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Abstract

Background: With the increasing burden of mental illness globally, it is becoming common for hospitalised
patients with chronic medical conditions to have a comorbidity of mental illness. This combination could prolong
length of stay (LOS) of this patient cohort. We conducted an investigation in Tasmania, Australian hospitals to
characterise this cohort and assess if co-morbidity of mental illness is a distinguishing factor that generates LOS
variation across different chronic medical conditions.

Methods: The retrospective study analysed 16,898 admissions of patients with a primary diagnosis of one of five
chronic medical conditions: lung or colorectal cancer, chronic obstructive pulmonary disease (COPD), type I
diabetes, ischaemic heart disease (IHD) and stroke. Data were from July 2010 to June 2015, across four hospitals
that collectively cover 95% of public hospital admissions in Tasmania, Australia. Descriptive statistics were used to
compare characteristics of patients between the scenarios of with and without co-morbidity of mental illness. We
used negative binomial regression models to assess whether co-morbidity of mental illness, along with its sub-
types, after adjustment for potential confounding variables, associated with LOS variation in patients of each
medical condition. Based on the adjusted LOS variation, we estimated differences in bed days’ use between
patients with and without comorbidity of mental illness.

Results: Patients with co-morbidity of mental illness were significantly younger in comparison to patients without
mental illness. With each medical condition, patients with comorbidity of mental illness had incurred higher bed
days' use than for those without mental illness. In cancer and stroke cohorts, co-morbidity of mental illness
unfavourably affected the LOS variation by as high as 97% (Cl: 49.9%-159%) and 109% (78%—146%), respectively.
Though mental and behavioural disorders due to psychoactive substances was a dominant sub-type of mental
illness across the medical conditions, it contributed significant unfavourable LOS variation only in the stroke
patients i.e. 36.3% (Cl: 16.2%-59.9%).

Conclusions: Mental illness consistently produced unfavourable LOS variation. Upskilling of healthcare teams and
greater reporting and analysis of LOS variation for this patient cohort, and the sub-cohorts within it, are necessary
to provide improved medical care and achieve system efficiencies.
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Background

It has been reported that hospitalised patients with
chronic medical conditions and a comorbidity of mental
illness can experience a longer length of stay (LOS), in-
cluding patients with chronic obstructive pulmonary dis-
ease (COPD) [1], diabetes [2, 3], ischaemic heart disease
(IHD) [4], and stroke [5]. This outcome is poor for both
patients and the health system that strives to care for
them. Longer LOS reflects a compromise to this vulner-
able population’s quality of life and care experience, and
highlights health system inefficiencies [6, 7]. This is a
growing problem internationally, with ongoing increases
in hospitalised patients having a comorbidity of mental
illness [8—11].

A key concern is that many health jurisdictions do not
have a detailed knowledge about characteristics of pa-
tients with chronic medical disease and a comorbidity of
mental illness [12]. The knowledge deficit extends to a
lack of understanding about LOS variation and improve-
ment strategies for this cohort. LOS variation is a par-
ameter to show differences in average LOS within the
same condition between peer hospitals [13-15]. LOS
variation is a well-accepted parameter to assess effi-
ciency in hospitals in Australia [13], the United States
[16] and other Organisation for Economic Cooperation
and Developed (OECD) countries [17, 18]. As unfavour-
able LOS variation can indicate excess bed days’ use that
could have catered for more admitted patients [7]. How-
ever, it is not standard practice to report LOS variation
of patients with chronic medical conditions and a co-
morbidity of mental illness separate from that of hospi-
talised patients with a chronic medical condition only.

Furthermore, existing published information about
LOS for patients with chronic medical conditions and a
comorbidity of mental illness is limited. Studies of LOS
variation often have only examined one or two medical
conditions [4, 19, 20] and did not control for patient
characteristics or were limited to a single hospital setting
[5]. To improve care outcomes and promote efficient
functioning of the health system, we need the capability
to more specifically identify and manage hospitalised pa-
tients with chronic medical conditions and a comorbid-
ity of mental illness [11, 21-23].

To address this issue, we conducted a study investigat-
ing two research questions: first, are there differences in
characteristics of patients with chronic medical condi-
tion with and without a comorbidity of mental illness?
Second, is a comorbidity of mental illness a distinguish-
ing factor that generates LOS variation across different
chronic medical conditions? Cancer (lung and colorectal
only), COPD, diabetes (type 2), IHD and stroke are five
chronic conditions that reflect about 20% of the burden
of disease in Tasmania, Australia [24]. These five condi-
tions are also in the list of top 10 leading causes of death
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in the world [25]. Accordingly, we investigated the two
research questions with patients having these five
chronic medical conditions in the context of Tasmanian
public hospitals.

Methods

Data and sources

The data related to patients admitted to any of the four
major public hospitals in Tasmania, Australia (i.e. Royal
Hobart Hospital, Launceston General Hospital, Mersey
Community Hospital, and North West Regional Hos-
pital). These four hospitals are collectively responsible
for 95% of all public hospital admissions in the Tasman-
ian state that has 500,000 inhabitants [26, 27]. In this
retrospective study, we extracted de-identified demo-
graphic and clinical information for hospital admissions
that occurred between 1 July 2010 and 30 June 2015.
We accessed the “Admitted patient care National Mini-
mum Data Set (NMDS)” for these admissions as pro-
vided by the Tasmanian Department of Health and
Human Services. The admitted patient care NMDS is a
minimum set of data elements for inpatient care that
health authorities around Australia mandatorily report
to support national collation [28, 29]. We used specific
fields from this dataset for each admission: hospital; pa-
tient sex, date of birth, date of admission and discharge
(or separation), area of residence; and a sequence of
international classification of disease (ICD)-10 codes ex-
tracted from medical records by clinical coders. One of
these ICD-10 codes from each admission was designated
as the primary diagnosis.

Study measures

We analysed data for admissions where the primary
diagnosis was one of five chronic medical conditions:
cancer (lung and colorectal only), COPD, diabetes (type
2), IHD or stroke. The next step involved further screen-
ing of the patients, to identify those with a mental illness
ICD-10 code entered as a secondary diagnosis during
the course of the admission. Table 1 shows the ICD-10
codes used to define each of the chronic medical condi-
tions and mental illnesses.

