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Abstract This study examines the variations in the use of
inpatient care that can be explained by travel distance
among patients with schizophrenia living in Taiwan. Data
were drawn from the Psychiatric Inpatient Medical Claims
Database. We used mediation analysis and multilevel
analysis to identify associations. Travel distance did not
significantly account for lower readmission rates after an
index admission, but significantly explained the longer
length of stay of an index admission by 9.3 days
(P < 0.001, 85% of variation) between remote and non-
remote regions. Policies are discussed aimed at reducing
the impact of travel distance on rural mental health care
through inter-disciplinary collaboration and telepsychiatry.
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Introduction

In Taiwan, patients with schizophrenia are disadvantaged
in their use of psychiatric services, because most psychi-
atrists practice in hospitals, and do not work as specialists
in local communities. Thus, most outpatient care for
schizophrenia is provided by hospitals with psychiatric
outpatient departments, mostly in urban or suburban areas.
Because of this centralization of services, and without a
well-established community-based mental health care sys-
tem, the distance to hospitals that can treat mental illnesses
becomes crucial for patients with schizophrenia, especially
for those who live in remote areas.

Although Taiwan’s Mental Health Act (1990) somewhat
mitigates the negative effects of distance on access to
psychiatric care, by stating that the health authority should
establish medical networks to deliver psychiatric care
based on demographics and the distribution of medical
resources, the distribution of psychiatric health services
remains uneven, partly for geographical reasons. The high
mountains in the center of the island cover almost two-
thirds of the country, separating the east coast from the
more urbanized west.

The literature has documented differences in rural and
urban patients’ use of medical care. For example, Lambert
and Agger (1995) found that beneficiaries of the Aid to
Families with Dependent Children (AFDC) Medicaid
program in rural Maine were less likely to use psychiatric
care, including both outpatient visits and hospitalizations,
than were their urban counterparts. Nemet and Bailey
(2000) confirmed that distance to a provider was associated
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with less frequent use of medical services among the rural
elderly. They concluded that variations in health service
utilization could be explained by whether or not a provider
was within the activity zone of an elderly patient. Haynes
et al. (1999) found that, at the village level, the distance to
the nearest hospital available for a census area accounted
for the use of psychiatric care, geriatric care and acute care,
independent of the demand and supply of medical services.

One of the implications of rural-urban differences in the
use of health care is the distance effect exerted on health
service utilization. Mental health researchers have long
considered the importance of distance on psychiatric ser-
vice use (Shannon et al. 1986). Systemic analyses
regarding the relationship between distance and the use of
mental health care can be traced back to the mid nineteenth
century, when Edward Jarvis (1866) identified inverse
associations between home-to-hospital distance and the
rates of admission to Oneida County Hospital of New York
and the Kentucky Lunatic Asylum in Fayette County. He
claimed that people living near psychiatric hospitals send
more patients there for admission than do those living far
away (Jarvis’s law). In the early twentieth century,
researchers focused more on the epidemiology of mental
disorders—i.e. investigating their distribution and etiology,
rather than paying much attention to distance effects on
psychiatric care use. Faris and Dunham (1939), examining
the geographic locations of patients prior to admission to
public and private hospitals in Chicago, found that a high
proportion of people with severe mental disorders, espe-
cially those with psychosis, aggregated around the city
center. The study also revealed urban—rural differences in
the prevalence of insanity, and high admission rates to
psychiatric hospitals among people residing near the city
center. Jarvis’s law has been identified in numerous studies
since the mid-twentieth century. For example, in Denmark,
they discovered higher first admission rates among people
living in areas close to psychiatric facilities than among
those living more distant from them (Bille 1963). In
Zambia, Haworth (1980) found a significant negative cor-
relation between living distance from psychiatric hospitals
and admission rates. Other investigators, however, have
argued that the severity of mental disorders, the referral
patterns of practice physicians, and the availability of other
mental health services might account for the observed
association between distance and hospitalizations at psy-
chiatric facilities (Norris 1959). In a study of first
admissions to Connecticut state psychiatric hospitals, the
negative association between distance and first psychiatric
hospitalizations remained evident even when population
size, disease type (Sohler and Thompson 1970) and other
parameters of availability (Sohler 1970) were controlled.
Blumberg (1965) examined admissions to California state
hospitals and found that distance to the nearest psychiatric

facility was the most important predictor of hospitalization
among all county-specific variables. On the other hand, in
their study of Western Australia, Stampfer et al. (1984)
found that the impact of distance on hospitalizations only
was significant for people with less severe mental illnesses,
and emphasized the concept of threshold distance, in that
distance itself no longer determines admissions to psychi-
atric facilities beyond a certain extent of distance.

