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Abstract

Background: Psychiatric disorders may occur as a single episode or be persistent and relapsing, sometimes leading
to suicidal behaviours. The exact causes of psychiatric disorders are hard to determine but easy access to health care
services can help to reduce their severity. The aim of this study was to investigate the factors associated with repeated
hospitalizations among the patients with psychiatric illness, which may help the policy makers to target the high-risk
groups in a more focused manner.

Methods: A large linked administrative database consisting of 200,537 patients with psychiatric diagnosis in the
years of 2008-2012 was used in this analysis. Various counts regression models including zero-inflated and hurdle
models were considered for analyzing the hospitalization rate among patients with psychiatric disorders within three
months follow-up since their index visit dates. The covariates for this study consisted of socio-demographic and
clinical characteristics of the patients.

Results: The results show that the odds of hospitalization are significantly higher among registered Indians, male
patients and younger patients. Hospitalization rate depends on the patients’ disease types. Having previously visited a
general physician served a protective role for psychiatric hospitalization during the study period. Patients who had
seen an outpatient psychiatrist were more likely to have a higher number of psychiatric hospitalizations. This may
indicate that psychiatrists tend to see patients with more severe illnesses, who require hospital-based care for
managing their illness.

Conclusions: Providing easier access to registered Indian people and youth may reduce the need for hospital-based
care. Patients with mental health conditions may benefit from greater and more timely access to primary care.
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Background
The increased demand for health care for mental health
concerns has been identified as an important public health
topic in many countries. Repeated inpatient hospitaliza-
tions within a short period may be a reflection of not only
the quality of the hospital care [1] but also an expensive
mode of treatment [2–4].
Elucidating factors that contribute to repeated inpatient

mental health hospitalizations is essential for understand-
ing the population heterogeneity of mental health care
seeking behaviors. The frequent use of inpatient men-
tal health care may be attributable to the underlying lack
of access to outpatient care [5] and substandard hospi-
tal care [6, 7]. For example, a recent study conducted in
Canada reported that having a good connection to a pri-
mary care provider decreased the probability of being a
high-cost health service user [8]. Inpatient hospitaliza-
tions for patients with psychiatric disorders were reported
that depend on the type of illness; that is, inpatient read-
mission is common for individuals with severe mental
illness (e.g., schizophrenia, mood disorders, bipolar dis-
order and psychoses) [9–13]. Demographic and socio-
economic factors have been shown to be associated with
mental health services utilization. Recent studies indi-
cated that mental health problems among children and
youth have been increasing over the last three decades
[14, 15]. For example, the prevalence rates of mental disor-
ders among children and youth in Canada was estimated
to be about 14% [16]. A survey conducted in Ontario
[17] showed that about one in five children between the
ages of 4 and 16 years experience at least one of the
following psychiatric disorders (conduct disorder, hyper-
activity, emotional disorder, and somatization). Carriere
et al. [18] found that hospitalization rates for mental ill-
ness were higher for Aboriginals living on and off reserve,
Metis, and Inuit than for the non-Aboriginal population,
regardless of disease category. Females were found to have
higher use of health facilities for psychiatric illness than
males [8]. Geographical characteristics such as popula-
tion density, place of residence and proximity to service
have been identified as important factors in several stud-
ies. Some studies reported that readmission rates were
lower in urban regions [19, 20]; whereas, positive associ-
ations between readmission rates and population density
were reported in other studies [19].
In order to model hospitalization rates (i.e. number

of hospitalizations per unit time), many studies have
focused on the population with at least one hospitaliza-
tion admission, neglecting people with no hospitalizations
in a given period. Priebe [21] considered the readmission
rate per person-year; while in other cases, separate anal-
yses were performed for psychiatric and non-psychiatric
reasons [22]. Various comparisons involved patients read-
mitted during a given time period versus a control group

of non-readmitted patients [23], early versus late read-
mission versus control patients [24, 25], or readmitted
versus several groups of non-readmitted [26] (commu-
nity and nursing home). Several studies simply compared
those patients who have been readmitted versus not
readmitted–ignoring number of readmissions. The latter
could lead to the loss of pertinent information, such as the
distribution of readmissions.
To address these gaps, an electronic prospective cohort

was created that included patients who had not experi-
enced any psychiatric hospitalizations. Our objective was
to identify socio-demographic and clinical factors associ-
ated with repeated hospitalizations by using count regres-
sion models accounting for zero-inflation and overdisper-
sion, and contribute to the literature in mental health care
utilization in Canada.