Consistent with previous reporting of mental illness,
we omitted patients with dementia (FO0-F03) [31] and
delirium (F05) [31, 32] from the mental illness cohort.
Complete information on all variables was available for
over 99% of admissions, making it appropriate to ex-
clude a case (ie. patient admission) from analysis only if
the required data for the specific analysis was missing.

Other variables computed from the extracted data
were LOS, bed days’ use, age, socioeconomic status
(SES), and presence of an additional comorbidity. The
measurement of the primary outcome measure, LOS,
was in whole days, equal to date of discharge or
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Table 1 Coverage of chronic medical conditions and mental illness in this study

llinesses

ICD-10 codes, in accordance to International statistical classification of diseases (ICD)

Chronic medical conditions as primary diagnosis

Cancer: Lung cancer “C33","C34"; Colorectal Cancer “C18","C19","C20","C21"

COPD: "J44."

Type Il Diabetes: “E11"
IHD: "120" 1217 122" 123", "124" 25"
Stroke: 160”161 1162”163 164" "I65" 166" "I67" 168" "169" "G4S "GAS"

Mental illnesses as secondary diagnosis

"FO4", “FO6", "FO7", "FO9", "F10-F19", "F20-F29", "F30-F39", "F40-F48", "F50-F59",

"F60-F69", "F70-F79", "F80-F89", "F90-F99"

Details of medical conditions and mental ilinesses for each ICD-10 code are accessible at World Health Organisation (WHO) website [30].

separation minus admission date. We coded LOS as zero
(0) for admissions where discharge date was the same as
admission date. Calculation of bed day’s use, which is
another outcome variable, was based on the average per-
centage increase (p) in the adjusted LOS of the negative
binomial regression run in this study. Explanation of this
calculation is provided in the statistical analysis section
of the paper. Average measures of SES for applicable
geographical regions were downloaded from the website
of the Australian Bureau of Statistics [33]. This average
measure of SES is drawn from the Index of Relative
Socio-Economic Advantage and Disadvantage (IRSAD),
a weighted average score of an area’s characteristics such
as material and social resources [34]. Data for this index
is recorded in the Australian census, standardised to a
distribution where the mean equals 1000 and standard
deviation is 100 [34]. The IRSAD score reflects an area’s
average socio-economic status rather than that of indi-
viduals living in that area [35]. Higher scores in the
index infer higher level of advantage, with areas of
higher-than-average socio-economic advantage having
scores above 1000.

Charlson comorbidity is a method to identify comor-
bidities and variation of complexity in patients with a list
of 17 comorbidities [36-38]. We used lists of ICD-10
codes validated by Quan et al. [38] to assess the presence
or absence of additional Charlson comorbidities in pa-
tients. Patients were dichotomised into group of higher
complexity when additional Charlson comorbidities were
present and vice versa for the group of low complexity.
For four of the five chronic medical conditions listed in
Table 1 (Type II diabetes, cancer, stroke and COPD), all
patients with the condition had at least one of the 17
Charlson comorbidities. Accordingly, we classified pa-
tients with these four conditions for presence or absence
of additional Charlson comorbidities other than the
Charlson comorbidity associated with the primary con-
dition. For example, patients with a primary diagnosis of
Type II diabetes were classified into those with and
without a Charlson comorbidity other than “diabetes
without chronic complication”. Similarly, patients with a
primary diagnosis of (a) cancer, (b) stroke and (c) COPD

were classified into groups of those with and without a
Charlson comorbidity other than (a) “malignancies includ-
ing lymphoma and leukaemia except malignant neoplasm
of the skin”, (b) “cerebrovascular disease” and (c) “chronic
pulmonary disease”, respectively. For the fifth condition in
Table 1 (IHD), even though there are several cardiovascu-
lar comorbidities among the 17 Charlson comorbidities by
definition, not all patients with a primary diagnosis of
IHD had one of these comorbidities. Hence, patients with
a primary diagnosis of IHD were divided simply into those
with at least one Charlson comorbidity and those without
any Charlson comorbidities.

Statistical analysis

To address the first research question, we utilised de-
scriptive statistics to compare patients within each
chronic medical condition, for scenarios of with and
without the comorbidity of mental illness. T-tests were
used to compare the means of continuous variables, and
Fisher exact tests were used to compare distributions of
binary variables.

We addressed the second research question with
stages of analyses. Firstly, negative binomial regression
was used to test for an independent association between
LOS and comorbidity of mental illness. This analysis
was run using the glm.nb() command from the “MASS”
package in R, which contains functions and datasets as-
sociated with Venables and Ripley's Modern Applied Sta-
tistics With S [39]. The analysis was adjusted for six
potential confounding factors: hospital, financial year of
separation or discharge (categorical), presence of Charl-
son comorbidity, age (5-year categories), gender and SES
(treated as a continuous variable). To test whether differ-
ent subtypes of mental illness were associated with dif-
ferent changes in LOS, the mental illness diagnoses in
Table 1 were divided into their blocks as per ICD-10
WHO version [40]: FO4—F09 (excluding F05), F10-F19,
F20-29, F30-39, F40-F48, F50-F59, F60-F69, F70-F79,
F80-F89, F90-98 and F90-F99. In the model for each
chronic condition, if codes from a particular block oc-
curred in 10 or more admissions, that block was coded
as an additional binary variable (in addition to the binary
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variable coding of overall presence/absence of mental ill-
ness) and added to the regression model. Backwards
stepwise regression [35] was then used to remove
non-significant blocks until all blocks remaining in the
model (if any) had Wald p-values less than 0.05.
Changes in the adjusted LOS were calculated for each
remaining significant block. The same calculation was
applied for all other sub-type of mental illnesses, that is,
the group of non-significant blocks and blocks with less
than 10 admissions.