The relationship between home-to-hospital distance and
admission rates of psychiatric facilities has prompted
investigators to assess the relationship between distance
and length of stay in psychiatric hospitals. Sohler and
Clapis (1972) evaluated Jarvis’s law by incorporating
length of stay into their analyses. They found that longer
distances from psychiatric facilities were associated with
longer lengths of stay. Miclutia et al. (2007) posited that
patients living in rural regions find it difficult to access
psychiatric care. When they finally are admitted to hospital,
they may stay longer because prompt readmission may not
be possible if a patient relapses. Smith et al. (2007) eval-
uated over 4000 hospitalizations to the Ontario Provincial
Asylum in the city of Hamilton, between 1876 and 1902,
and identified both a negative relationship between dis-
tance from the asylum and the likelihood of being
readmitted to the same facility; and a positive association
between length of stay and distance from a psychiatric
institution. That study also confirmed Jarvis’s law.

Studies addressing the association between distance and
length of hospital stay have been conducted in fields other
than psychiatry. For example, Waddell and Dibley (1986)
found that aboriginal children and children in the Northern
Territory of Australia stayed longer in hospitals than did
non-aboriginal children and those in Western Australia,
implying that the remoteness of homes influences length of
hospitalization. Moreover, in a retrospective study in a
Turkish military hospital (Teke et al. 2004), patients living
outside Ankara tended to have more hospital days and
more inappropriate admissions than did patients from
Ankara.

We propose a conceptual model to account for the
influential causal role of residential remoteness in the use
of psychiatric care (Fig. 1). Many factors account for the
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Fig. 1 Conceptual model of mediation analysis, (use length of stay as
an example) Note: Solid lines represent the main hypothesis we tested
and dotted lines represent the relationships mentioned in prior
research
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discrepancy that exists in the use of psychiatric services
between those living in remote versus non-remote regions,
such as travel distance, perceived stigma, health status, and
income, all of which can be mediators in this causal
pathway.

As an example, consider perceived stigma as a mediator.
Rost et al. (1993) found that rural residents with depression
were more likely to express more negative views (i.e.
stigma) with respect to seeking professional care than
urban residents. In contrast, Phillips et al. (2002) found that
people with schizophrenia living in more urbanized areas
of China report a greater influence of stigma in their lives;
they feel socially inferior because of their difficulty
meeting the minimal adult standards expected of city
dwellers. Because stigma can discourage the use of psy-
chiatric care (e.g. Rost et al. 1993), rural residency
influences the use of health care through its contextual
effect on perceived stigma.

Disease severity is another potential mediator. Due to
difficulties finding providers, many patients in rural areas
may resist seeing a doctor until they are severely sick
(Goldsmith et al. 1997), even though a lower prevalence and
incidence of psychiatric disorders are noted in rural versus
urban areas (Peen et al. 2007). Rural residency, therefore,
influences the use of psychiatric care through its contextual
effects on the occurrence and severity of psychiatric illness.

Prior investigators rarely have claimed that travel distance
is a clear intermediate factor between rural residency and the
use of psychiatric care. Thus, in this study, we emphasized
distance as a mediator of rural-urban differences in the use of
psychiatric services. Moreover, we focused on the use of
psychiatric inpatient care among patients with schizophre-
nia, because the majority of psychiatric inpatient care is used
by patients with schizophrenia; consequently, patterns in
care seeking behavior among these patients represent access
to psychiatric care in Taiwan. We specifically asked “with
respect to differences between remote and non-remote areas
in Taiwan, to what extent does travel distance account for (1)
length of stay during an index hospitalization, and (2) read-
missions after an index admission among patients with
schizophrenia?” We formulated two hypotheses: (1) home-
to-hospital travel distance explains the longer hospitalization
stays observed during index admissions among Taiwanese
patients with schizophrenia; and (2) home-to-hospital travel
distance explains the lower readmission rates observed after
an index admission among Taiwanese patients with
schizophrenia.

The overall aim of our study was to supplement the lit-
erature pertaining to how home-to-hospital travel distance
explains differences in the use of psychiatric inpatient care
among patients with schizophrenia across remote and non-
remote regions. The secondary aim was to describe the
policy implications of the renovation of psychiatric care in
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Taiwan and countries with centralized psychiatric care. We
achieved these goals using a nationwide National Health
Insurance claims database and analyzing the data by means
of mediation analysis (Baron and Kenny 1986).