Methods
Setting
Saskatchewan is a landlocked province in central Canada
and is bordered by Alberta in the west and Manitoba
in the east. Saskatchewan is also a primarily agricul-
tural province. The population is concentrated in the two
largest cities of Saskatoon and Regina. Saskatchewan is
the birthplace of Medicare, or universal health coverage
[27]. With universal health coverage, residents, out-of-
province Canadians, immigrants, foreigners with a work
visa, international students are normally covered for doc-
tor’s visits and hospitalizations at most three months after
arrival [28]. Prescription medications and dental services
are usually not covered.

Study design
An electronic cohort of psychiatric patients who did not
have a previous hospitalization for mental health condi-
tions was constructed. Subjects entered the study if they
had a physician services claim in the Medical Services
Plan database between January 1, 2010 and December 31,
2011 reporting a psychiatric diagnosis, i.e., International
Classification of Diseases (ICD)-9: 290-319. The index
date is the date of the first psychiatric service record dur-
ing these two years. All patients were followed up for 3
months after the index date. The exit date is the earli-
est of December 31, 2012, death, or coverage termination
with the Saskatchewan Ministry of Health. To allow for
a sufficient follow-up, a minimum of 30 days follow-up
period was considered. Past (January 1, 2008 to December
31, 2009) and future (January 1, 2010-December 31, 2012)
hospital separation records were then extracted for cohort
members. A wash-out period of two years prior to the
index date was implemented to exclude participants who
had hospitalizations due to any psychiatric illness during
this period. Excluding these people left us with a non-
hospitalized group whose hospitalization would reflect
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a worsening of their condition. With a very low inci-
dence of psychiatric disorders in children with ages (0-5)
years (1.4%), we decided to exclude them from the anal-
ysis. Then we categorized the remaining individuals aged
between 6 to 86 into quartiles.

Data sources and description
Data source
We used Saskatchewan administrative health databases
to identify our study population of patients. To obtain
socio-demographic data, disease type and service use,
we linked the hospital separations (admission date, dis-
charge date, diagnosis codes and diagnosis type) to the
person registry database (gender, year of birth, study entry
date, study index date, study exit date, reason for exit,
their registered Indian status and residence at index date),
and the medical service database (date of visit and diag-
nosis) and physician mobility database (medical special-
ity). The data was provided by Saskatchewan’s Ministry
of Health. A brief description of the databases is given
below:
Person registry database: Each patient was assigned

a study ID number. The person registry consists of the
patient’s gender, year of birth, study entry date, study
index date, study exit date, reason for exit, their regis-
tered Indian status and the regions of residence at the
index date, which were categorized into four categories:
(1) Regina census metropolitan area, (2) Saskatoon census
metropolitan area, (3) Lloydminster, Moose Jaw, North
Battleford, Prince Albert, Swift Current, Yorkton, and (4)
rest of Saskatchewan.
Hospital separation database: The hospital separa-

tion database contains information about admission date,
discharge date, diagnosis codes and diagnosis type.
Physician services database: The physician services

database includes date of visit, diagnosis, doctor ID and
referring doctor ID. Services delivered to a particular per-
son by a particular physician for the same diagnosis on the
same day at the same clinic are reduced to a single visit
record.
Physician mobility database: This database contains

the specialty of a particular physician or medical care
provider for the purpose of fee-for-service payment rates.

Outcome variable
The outcome of interest in this study is the number
and the odds of hospitalizations among the patients with
psychiatric disorders within the first 3 months of their
index dates. The diagnosis codes for hospitalizations were
collected from the Hospital separation databases, where
there were 25 diagnosis codes and diagnosis types listed
for each person and each visit. We considered the very
first diagnosis code and the first diagnosis type as the
indicator of disease type for each patient.

