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Background: Diabetes mellitus in hospital inpatients is most commonly present as a co-
morbidity rather than as the primary diagnosis. In some hospitals, the prevalence of co-
morbid diabetes mellitus across all inpatients exceeds 30%, which could add to complexity of
care and resource utilization. However, whether and to what extent co-morbid diabetes

mellitus contributes indirectly to greater hospitalization costs is ill-defined.

Aim: This study determined the attributable effect of co-morbid diabetes mellitus on hospital

resource utilisation in a General Internal Medical service in Melbourne, Australia.

Methods: We extracted data from a database of all General Internal Medical discharge
episodes from July 2012-June 2013. We fitted multivariable regression models to compare
patients with diabetes mellitus to those without diabetes mellitus with respect to

hospitalisation cost, length of stay, admissions per-year and inpatient mortality.

Results: Of 4,657 patients 1,519 (33%) had diabetes mellitus, for whom average
hospitalisation cost (AUD9,910) was higher than those without diabetes mellitus (AUD7,805).
In multivariable analysis this corresponded to a 1.22-fold (95% CI: 1.12 - 1.33, p < 0.001)
higher cost. Mean length of stay for those with diabetes was 8.2 days versus 6.8 days for
those without diabetes, with an adjusted 1.19-fold greater odds (95% CI: 1.06 - 1.33; p =

0.001) of staying an additional day. Number of admissions and mortality were similar.

Conclusion: Co-morbid diabetes mellitus adds significantly to hospitalisation duration and
costs in medical inpatients. Moreover, diabetes mellitus patients with chronic complications
had a greater-still cost and hospitalisation duration compared to those without diabetes

mellitus.
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Introduction

In 2011-2012, approximately 1 million Australians were diagnosed with diabetes mellitus (DM)

! In 2008-2009 it was estimated that total health sector expenditure for DM was AUD1,507

million (2.3% of Australia’s total health-expenditure); of which, in-hospital costs accounted for

roughly 43% (AUD647 million) > and represent the major driver of the current trajectory of
increasing healthcare costs from DM over recent years > >. However, existing estimates of

DM-related hospital costs have been derived from hospital data from patients admitted with
DM as a primary diagnosis, and do not account for more indirect effects on health costs that
might result from DM being present as a co-morbidity. A recent study demonstrated that in

Melbourne, overall DM prevalence in hospital inpatients was as high as 35% *. However, in

only a relatively small proportion of these was the admission primarily attributed to DM.
Therefore, DM in hospital inpatients is most commonly present as a co-morbidity rather than
as the defined primary diagnosis. Existing Australian cost of illness studies may have

significantly underestimated the real costs associated with inpatient care for DM.

We hypothesised that in Australian hospitals, co-morbid DM may add to health service
utilisation and costs in broader and more indirect ways than previously appreciated, including
in patients admitted for a range of conditions that may not necessarily be directly related to
their DM. We undertook a study to quantify the added health service utilisation and costs
attributable to DM (regardless of reason for admission) in a predominantly elderly, multi-

morbid population representative of Australia’s modern hospital population.
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Methods

Population

The study was conducted at Western Health, a tertiary-level health service with three major

hospital campuses in Melbourne, Australia.

Data source

A database at Western Health records patient age, sex, marital/spousal status, language
spoken at home and detailed ICD-10 coding information, including a single assigned “primary
diagnosis” and all co-morbidities ascribed to that patient during the admission. Inpatient
length of stay (LOS), calculated in days from admission until discharge from the health
service, is recorded, as are data on per-patient health service financial expenditure for each
admission. These data are derived from a clinical costing algorithm routinely applied to all
admission episodes with all costs summed to derive an individual clinical costing (ICC) that
represents the total financial expenditure by the health service for each individual patient

admission episode.

