1440 37.65
District hospital 14,886 15.57 9843 66.12 5043 33.88

In the HGLMSs, the ICC measured the proportion of total variance that occurs among hospitals [37].
In the null model, the variation among hospitals was 1.36. The ICC was estimated to be 0.2925 [1.36/(1.36
+ 3.29)]. This estimation indicated that the percentage of variation between hospitals was 29.25% of
the total variation. The R2-type in Model 1 was 25.00% [(1.36 — 1.02) /1.36 x 100%)], indicating that
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patient characteristics could explain 25.00% of the variation in the place of death of inpatients facing
impending death. The R*-type in Model 2 was 5.15% [(1.36 — 1.29)/1.36 x 100%], indicating that
hospital characteristics can explain 5.15% of the variation in the place of death of inpatients facing
impending death. When both patient and hospital characteristics were entered in Model 3, the R2-type
was 30.15% [(1.36 — 0.95)/1.36 x 100%]. This result means that hospital and patient characteristics can
explain 30.15% of the variation in the place of death of inpatients facing impending death (Table 2).
Overall, patients >65 years old (odds ratio [OR] = 1.48, 95% confidence interval [CI] = 1.42-1.54),
married (3.15, 2.93-3.40) or widowed (3.39, 3.12-3.67), from near-poor households (5.16, 4.57-5.84),
having diabetes mellitus (1.79, 1.65-1.94), and living in a subcounty (2.27, 2.16-2.38) were more likely
to be discharged from hospital after choosing to die at home compared with patients <65 years old,
unmarried, with a high income, having other diseases (cancer, heart disease, and stroke), and living in
a municipality. Compared with public hospitals, inpatients hospitalized in private hospitals were 32%
more likely to be discharged from hospital after choosing to die at home (1.32, 1.00-1.75) (Table 2).

Table 2. Factors affecting the discharge of inpatients facing impending death: two-level hierarchical
generalized linear model.

Two-Level Hierarchical Generalized Linear Model (N = 95,060) 2

Model 1 Model 2 Model 3
Adj-OR 95% C.I p Value Adj-OR 95% C.I p Value Adj-OR 95% C.I. p Value
Intercept 0.03 (0.02-0.03)  <0.001 0.43 (025-0.75)  <0.01 0.03 (0.02-0.05)  <0.001
Patient’s characteristics
Gender (Male:0)
Female 0.98 (0.95 -1.02) 0.98 (0.95-1.02)
Age (<65:0)
265 1.47 (142-153) <0.001 1.48 (142-1.54) <0.001
Marriage (Unmarried:0)
Married 3.15 (2.93 -3.40) <0.001 3.15 (293 -3.40)  <0.001
Divorce 119 (1.08-132)  <0.01 119 (1.08-132)
Widow 3.39 (3.13-3.67) <0.001 3.39 (3.12-3.67)  <0.001
Income (High income:0)
Low-income households 1.55 (1.37-1.76)  <0.001 1.55 (1.37-1.76)  <0.001
Near poor households 5.17 (457 -5.84) <0.001 5.16 (4.57 -5.84)  <0.001
Moderate income 3.18 (2.81-3.60) <0.001 3.17 (2.80 -3.60)  <0.001
Cause of death (Others:0)
Cancer 1.12 (1.07-1.17)  <0.001 1.11 (1.07 -1.16)  <0.001
Diabetes Mellitus 1.79 (1.65-1.94) <0.001 1.79 (1.65-1.94)  <0.001
Heart diseases 0.97 (0.91 - 1.02) 0.97 (0.91 - 1.03)
Stroke 1.27 (1.18 -1.35)  <0.001 1.27 (1.18-1.35)  <0.001
Diseases of the respiratory 101 (0.96 - 1.06) 101 (0.96 - 1.06)
system
Diseases of the digestive 1 (104 _119)  <0.01 111 (1.04-118) <001
system
Suicide 0.62 (0.50-0.79)  <0.001 0.62 (0.50-0.79)  <0.001
Urbanization degree
(Municipality:0)
Province 1.35 (1.22-148) <0.001 1.35 (1.22-1.48)  <0.001
County 1.55 (1.45-1.65) <0.001 1.55 (1.45-1.66)  <0.001
subcounty 227 (216 -2.38)  <0.001 227 (216 -2.38)  <0.001
Rural 2.15 (191 -241) <0.001 2.16 (192 -242)  <0.001
Hospital characteristics
Ownership (Public:0)
Private 1.50 (1.09 - 2.07) <0.05 1.32 (1.00 - 1.75) <0.05
Accredited Hospital
(Medical center:0)
Regional hospital 1.44 (0.81 —2.55) 1.13 (0.69 — 1.86)
District teaching hospital 0.77 (0.38 —1.54) 0.68 (0.37 —1.24)
District hospital 077  (0.45-1.33) 066  (0.42-1.05)
Variance component of 1.02 <0.001 129 <0.001 095 <0.001
level 2 (Tgp)
R square ® (%) 25.00 5.15 30.15