Predictors of hospitalizations
Clinical variables consisted of psychiatric diagnoses
measured on the index date that were grouped into:
schizophrenia, anxiety, behavioural disorders, mood dis-
orders, substance use and others. Table 1 lists the spe-
cific ICD codes for each category. Clinical variables also
included outpatient visits to fee-for-service (FFS) psychi-
atrists and general physician (GP) for a mental health
condition that occurred within two years before the index
visit. We cross-referenced patient hospitalizations with
GP and FFS psychiatrist visits by looking up the doc-
tors’ speciality in the physician mobility database. Socio-
demographic variables included age groups (6-29, 29-45,
45-60 and 60-86 years of old) registered Indian status
(ever/never), gender (male/female) and location of resi-
dence measured on the index date including Saskatoon,
Regina, Lloydminster or others (MooseJaw, North Battle-
ford, Prince Albert, Swift Current, Yorkton) and rest of
Saskatchewan.

Statistical methods
The longitudinal data included 200,537 patients with psy-
chiatric disorders from Jauary 1, 2008 to December 31,
2012. The number of hospitalizations in our data was
heavily right-skewed with a large number of zeros, i.e,
199,271 (99.36%). For modeling counts data, the choice of
underlying distribution is crucial for valid statistical infer-
ence. Poisson regression is commonly used for analyzing

Table 1 Categorization of the Psychiatric Diagnoses

Categories Psychiatric Diagnoses

Schizophrenia Simple/acute type of schizophrenia,
Paranoid states

(ICD code: 295, 297, 298)

Anxiety Phobic states, Neurotic depressive states,

(ICD code: 300,308, 309) Obsessive-compulsive disorders

Behavioral disorder Autism, psychoses with origin specific to
childhood,

(ICD code: 299, 312-315) Disturbance of emotions specific to
childhood and adolescence.

Mood disorder Manic-depressive psychosis, Any kind of
depressive disorder

(ICD code: 296, 311)

Substance use Alcoholic/drug psychosis, Paranoid or
hallucinatory states induced by drugs,

(ICD code: 291, 292, 303) Dependent/Non-dependent
tobacco/cocaine use disorder.

Others Dementia, Acute confusional state,
Non-alcoholic psychosis,

(ICD code: 290, 293, 294) Gender deviations disorders, Predominant
disturbance of emotions,

Cyclical vomiting/sleep disorder/hair
plucking.
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counts data [29–32], but it requires the mean and vari-
ance to be equal conditional on a given set of covariate
values, [33–35]. Poisson regression may not perform well
when this requirement is not met [36], a condition known
as overdispersion. The negative binomial (NB) distribu-
tion is often used with overdispersed data [37] but neither
Poisson or NB regressions may fit the data well [38].
To accommodate the excess zeros, hurdle and zero-

inflated models are often used. A hurdle model [39] is
a two-component model in which one component mod-
els the probability of zero counts and the other compo-
nent uses a zero-truncated Poisson or zero-truncated NB
distribution that is conditional on a positive outcome.
Another way to deal with excessive zeros is a zero-inflated
model [40], which is a mixture of a regular count regres-
sionmodel such as Poisson or NBmodel and a component
that accommodates the excessive zeros. Given the nature
of our data, we applied and compared zero-inflated Pois-
son (ZIP), zero-inflated negative binomial (ZINB), hurdle
Poisson (HP), hurdle negative binomial (HNB) and the
conventional count regression models i.e. Poisson and NB
models in this analysis.
Models were assessed using Akaike’s Information Cri-

terion (AIC) [41] and Vuong’s test [42]. AIC is defined as
AIC= -2logL(θ̂)+2c, where L(θ̂) is the maximized likeli-
hood function of a candidate model given the data when
evaluated at the maximum likelihood estimate of θ and
−logL(θ̂) offers summary information on how much dis-
crepancy exists between the candidate model and the
data, where c is the number of estimated parameters in the
candidate model. A lower AIC indicates a better fit of the
model to the data. Vuong’s test [42] is a likelihood-ratio-
based test formodel comparison in which the null hypoth-
esis sets the two models equal to one another. The test
statistic is given by V = m̄

√
n

Sm with mi = log
[
P̂1(Yi|Xi)
P̂2(Yi|Xi)

