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Abstract

Objective:

To evaluate the cost-effectiveness of biphasic insulin lispro mix 75/25 (LM75/25) and mix 50/50 (LM50/50)

compared with a long-acting analog insulin (LAAI) regimen from the perspective of a US healthcare

payer.

Methods:

A published computer simulation model of diabetes was used to evaluate the cost-effectiveness of LM75/25

and LM50/50 vs a LAAI (insulin glargine) from the perspective of a US healthcare payer. Treatment effects in

terms of HbA1c benefits were taken from a recent meta-analysis. Direct medical costs including pharmacy,

complication, and patient management costs were obtained from published sources. All costs were

expressed in 2010 US dollars and future costs and clinical benefits were discounted at 3% per annum.

Sensitivity analyses were performed.

Results:

LM75/25 and LM50/50 were associated with improvements in life expectancy of 0.08 and 0.09 years,

improvements in quality-adjusted life expectancy of 0.07 quality-adjusted life years (QALYs) and 0.08 QALYs

and increases in cost of US$ 1724 and US$ 1720, respectively, when compared with LAAI.

Limitations:

The base case analysis did not capture mild or serious hypoglycemia on the grounds that the hypoglycemia

rate odds ratios failed to reach statistical significance in the meta-analysis. In addition, the baseline cohort

characteristics were based on an insulin-naı̈ve population, as opposed to the cohorts in the meta-analysis,

which were heterogeneous with regard to insulin treatment history.

Conclusions:

Based on a recently published meta-analysis, biphasic analog insulins are likely to improve clinical outcomes

and reduce costs vs LAAIs in the long-term treatment of type 2 diabetes patients in the US.

Introduction

The chronic and progressive nature of type 2 diabetes, the increasing incidence
and prevalence of the condition, and the numerous comorbidities associated
with the disease have resulted in a significant clinical and economic burden
worldwide. A recent study by Zhang et al.1 estimated the total global economic
burden of diabetes to be US$ 376 billion in 2010 (expressed in 2005 US$),
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representing �12% of global healthcare expenditure. The
study predicted that diabetes expenditure in the US alone
would constitute 52.7% of the global healthcare spend on
diabetes, with the US incurring the highest expenditure in
both absolute and per capita terms (US$ 198 billion total
and US$ 7383 per diabetes patient, respectively).
Accounting for differences in the respective costing meth-
odologies, these US figures are in line with 2007 estimates
from the American Diabetes Association (ADA), which
placed total US expenditure on diabetes at US$ 174 bil-
lion2. The ADA study also reported that diabetes compli-
cations are the largest single driver of costs in patients with
type 2 diabetes, incurring an estimated US$ 58 billion in
2007, exactly one-third of the total estimated US expen-
diture on diabetes. In comparison, �12% of expenditure
was attributable to diabetes medications.

The progressive nature of diabetes means that, whilst
patients can often be initially managed with diet and exer-
cise alone, there is generally a need to add glucose-low-
ering medications over time3. In the majority of cases,
patients will ultimately initiate insulin therapy having
failed to achieve or sustain glycemic targets with lifestyle
modifications and one or more oral anti-diabetic agents
(OADs). Insulin and insulin analogs therefore remain as
a cornerstone of diabetes treatment.

Although US data suggest that the proportion of dia-
betes patients receiving insulin therapy decreased between
1997–2007 (a phenomenon that is likely attributable to
the increasing incidence of the condition, which inflates
the number of patients in the early stages of diabetes ther-
apy), a high proportion of insulin-using patients in the US
are using analog insulin as opposed to human insulin4. A
recent study by Bonafede et al.5 reported that 88.1% of
patients initiating a basal insulin regimen in the US started
therapy using analog insulin. Whilst the proportion of
patients initiating a biphasic regimen with analog insulin
was lower, the costs associated with prescription of the
insulin analogs are significant. Given the substantial
expenditure on basal and biphasic insulins and the ongoing
demand for analog insulins, we sought to compare the cost-
effectiveness of two commonly-used analog insulin regi-
mens in the US. Numerous health economic analyses
have been published comparing different basal analog insu-
lin regimens and their human insulin counterparts6–10.
In the present analysis, we therefore sought to focus
on an area where there is currently a paucity of health
economic data, namely the comparison of long-acting
analog insulin (LAAI) with biphasic analog insulin.
Specifically, the analysis is focused on the comparison of
Humalog� Mix75/25TM (biphasic insulin lispro mix 75/25;
Eli Lilly and Company, Indianapolis, IN) and Humalog�

Mix 50/50TM (biphasic insulin lispro mix 50/50; Eli Lilly
and Company) with a LAAI regimen (insulin glargine;
Lantus�; Sanofi-Aventis, Paris, France). Biphasic insulin
lispro mix 75/25 (LM75/25) is comprised of a 75/25 mix of

insulin lispro protamine suspension and insulin lispro mix
injection, whereas biphasic insulin lispro mix 50/50
(LM50/50) is comprised of the same basal and prandial
insulin components, but in a 50/50 mix.