Note ?: We excluded the study sample whose marriage status was ‘missing’. Finally, there were 95,060 eligible
samples for analysis in this study. The reference group of the dependent variable is people who are recorded dying
in hospital. The variance component of the null model (700) is 1.36. Note b. The R square was calculated by [(Vn
— VEg)/Vn] % 100%, where Vy (1.36) was the variance component of level 2 in the null model and the Vg was the
variance component of level 2 in the full model.
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4. Discussion

The study demonstrated that the number of inpatients facing impending death who chose to die
at home (41.06%) was lower than that in previous studies (57.7% in 2000 and 74.1% in 1971) [22,41].
This result might be related to the continuous urbanization and social transition in Taiwan. This
phenomenon was evidenced by the lower proportion of inpatients living in municipalities choosing to
die at home compared with those living in subcounties and rural areas (31% versus 60.08% and 51.8%,
respectively, OR > 2) (Tables 1 and 2). The limited living space in municipalities, which constrains
the coffin-moving process in and out of apartments, might have led to patients and family members
accepting an in-hospital death [3,24,41].

In the present study, older people, those who were married or widowed, or were from near-poor
households, chose an at-home death, as in previous studies [22,26,30,41-45]. The fact that older patients
tend to choose dying at home might be related to the traditional belief that ancestors will lead the
deceased from home to the equivalent of paradise for Western monotheist religions. Dying at home
does not only take the misfortune away, but it also brings good luck to the descendants [22]. Compared
with unmarried and divorced patients, married or widowed patients are more often accompanied
by family members [46]. Some studies have indicated that in-hospital deaths are associated with a
lower quality and satisfaction, as well as complicated grief for the surviving family members [13,47,48].
Dying at home not only alleviates the loneliness of patients but also helps family members express
their emotions, which in turn decreases the sorrow at the time of death [26].

The proportion of inpatients with diabetes mellitus facing impending death who chose an at-home
death was significantly higher than that of patients with other diseases such as cancer, heart disease,
or stroke (p < 0.001). This result might be related to their suffering and tiredness from the chronicity
and comorbidities of diabetes such as nephropathy, neuropathy, and disability [23,27]. Therefore,
patients with diabetes, and their families, tended to choose to die at home when the patients’ conditions
deteriorated to the impending death stage.

A higher proportion of inpatients facing impending death in private hospitals chose to die at home,
compared with public hospitals (1.51 times in Model 2 and 1.32 times in full model) (Table 2). This result
indicates that inpatients are more likely to be discharged when they reach a critical condition at private
hospitals compared with public hospitals [31,32]. The reason for private hospitals to discharge patients
facing impending death might be related to their objective of low inpatient mortality rate, which
advertises a better quality of care in terms of hospital accreditation. Although some researchers have
considered the hospital standardized mortality ratio (HSMR) as a measure of health care quality, others
have pointed out that considering HSMR as a measure of hospital quality leads to a possible skewing
in the choice of the place of death. Our study evidenced that the more inpatients facing impending
death there were who died at home, the lower the inpatient death rate. Therefore, combining inpatient
and home death rates may yield a better index than inpatient death rate alone for the measurement of
hospital health care quality.

According to Cohen’s definition [49], multilevel analysis is a more efficient method than regression
analysis when the ICC is higher than 0.059. The ICC of 0.2925 in the null model in this study indicated a
high degree of clustering in patients’ place of death between hospitals. The characteristics of hospitals
and patients were associated with the place of death. Therefore, using a two-level (patients and
hospitals) analysis to address the place of death was appropriate in this study. The characteristics
of patients and hospitals explained 25.00% and 5.17% of the choice to die at home among patients
facing impending death, respectively. This result indicates that patient characteristics matter more
(4.85 times) than hospital characteristics in the choice to die at home. However, hospital characteristics
also play a role in the choice to die at home. The effect of hospital characteristics cannot be ignored.

This study had a limitation. Some parameters such as patient preference in place of death,
functional status, and family support [50,51] were not included in our data set as other administration
data sets did. Theoretically, the functional status of inpatients facing impending death might be similar.
Furthermore, the marital status, family income, cause of death, and urbanization degree of the place of
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residence were entered into the model of this study for risk adjustment. Nevertheless, this study had
two key strengths. First, inpatients from the same hospital were likely to be correlated. The two-level
HGLMs used in this study solved the problem of inpatients’ nonindependence. This study not only
improved the estimation of effects within patient units but also formulated and tested hypotheses on
cross-level effects. In addition, the model partitioned the variance and covariance components among
levels [52]. Second, this is the first study to explore the role of patient and hospital characteristics in
the choice of death place among inpatients facing impending death. Apart from the patient factors,
hospital characteristics played a role in the choice of an at-home death.

5. Conclusions

In total, 41.06% of inpatients facing impending death chose to die at home. The factors influencing
the choice to die at home included hospitalization in a private hospital, >65 years old, married or
widowed status, near-poor household, diabetes mellitus, and place of residence in a subcounty. The
at-home death rate influences the inpatient mortality rate. Therefore, the value of the inpatient mortality
rate as a major index of hospital accreditation should be interpreted intrinsically with the rate of deaths
at home.
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