Methods
Data and Study Population

We merged data from several sources. The Psychiatric
Inpatient Medical Claims Database of Taiwan consisted of
all inpatient claims for insured patients who had been
admitted at least once to a psychiatric ward, with a psy-
chiatric diagnosis. The Registry of Contracted Medical
Facilities and Beds provided information on hospitals, and
allowed us to calculate a town’s medical supply. The
Insurance Enrollment File contained individual informa-
tion on residence and payroll information. Finally, town-
level variables were derived from the census.

The study cohort consisted of patients who were
admitted to psychiatric wards with schizophrenia—defined
by the International Classification of Diseases, 9th Revi-
sion Clinical Modification Codes (ICD-9-CM, 295)—as
their principal diagnosis, between January 1, 1996 and
December 31, 2000. The study unit was an index admis-
sion, defined as the first hospitalization during this five-
year period. We included patients from 15 to 85 years of
age. Seriously-ill patients tended to live near the hospitals
that could treat mental illness because they tended to use
more psychiatric services, and stayed longer in hospitals
(McClellan et al. 1994). We therefore excluded the resi-
dents of Yuli town (697 observations were deleted), where
many patients with severe mental disorders resided,
because Taiwan’s largest psychiatric hospital was located
there. We also deleted observations with incomplete
information. A total of 28,839 patients were included in the
analysis (9% attrition of the sample).

Dependent Variables

The study investigated two dependent variables: readmis-
sion after an index admission and length of stay of the
index admission. We identified readmissions within 30
days, 90 days, and 1 year after the discharge of an index
admission. Length of stay was calculated as a number of
bed days spent in hospitals during the index admission.

Remote Area, Distance and Factors Related to
Remoteness

Remoteness is an aggregate factor, consisting of dimin-
ished availability of medical care, longer distance to a
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provider, smaller population, and poverty (Murray et al.
2004; Wakerman 2004). Since no single standardized
method can define remoteness, we adopted the govern-
mental definition of remoteness, which classifies 44% of
towns (164 of 369) as being in remote regions based on
location, geography, and medical availability, including
isolated islands, mountainous regions, rural areas, and the
east coast (Research, Development and Evaluation Com-
mission, Executive Yuan 2002). The governmental
definition for remote towns also has policy implications.
Therefore, the remoteness in our analysis was a binary
variable—whether or not a patient lived in a remote area.
Thus, it was crucial to test the governmental definition of
remoteness for meaningfulness. We, therefore, performed a
factor analysis to validate this operational definition.

Other variables representing the components of
remoteness were used in the factor analysis. First, we
measured two types of distance. At the town level, we
computed minimum distance to a town with inpatient
capacity for mental care (i.e. towns with at least one bed
for psychiatric patients). At the patient level, we measured
travel distance from the town where a patient lived, and the
town where the hospital admission occurred. It was cal-
culated as the miles of a straight line between the centers of
the two towns, using longitudinal and latitudinal informa-
tion. The measure of travel distance should have revealed
an actual route for a patient to get to a hospital from home.
Because a measurement tool for actual route was unavail-
able, a straight-line distance is the currently available
(albeit imperfect) measurement of travel distance.

Moreover, several variables represented availability of
medical facilities in towns, including the number of hos-
pitals, beds, psychiatric hospitals, and beds for psychiatric
patients. These variables were computed as numbers per
thousand people.

Covariates

The covariates were gender, age, individual income level,
co-morbidity, and time. Information on payroll status was
used to represent an individual’s income level, since the
premiums were collected based on the insured’s salary. We
used the Charlson Index (Charlson et al. 1994) to represent
a patient’s co-morbidity. The co-morbidity could reflect the
severity of the patient’s physical condition. The Charlson
Index was derived from 12 co-morbid diseases: previous
myocardial infarction, peripheral vascular disease,
dementia, pulmonary disease, rheumatologic disease, mild
liver disease, mild to moderate diabetes, diabetes with
chronic complications, renal disease, any malignancy,
moderate to severe liver disease, and metastatic solid
tumor. We totaled the number of diseases and dichoto-
mized them to indicate whether a patient had a co-morbid

physical illness due to a right-skewed distribution. To
adjust for time trends, we also created year dummies based
on dates of index admissions.

Statistical Analysis

Since remoteness has multidimensional aspects, differ-
ences in medical care use between remote and non-remote
areas arise from multiple factors, such as variations in
disease severity, medical availability, and travel distance.
To identify the differences between remote and non-remote
regions that were only related to travel distance, we
adopted a statistical technique—mediation analysis (Baron
and Kenny 1986)—which employs the following logic.
Residents of remote towns chose providers according to
their own preferences and the types of medical care
available in their towns. Then, they traveled to hospitals for
care. Travel distance was in a causal pathway between
remoteness and the dependent variables (Fig. 1). Mediation
analysis could determine the effect of the mediating factor
of interest (i.e. travel distance) by examining changes in
point estimates after we controlled for travel distance. We
expected an upward change for the point estimate of
remoteness on readmissions but a downward change for
length of stay estimates, once we controlled for travel
distance. We quantified the changes, which suggested the
variations between remote and non-remote regions that can
be explained by travel distance. The key concept of
mediation analysis is to separate the variations that are
related to travel distance in the causal pathway between the
remoteness and the health care use. We did not necessarily
add other mediators, such as perceived stigma and severity
of the disease, to the model if they did not influence travel
distance. Due to data limitation, we did not have those
variables.