Inclusion and exclusion criteria

Data were extracted from all 5,944 discharge episodes from a total of 4657 patients on the
General Internal Medical (GIM) service between 1 July 2012 and 30 June 2013. These
included 847 patients who had more than one admission (590 patients had two and 257
patients had three or more admissions) within the 12-month study period. Because we were
primarily interested in total per-patient (rather than per-admission) health service utilisation,
repeated admissions occurring in the same patient were aggregated to a single record for

each patient (see below for further details).

Exposures of interest

The main exposure variable of interest was DM; a dichotomous variable created based on

whether or not the patient had ever had any DM-related ICD-10 diagnostic code defined at
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any admission during the study period. Each patient’'s complete list of ICD-10 codes was also
mapped to each of the co-morbidity groupings that constitute the Charlson’s Co-morbidity

Index (CCI) >®. This enabled us to define a CCl score for each patient, with modification

according to the presence of DM as described below. Routine ICD-10 coding procedures also
enable differentiation of DM with chronic complications from DM without chronic complications

(see appendix for further details) > °**.

Confounding variables

To control for potentially confounding factors we, a priori, selected variables that could
plausibly impact on the association between presence of DM and the outcomes defined
below. In addition to age, sex and smoking status (dichotomized as ever or never smoker),
we included spousal support, dichotomised into: “spousal support” (married or de facto) or “no
spousal support” (single, widowed, divorced or separated) as a surrogate of carer support at
home. As well, in our population, with high proportions of non-English speaking migrants,
complexities in delivering care (e.g. need for interpreter services) can contribute to treatment
delays and added costs, therefore we included language status (English versus another

language spoken at home).

Outcomes

We pre-specified the following four outcomes of interest for each patient: ICC, LOS, the
number of recurrent admissions (occurring in the same patient during the 12 month study
period), and in hospital mortality. The primary outcome variable, ICC, represents the total sum
of direct patient costs and overheads measured in Australian dollars (AUD) in 2012-2013.

Further details of how the outcomes were derived can be found in the Appendix.

Statistical methods

We fitted univariable and multivariable models to estimate the association between the patient
ever having DM and ICC, LOS, number of admissions and mortality. For ICC, we fitted

generalized linear regression models, with a gamma error distribution and log link ****; for
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LOS, we fitted ordinal logistic regression models; for the number of admissions we fitted

Poisson regression models; and for mortality we used logistic regression.

Despite the skewed nature of LOS and ICC data, mean values are often preferred indicators
of overall organisational expenditure. We estimated mean LOS and ICC, and the
corresponding 95% confidence intervals (95% Cls) using non-parametric bootstrap sampling
> Three thousand samples were taken for each confidence interval and bias corrected and

accelerated confidence intervals are presented > *°.

All analyses were done using Stata version 13.1 *°.

Ethical approval

The study was approved by the Western Health Human Research and Ethics Committee

(Approval no. QA 2014.24).
Results

Of 4,657 patients with complete data who were discharged from the GIM service between 1
July 2012 and 30 June 2013, 2,472 were female (53%), median age was 76 years (inter-
quartile range (IQR) = 62, 84), 283 (6%) died in hospital, and 1,519 (33%) had DM. Table 1
shows the characteristics of the patients by presence or absence of DM. There were similar
proportions of males/females, spousal support and ever smokers/never smokers, and a
similar median age in both groups. However, the proportion of patients aged 60 to 80 years
was higher for those with DM (n = 781; 51%) than those without DM (n = 1,073; 34%). As
expected, patients presenting with DM had a higher CCI (median = 3, IQR = 2, 5) compared
to those without DM (median = 1, IQR = 0, 2). However, the modified CCI Index, which
excluded DM as a comorbidity, was similar between those with DM (median =1, IQR =0, 3)

and those without DM (median = 1, IQR = 0, 2) (Table 1).