]
,

where mi is the log-likelihood ratio between two mod-
els with P̂1 (Yi|Xi) and P̂2 (Yi|Xi) denoting the likelihood
of two models. The statistic mi has a mean m̄ and stan-
dard deviation Sm and n is the sample size. The statistic V
asymptotically follows a standard normal distribution. V
greater than 1.96 supports P̂1 (Yi|Xi) and V less than -1.96
supports the P̂2 (Yi|Xi) at 5% level of significance.
For model diagnosis, randomized quantile residual

(RQR) [43] is used, which is particularly useful to diag-
nose the models for modelling discrete and skewed data.
The key idea is to invert the fitted distribution function for
each response value and find the equivalent standard nor-
mal quantile. Under a correctly specified model, RQRs are
approximately normally distributed and the plot of RQRs
against the predicted values should be randomly scattered
without any discernible pattern [44]. Further, a well-fitting
regression model results in predicted values of the out-
come variable close to the observed data values [45, 46].

We therefore compared the predicted vs. observed num-
ber of psychiatric inpatient visits for all the competing
models.
We also conducted sensitivity analyses based on other

follow-up time frames defined as 6 and 9 months after
the index discharge to check the consistency of results
over all the study periods. We focus on presenting the
results for 3 months study period, as the results are con-
sistent for all three study periods. Statistical analyses were
performed using R version 3.4.1 (R Foundation for Sta-
tistical Computing, Vienna, Austria) with the glmmTMB
package [47].

Results
Descriptive analysis
Table 2 presents the descriptive statistics of patients’ clin-
ical and social-demographic profiles. Of 200,537 cohort
members, only 1266 were hospitalized and 199,271 were
not hospitalized within three months. The highest num-
ber of patients who were hospitalized were those who had
behavioral disorder (5.38%) as the primary diagnosis at the
index visit.
Table 3 reports the results of model comparison based

on the AIC and Vuong’s test scores, which shows that
HNB had the lowest AIC and−2 log-likelihood. The result
of Vuong’s test also indicated HNB outperformed Pois-
son, NB, ZIP and HP models, as it yielded the Vuong’s
test score lower than -1.96. Although this test did not
show much difference between the performance of ZINB
and HNB, the results of AIC and −2 log-likelihood indi-
cated that HNB outperformed the other models. For
model diagnosis, the normal quantile-quantile (QQ) plots
(Figure S1 in the supplementary materials) showed that
the RQRs under HNB model more closely aligned along
the diagonal line as compared to other competing models.
The scatter plot of RQRs (Figure S2 in the supplementary
materials) showed that no discernible pattern in various
models. However, only RQRs with the HNB are bounded
between -4 to 4. Table S1 in the supplementary materials
presented the observed vs. predicted counts of hospital-
izations which showed that the prediction under the HNB
model is more precise in comparison to other models.
Table 4 presents the estimated regression coefficients

of the best fitting model, i.e., HNB model. The results
consist of two separate parts: one models the odds of
being hospitalized and the other pertains to the number
of hospitalizations for those who had at least one hospi-
talization. The logistic component of HNB showed that
registered Indians had 1.59 (95% CI: 1.36, 1.86) times
higher odds of being hospitalized than non-registered
Indians. Patients who visited GP prior to index dates had
0.63 (95% CI: 0.53, 0.75) times lower odds of being hos-
pitalized than those patients who did not visit GP for
psychiatric concerns. Patients from Lloydminster, Regina
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Table 2 Descriptive statistics for the number of inpatient
hospitalizations

Variables Yes(n=1266) No(n=199271)

Clinical characteristics

Disease category

Schizophrenia 209(1.67%) 12364(98.33%)

Anxiety 334(0.41%) 81840(99.59%)

Behavioral disorder 71(5.38%) 12517(94.62%)

Mood disorder 481(0.79%) 60223(99.21%)

Substance use 110(0.62%) 17833(99.38%)

Others 61(0.42%) 14494(99.58%)

Outpatient FFS Psychiatrist visit

Yes 311(1.92%) 15920(98.08%)

No 955(0.52%) 183351(99.48%)

Outpatient GP visit

Yes 952(0.52%) 179788(99.48%)

No 314(0.58%) 19483(99.42%)

Social-demographic characteristics

Registered Indian

Ever 217(0.99%) 21596(99.01%)

Never 1049(0.59%) 177675(99.41%)