The next stage was assessing the independent associ-
ation of comorbidity of mental illness with LOS, for dif-
ferences in usage of bed days. This aspect of the analysis
required several steps. First, we estimated the average
percentage increase (p) in adjusted LOS, associated with
mental illness (Column 5 in Table 4). This percentage
increase p is equal to (exp(b) — 1) x 100%, where b is
the coefficient of the mental illness term in the negative
binomial regression model. Then, we calculated the dif-
ference in bed days’ use, reducing the p to zero, with the
assumption of same average LOS for patients of chronic
medical conditions, between the scenarios of with and
without a comorbidity of mental illness. For example, if
we consider n patients having a comorbidity of mental
illness with a particular chronic disease (Column 1 in
Table 4) and that average LOS for these n patients is t
days (Scenario 2 in Column 2 in Table 4). Then, the esti-
mated difference in bed days’ use in five years came to
be n*t*p / (1+ p) (Column 6 in Table 4). Similarly, the
estimated bed days’ use per patient came to be t*p / (1 +
p) (Column 6 in Table 4). The estimated bed days’ use
represents the adjusted value, controlling for the influ-
ence of the confounding variables.

Results

The study sample comprised 16,898 admissions across the
five chronic disease categories. As shown in Table 2, the
most common reason for admission was IHD (n = 8,005)
and the least common was type 2 diabetes (1 = 1,299).
There was great variation in the proportion of admissions
with a mental illness comorbidity between the different
chronic medical conditions. For example, the rate of
COPD admissions with a comorbidity of mental illness
was 23%, while for IHD admissions the rate was only 3%.

Comparison of patient characteristics

Patients with mental illness as a comorbidity were sig-
nificantly younger in comparison to those without men-
tal illness, across the five chronic conditions (Table 2).
The average age gap ranged between three to eight
years, with the highest age gap in the stroke cohort.
There were no significant gender differences between
mental illness and without mental illness groups across
the cohorts of chronic conditions. Socioeconomic status
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between the mental illness and non-mental illness
groups only differed in the stroke cohort, where patients
with mental illness generally belonged to areas of lower
socioeconomic advantage.

In the stroke cohort, there was a significantly higher rate
of presence of Charlson comorbidity for those with mental
illness - 74%, in comparison to 57% for those without
mental illness. The presence of a Charlson comorbidity
for the patients with cancer and IHD had a similar pattern
- 83% and 83% of mental illness, in comparison to 72%
and 71% for those without mental illness, respectively.

Comorbidity of mental illness and LOS variation

Patients with a comorbidity of mental illness had different
types of mental illnesses. Table 3 shows blocks of subtype
of mental illness ICD-10 codes that occurred in 10 or
more admissions, for each chronic condition. Mental and
behavioural disorders due to psychoactive substance use
was a dominant subtype of mental illness across the five
chronic conditions. The other common, but less domin-
ant, subtype of mental illness across the five chronic con-
ditions was neurotic and stress-related disorders.

Table 4 reports the association between comorbidity
of mental illness and the LOS variation. Within each
chronic medical condition, patients with a comorbidity
of mental illness had significantly longer LOS than for
patients without mental illness (Column 2, Table 4).
The column 5 in Table 4 reports the adjusted LOS vari-
ation - that is, the percentage increase in mean LOS
distinguishably due to a comorbidity of mental illness
after controlling for probable confounding variables. In
the cohort of cancer and stroke conditions, comorbidity
of mental illness unfavourably affected the LOS vari-
ation of some patients by as high as 97% and 109%.
Though mental and behavioural disorders (due to psy-
choactive substances) was a dominant subtype of men-
tal illness across the five chronic diseases (Table 3), it
contributed a significant and disproportionate un-
favourable LOS variation only in the stroke patient co-
hort i.e. 36.3%.

In the cohort of COPD patients, the neurotic,
stress-related and somatoform disorders subtype of
mental illness markedly increased the unfavourable LOS
variation i.e. 64.2%. The diabetes and IHD cohorts did
not have any specific sub-type of mental illness that dis-
proportionately increased the LOS.

Comorbidity of mental illness reflected differences
in bed days’ use across the chronic medical condi-
tions, when we assumed the adjusted LOS variation
between the groups of with and without mental ill-
ness to be zero. The greatest difference came from
the stroke cohort, with 11.1 days of higher bed use
per patient for the mental illness group (“all other
subtypes”) than for those without mental illness. The
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Table 2. Comparison of patients with chronic medical conditions of scenario 1: admission with no diagnosed secondary mental
illness (MI) versus scenario 2: admission with a diagnosed secondary Ml

Primary diagnosis recorded during admission Scenario 1: Without MI Scenario 2: With Ml Difference between the scenarios

Cancer (Lung and Colorectal) (n = 1147)

Number of admissions (%) 1047 (91.3%)

Mean age, years (SD) 70.1 (11.7)

No. of females (%) 424 (40%)

Mean Socio-Economic Index for Area“ (SD) 929 (68)

No. of admissions with at least one additional CC® (%) 759 (72%)
COPD (n = 1404)

Number of admissions (%) 1084 (77%)

Mean age, years (SD) 716 (10.3)

No. of females (%) 547 (50%)

Mean Socio-Economic Index for Area“ (SD) 914 (72)

No. of admissions with at least one additional CC® (%) 305 (28%)
Diabetes (type 2) (n = 1299)

Number of admissions (%) 1209 (93.1%)

Mean age, years (SD) 64.5 (14.9)

No. of females (%) 390 (32%)

Mean Socio-Economic Index for Area“ (SD) 928 (74)

No. of admissions with at least one additional CC' (%) 910 (75%)
Ischaemic heart disease (IHD) (n = 8005)

Number of admissions (%) 7755 (96.9%)

Mean age, years (SD) 69.2 (13.2)

No. of females (%) 2586 (33%)

Mean Socio-Economic Index for Area“ (SD) 931 (69)

No. of admissions with at least one CC (%) 5475 (71%)
Stroke (n = 5043)

Number of admissions (%) 4757 (94.3%)

Mean age, years (SD) 724 (14.7)

No. of females (%) 2217 (46%)