Insert table 1 here
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Individual clinical costs (ICC)
After aggregating for multiple stays, unadjusted average (95% CI) ICC per-patient with DM

was AUD9,910 (9,199 - 10,622) and for those without DM it was AUD7,805 (7,470 - 8,141).
Of the total costs for patients with DM 74% were attributed to direct hospital costs (medical,
nursing and allied health wages, ward consumables, theatre costs, drugs,
anaesthetics, pathology and imaging) and 26% to “hospital overheads” (utilities,
cleaning, medical records, finance, administration, security, information technology
and engineering). The proportion was the same for those without DM. The majority of direct
costs in both diabetic and non-diabetic admissions related to medical and nursing wages.
These and “hospital overheads” were likely to primarily reflect length of hospital stay. For
patients with DM with chronic complications the average ICC was AUD11,426 (10,495 —
12,358), compared to those with DM without chronic complications AUD7,225 (95% CI =
6,200 — 8,249). Patients with DM had a 1.22-fold increased relative ICC compared to those
without DM (95% CI = 1.12 - 1.33, p-value < 0.001) (Table 2). Further, patients with DM with
chronic complications had a 1.40-fold increased relative ICC compared to those without DM

(95% CI = 1.28 - 1.53, p-value < 0.001).

Insert table 2 here

Length of stay
After aggregating for multiple stays, average total LOS during the study period was 8.2 days

(95% CI = 7.7 - 8.8) in patients with DM and 6.8 days (95% Cl = 6.5 — 7.1) in patients without
DM. The LOS was longer for patients with DM with chronic complications (9.5; 95% Cl = 8.8
—10.2 days) compared to those with DM without chronic complications (6.0; 95% Cl = 5.1 —
6.9 days). Comparing patients with DM to those without, the odds were 1.19-fold greater
(95% CI = 1.06 - 1.33, p-value = 0.002) for staying an additional day, given the other variables
were held constant in the model (Table 2). Further, patients with DM with chronic
complications compared to those without chronic complications had a 1.56-increased odds

(95% CI = 1.37 - 1.78, p-value <0.001) of staying an additional day (Table 2).
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Number of admissions, mortality

The average total number of per-patient admissions for patients with DM with chronic
complications (1.48; 95% Cl = 1.42 — 1.54 admissions) was higher than for patients without
chronic complications (1.16; 95% CI = 1.12 — 1.20 admissions). After adjusting for the
potential confounding variables mentioned above, the total number of admissions was similar
between patients with and without DM (RR = 1.07, 95% Cl = 1.01 - 1.13, p = 0.022).
However, patients with DM with chronic complications had a greater number of admissions

(RR =1.15; 95% CI = 1.08 - 1.23, p-value < 0.001) compared to those without DM (Table 3).

In hospital mortality was similar between patients with and without DM (OR = 1.00, 95% CIl =
0.79 - 1.28, p-value = 0.974) (Table 3). However, patients with DM with chronic complications
had higher, although not statistically significant, odds of death (OR =1.27; 95% Cl = 0.98 -

1.65, p-value = 0.074) than those without DM.

Insert table 3 here
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Discussion
Our study highlights the high indirect attributable burden of DM on hospitalisation costs.

Although limited to a sub-group of non-surgical, non-obstetric hospitalised adults, the 33%
DM prevalence in GIM patients accorded well with previously documented DM prevalence

throughout our entire Health Service *. We found that, following adjustment for confounders,

patients with co-morbid DM had a 1.22-fold higher ICC and 1.19 fold odds of staying longer in
hospital. However, number of admissions and mortality risk were similar between the two
groups. Moreover, DM patients with chronic complications had a greater-still ICC (RR = 1.40),
a longer stay in hospital (RR = 1.56), more admissions (RR = 1.15) and a slightly increased

odds of in hospital mortality (OR = 1.27) compared to those without DM.