Gender

Male 586(0.71%) 81478(99.29%)

Female 680(0.58%) 117793(99.42%)

Age

(6-29] 466(0.90%) 51401(99.10%)

(29-45] 268(0.53%) 49931(99.47%)

(45-60] 226(0.46%) 49303(99.54%)

(60-86] 306(0.63%) 48636(99.37%)

Residence

Saskatoon 239(0.42%) 56860(99.58%)

Regina 241(0.57%) 41931(99.43%)

Lloydminster or othersa 188(0.67%) 28239(99.33%)

Rest of Saskatchewan 598(0.83%) 72241(99.17%)

a= MooseJaw, North Battleford, Prince Albert, Swift Current, Yorkton

and the rest of Saskatchewan were respectively 1.93 (95%
CI: 1.58, 2.34), 1.64 (95% CI: 1.37, 1.97) and 2.38 (95%
CI: 2.03, 2.78) times more likely to be hospitalized than
patients from Saskatoon. The odds of getting hospitalized
for the patients aged between 6 to 29 years and 30 to 45
years old were 2.15 (95% CI: 1.81, 2.56) and 1.22 (95%CI:
1.01, 1.46) times higher than those who are aged between
61 to 86. Males were 1.22 (95% CI: 1.09, 1.37) times more
likely to be hospitalized than females. The results of the
count component of the HNB model indicated that the
patients who had previously visited any FFS psychiatrist
have 1.99 (95% CI: 1.33, 2.97) times higher risk of repeated

or multiple hospitalizations. Patients from Regina were
0.37 (95% CI: 0.20, 0.68) times less likely to have repeated
hospital readmissions than patients from Saskatoon.
Outpatient psychiatric visits and disease categories had

an interacting effect for the propensity of being hospital-
ized based on the results of the logistic component of the
HNB model, as shown in Table 5. Among patients who
had visited a psychiatrist, those who primarily suffered
from Schizophrenia were 1.812 (95% CI: 1.080, 3.039)
times more likely to be hospitalized during the follow-up
compared with those patients with disorders grouped in
the “others” category. By comparison, among the patients
who did not visit any psychiatrist previously, those who
had Schizophrenia as the primary diagnosis had a much
higher risk of being hospitalized later on, i.e., 6.112 (95%
CI: 4.232, 8.826) times more likely to be hospitalized com-
pared with those in the “others” category. This implied
that previous visits to a psychiatrist may play a protective
role against hospitalization for patients with Schizophre-
nia compared with those in the “others” category.
Among patients who visited outpatient psychiatrists

previously, there was no difference in getting hospitalized
between patients with anxiety, mental disorders due to
substance use and mood disorders compared to “other”
category. For the patients who did not have previous vis-
its to any FFS psychiatrist and who suffered from anxiety,
mental disorder due to substance use and mood disorder
had higher odds, i.e., respectively 1.459 (95% CI: 1.041,
2.044), 1.586 (95% CI: 1.083, 2.323), 2.706 (95% CI: 1.938,
3.777) times more likely to be hospitalized compared to
those in the “others” category of diseases. Patients who
had behavioral disorder had 0.771 (95% CI: 0.485, 1.225)
times lower odds than the patients in the “others” cate-
gory, but not statistically significant. Among the patients
in the “others” category, those who had previous outpa-
tient psychiatrist visits (vs. none) had the highest odds of
being hospitalized OR: 7.448 (95% CI: 4.271, 12.988). For
those who had substance related disorders, the odds of
being hospitalized were 5.272 (95% CI: 3.192, 8.707) times
higher for those who saw an outpatient psychiatrist vs.
not. Similar findings were observed for other disease cat-
egories, i.e., behaviour disorder, anxiety, mood disorder
and schizophrenia. Interestingly, the HNB counts com-
ponent, showed that disease category was not associated
with the hospitalization count, which highlighted the lim-
itation of only considering the population with at least
one hospitalization admission, neglecting people with no
hospitalization.