Mean Socio-Economic Index for Area“ (SD) 942 (70)

No. of admissions with at least one additional CC? (%) 2720 (57%)

100 (8.7%)
67.1 (10.9) P=001"
45 (45%) P = 040°
925 (67) P =054
83 (83%) P=002"

320 (23%)

68.0 (10.8) P <001
163 (51%) P =090°
912 (67) P=057°
86 (27%) P=067°
90 (6.9%)

595 (13.7) P < 001"
30 (33%) P =082°
925 (66) P =066
74 (82%) P=013°
250 (3.1%)

63.6 (13.6) P <001
82 (33%) P =089°
923 (71) P =006
207 (83%) P <001°"

286 (5.7%)

644 (14.7) P <0017
119 (42%) P=011°

924 (75) P < 001"
212 (74%) P <001°"

SD Standard deviation, CC Charlson comorbidity

*The variable differs significantly between the two scenarios at P < 0.05.
**The variable differs significantly between the two scenarios at P < 0.01.
@P-value calculated using a t-test

Pp-value calculated using a Fisher exact test

“Higher score reflects higher level of advantage and vice versa

@Other than the Charlson comorbidity “any malignancy, including lymphoma and leukaemia, except malignant neoplasm of the skin” associated with the

primary diagnosis

€Other than the Charlson comorbidity “chronic pulmonary disease” associated with the primary diagnosis
fOther than the Charlson comorbidity “diabetes without chronic complication” associated with the primary diagnosis
90ther than the Charlson comorbidity “cerebrovascular disease” associated with the primary diagnosis

mental illness groups having lower end of differences
in bed days’ use than those without mental illnesses
were COPD: 2.4 days per patient and IHD: 2.9 days
per patient. When we accumulate the scenario for all
four hospitals across the chronic medical conditions,
the differences in bed days’ use between patients with
and without concomitant mental illness over the 5

years was 3,711 (the summation of all the differences
in bed days’ use in 5 years, as reported in the last
column of Table 4).

Discussion
This study compared the characteristics of five types of
chronic medical condition patients, with and without a
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Table 3 Subtypes of mental illness coded in 10 or more admissions of patients, for the five chronic medical conditions

Cancer COPD Diabetes IHD Stroke
Total number of patients’ admissions with a diagnosis of mental illness recorded 100 320 90 250 286
F10-F19: Mental & behavioural disorders due to psychoactive substance use 48 (48%) 219 (69%) 47 (52%) 160 (64%) 151 (53%)
F20-F29: Schizophrenia, schizotypal & delusional disorders <10 11 (34%) <10 <10 <10
F30-F39: Mood [affective] disorders <10 17 (5.3%) 16 (18%) 17 (6.8%) 61 (21%)
F40-F48: Neurotic, stress-related & somatoform disorders 39 (39%) 102 (32%) 16 (18%) 66 (27%) 58 (20%)

Rarer subtypes of mental illness are not listed in the table (e.g. F60 — F69: Disorders of adult personality and behaviour). Percentages in a column can sum to
more than 100% because some admissions were coded with more than one type of mental illness

comorbidity of mental illness. Furthermore, the study illness, within each chronic medical condition. To the
analysed the association between comorbidity of mental  best of the authors’ knowledge, this is unique work in-
illness and the LOS variation of hospitalised patients vestigating the adverse impact of comorbidity of mental
while controlling for confounding variables. This analysis  illness across a wide range of chronic medical conditions
included assessment of difference in bed days’ use by in a state wide public hospital system. Existing literature
mental illness patients against those without mental [41, 42] that reported an association between

Table 4 LOS variation attributable to mental illness, for each of the five chronic medical diseases

Chronic Mean LOS in Type of MI? Mean LOS Adjusted LOS Difference in Bed-days' use®
Disease days in (number of patients (SD) in days variation®: % P - -
) : ) ) ) er patient in 5 years
(number scenarios of with the type of MI) for patients increase in mean
of patients 1. Without MI with this LOS with MI (95% Cl)
with M) (SD) and type of M
2. With MI (SD)
Cancer Scenario 1: F10-F19 Mental and behavioural 9.5 (74) 14.6% (—14.3%-53.2%) NA NA
(n=100) 8.6 (9.3) disorders due to psychoactive
Scenario 2**: substance use
128 (11.8) (n = 48)
All other subtypes 15.8 (14.1) 97.0% (49.9%—159%) 7.8 404
(hn=152)
COPD Scenario 1: F40-F48 Neurotic, stress-related 6.2 (5.2) 64.2% (39.4%-93.4%) 24 248
(n=320) 43 (46) and somatoform disorders
Scenario 2%: (n=102)
49 (4.6)
All other subtypes 43 (4.1) 8.2% (-4.7%-22.9%) NA NA
(n=218)
Diabetes Scenario 1: All (n = 90) 8.7 (85) 68.0% (29.6%-118%) 35 317
(n =90) 56 (9.3)
Scenario 2**:
8.7 (8.5)
IHD Scenario 1: All (n = 250) 6.2 (9.6) 90.5% (71.5%-112%) 29 735
(n = 250) 32 (40)
Scenario 2**:
6.2 (9.6)
Stroke Scenario 1: F10-F19 Mental and behavioural 12.5 (28.1) 36.3% (16.2%-59.9%) 33 505
(n= 286) 7.9 (10.8) disorders due to psychoactive
Scenario 2**: substance use
16.7 (26.7) (n=151)
All other subtypes 213 (244) 109% (78%-146%) 1.1 1502
(n =135)

MI Mental iliness, SD Standard deviation, C/ Confidence Interval, NA Not applicable

*The variable differs significantly between scenario 1 and 2 at P < 0.05

**The variable differs significantly between scenario 1 and 2 at P < 0.01

Patients with MI were divided into subtypes if more than 10 admissions were coded with the subtype (see Table 3), and if there was a significant difference in
length of stay (LOS) between patients with this subtype of Ml and patients with other subtypes of MI. Otherwise, results are presented for all patients with Ml
grouped together as the case for diabetes and IHD

PPercentage increases in LOS, in relation to patients without MI, were estimated after adjusting for the variables: hospital, financial year of patient separation,
presence of a Charlson Comorbidity, patient age, patient gender, and socio-economic status (SES) by geographical region

“These hypothetical difference in bed-days’ use is calculated with the assumption of same average LOS for patients of chronic medical conditions, between the
scenarios of with and without a comorbidity of MI. Difference in bed-days use were calculated based on both MI subtype (if any) and total Ml (if no subtype). NA
refers to scenarios where hypothetical bed-days’ use was not calculated since no significant increase in adjusted LOS existed
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comorbidity of mental illness and LOS did not concen-
trate on such a range of chronic conditions. This study
addressed the need for greater clarification of the role of
mental illness in complex care management [12].