A number of studies have demonstrated the high societal and medical costs of DM from a

community perspective . However there exist few studies that have specifically quantified

20,21

hospital costs in patients with and without diabetes . Furthermore, previous reports within

Australia have looked at the average per-separation cost for people admitted with a primary
diagnosis related directly to DM. However our study looked at all patients with DM, not just
those admitted due to DM as primary diagnosis. This is reflected in the higher per-patient cost
reported in this study (AUD 9,910), compared to previous studies (AUD 8,368 in 2012 dollars
(extrapolated from 2008 data)) *. For our institution, with a catchment population of 650,000
(1.5% of the Australian population), the additional annual cost for 1500 GIM patients at AUD

2000 each is AUD 3,000,000 2. The cost implications for our own health service and for the

whole of Australia are clearly very large.

Strengths of our study included use of an ICC metric of cost representing a direct
measurement of health system expenditure for each individual patient, rather than a model-
based estimation of costs that is often employed in health care cost studies. Our methods
also enabled us to control for potential confounding variables. However we acknowledge that
the retrospective design may have failed to account for other potential confounders not

present in our dataset.
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Two possible major factors might underlie our findings of higher ICC and LOS in our patients
with DM. Firstly, it might reflect pathophysiological factors: DM could potentiate the risk of
nosocomial (such as hospital-acquired infection) and other complications more likely in
people with diabetes. Our finding that DM with chronic complications was associated with
even greater increased ICC and longer LOS than DM without chronic complications might be
consistent with this. Secondly, it might reflect organizational/system issues, contributing
especially to the longer LOS in DM. It seems likely that both factors are at play, however

dissecting the relative contributions of each is beyond the scope of this study.

Our study had a large sample size but was limited to a single Australian health service with
only three hospitals. The demographic characteristics of the catchment population are broadly
similar to the Australian population but are characterised by relative social disadvantage and
the highest population prevalence of diagnosed DM in the country (up to 6.6% compared to
the Australian national prevalence of 4.9%) **. As well, the demographic characteristics of the
participants with diabetes mellitus is similar to the characteristics of the Australian population

with diabetes mellitus . The three hospitals in our study appear to be similar to hospitals

across Australia. The top five principal diagnosis codes for our population (150, J18, J44, L0O3,
121) ranked as the 6" 1%t 2" 4"”, and 5™ most common non-obstetric, non-surgical hospital
codes in the AIHW hospital admissions dataset

(https://www.aihw.gov.au/reports/hospitals/australian-refined-diagnosis-related-groups-ar-

dr/contents/data-cubes, accessed 2 October 2017). Approximately 25% of all non-obstetric,

non-surgical adult inpatient admissions to Western Health are cared for by our GIM service —
a proportion similar to much hospital practice throughout Australia. Our population is therefore
representative of a significant proportion of the hospitalised population of Australia. However
we acknowledge that our data failed to capture a broader range of admission episodes,
especially in patients admitted for surgical conditions or cared for by medical sub-specialty
units (such as cardiology, nephrology etc.). It is not clear whether and to what extent our

findings might apply in these settings. It is also possible that some of the patients in our
study may also have been admitted to other hospital units within the duration of our

study thus incurring further costs. GIM patients are predominantly elderly, have high rates
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of multiple comorbidities and are admitted for a range of primary diagnoses, the most
common of which include community-acquired respiratory infection (including pneumonia),
exacerbations of chronic lung disease, acute congestive cardiac failure and cellulitis.
Undifferentiated presentations and admissions for social reasons or end-of-life care are also
common. It therefore might have been subject to unique factors present at our organisation.
However we hypothesise that the contributory factors may be ubiquitous throughout the

health system.

Additional limitations included the lack of data regarding other potential confounders such as

prescription and overall drug use 2. Our data were also subject to the accuracy of coding of

the diagnosis of DM in the clinical record and therefore there is the potential for differential

misclassification bias **. This could affect not only our definitions of patients with diabetes

versus those without but also our discrimination between those with “uncomplicated diabetes”
versus “diabetes with chronic complications”. Indeed recent studies in our setting have shown
that this approach may underestimate the real prevalence of diabetic complications (that
approaches 80% when determined by a carefully structured interview). Therefore our

comparisons between these two groups should be interpreted cautiously 4

Our study was limited to an analysis of direct hospital costs and should therefore be
considered a health cost study, rather than a health economic study per se. Analysis of
indirect health costs (including effects of iliness on income and productivity) were not
incorporated and we therefore have not addressed broader economic effects of diabetes at a

societal level in this study.