Discussion
In this study, various counts models including Poisson,
negative binomial, zero-inflated Poisson, zero-inflated
negative binomial, hurdle Poisson, hurdle negative binomial
were considered for analyzing inpatient hospitalization
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Table 3 Model comparison based on AIC, -2 Log likelihood and Vuong’s test for the competing models (p-values for Vuong’s test are
given in the parentheses)

Model AIC -2 Log likelihood Vuong’s test

NB ZIP ZINB HP HNB

Poisson 16839 16807 -5.812 -6.164 -6.035 -6.004 -5.958

(<0.001) (<0.001) (<0.001) (0.009) (<0.001)

NB 15689 15655 -1.477 -4.852 -0.764 -4.236

(<0.069) (<0.001) (0.222) (<0.001)

ZIP 15664 15590 -3.823 2.346 -3.269

(<0.001) (0.009) (<0.001)

ZINB 15572 15496 4.615 -0.178

(<0.001) (0.4292)

HP 15644 15570 -4.444

(<0.001)

HNB 15534 15458

Table 4 Parameter estimates of the best-fitting model (HNB
model) for the 3 months follow up period (n=200,537). OR: odds
ratio, RR: risk ratio

logit[P(Yi > 0)] OR 95% CI of OR P-value

Lower Upper

Registered Indian (Yes vs. No) 1.59 1.36 1.86 <0.001*

GP visit (Yes vs. No) 0.63 0.53 0.75 <0.001*

Lloydminster vs. Saskatoon 1.93 1.58 2.34 <0.001*

Regina vs. Saskatoon 1.64 1.37 1.97 <0.001*

Rest of Saskatchewan vs. Saskatoon 2.38 2.03 2.78 <0.001*

Age [6,29] vs. Age [61,86] 2.15 1.81 2.56 <0.001*

Age [30,45] vs. Age [61,86] 1.22 1.01 1.46 0.041*

Age [46,60] vs. Age [61,86] 0.99 0.82 1.20 0.941

Gender (Male vs. Female) 1.22 1.09 1.37 <0.001*

log[E(Yi|Yi > 0)] RR 95% CI of RR P-value

Lower Upper

Psychiatric visit (Yes vs. No) 1.99 1.33 2.97 <0.001*

Lloydminster vs. Saskatoon 0.58 0.31 1.08 0.090

Regina vs. Saskatoon 0.37 0.20 0.68 0.001*

Rest of Saskatchewan vs. Saskatoon 0.84 0.53 1.31 0.444

Age [6,29] vs. Age [61,86] 0.61 0.38 1.00 0.050*

Age [30,45] vs. Age [61,86] 1.04 0.63 1.71 0.862

Age [46,60] vs. Age [61,86] 1.18 0.70 1.97 0.521

Anxiety vs. Others 1.07 0.41 2.76 0.888

Behavioral disorder vs. Others 1.43 0.43 4.69 0.548

Substance use vs.Others 1.11 0.37 3.28 0.849

Mood disorder vs. Others 2.11 0.85 5.20 0.102

Schizophrenia vs. Others 1.27 0.48 3.38 0.621

Psychiatric visit: Outpatient Psychiatric visit prior to index date.
GP visit: Outpatient GP visit prior to index date

Table 5 Odds ratio (OR) and 95% CI for the interaction effects
between disease category and FFS psychiatric visits for the
logistic component of the HNB model

Psychiatric
visits

Disease
category

OR

Estimate 95% CI

Lower Upper

Yes Anxiety vs. Others 0.608 0.359 1.031

Behavioral
disorder vs.
Others

0.385 0.220 0.673

Substance use vs.
Others

1.123 0.595 2.120

Mood disorder vs.
Others

0.888 0.548 1.439

Schizophrenia vs.
Others

1.812 1.080 3.039

No Anxiety vs. Others 1.459 1.041 2.044

Behavioral
disorder vs.
Others

0.771 0.485 1.225

Substance use vs.
Others

1.586 1.083 2.323

Mood disorder vs.
Others

2.706 1.938 3.777

Schizophrenia vs.
Others

6.112 4.232 8.826

Yes vs. No Anxiety 3.105 2.245 4.294

Behavioral
disorder

3.719 2.310 5.989

Substance use 5.272 3.192 8.707

Mood disorder 2.444 1.915 3.118

Schizophrenia 2.208 1.586 3.074

Others 7.448 4.271 12.988
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data. We fit each of these models to linked administra-
tive health data, in which the outcome variable was the
count of repeated hospitalizations for psychiatric condi-
tions. The negative binomial model fit the data much
better than the Poisson model based on AIC, Vuong’s test,
and randomized quantile residuals. Furthermore, the hur-
dle negative binomial model provided the best fit. In the
present study, all the study participants had at least one
diagnosis of mental health condition and therefore are at
risk of being hospitalized. This small risk for the major-
ity of patients and the repeated visits of a few patients are
more adequately modeled by techniques that take both
zero inflation and count outcomes into account.
This study leads to a better understanding of fac-