There are two major findings: one, the similarities
and distinctiveness of characteristics of patients with
and without a comorbidity of mental illness varied
across the chronic medical conditions, such as cancer
versus diabetes; and, two, the consistent influence of
mental illness on unfavourable LOS variation of pa-
tients with chronic medical conditions. The degree to
which the comorbidity of mental illness influenced
the LOS varied across the chronic medical conditions.
In certain conditions, such as cancer, COPD and
stroke, the influence of comorbidity of mental illness
on LOS also varied with subtype of mental illness.
These findings support the previously reported associ-
ation between comorbidity of mental illness and re-
source utilisation, which could originate from
patients’ compromised cognition and involvement in
self-care and rehabilitation, or associated complexities
such as stigma [12, 41, 42]. This study was not de-
signed to explore the factors that associated length of
hospital stay to a comorbidity of mental illness, and
future studies will be beneficial in this regard.

This study identified patients with chronic medical
condition and a comorbidity of mental illness as be-
ing younger than their corresponding non-mental ill-
ness cohort. This finding resonated with certain
literature [43], but contrasted with others [3, 44]. The
2017 study by Lavin and colleagues [43], which was
in the context of acute care end-of-life patients, had
similarity with ours in not restricting the study popu-
lation by age. This is unlike the Adams et al’s [44]
study that restricted the population of the study to 65
years and above. This may infer that studies of pa-
tients with a comorbidity of mental illness and
chronic medical conditions can identify a relatively
younger cohort of patients when there is no age re-
striction on the study population.

The unfavourable LOS variation for patients with
chronic medical conditions, in association with a comor-
bidity of mental illness, is similar to previous literature
[1-5, 19, 44]. For example, Krein et al [2] reported an
increase in LOS of around four days in patients with dia-
betes and a comorbidity of mental illness, which is com-
parable with our finding of three and a half days
difference in bed use. This small difference is perhaps
explained by our analysis including a broad scope of
mental illnesses (i.e. all of the applicable ICD-10 F codes
reported in Table 1), whereas Krein’s research included
patients with comorbidities of severe mental illness only.
Notwithstanding, the projected differences in bed days
use in this study is consistent with the recent literature
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that reported substantial bed days saving through bench-
marking to the average LOS of peer hospitals [7].

Implications

The findings of this study imply opportunities for com-
mon care processes in areas where chronic disease pa-
tients with and without mental illness are similar.
Application of such common processes will require flexi-
bility in acute care models for patients with chronic
medical conditions and a comorbidity of mental illness.
This need for flexibility aligns with current policy guid-
ance for integrated and patient-centred care with mental
health and multimorbidity conditions [8, 11, 45, 46].
Joint health and behavioural risk education for common
issues between the two cohorts seems an efficient strat-
egy [10, 11]. In areas where the two cohorts are differ-
ent, such as the significant age differences found across
the five chronic diseases in this study, distinctive care
processes that accommodate age-specific risk factors are
applicable [47]. These distinctive processes should be
about integrating care for medical and mental illnesses
for a relatively younger cohort, so that care for this co-
hort does not become more complex with progressing
age [48]. Therefore, health professionals will strengthen
the tasks of integration and patient centeredness if they
are capable of switching between common and distinct-
ive care processes. We understand the switching be-
tween common and distinctive processes will also
require upskilling of healthcare teams. This upskilling
will potentially include unlearning the rigidity of strict
clinical specialism [49]. Additionally, health professionals
will need to rely on collaboration skills for practices such
as effective engagement between general hospital staff
and psychiatric liaison teams [50].

The reported LOS variation highlights the necessity
for LOS improvement strategies for chronic disease pa-
tients with a comorbidity of mental illness. Hospitals will
save substantial bed-days by levelling the bed days’ use
of this vulnerable population to that of patients only
with chronic medical conditions. However, the LOS im-
provement strategies should work towards improved
care in a realistic manner. A portion of the differences in
bed days’ use will not usually translate to reduced cost
or be available for use, accommodating for contingent
bed capacity and required quality of care [51, 52]. LOS
efficiency practices need to consider a hospital’s mix of
different types of chronic diseases and comorbidities of
subtype of mental illness. For example, in our study,
COPD and diabetes showed similar differences in bed
days’ use over five years, despite diabetes having one bed
day higher difference per patient - as Tasmanian hospi-
tals manage higher number of admissions of patients
with a comorbidity of mental illness and COPD. The
study found that the same subtype of mental illness
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(mental and behavioural disorders due to psychoactive
substance use) influenced bed days’ use in a varied man-
ner between chronic medical conditions such as cancer
and stroke. Hence, a hospital’s mix of comorbidities of
medical and mental illnesses will influence efficiency
gains from different LOS efficient practices, such as bet-
ter planning of discharges and patient flow [53]. Findings
in our study confirm that a relatively small health sys-
tem, catering to a population of about 500,000, could
make substantial savings in bed days, from LOS efficient
practices with chronic medical disease patients with co-
morbidity of mental illness. Again, a challenge is upskill-
ing of healthcare teams [54], for quality sensitive
implementation of initiatives directed at bed days saving.