The modeling strategy was as follows. First, we set up a
basic model—examining the coefficient of remoteness
adjusted for age, gender, payroll status, co-morbidity, and
the time trend. Since a catastrophic earthquake happened
during the study period, we created earthquake-region
dummies to adjust for the disaster impact. Then, we put
travel distance variables in the model. We tested the non-
linearity of travel distance with the dependent variables by
adopting a quadratic form of distance. To interpret the
results, we predicted readmission probability and length of
stay after regression analyses by the method proposed in
the literature (Newhouse 1993).

We also adopted multilevel analysis to consider clus-
tering (Subramanian 2004) among patients living in the
same town. For the utilization hypothesis, the dependent
variable was “readmission”: a binary variable. Logistic
regressions were adopted for readmissions within 30 days,
90 days, and one year. For the length of stay hypothesis, the
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dependent variable was “bed days”—a positive integer
skewed to the right. Both over-dispersed Poisson and
negative binomial regressions were better options than a
linear or Poisson regression for modeling our data (Gardner
et al. 1995). The over-dispersed Poisson (i.e., extra-Pois-
son) regression fit our data better than the negative
binomial regression. Therefore, we presented results of an
over-dispersed Poisson regression. We used the software of
STATA 8.2 for descriptive analyses and MLwin 2.02 for
multilevel analyses.

Empirical Model Specification

The following shows multilevel random intercept models
(i: level-1 unit, individual; j: level-2 unit, town).
1. Readmission Hypothesis (logistic regression)
Readmission;; ~ Binomial(1,7;;)
logit(r;;) = By cons + B remote; + f3, sexi;
+ f; age30_45; + B, age45_60;; + f5 age60_75;;
+ f¢ age75_85; + f; payroll_2;; + fig payroll_3;;
+ By payroll_4;; + B, co-morbidity;; + f3, earthquake;
- pre;; + B, earthquake; - post;; + 813 year_1997;
+ 14 year_1998;; + 5 year_1999;; + f3,5 year_2000;;
Boj = Bo + U
U] ~NO.Qu) : Qu = [03)]

variance(Readmission;j|7;;) = m;; - (1 — )

2. Length of stay (LOS) hypothesis (extra-Poisson
regression):
LOS;; ~ poisson(;;)
log(m;j) = By cons + B remote; + f3; sexi;
+ B3 age30_45;; + 4 aged5_60;;
+ f5 age60_75; + fs age75_85; + S, payroll _2;;
+ Bg payroll_3;; + fig payroll_4;; + 8, co-morbidity;;
+ B, earthquake; - pre;; + f8, earthquake; - post;;
+ B3 year_1997;; + By, year_1998;; + B,5 year_1999;
+ P16 year_2000;
Boj = Bo + Ug;
[Ugi] ~N(0.Q,) : Q, = [03)

Variance(LOS;j|mij) = o - m;j

;; represents an expected value of a dependent variable
conditional on a patient’s characteristics and a random
effect of the town where a patient lived. Uy; represents a
town-level random error, which was assumed to be
normally distributed with a variance of Q, Age and
payroll variables are ordinal and modeled as categorical.
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Earthquake is the binary variable that indicates whether a
town was closer to the epicenter. Besides, “pre” and
“post” represent whether the date of an index admission
was before and after the earthquake respectively. These are
random-intercept models. « indicates the patient-level
(level-1) dispersion parameter for the variance of an extra-
Poisson distribution.

Results
Sample Characteristics (Table 1)

Of the patients, 57% were male. The mean age was 35
years old. Only 2% of them had physical co-morbidity. A
total of 21% used medical centers, while the remaining
chose regional or local hospitals. The majority used public
hospitals (61%) or teaching hospitals (82%). A total of
13% of patients with schizophrenia lived in remote
towns—the same proportion as the general population.
Compared to patients living in non-remote towns, patients
with schizophrenia living in remote regions were more
likely to be male (61% vs. 56%), less likely to use medical
centers (14% vs. 22%), teaching hospitals (74% vs. 83%),
or psychiatric hospitals (37% vs. 43%). On average, they
traveled further (26 miles vs. 15 miles). No significant
differences in age, having a co-morbidity, using public
hospitals, and hospitals with a large capacity for psychiatric
care were observed.