tors contributing to increased inpatient hospitalizations
among patients withmental health conditions. Our results
indicated that the odds of having at least one hospitaliza-
tion vs. no hospitalization for mental disorders were sig-
nificantly higher among Aboriginal than non-Aboriginal
people, but no significant difference was detected in the
hospital readmission rate between Aboriginal vs. non-
Aboriginal people based on the conditional counts com-
ponent in the HNB models. HNB models may provide a
superior fit to data that reflect a threshold and a count-
ing process that are distinct. Previous literature suggested
a number of factors which may contribute to the higher
hospitalization rates for mental or behavioural disorders
among Aboriginal people. Those factors include trau-
matic impacts of the residential school and colonization,
which may have placed registered Indian people at a
higher risk of mental illnesses such as depression and
psychological distress [48, 49]. Inequalities in the social
determinants of health may also influence hospitalization
rate disparities, such as limited educational and employ-
ment opportunities and having low income can also lead
to difficulties for registered Indian people seeking pri-
mary health care [48, 50]. It is also possible that they
may encounter barriers when seeking primary health care
[51–53] or perceive discrimination as patients [50].
Over the past decade, the prevalence of mental health

diagnoses has been rising among young patients seeking
acute medical care [54]. A recent comprehensive review of
the field of child psychiatric epidemiology [55] noted that
the number of observations with mental health issues in
community surveys of children and adolescents has risen
from 10,000 in studies published between 1980 and 1993
to nearly 40,000 from 21 studies published between 1993
and 2002 [56]. The results of these studies indicate that
about one out of every three to four youths is estimated
to meet lifetime criteria for a Diagnostic and Statisti-
cal Manual of Mental Disorders (DSM) mental disorder
[55]. However, a small proportion of these youth actually
have sufficiently severe distress or impairment to war-
rant intervention [57]. According to the Substance Abuse

and Mental Health Services Administration, about 1 in
10 youths have a serious emotional disturbance [56, 57].
Our results support this finding, as the logistic compo-
nent of the HNB model indicated that age was negatively
associated with propensity of hospitalization, i.e., younger
people aged from 6 to 29 had a higher likelihood being
hospitalized for mental health concerns (Table 4). Never-
theless, as shown in the results for the counts components
of theHNBmodels, no significant association between the
number of repeated hospitalizations and age was identi-
fied for those patients who had at least one hospitalization
over the study period for mental health concerns. We
speculate that younger people are more likely to be hos-
pitalized for urgent help for mental illnesses, which might
imply that young people who were dealing with serious
anxiety or depression had lack of access to counseling
services or outpatient FFS psychiatric care. This suggests
that younger population are a priority population for the
development of a standard approach to ensure adequate
resources for this population with mental health condi-
tions.
According to World Health Organization (WHO) [58],

sex/gender differences are common in the rates of com-
mon mental disorders, including depression, anxiety and
somatic complaints. These disorders, which have higher
prevalence among women, affect approximately one third
people in the community and constitute a serious pub-
lic health problem. Some studies reported that although
females have a higher prevalence rate, burden of illness,
and likelihood of seeking outpatient treatment for psychi-
atric disorders; they are less likely than males to receive
formal mental health care services, and more likely to
receive pharmacological prescriptions from primary care
providers [59–61]. Some of the possible reasons of the
gender differences in access to mental health care may be
because of women’s autonomy, child bearing responsibil-
ities or health literacy regarding psychiatric illness. Our
results based on the logistic regression part of the HNB
model indicate that males are more likely to be hospital-
ized. This result is consistent over the three study periods.
On the other hand, for the counts regression component
of the HNB model, gender did not play any significant
role over three follow-up periods. Further investigation
is needed to understand the inconsistency of our finding
with the literature.
Previous studies have reported health service differ-