Another implication is the need for policy guidance
that facilitates routine reporting and monitoring of LOS
variation between chronic medical condition patients
with and without mental illness. Open evidence of un-
favourable LOS variation between peer hospitals should
empower health professionals to develop strategies to
minimise any unwarranted variation [55, 56].
Government-led initiatives, such as the OECD health
care variation study and the Australian atlas of health-
care variation, are examples in this regard [15, 57, 58].
Increased transparency about the influence of mental ill-
ness on LOS variation can strengthen evidence for
chronic disease and mental health service research, con-
tributing to better system-based approaches for multi-
morbidity and patient equity in the long-term [59].

There were a few study limitations, particularly regard-
ing availability of data. For example, the SES of admitted
patients was a generalisation based on the average so-
cio-economic status of the area of residence of individuals,
and individuals can have different socio-economic status
to that of the area average. We may not have captured all
acute patients of comorbidities of physical and mental ill-
ness, as there can be misses in coding of a diagnosis of
mental illness in patients admitted for chronic medical
conditions [60]. The adjusted LOS variation data in this
study accounted for six probable confounding variables
but there could be more confounding factors, such as a
patient’s use of mental illness services prior to hospital
admission.

Conclusion

Patients with and without a comorbidity of mental ill-
ness can have similar and distinctive characteristics
across primary medical conditions of cancer, COPD, dia-
betes, IHD and stroke. Comorbidity of mental illness
consistently produced unfavourable LOS variation across
these five medical conditions. There is need for im-
proved integrated care models and efficiency in LOS for
patients with chronic medical conditions and comorbid-
ity of mental illness. Given that this vulnerable
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population is growing, we need greater policy guidance
for widespread reporting and analysis of LOS variation
of this patient cohort. Upskilling of associated healthcare
teams is also a necessity in this regard. We hope this
study will generate interest for future studies about ways
to attain the same LOS for acute care patients with
chronic medical conditions, regardless of their mental
health status.

Abbreviations

CC: Charlson comorbidity; Cl: Confidence interval; COPD: Chronic obstructive
pulmonary disease; ICD: International classification of disease; IHD: Ischaemic
heart disease; IRSAD: Index of relative socio-economic advantage and disad-
vantage; LOS: Length of stay; MI: Mental illness

Availability of data and materials
The manuscript included adequate reporting of relevant data. We do not have
permission to share more detailed datasets due to data protection aspects.

Authors’ contributions

NS, LK, JS, MD and GP conceptualised and designed the study. MD, JS and
LS conducted the data analysis. JS and NS led the interpretation of the
findings in consultation with the authors’ team. NS initiated writing of the
manuscript and collected necessary input from the other authors as and
when required. DG, GP and LK critically reviewed and revised the
manuscript. All authors approved the final version of the manuscript.

Ethics approval and consent to participate

The Tasmanian Human Research Ethics Committee approved the ethical
protocol to access the relevant de-identified reports and disseminate the re-
search findings (application number H0013948). As per the approved ethics
protocol, the authors did not report individual patient data and the consent
to participate is not applicable for this manuscript.

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Australian Institute of Health Services Management (AIHSM), Tasmanian
School of Business and Economics, University of Tasmania, Rozelle campus,
Cnr Glover and Church Streets, Sydney, NSW 2039, Australia. *School of
Health Sciences, University of Tasmania, Tasmania, Australia. *Health Services
Innovation Tasmania, School of Medicine, University of Tasmania, Tasmania,
Australia. “Centre for the Health Economy, Macquarie University, Sydney,
Australia. SConjoint appointment, University of Tasmania and Tasmanian
Health Service (North), Tasmania, Australia.

Received: 15 April 2018 Accepted: 19 June 2018
Published online: 27 June 2018

References

1. Incalzi RA, Pedone C, Onder G, Pahor M, Carbonin PU. Predicting length of
stay of older patients with exacerbated chronic obstructive pulmonary
disease. Aging (Milan, Italy). 2001;13(1):49-57.

2. Krein S, Bingham R, McCarthy J, Mitchinson A, Payes J, Valenstein M.
Diabetes treatment among VA patients with comorbid serious mental
illness. Psychiatric Services. 2006;57(7):1016-21.

3. Vamos EP, Mucsi |, Keszei A, Kopp MS, Novak M. Comorbid depression is
associated with increased healthcare utilization and lost productivity in
persons with diabetes: a large nationally representative Hungarian
population survey. Psychosomatic Med. 2009;71(5):501-7.



Siddiqui et al. BMC Health Services Research (2018) 18:498

20.

21.

22.

23.

24.

25.

26.

27.
28.

Baumeister H, Haschke A, Munzinger M, Hutter N, Tully PJ. Inpatient and
outpatient costs in patients with coronary artery disease and mental
disorders: a systematic review. BioPsychoSocial Med. 2015;9:11.

Sugawara N, Metoki N, Hagii J, Saito S, Shiroto H, Tomita T, et al. Effect of
depressive symptoms on the length of hospital stay among patients
hospitalized for acute stroke in Japan. Neuropsychiatric Dis Treat. 2015;11:
2551-6.

Primary Health Tasmania. Care coordination program guidelines.
2016(https://www.kingsfund.org.uk/search?search=+Bringing+together
+physical+and+mental+health%3A+A+new+frontier+for+integrated+care).
Victorian Auditor-General's Report. Hospital Performance: Length of Stay.
2016(https://www.audit.vic.gov.au/report/hospital-performance-length-stay).
Naylor C, Das P, Ross S, Honeyman M, Thompson J, Gilburt H. Bringing
together physical and mental health: A new frontier for integrated care.
London: The Kings Fund; 2016. https://www.kingsfund.org.uk/publications/
physical-and-mental-health.

Greenberg PE, Fournier AA, Sisitsky T, Pike CT, Kessler RC. The economic
burden of adults with major depressive disorder in the United States (2005
and 2010). J Clin Psychiatry. 2015;76(2):155-62.

Ngo VK, Rubinstein A, Ganju V, Kanellis P, Loza N, Rabadan-Diehl C, et al.
Grand challenges: integrating mental health care into the non-
communicable disease agenda. PLoS Med. 2013;10(5):e1001443.