Validation of Remoteness (Town-level Characteristics,
Table Not Shown)

Compared to non-remote towns, remote towns had smaller
populations (18,112 vs. 93,581), lower average income (US
$13,891 vs. US $15,998), fewer beds (1.75 vs. 6.35 per
1,000 people), and fewer hospitals (0.76 vs. 1.28 per 1,000
people). On average, they were farther away from the town
with inpatient capacity for mental care (14.7 vs. 3.1 miles).
The factor analysis revealed that smaller population, lower
income, and less medical availability (number of beds and
hospitals) was in the same category as remoteness, vali-
dating the definition of remote towns.

The Extent to Which Travel Distance Accounted for the
Use of Inpatient Care for Schizophrenia (Table 2)

Compared to patients living in non-remote towns, patients
from remote regions tended to be readmitted within 30
days (12.68% vs. 12.15%, gap: 0.53%) but were less likely
to be readmitted within 90 days and one year after index
admissions (gap: —0.10% and —1.25% respectively).
Nonetheless, the estimates were not significant. Further, if



Adm Policy Ment Health (2008) 35:346-356 351
Table 1 Descriptive statistics of patients with schizophrenia
Variable Remote Non-remote Test P Overall
statistics® %

% N % N
Sex (male)? 61 2,241 56 14,223 35.84 <0.001 57
Having co-morbidity 2 70 2 493 0.02 0.88 2
Medical center® 14 521 22 5,673 125.13 <0.001 21
Public hospital® 60 2,179 61 15,437 2.04 0.15 61
Teaching hospital® 74 2,704 83 21,029 187.39 <0.001 82
Psychiatric hospital® 37 1,347 43 10,829 47.23 <0.001 42
Hospital with large 39 1,436 40 10,022 0.18 0.67 40

psychiatric capacity™®
Mean SD Mean SD Overall
Mean (SD)

Age 35.1 12.0 353 11.9 1.01 0.31 353 (11.9)
Travel distance (mile) 26 31 15 28 —22.12 <0.001 16 (29)
N°¢ 3,644 (13%) 25,195 (87%) 28,839

? Sex and hospital characteristics were dummies, equal to one if an option was chosen

b Hospitals with large psychiatric capacity: psychiatric beds >150

¢ N represented the number of patients with non-missing values

9 Test statistics, comparing remote and non-remote regions, were Chi-square statistics with df = 1 for all variables, except age and travel

distance, for which ¢ statistics were used

Table 2 Distance in relation to
readmission and length of stay
for patients with schizophrenia

* Gap: remote vs. non-remote
b Change in gap: without
conditioning on distance vs.
conditioning on distance

** P < 0.01; *** P <0.001. P
values were computed by Wald

Dependent variable: Remote Non-remote  Gap* Change in gapb
Conditioning on distance or not
Predicted probability (%)
30-day readmission
Without conditioning on distance 12.68 12.15 053 —-0.04
Conditioning on distance 12.72 12.15 0.57
90-day readmission
Without conditioning on distance 19.86 19.95 —-0.10 -0.29
Conditioning on distance 20.12 19.93 0.19
One-year readmission
Without conditioning on distance 36.97 38.23 —1.25 -0.32
Conditioning on distance 37.27 38.2 —-0.93
Predicted bed days
Length of stay
Without conditioning on distance 95.1 84.1 11.0%* 9.3%%%
Conditioning on distance 86 84.3 1.7

tests

we compared the gap (remote vs. non-remote) without
conditioning on distance to that conditioning on distance,
the difference revealed the extent to which travel distance
accounted for variations in readmissions between remote
and remote regions. On average, travel distance explained
0.04% lower readmission within 30 days after the dis-
charge of index admissions for patients with schizophrenia
across remote and non-remote regions. The changes in gaps
were larger for 90-day (—0.29%) and one-year

readmissions (—0.32%). These estimates, however, were
not significant.

For the association of distance with length of stay of an
index admission, patients living in remote regions stayed
11 days longer than patients living in non-remote areas
(95.1 days vs. 84.1 days). If we controlled for travel dis-
tance, the difference fell to 1.7 days. The change difference
was 9.3 days (9.3/11 = 85%)—the estimate that indicated
the variations in length of stay explained by travel distance,
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across remote and non-remote towns. The estimate was
significant at the 0.001 level.

