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Abstract

Background The identification of cost-effective glycaemic
management strategies is critical to hospitals. Treatment
with a basal-bolus insulin (BBI) regimen has been shown
to result in better glycaemic control and fewer complica-
tions than sliding scale regular insulin (SSI) in general
surgery patients with type 2 diabetes mellitus (T2DM), but
the effect on costs is unknown.

Objective We conducted a post hoc analysis of the RAB-
BIT Surgery trial to examine whether total inpatient costs
per day for general surgery patients with T2DM treated
with BBI (n = 103) differed from those for patients with
T2DM treated with SSI (n = 99) regimens.

Methods Data were collected from patient clinical and
hospital billing records. Charges were adjusted to reflect
hospital costs. General linearized models were used to
estimate the risk-adjusted effects of BBI versus SSI treat-
ment on average total inpatient costs per day.

Results Risk-adjusted average total inpatient costs per day
were $US5404. Treatment with BBI compared with SSI
reduced average total inpatient costs per day by $US751
(14%; 95% confidence interval [CI] 20—4). Being treated in
a university medical centre, being African American or
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having a bowel procedure or higher-volume pharmacy use
significantly reduced costs per day.

Conclusions In general surgery patients with T2DM, a
BBI regimen significantly reduced average total hospital
costs per day compared with an SSI regimen. BBI has been
shown to improve outcomes in a randomized controlled
trial. Those results, combined with our findings regarding
savings, suggest that hospitals should consider adopting
BBI regimens in patients with T2DM undergoing surgery.

Key Points for Decision Makers

This is the first study to show that a basal-bolus
insulin regime compared with sliding scale insulin
reduces total hospital costs per day by 14% among
general surgery patients with type 2 diabetes
mellitus.

These findings, combined with data from the
randomized controlled trial showing that basal-bolus
insulin improves outcomes, suggest that hospitals
should consider the adoption of BBI.

1 Introduction

Diabetes mellitus is a common, serious and expensive
condition that incurred costs estimated at $US245 million
in the USA in 2013, with hospital expenditures accounting
for 43% of the total [1]. Observational studies and ran-
domized controlled trials (RCTs) have documented that
hyperglycaemia and diabetes are associated with poor
outcomes in hospital patients [2, 3], including increased
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rates of multi-organ system failure [4], infection [5, 6] and
mortality [7-9]. Glycaemic control management pro-
grammes have been shown to reduce the occurrence of
these events [10] and hospital costs in both critical care and
cardiac patients [4, 11-13]. However, data regarding the
impact that improved glycaemic control can have on costs
for general surgical patients with type 2 diabetes mellitus
(T2DM) in non-intensive care unit (ICU) settings who have
undergone a wide array of procedures are very limited.

Changes in the payment policies of Medicare, the US
insurer for people aged >65 years, mean hospitals face
significant penalties of amounts up to 3% of all Medicare
payments if infection or readmission rates for five condi-
tions exceed the risk-adjusted projected rates for the hos-
pital [14]. As patients with diabetes are at increased risk for
both, improved clinical management of this group is
increasingly important [15].

Furthermore, Medicare is moving toward bundled or
fixed payments for a care episode, which means reim-
bursement will be determined by diagnosis rather than
actual resources used by a particular patient during a hos-
pital stay [16]. This payment system places hospitals at
increased financial risk for patients with more expensive
conditions [17]. In this environment, patients with poorly
managed diabetes present a substantial liability as they are
known to generally have more costly inpatient stays than
those without the condition [18].

The RABBIT 2 Surgery trial was a multicentre RCT that
investigated a basil-bolus insulin (BBI) regimen compared
with a sliding scale insulin (SSI) regimen for managing
T2DM in adults (» = 211) undergoing general (non-cardiac)
surgery. The study was a 2-year study initiated in December
2007 and followed patients during a single hospitalization or
an index hospital stay at which they were enrolled in the trial
[19]. The trial was powered on its primary outcome mea-
sures: daily blood glucose levels and a composite of post-
operative complications, including wound infections.

Patients were randomly assigned to receive either (1)
BBI with glargine once daily and glulisine before meals or
(2) the standard regimen of SSI administration four times
daily for a blood glucose level of >140 mg/dl. The time-
frame for the intervention was a single or index hospital-
ization, meaning the hospitalization at which they were
enrolled in the trial. The trial is noteworthy as participants
had a wider range of diagnoses than earlier studies.

The study found that patients treated with BBI had
significantly better post-surgery glycaemic control (144.9
vs. 174.2 mg/dl), fewer wound infections (2.9 vs. 10.3%)
and a lower percentage of post-operative complications
(8.6 vs. 24%) than those treated with SSI [10, 19]. Current
clinical guidelines now recommend the use of BBI in
general surgery patients specifically to help manage dia-
betes and hyperglycaemia [20, 21].