Rijken M, Struckmann V, Heide Ivd, Hujala A, Barbabella F, Ginneken Ev, et al.
How to improve care for people with multimorbidity in Europe? In:
European Observatory on Health Systems and Policies, editor. The
Netherlands. 2016. https://www.ncbi.nlm.nih.gov/books/NBK464548/.

Baker JM, Grant RW, Gopalan A. A systematic review of care management
interventions targeting multimorbidity and high care utilization. BMC Health
Serv Res. 2018;18(1):1-9.

National Health Performance Authority. Hospital performance: length of stay
in public hospitals in 2011-12. Sydney: Commonwealth of Australia; 2013.
Goodwin JS, Lin Y-L, Singh S, Kuo Y-F. Variation in Length of Stay and
Outcomes among Hospitalized Patients Attributable to Hospitals and
Hospitalists. J Gen Int Med. 2013,;28(3):370-6.

Lorenzoni L, Marino A. Understanding variations in hospital length of stay
and cost. Paris: OECD Publishing; 2017.

Tsai TC, Orav EJ, Jha AK. Patient Satisfaction and Quality of Surgical Care in
US Hospitals. Ann Surg. 2015;261(1):2-8.

Ruparel M, Lépez-Campos JL, Castro-Acosta A, Hartl S, Pozo-Rodriguez F,
Roberts CM. Understanding variation in length of hospital stay for COPD
exacerbation: European COPD audit. ERJ Open Res. 2016;2(1):1-10.

van de Vijsel AR, Heijink R, Schipper M. Has variation in length of stay in acute
hospitals decreased? Analysing trends in the variation in LOS between and
within Dutch hospitals. BMC health services research. 2015;15:438.

Carter P, Reynolds J, Carter A, Potluri S, Uppal H, Chandran S, et al. The
impact of psychiatric comorbidities on the length of hospital stay in
patients with heart failure. Int J Cardiol. 2016,207(Supplement C):292-6.
Coventry P, Lovell K, Dickens C, Bower P, Chew-Graham C, McElvenny D, et
al. Integrated primary care for patients with mental and physical
multimorbidity: cluster randomised controlled trial of collaborative care for
patients with depression comorbid with diabetes or cardiovascular disease.
BMJ. 2015;350:1-12.

McPhail SM. Multimorbidity in chronic disease: impact on health care
resources and costs. Risk Manag Healthc Policy. 2016;9:143-56.
Maruthappu M, Hasan A, Zeltner T. Enablers and Barriers in Implementing
Integrated Care. Health Syst Reform. 2015;1(4):250-6.

Rosenberg S. Shangri-La and the integration of mental health care in
Australia. Public Health Res Pract. 2017;27(3)

Australian Institute of Health and Welfare. Australian Burden of Diseases Study:
Impact and causes of illness and death in Australia 2011. In: Unit DaMC, editor.
. Canberra: Australian Intitute of Health and Welfare; 2016. p. 1-274.

World Health Organization. eThe top 10 causes of death. Fact Sheets:
Media Centre. Geneva: World Health Organisation; 2014. Accessed on
20 May 2018

Commonwealth of Australia. The Commission on Delivery of Health Services
in Tasmania: Report to the Australian Government and Tasmanian
Government Health Ministers. 2014.

Australian Buerau of Statistics. Australian Demographic Statistics. 2016.
Admitted patient care National Minimum Data Set (NMDS) 2016-17.
Canberra: Australian Institute of Health and Welfare. http://meteor.aihw.gov.
au/content/index.phtml/itemld/612171. Accessed 20 May 2018.

29.

30.

31

32.

33.

34,

35.

36.

37.

38.

39.

40.

42.

43.

45.

46.

47.

48.

49.

50.

52.

53.

Page 9 of 10

National minimal data sets and data set specifications. Australian Institute of
Health and Welfare. http://meteor.aihw.gov.au/content/index.phtml/itemlid/
344846 Accessed 20 May 2018

World Health Organization. International Statistical Classification of Diseases
and Related Health Problems 10th Revision. http://apps.who.int/
classifications/icd10/browse/2016/en. Accessed 20 May 2018.

Siskind D, Harris M, Diminic S, Carstensen G, Robinson G, Whiteford H.
Predictors of mental health-related acute service utilisation and treatment
costs in the 12 months following an acute psychiatric admission. Aust N Z J
Psychiatry. 2014;48(11):1048-58.

Wolff J, Heister T, Normann C, Kaier K. Hospital costs associated with psychiatric
comorbidities: a retrospective study. BMC Health Serv Res. 2018;18(1):67.
Australian Buerau of Statistics. Census of Population and Housing: Socio-
Economic Indexes for Areas (SEIFA), Australia. http://www.abs.gov.au/
ausstats/abs@.nsf/DetailsPage/2033.0.55.0012011?0OpenDocument Accessed
20 May 2018. 2013.

Australian Bureau of Statistics. SEIFA Measures. http://www.abs.gov.au/
ausstats/abs@.nsf/Lookup/2033.0.55.001main+features100162011. Accessed
20 May 2018 2013.

Australian Buerau of Statistics. How to use SEIFA. http://www.abs.gov.au/
ausstats/abs@.nsf/Lookup/2033.0.55.001main+features100082011. Accessed
20 May 2018.. 2013.

Charlson ME, Pompei P, Ales KL. MacKenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation.
Journal of chronic diseases. 1987;40(5):373-83.

Li B, Evans D, Faris P, Dean S, Quan H. Risk adjustment performance of
Charlson and Elixhauser comorbidities in ICD-9 and ICD-10 administrative
databases. BMC Health Serv Res. 2008;8:12.

Quan H, Li B, Couris CM, Fushimi K, Graham P, Hider P, et al. Updating and
validating the Charlson comorbidity index and score for risk adjustment in
hospital discharge abstracts using data from 6 countries. Am J Epidemiol.
2011;173(6):676-82.

Venables WN, Ripley BD. Modern Applied Statistics with S. 4th ed. New York:
Springer; 2002.