Our study effectively assigns an “attributable fraction” or “proportion” of excess costs of care
that can be related to diabetes. We hypothesise that this proportionality is determined by
ubiquitous factors related to diabetes clinical manifestations and its care requirements that
are likely to be broadly similar regardless of the setting. Therefore our adjusted 1.22-fold
higher estimate of hospital costs in DM patients suggests that we might expect to see a 22%

increased cost associated with DM in other settings as well.
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Conclusions

Our study found increased duration and costs of hospitalisation in the very large proportion of
our hospital inpatients who had DM. It suggests that DM contributes in an indirect but
quantitatively very significant way to overall hospital costs in our setting. This adds to
estimates of an overall 86% increase in health expenditure (from AUD 811 million to AUD

1,507 million) on diabetes in Australia between 2000-2001 and 2008-2009 . Future research

should aim to determine whether and to what extent system and/or patient factors are driving
these differences within the hospital. This might identify modifiable factors, both patient and

organisational, which would enable more cost effective healthcare delivery.
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Table 1: Characteristics of the 4,658 patients discharged from General Internal Medicine by presence
or absence of diabetes mellitus: 1 July 2012 to 30 June 2013.

Characteristics No diabetes Diabetes mellitus
mellitus
Number (%) or  Number (%) or
median [IQR]  median [IQR]
Total 3,139 1,519
Sex'
Males 1,415 (45) 770 (51)
Females 1,723 (55) 749 (49)
Age group (years) 76 [58, 85] 77 [68, 83]
<=60 865 (28) 208 (14)
60-80 1,073 (34) 781 (51)
>80 1,201 (38) 530 (35)
English speaking
No 668 (21) 539 (36)
Yes 2,471 (79) 980 (65)
Spousal support
No 1,729 (55) 712 (47)
Yes 1,410 (45) 807 (53)
Ever smoked
No 2,195 (70) 1,003 (66)
Yes 944 (30) 516 (34)
Charlson Comorbidity Index* 1[0, 2] 32, 5]
0 1,557 (50) 0 (0.0)
1-2 1,116 (36) 687 (45)
>2 466 (15) 832 (55)
Modified Charlson Comorbidity Index® 110, 2] 110, 3]
0 1,557 (50) 542 (36)
1-2 1,116 (36) 577 (38)
>2 466 (15) 400 (26)

Abbreviation: IQR = Inter-quartile range; 25" and 75" percentiles
T 1 person with missing data for sex has been removed from subsequent analyses.

*|CD-10 codes were mapped to the 19 comorbidity classifications comprising the CCI &7,

§ Analogous to Volk et al > Modified Charlson Comorbidity Index is derived by excluding diabetes

mellitus from the score.

Note, column totals might not sum to 100% because of rounding
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Table 2: Association between diabetes mellitus and (i) individual clinical costs and (ii) length of stay from multivariable models': 1 July 2012 to 30 June 2013.

Variable Individual clinical costs* Length of stay®
N (%) Relative increase P-value Odds ratio (95% Cl) P-value
(95% CI)
Diabetes Mellitus

No 3,138 (67.4) Ref - Ref -

Yes 1,519 (32.6) 1.28 (1.15, 1.43) <0.001 1.19 (1.06, 1.33) 0.002
Uncomplicated" 548 (11.8) 0.81 (0.69, 0.94) 0.007 0.76 (0.65, 0.89) 0.001
Complicated 971 (20.9) 1.70 (1.49, 1.93) <0.001 1.66 (1.37, 1.78) <0.001