A\ Adis

Given the improvement in clinical outcomes with the
use of BBI, financial data for participants in the RABBIT 2
Surgery trial were gathered and combined with demo-
graphic and clinical information for analysis to determine
whether BBI compared with SSI treatment translated into
inpatient hospital savings.

The study was a cost analysis conducted from the hos-
pital perspective, and financial data were gathered for
length of hospital stay (LOS) for each participant. Given
the improved outcomes documented in the RABBIT 2
Surgery trial, should BBI prove to be cost neutral or to
generate cost savings, it would be a dominant strategy [22].
The Institutional Review Board at Emory University
approved this study.

2 Methods
2.1 Data Sources and Elements

Clinical data were retrieved from patients’ electronic
medical records. Data on hospital costs and service uti-
lization for pharmacy were obtained from the billing
departments at the two participating institutions: (1) Emory
University Hospital, a tertiary care university medical
centre linked with a medical school and involved in the
training of physicians and (2) Grady Memorial Hospital, a
public community teaching hospital and level 1 trauma
centre. Both are located in Atlanta, GA, USA.

Data extracted from the medical records included
diagnoses based on the International Statistical Classifi-
cation of Diseases and Related Health Problems (ICD-9),
Current Procedural Terminology (CPT) codes and Medi-
care Severity diagnosis-related group (MS-DRG) codes,
which form the basis of hospital billing to insurers [23].
Information was also collected on age, race, sex, treatment
facility and inpatient LOS. Patient baseline health status
was measured through the American Heart Association
Classification of Functional Capacity and Objective
Assessment (AHA score), commonly used in hospitals
[24].

Patients were admitted under 109 different DRGs.
Although the DRG system is run by the Medicare pro-
gramme, all patient admissions are classified using DRGs
regardless of whether the patient is insured by Medicare.
To further capture variations in patient health status, we
created variables for whether or not patients were classified
under the two most common DRGs: (1) DRGs 329-331,
representing major and minor bowel procedures (n = 20)
and (2) DRGs 406407, representing pancreas, liver and
shunt procedures (n = 26). In addition, mean number of
pharmacy units consumed was also included as a proxy
measure of patient health status.
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ICD-9 data were missing for over 10% of patients, so
they were not used in the calculations because of the
impact on sample size and because they may not have been
missing in a random fashion.

Total inpatient charges during the index hospitalization
were collected for each patient. Charges represent the
amounts billed by hospitals for each service provided. They
do not represent the amounts reimbursed by payers or the
actual costs to the hospital of providing the service. Rather,
charges are what the hospitals bill insurers for the cost of
the hospital stay [25].

Per cost-effectiveness study recommendations, charges
were converted to costs using Medicare cost-to-charge
ratios [26]. These ratios are derived from cost reports
submitted by hospitals to the Center for Medicare and
Medicaid Services (CMS) to help the agency establish
reimbursement rates [27]. We applied the institution-
specific Medicare cost-to-charge ratio as found in patient
billing records. Thus, we refer to hospital costs in our
evaluation. All costs were calculated in $US and converted
from year 2011 values by adjusting for inflation using
standard methods. This resulted in a 19% price increase to
allow for reporting in year 2015 values' [28].

2.2 Statistical Methods

The dependent variable in the model was average total
inpatient costs per day, calculated as total inpatient costs/
LOS. Model covariates comprised the treatment group and
several measures of patient health status, including the
AHA severity score, whether or not the patient underwent
bowel or pancreatic and liver procedures, and utilization of
pharmacy items.

Other covariates were age, race, sex and site of care. The
latter was included for two reasons: (1) although charges
were converted to costs at each institution using the cost-
to-charge ratio, the base cost structure is likely to differ
between facilities given their distinct types; (2) physician
care practices may differ at each facility, which may
impact on costs through effects on service utilization and
mix [29].

We used non-parametric Wilcoxon tests (or Kruskal—
Wallis tests) for continuous variables and Chi squared tests
(or Fisher’s exact test) for categorical variables to compare
base values by treatment group. As recommended for small
cost datasets, generalized linear models (GLMs), specified
as Gamma distributions with a log-link function, were used
to identify the effect of BBI treatment on costs and uti-
lization [30]. The f coefficients on the control variables,
were exponentiated, E[y|x.z]| = y = exp(f5), where y equals

' Value($)zy= Value($)py [CPIgy/ CPIpy)] where BY base year, PY
past year, CPI consumer price index.

costs or use, x equals treatment group and z equals control
variables, to allow interpretation of the coefficient as
multiplicative effects. Model fit was assessed by the
squared deviance divided by degrees of freedom, and
1.00 £ 0.13 was viewed as an acceptable range [31, 32].
Statistical analyses were performed using SPSS (v23) [33].
A p value <0.05 was considered significant.