Other Factors Associated with Readmission and Length
of Stay (Table 3)

Table 3 shows estimates of the multilevel models we
specified in the hypotheses without conditioning on the
distance. Men were more likely than women to be read-
mitted, especially within 30 days after discharge of index
admissions (odds ratio [OR]: 1.20, 95% confidence interval

[95% CI]: 1.12-1.29). They stayed longer in hospitals
(ratio: 1.20, 95% CI: 1.15-1.25). Older patients were less
likely to be readmitted. Middle-aged patients (45-60)
stayed in hospitals longer than did people in other age
groups. Patients with larger salaries were less likely to be
readmitted and to have shorter stays. The presence of
physical co-morbidity was not associated with readmission
but it was associated with a shorter length of stay (ratio:
0.57, 95% CI: 0.47-0.69). By comparing the estimates of
the earthquake regions (closer to vs. further from the epi-
center) before and after the earthquake (difference-in-

Table 3 Multilevel regressions for readmission and length of stay among patients with schizophrenia

Model information Outcome
30-day 90-day 1-year Length of stay
readmission readmission readmission
Level-1: patient (V) 28,839 28,839 28,839 28,839
Level-2: town () 360 360 360 360
Cluster size (Range) 1-691 1-691 1-691 1-691
Regression Logit Logit Logit Extra-Poisson

Fixed part estimate

OR (95% C-1.)

OR (95% C-1.)

OR (95% C-1.)

Ratio (95% C-L)

Remote

Gender (male vs. female)
Age 15-30

Age 3045

Age 45-60

Age 60-75

Age 75-85

Payroll group 1
Payroll group 2
Payroll group 3
Payroll group 4
Having co-morbidity

Region closer to the
earthquake - Pre

Region closer to the
earthquake - Post

Year 1996
Year 1997
Year 1998
Year 1999
Year 2000

1.05(0.93-1.18)
1.20%%%(1.12-1.29)
(ref.)
0.94(0.86-1.01)
0.94(0.84-1.06)
0.68*%*(0.54-0.84)
0.51%(0.27-0.94)
(ref.)
0.76*%*(0.66-0.87)
0.74*%*(0.67-0.80)
0.48%%*(0.35-0.67)
0.95(0.73-1.25)
0.84%%(0.75-0.94)

1.27%%(1.09-1.48)

(ref.)
0.94(0.84-1.04)
0.99(0.89-1.11)
0.95(0.85-1.06)
0.84*%(0.74-0.95)

0.99(0.90-1.09)
1.17#%%(1,.10~1.24)
(ref.)
0.89%%*(0.83-0.94)
0.85%%*(0.77-0.93)
0.62#%*(0.52-0.74)
0.57%(0.36-0.91)
(ref.)
0.79%%*(0.71-0.89)
0.78*%*(0.73-0.84)
0.54*%*(0.42-0.69)
0.87(0.69-1.09)
0.85%%*(0.78-0.92)

1.11(0.98-1.26)

(ref.)
0.89%%(0.82-0.97)
0.91%(0.83-1.00)
0.92(0.84-1.01)
0.83*%*(0.75-0.91)

0.95(0.88-1.02)
1.12%%%(1.07-1.18)
(ref.)
0.87**%(0.83-0.92)
0.76**%(0.70-0.82)
0.54*#%(0.47-0.63)
0.41##%(0.27-0.60)
(ref.)
0.80**%(0.73-0.87)
0.80**%(0.76-0.85)
0.48**%(0.39-0.58)
0.87(0.72-1.04)
0.92*%(0.86-0.99)

1.04(0.93-1.15)

(ref.)

0.82**%(0.77-0.88)
0.82**%(0.76-0.88)
0.79**%(0.74-0.86)
0.76**%(0.70-0.82)

1.13*%(1.05-1.22)
1.20%%%(1.15-1.25)
(ref.)
1.49%%%(1.42-1.56)
1.74%%%(1.64—1.85)
1.46%%%(1.31-1.63)
1.21(0.90-1.61)
(ref.)
0.70%*%(0.64-0.76)
0.69***(0.66-0.72)
0.33**%(0.27-0.42)
0.57**%(0.47-0.69)
0.69**%(0.63-0.74)

1.81%%%(1.64-2.00)

(ref.)