World Health Organization. Chapter V Mental and behavioural disorders. http.//
apps.who.int/classifications/icd 10/browse/2016/en#/V. Accessed 20 May 2018. .
Koopmans GT, Donker MC, Rutten FH. Length of hospital stay and health
services use of medical inpatients with comorbid noncognitive mental
disorders: a review of the literature. Gen Hosp Psychiatry. 2005;27(1):44-56.
Saravay SM, Lavin M. Psychiatric comorbidity and length of stay in the
general hospital. A critical review of outcome studies. Psychosomatics. 1994;
35(3):233-52.

Lavin K, Davydow DS, Downey L, Engelberg RA, Dunlap B, Sibley J, et al.
Effect of Psychiatric lliness on Acute Care Utilization at End of Life From
Serious Medical lliness. J Pain Symptom Manag. 2017;54(2):176-85. e1
Adams LY, Koop P, Quan H. Norris C. A population-based comparison of the
use of acute healthcare services by older adults with and without mental
iliness diagnoses. J Psychiat Mental Health Nursing. 2015;22(1):39-46.
European Observatory on Health Systems and Policies. Integrating care for
people with multimorbidity: What does the evidence tell us? 2017.

Mental Health Commission of New South Wales. Living Well: A Strategic
Plan for Mental Health in NSW 2014-2024. Sydney: Mental Health
Commission of New South Wales; 2014. Report No.: ISBN 978-0-9923065-4-0
Australian Institute of Health and Welfare. Risk factor trends: age patterns in
key health risks over time. Canberra: AIHW; 2012.

Kneebone I. Stepped psychological care after stroke. Disabil Rehabil. 2016;
38(18):1836-43.

Calnan M, Tadd W, Calnan S, Hillman A, Read S, Bayer A. | often worry about
the older person being in that system”. exploring the key influences on the
provision of dignified care for older people in acute hospitals. Ageing Soc.
2012;33(3):465-85.

Noblett J, Caffrey A, Deb T, Khan A, Lagunes-Cordoba E, Gale-Grant O, et al.
Liaison psychiatry professionals’ views of general hospital care for patients
with mental illness. J Psychosom Res. 2017,95:26-32.

Bowers J, Cheyne H. Reducing the length of postnatal hospital stay:
implications for cost and quality of care. BMC Health Serv Res. 2016;16:16.
Allison S, Bastiampillai T. Mental health services reach the tipping point in
Australian acute hospitals. Med J Austr. 2015;203(11):432-4.

Lewis R, Edwards N. Improving length of stay: what can hospitals do?.
2015(https.//www.nuffieldtrust.org.uk/research/improving-length-of-stay-
what-can-hospitals-do.


https://www.kingsfund.org.uk/search?search=+Bringing+together+physical+and+mental+health%3A+A+new+frontier+for+integrated+care
https://www.kingsfund.org.uk/search?search=+Bringing+together+physical+and+mental+health%3A+A+new+frontier+for+integrated+care
https://www.audit.vic.gov.au/report/hospital-performance-length-stay
https://www.kingsfund.org.uk/publications/physical-and-mental-health
https://www.kingsfund.org.uk/publications/physical-and-mental-health
https://www.ncbi.nlm.nih.gov/books/NBK464548/
http://meteor.aihw.gov.au/content/index.phtml/itemId/612171
http://meteor.aihw.gov.au/content/index.phtml/itemId/612171
http://meteor.aihw.gov.au/content/index.phtml/itemId/344846
http://meteor.aihw.gov.au/content/index.phtml/itemId/344846
http://apps.who.int/classifications/icd10/browse/2016/en
http://apps.who.int/classifications/icd10/browse/2016/en
http://www.abs.gov.au/ausstats/abs@.nsf/DetailsPage/2033.0.55.0012011?OpenDocument
http://www.abs.gov.au/ausstats/abs@.nsf/DetailsPage/2033.0.55.0012011?OpenDocument
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/2033.0.55.001main+features100162011
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/2033.0.55.001main+features100162011
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/2033.0.55.001main+features100082011
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/2033.0.55.001main+features100082011
http://apps.who.int/classifications/icd10/browse/2016/en#/V
http://apps.who.int/classifications/icd10/browse/2016/en#/V
https://www.nuffieldtrust.org.uk/research/improving-length-of-stay-what-can-hospitals-do
https://www.nuffieldtrust.org.uk/research/improving-length-of-stay-what-can-hospitals-do

Siddiqui et al. BMC Health Services Research (2018) 18:498 Page 10 of 10

54.  Giandinoto JA, Edward KL. Challenges in acute care of people with co-
morbid mental illness. Br J Nurs. 2014;23(13):728-32.

55. DaSilva P, Gray JA. English lessons: can publishing an atlas of variation
stimulate the discussion on appropriateness of care? Med J Aust. 2016;
205(10):S5-7.

56. Vincent C, Burnett S, Carthey J.. Safety measurement and monitoring in
healthcare: a framework to guide clinical teams and healthcare
organisations in maintaining safety. BMJ Quality & Safety. 2014;,23:670-77.

57. Australian atlas of healthcare variation. [homepage on the internet]; 2016
Available from: http://www.safetyandquality.gov.au/atlas. [Internet]. 2016.

58.  Organisation for Economic Cooperation and Development (OECD).
Geographic Variations in Health Care: What Do We Know and What Can Be
Done to Improve Health System Performance?: OECD Publishing; 2014.

59.  World Health Organization. Multimorbidity: Technical Series on Safer Primary
Care. Geneva: World Health Organization; 2016.

60. Shefer G, Henderson C, Howard LM, Murray J, Thornicroft G, Dekel S.
Diagnostic Overshadowing and Other Challenges Involved in the Diagnostic
Process of Patients with Mental lliness Who Present in Emergency
Departments with Physical Symptoms — A Qualitative Study. 2014.

Ready to submit your research? Choose BMC and benefit from:

o fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

o gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions k BMC



http://www.safetyandquality.gov.au/atlas

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data and sources
	Study measures
	Statistical analysis

	Results
	Comparison of patient characteristics
	Comorbidity of mental illness and LOS variation

	Discussion
	Implications

	Conclusion
	Abbreviations
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