3 Results

Of the 211 patients in the RABBIT Surgery trial, 202 were
included in this cost analysis (99 in the BBI group and 103
in the SSI group). Five patients were excluded because of
incomplete financial data, and four were treated by another
facility. Table 1 provides data on a range of patient char-
acteristics, including blood glucose levels, treatment loca-
tion, costs and utilization rates. Significant differences
between the treatment groups are shown in the last column
of the table.

As expected, based on their randomization in the
RABBIT 2 trial, the two groups were well matched in
terms of demographic and clinical factors. The mean age of
participants was 58.5 years, half of the sample was female
and 55% were African American. Mean total hospital costs
were $US29,104 and mean LOS was 9 days. Neither dif-
fered significantly between the treatment groups.

Table 2 shows the multivariate results for average total
hospital costs per day. Estimated total inpatient costs per
day were $US5404. Treating patients with BBI versus SSI
reduced costs per day by $US771 [14%; 95% confidence
interval (CI) 20—4]. Receiving treatment at a university
medical centre as against a public hospital reduced costs by
22% for a savings of $US1190 per day. Being African
American reduced average total costs per day by 44%,
having a DRG related to bowel procedures by 33%, and
having a relatively high volume of pharmacy use by 1%, a
very small effect size. All values were significant at
p < 0.05.

4 Discussion

The results of this cost analysis show that treatment with a
BBI compared with an SSI regimen in general surgery
patients with T2DM lowered the average total inpatient
hospital costs per day by 14%. This finding is significant
given results from the RABBIT 2 trial found that BBI
improves outcomes. This, combined with the results that
show BBI regimens also reduce costs, indicate that hospi-
tals should consider adopting the BBI approach. This is
notable, because prior studies have focused on patients
with similar conditions, such as cardiac ailments, or being
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Table 1 Patient characteristics, location, cost and utilization by the full sample and comparisons between treatment groups

Characteristics Full sample Basal-bolus regimen Sliding scale regimen p values®
Patients (n) 202 99 103
Age, (years) 585+ 114 589 £ 12.7 58.1 £0.20 0.612
Female sex 104 (50) 50 (50) 54 (51) 0.892
African American race 113 (55) 55 (55) 58 (55) 0.518
Admission blood glucose, mg/dl (n £ SD) 186.7 £ 90.2 192.2 £+ 102.4 181.4 £ 77.1 0.68
Randomization blood glucose, mg/dl (n £+ SD) 197.5 £ 54.7 198.9 + 50.8 196.1 £ 58.5 0.49
Blood glucose after surgery, mg/dl (n & SD) 159.9 £+ 43.6 1449 £ 31.7 174.2 £ 48.5 <0.001
Treated at University Medical Center 102 (50) 49 (49) 52 (50) 0.498
American Heart Association Classification of 1.61 £ 0.56 1.61 £+ 0.58 1.63 £ 0.54 0.776
Functional Capacity score
Total inpatient costs™ 24457 + 18359 23226 + 18745 25641 + 17991 0.132
Length of stay (days) 9.00 £+ 7.79 8.97 £+ 8.60 9.0 + 6.97 0.957
Inpatient costs per day® 4541 4+ 18359 3907 £+ 6606 3724 £ 4020 0.813
Intensive care unit room costs 468 + 2083 432 + 2491 462 + 1487 0.916
Days in intensive care unit 0.38 (1.93) 0.25 (0.88) 0.51 (2.61) 0.342
Used intensive care unit 26 (13) 11 (11) 25 (14) 0.341
Number of pharmacy prescriptions 187 + 182 173 + 167 203 £+ 196 0.247
Primary diagnosis-related group
Major and minor bowel procedures (%) 13.7 14.4 13.0 0.467
Pancreas, liver and shunt procedures (%) 9.9 7.6 12.1 0.280

Data are presented as mean + standard deviation (SD) or n (%) unless otherwise specified. All costs are presented as $US®. mg/dl micrograms

per decilitre

BY base year, CPI consumer price index, PY past year, SD standard deviation

* p values refer to comparisons between treatment groups

® All costs converted from year 2011 values to year 2015 values based on following formula: Value($US)gzy=