0.89**%(0.85-0.94)
0.73**%(0.69-0.77)
0.59**%(0.56-0.63)
0.38**%(0.35-0.41)

Random part estimate

Estimate (SE)

Estimate (SE)

Estimate (SE)

Estimate (SE)

Level-2 variance

Level-1 variance:
Var(Readmisson;jl;;)

0.047*%*%(0.012)

myj - (1—my)

0.016**(0.006)

myj - (1—my)

0.012%*(0.004)

;- (I—my)

0.045%**(0.007)

ZZ'ﬂij

o = 245.60%%%(2.06)

* P <0.05; # P < 0.01; *** P <0.001; m;;: expected values conditional on individual characteristics and random effects of towns

C-I.: Confidence interval; SE: Standard error; OR: Odds ratio; ref.: Reference group
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difference), the catastrophe increased the likelihood of
readmissions, and length of stay. Finally, hospitalization
days of index admissions declined on average. Town-level
variances were all significant, indicating strong clustering
effects among patients living in the same town. We com-
pared the results of multilevel analyses to those of single-
level regressions, and found that the point estimates were
similar but that the standard errors increased.

Discussion

In this study, we found that, among patients with schizo-
phrenia, home-to-hospital travel distance does not
significantly account for differences in readmission rates
after an index admission. However, travel distance does
explain most of the discrepancy in the length of hospital
stay during an index admission between individuals
residing in remote versus non-remote regions.

Our study was similar to prior research in some respects.
Like the study conducted by Sohler and Clapis (1972), we
examined the relationship between home-to-hospital dis-
tance and length of stay. Moreover, we measured linear
distance at the town level, consistent with most previous
studies (Shannon et al. 1986). On the other hand, our study
differed from prior research in several aspects. For exam-
ple, Jarvis (1866) simply compared admission rates
according to successive distance. However, he ignored
other contextual variables that might explain the associa-
tion, like the availability of county-level psychiatric
resources and socioeconomic variables. Bille’s Danish
study (1963) adopted similar comparisons, but it used first
admission rates as the main outcome indicator. Sohler’s
Connecticut study used first admission rate (Sohler 1970;
Sohler and Thompson 1970) and length of stay (Sohler and
Clapis 1972) as the main outcome variables and controlled
for others, including age, race, disease type, population
size, poverty level (Sohler and Thompson 1970) and town-
level availability factors (Sohler 1970) by means of strat-
ification and standardization. Our study not only compared
remote and non-remote differences in the use of psychiatric
services, it also adopted mediation analyses to tease out the
total impact of distance on these differences. Second, we
chose readmission after an index admission (defined as a
first admission to a psychiatric ward during the study
period) as one of the main outcome variables, rather than
admission or first admission, because we defined our study
population differently. Third, we adopted multilevel
analyses, in that we were able to identify both town-level
and individual-level variations as accounting for the asso-
ciations in which we were interested. Thus, contextual
effects at the town level can be taken into consideration
by modeling the random part of the regression models.

A multilevel approach to assessing distance relative to use
of mental health care can also be seen in Smith et al.’s
study (2007) in Canada. Fourth, we used regression anal-
ysis, which allowed us to efficiently adjust for covariates.
In this way, we adjusted for age, gender, income status,
time trend, and a major earthquake.

In our study, Jarvis’s law did not hold true for the
relationship between home-to-hospital distance and the rate
of readmission. We propose possible explanations for the
non-significant mediating effects of travel distance on
readmission among patients with schizophrenia. The
association with a binary outcome variable (i.e. readmis-
sion) was vulnerable to measurement errors related to place
of residency. Approximately 15% to 20% of the citizens
were absent from the residency register for various reasons
(National Policy Foundation 2002). One scenario is that if
patients with schizophrenia who had registered their resi-
dency in rural communities moved to urban areas for better
access to mental care, without notifying the administrative
agency that they had changed their address, this would
cause differential misclassification of residency informa-
tion, leading to upward bias. However, we do not know
what percentage of misclassification of residency was due
to looking for better access to mental care within our study
population. Non-differential misclassification also was
possible, resulting in bias toward the null. Both types of
bias would tend to underestimate the association between
distance and inpatient utilization. Moreover, contextual
differences between Taiwan and Western nations, includ-
ing culture and geographic area, might account for the
different findings we identified versus other investigators.

Our results suggest that home-to-hospital travel distance
exerts a strongly positive mediation effect upon the rela-
tionship between remoteness and hospitalization days.
Misclassification errors pertaining to residency also might
influence the length of stay analysis. Any differential
misclassification that caused an upward bias would offset
the effects of any non-differential classification that moved
the association toward the null, if the two types of mea-
surement error were equal. However, we did not have this
information. In our study, Jarvis’s law holds for the asso-
ciation between distance and hospitalization days for
patients with schizophrenia. From an economic perspec-
tive, the individual utility of a day spent in hospital among
patients who travel farther increases to compensate for
large upfront time costs related to home-to-hospital travel.