Sex
Males 2,185 (46.9) Ref - Ref -
Females 2,472 (53.1) 0.89 (0.80, 0.98) 0.019 0.94 (0.85, 1.05) 0.267
Age group (years)
<=60 1,072 (23.0) Ref - Ref -
60-80 1,854 (39.8) 1.54 (1.35, 1.76) <0.001 1.46 (1.27, 1.68) <0.001
>80 1,731 (37.2) 1.47 (1.28, 1.68) <0.001 1.48 (1.29, 1.70) <0.001
English speaking

No 1,206 (25.9) Ref - Ref -

Yes 3,451 (74.1) 0.85 (0.76, 0.96) 0.007 0.89 (0.79, 1.00) 0.049
Marital status

No 2,440 (52.4) Ref - Ref -

Yes 2,217 (47.6) 0.94 (0.85, 1.04) 0.220 0.90 (0.81, 1.00) 0.044
Ever smoked

No 3,197 (68.6) Ref - Ref -

Yes 1,460 (31.4) 1.53 (1.37,1.71) <0.001 1.56 (1.39, 1.75) <0.001

T Multivariable models have been adjusted for the covariates in the table (i.e. diabetes (yes/no), sex, age, English speaking, marital

status, and smoking).

*Estimated from a generalised linear model with a gamma error distribution and log-link function

$ Estimated from an ordinal logistic regression analysis. Note, p-value from Brant test of parallel regression assumption is 0.153,

suggesting no evidence against the null hypothesis that regression assumption of proportional odds has been violated.
Uncomplicated: Diabetes mellitus without chronic complications

*Complicated: Diabetes mellitus with chronic complications
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Table 3: Associations from multivariable models' between diabetes mellitus and (i) total number of admissions' and (ii)
mortality*: 1 July 2012 to 30 June 2013.

Variable Total number of admissions* Mortality®
N (%) Relative increase (95% CI) P-value  Odds ratio (95% Cl)  P-value
Diabetes Mellitus

No 3,138 (67.4) Ref - Ref -

Yes 1,519 (32.6) 1.07 (1.01, 1.13) 0.022 1.00 (0.79, 1.28) 0.974
Uncomplicated" 548 (11.8) 0.91 (0.84, 0.99) 0.032 0.55 (0.35, 0.85) 0.008
Complicated’ 971 (20.9) 1.156 (1.08, 1.23) <0.001 1.27 (0.98, 1.65) 0.074

Sex
Males 2,185 (46.9) Ref - Ref -
Females 2,472 (53.1) 1.00 (0.94, 1.05) 0.891 0.67 (0.52, 0.85) 0.001
Age group (years)
<=60 1,072 (23.0) Ref - Ref -
60-80 1,854 (39.8) 1.11 (1.03, 1.19) 0.005 3.94 (2.37, 6.56) <0.001
>80 1,731 (37.2) 1.11 (1.03, 1.19) 0.005 8.03 (4.90, 13.15) <0.001
English speaking

No 1,206 (25.9) Ref - Ref -

Yes 3,451 (74.1) 0.91 (0.85, 0.96) 0.001 0.99 (0.77, 1.27) 0.940
Spousal support

No 2,440 (52.4) Ref - Ref -

Yes 2,217 (47.6) 0.98 (0.93, 1.03) 0.377 0.89 (0.70, 1.14) 0.365
Ever smoked

No 3,197 (68.6) Ref - Ref -

Yes 1,460 (31.4) 1.24 (1.17,1.31) <0.001 1.02 (0.79, 1.32) 0.877

"Multivariable model has been adjusted for the covariates in the table (i.e. diabetes (yes/no), sex, age, English speaking, marital status, and smoking)
*Association for total number of admissions was estimated from a Poisson regression analysis.
$Association for mortality was estimated from a logistic regression analysis.

TUncomplicated = Diabetes mellitus without chronic complications; Complicated = Diabetes mellitus with chronic complications
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