Value($US)py [CPlgy /CPlpy)] where

¢ Converted total mean inpatient costs from $US24457 to $US29103

4" Converted cost per day from $US5409 to $US5404

Table 2 Multivariate analysis Covariates B Coefficent (95% CT) p value Exp f

of the mean total inpatient cost

per day Intercept 8.599 (8.146-9.053) 0.000 4541
Basal bolus insulin regime —0.152 (—0.299 to 0. 005) 0.043 0.86
University medical centre location —0.247 (—0.439 to —0.059) 0.010 0.78
Age 0.003 (—0.004 to 0.010) 0.421 NS
African American race —0.417 (—0.578 to —0.256) 0.000 0.65
Female sex —0.051 (—0.214 to 0.111) 0.536 NS
American Heart Association score 0.008 (—0.132 to 0.148) 0.911 NS
Bowel-related diagnosis-related group —0.263 (—0.499 to —0.027) 0.029 0.77
Pancreas-related diagnosis-related group —0.179 (—0.437 to 0.070) 0.174 NS
Level of pharmacy utilization —0.001 (—0.0012 to —0.008) 0.000 0.0008

CI confidence interval, NS not significant
% Reported in the text in $US, year 2015 values: $US5404

treated in specific settings such as an ICU rather than in a

generalized setting.

Our findings are in accord with other analyses of gly-
caemic management programmes in that we found
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decreased costs [12, 13]. These interventions are very
inexpensive, which is critical; one study reported net sav-
ings of $US1885 per day from an ICU management pro-
gramme [11]. Overall inpatient average cost estimates
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reported here are also similar to those for the state of
Georgia, USA, in 2014 ($US1588) [34]. While many fac-
tors produce the differences in these values, one is our
focus on patients with diabetes.

Receiving care at a university medical centre rather than
a public hospital reduced overall costs by 22%. This
facility effect may be attributable to a number of factors.
Differences in the base cost structure likely exist between
facilities. Grady Memorial Hospital, a teaching hospital,
level 1 trauma centre is likely to have a higher cost base
than Emory University Hospital. Differences in care
practices may have also affected care pathways, ultimately
resulting in differences in use and costs of resources.
Together, these factors strongly suggest that controlling for
multiple facility effects, where applicable, is warranted and
is an important area for further investigation.

Regarding other covariates, age and sex had no impact on
average total costs per day, while being African American
reduced them substantially. This latter effect may be partly
due to differences in the disease profiles between African
American and White populations occurring during the study
time period. These may not have been fully captured by the
available health status measures. More African Americans
were treated at Grady Memorial Hospital, where care
practices may differ from those at Emory University
Hospital and but not be fully captured by the facility vari-
ables. This area warrants further exploration.

Two health status measures were significant: having a
bowel procedure and the volume of pharmacy utilization.
The results indicate that bowel procedures are relatively
less expensive than procedures under different DRGs,
including diseases related to cancer, heart procedures,
stroke and amputations. Increased pharmacy utilization
reduced overall costs, but the effect was very small. This
suggests that pharmacy use may impact costs by improving
patient health status and thereby reducing overall costs.
Data on the items used are needed for further exploration of
this relationship.

Adopting a BBI regimen and thereby reducing costs
would also potentially help hospitals adapt to new Medicare
payment policies. The RABBIT 2 Surgery trial found BBI
reduced complications, including hospital-acquired infec-
tions and pneumonia, two conditions for which Medicare is
fining hospitals if they occur above the expected risk-ad-
justed rate [10, 16]. Furthermore, as BBI lowers costs for
patients with diabetes, hospital financial risks under bun-
dled payment systems are likely reduced. Medicare is
levying penalties for readmissions within 30 days for select
conditions. Data were not available on readmission rates,
but this is an important area for further research.

Our findings reflect the limitations of the RABBIT 2
Surgery trial. The sample size is small and represents
patients from two distinct urban medical centres located

in the south of the USA. Thus, these results may not be
generalizable to general hospitals with a different patient
mix, mission, staff make-up or cost structure. Partici-
pants had been diagnosed with diabetes and were under
the care of a physician. Undiagnosed cases may have a
different result. Also, our measures of symptom severity
may not have fully captured the underlying health status
of the patient. Furthermore, missing data precluded
including specific diagnoses in the analysis. These results
should be confirmed in a larger, more diverse sample.

5 Conclusions

In spite of the limitations, our results strongly suggest that
a BBI glycaemic management strategy is worth pursing
because it may reduce costs. Work has also documented
that it improves a range of outcomes in a general surgery
population. Use of a BBI regimen may also help hospitals
reduce infection costs, and thereby avoid current Medicare
penalties, and reduce patient costs, which is a key goal
should fixed per-patient payments become the norm.
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