Our study has several strengths. First, we used media-
tion analysis to tease out any differences in the use of
psychiatric inpatient care between remote and non-remote
regions that are associated with travel distance. Second, we
adopted a multilevel approach that allowed us to consider
contextual effects. Third, we used a large nationwide
database, which gave us enough statistical power to detect
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differences, and enhanced the generalizability of our
results, at least within Taiwan if not beyond.

There were, however, some limitations. Aside from the
measurement errors mentioned before, straight-line dis-
tance, which should reflect time and transportation costs, is
an imperfect measure of traveling costs. For instance, some
people living in the mountains may have had a short
straight-line distance to a provider, but they incurred huge
time costs due to the topography and limited transportation
options. Jordan et al. (2004) compared remoteness in terms
of travel time and straight-line distance. They found that
travel time is a more accurate indicator of remoteness than
straight-line distance. We, therefore, suggest that future
studies adopt travel time, if available, instead of travel
distance as an estimator of access to health care. Finally,
our data lacked certain important variables like disease
severity, which might confound the mediation effects of
travel distance. Thus, we call for future inpatient claims
databases to contain severity measures for schizophrenia.

The mediation relationship between travel distance to
hospital and length of stay among patients with schizo-
phrenia taps into crucial issues about the relative lack of
deinstitutionalization and the absence of adequate com-
munity-based psychiatric services in Taiwan. For example,
between 1995 and 2006, the number of acute psychiatric
beds kept increasing, from 2,600 to 6,000 beds, and the
number of chronic psychiatric beds increased from 11,000
to 13,000 (Department of Health 2006). The number of
psychiatric hospitals increased, as well. Following the main
era of mental health care institutionalization—prior to the
mid 1980’s when several larger psychiatric hospitals were
built and many public or private hospitals expanded their
medical services to include psychiatric inpatient care—the
Taiwanese government began to promote community
mental health care. To achieve this, they classified several
catchment areas, their primary objective being to deliver
psychiatric services in a more efficient way. Nonetheless,
there still are few psychiatric clinics and centers that pro-
vide prevention, treatment or rehabilitation outside major
urban centers (Wang 1997).

Moreover, during the 1990s, the Taiwanese government
became committed to reducing disparities in access to
medical care across the island. The National Health
Insurance Program, which was implemented in 1995, has
narrowed the financial gap that used to influence the use of
medical services (Cheng and Chiang 1997). Nonetheless,
without eliminating disparities in medical resource access,
any gains in financial equity are likely to be offset by the
inefficient use of medical care, such as longer stays in
hospital resulting from greater travel costs. This is even
more conspicuous for patients with schizophrenia, who are
the most in need of psychiatric inpatient care in Taiwan. In
2001, the number of hospitalization days for schizophrenia
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totaled four million, exceeding any other physical or
mental disease in Taiwan (Bureau of National Health
Insurance 2003). The majority of Taiwan’s psychiatric beds
were occupied by patients with schizophrenia. Between
1995 and 2000, the average length of hospital stay among
patients admitted to acute psychiatric wards was about 36
days. For patients admitted to chronic psychiatric wards, the
mean number of hospitalization days for the whole nation
ranged from a high of 709 days to a low of 118 days over the
same period (Department of Health 2006). If we could
reduce the length of stay by removing barriers to physical
access to mental health care in Taiwan, we likely would
substantially reduce the number of days spent in the hospital
for mental health conditions, and save a significant pro-
portion of the financial and other health service resources
that currently are spent on such hospitalizations.

To compensate for the scarcity of mental health care that
exists in rural areas, some authors have recommended
extending the supply of mental health care to non-health-
care professionals, like religious staff, schoolteachers,
police, and/or government officials (Heyman and Vanden-
Bos 1989). Non-physician health care providers—Ilike
nurses, clinical psychologists, and Bachelor-level case
managers—could assume some of the responsibilities of
psychiatrists (National Association for Rural Mental Health
2006). With this system, psychiatrists then would collabo-
rate with paramedical staff (Reed 1992), acting primarily as
consultants and managing prescriptions. Moreover, the use
of communication technologies (i.e. telepsychiatry) like the
telephone and internet (Brown 1998; Farrell and McKinnon
2003) would be another innovative way to overcome cur-
rent difficulties gaining access to rural psychiatric care.
Although, at present, telepsychiatry focuses more on mood
disorders than anything else (Greenwood et al. 2004),
schizophrenia deserves more attention, because it is such a
costly illness, both to the individual and society.

In summary, reforming current community-based care
through the integration of psychiatric care resources, and
improving the delivery of psychiatric care through innovative
technologies will be important components in the revamping
of Taiwan’s mental health system. Now that we have descri-
bed the problems that exist, we suggest future exploration of
the cost-effectiveness of those interventions in Taiwan.
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