ences by geographical area although they did not identify
what systemic factors are responsible [19, 20]. Popula-
tion density may account for readmission rates [19] but
this is disputed by other studies [62–64]. In our study,
we found that the readmission rate in Regina is lower
than Saskatoon, which could be possibly due to the dif-
ference in population density in those areas. There could
be some other underlying reasons as well, like distance
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to the nearest inpatient service, availability of community
health services and factors that are likely to affect ser-
vice use and aggregate service needs. However, Saskatoon
patients are less likely to be hospitalized for mental con-
ditions compared to Regina, Lloydminster and the rest of
Saskatchewan. Further research is needed to explain this
paradoxical result.
For outpatient psychiatric or general physician mental

health care, our results indicate that visiting a general
physician prior to the index date protects patients from
having multiple hospitalizations. However, the logistic
component shows that visiting a general physician in the
two years prior to the index visit plays a protective role
in case of hospitalization. One possible interpretation of
these results could be that visits to a general physician
may reflect a clinical assessment of lower risk or sever-
ity as compared with patients referred to acute services.
Referral to more specialized services (e.g. FFS psychia-
trist) also seems to increase the readmission risk. This
may indicate that patients are not seen by psychiatrists
until they are very seriously ill. It is assumed that peo-
ple who are referred to a psychiatrist usually have a more
serious condition that is better handled by a specialist in
mental health, rather than a general physician. The asso-
ciation between visit to any FFS psychiatrist and higher
admission rate could also indicate that those patients were
in the psychiatric waiting list for sometime but as they
had a severe issue, had to end up in a hospital. Psychosis
accounts for 60 percent of mental health hospitaliza-
tions [65] as hospitals are better equipped to contain risk.
However, the de-institutionalization movement in most
developed countries has emphasized the need for greater
community-based mental health care [66–68].

Limitations
Our results are subject to some limitations. For this study,
we could not consider some possible factors like the socio-
economic status of the patients, their income level and
sources, since the information was not captured in the
administrative health databases. Linkage of the adminis-
trative databases used in the study to the survey data could
provide the opportunity of investigating the influence of
these potential explanatory variables on the psychiatric
inpatient use. The other possible factor could be if the
admitted patients were given psychiatric beds or not, since
the unavailability of psychiatric beds can lead to a pre-
mature discharge for some patients and increases the risk
for a future readmission. Ideally, it would be more natu-
ral for the 6-29 age group to be split into 6-18 and then
19-29 so as to conform to the division of child and adoles-
cent psychiatry on one hand, and adult psychiatry on the
other. The age group of 60-86 can also be split into a senior
citizen and an elderly group served by geriatric psychia-
trists. However, the sample sizes of the categories on the

tails are small, which makes comparisons with the mid-
dle age groups very challenging. Future studies based on
a large sample is warranted in order to investigate the age
effect more properly. The registered Indian status variable
was based on treaty status and does not include Metis and
other aboriginal peoples without treaty status. The “oth-
ers” mental disorder category consists of heterogeneous
group of diseases like: eating disorder, sexual preference
disorder. We used this categorization of disorders fol-
lowing a similar study among children by Rosychuk and
colleagues [69]. We are not sure if these diseases are a
homogeneous grouping.
In addition, easy access to mental health services could

prevent some hospitalization for non-severe cases. As a
result, the availability of outpatient and inpatient mental
care at the area-level (e.g., number of doctor’s offices and
the number of hospital beds per 100,000 inhabitants) may
also influence psychiatric inpatient use beyond the effects
of individual-level factors. However, we do not have this
information in the current study. Future research incor-
porating such information is needed for understanding
areal-level differences in the mental healthcare supplies
that influence psychiatric inpatient use, which can assist
in planning prevention efforts that aremore tailored to the
needs of a region.

Conclusions
This study leads to a better understanding of factors con-
tributing to increased inpatient hospitalizations among
patients with mental health conditions, which may help
health professionals to detect high risk populations for
prevention. Patients with mental health conditions may
benefit from greater and more timely access to primary
care. Providing easier access to registered Indian people
and youth may reduce the need for hospital-based care.
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