Cohort and methods

Model

The analysis was performed using the CORE Diabetes
Model (CDM; IMS Health, Basel, Switzerland), a pub-
lished and validated model of type 1 and 2 diabetes. A
detailed overview of the model is provided by Palmer
et al.11,12 In summary, the CDM is a web-based, product-
agnostic diabetes policy analysis tool which simulates the
progression of diabetes, taking into account intensive or
conventional insulin therapy, screening and treatment
strategies for microvascular complications, end-stage com-
plications, and multifactorial interventions. The model
comprises a series of inter-dependent semi-Markov
sub-models that simulate mortality and diabetes-related
complications (including angina, myocardial infarction,
congestive heart failure, stroke, peripheral vascular
disease, diabetic retinopathy, macula edema, cataract,
hypoglycemia, ketoacidosis, lactic acidosis, nephropathy
and end-stage renal disease, neuropathy, foot ulcer, and
amputation). Each sub-model uses time, state, time-
in-state, and diabetes type-dependent probabilities derived
from published sources. The memory-less properties of
standard Markov models are overcome using Monte
Carlo simulation with tracker variables, which also
allows inter-connectivity and interaction between the
individual complication sub-models.

Simulation cohort and treatment effects

For the base case analysis, baseline cohort characteristics
were derived from published sources to represent a typical
US diabetes cohort taking OADs, but ready to initiate
insulin as per ADA/European Association for the Study
of Diabetes (EASD) consensus guidelines (Table 1)13.
Data were sourced primarily from a 2008 study by
Tunis and Minshall14, which investigated the cost-
effectiveness of self-monitoring of blood glucose
(SMBG) in the US14–23. In cases where no US-specific
data were available (systolic blood pressure and proportion
of patients with neuropathy at baseline), UK-centric or
global data were used as a surrogate.

Treatment effects in the base case were taken from a
systematic review and meta-analysis published by Qayyum
et al.24 in 2008 (Table 2). The meta-analysis reported
weighted mean differences in changes in post-prandial glu-
cose (PPG), fasting-plasma glucose (FPG), and HbA1c for
LAAI and premixed human insulin in comparison with
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three premixed analog insulins (LM75/25, LM50/50,
and biphasic insulin aspart 70/30). The present analy-
sis focused on the comparison of LM75/25 and LM50/50
with LAAI.

The Qayyum et al.24 meta-analysis also reported odds
ratios for the incidence of hypoglycemia (classified as seri-
ous, mild, symptom-only, and unclassified). However,
owing to the nature of hypoglycemia reporting in the stud-
ies included in the meta-analysis (and the lack of statistical
significance in the odds ratios for severe hypoglycemia),
only changes in HbA1c were factored into the base-case
analysis (the CDM does not have the ability to model
long-term risk based on PPG or FPG). A series of sensitiv-
ity analyses were performed to establish the impact of
minor/mild hypoglycemia on cost-effectiveness outcomes.

Costs, discounting, and time horizon

The analysis was performed from the perspective of a US
healthcare payer (e.g. a managed care organization).
Direct medical costs including pharmacy costs, costs asso-
ciated with diabetes-related complications, and concomi-
tant patient management costs (e.g. aspirin, statins, and
angiotensin-converting enzyme inhibitors) were obtained
from published sources or, in the case of insulin costs, pro-
vided by the study sponsor (Table 3)25,26. Where neces-
sary, costs were inflated to 2010 US dollar (USD) values
using the medical component of the consumer price index
for all urban consumers, as published by the US Bureau of
Labor Statistics (Table 3). In the base case analysis it was
assumed that the cost of insulin glargine was representative
of the cost of a LAAI. It was also assumed that patients
took an average of 40 IU per day, regardless of insulin reg-
imen, in line with the defined daily dose published by the
World Health Organization (WHO)27 for long-acting
insulins and analogs. The base case analysis omitted
costs of OADs, as their inclusion would have no effect
on incremental outcomes.

The base case analysis was run over a time horizon of 35
years to capture all relevant long-term complications and
associated costs and to assess their impact on life expec-
tancy and quality-adjusted life expectancy. All future costs
and clinical outcomes were discounted at a rate of 3% per
annum in line with published guidance in the US setting28.

Table 1. Baseline cohort demographics and characteristics.

Characteristic Value Reference

Demographics and risk factors
Start age (years) 62.8 Tunis et al.9

Duration of diabetes
(years)

12.0 Tunis et al.9

Percentage male (%) 58.0 Tunis et al.9

HbA1c (%) 8.6 Tunis et al.9

SBP (mmHg) 139.6 Brändle et al.10

Total cholesterol (mg/dL) 210.0 Tunis et al.9

HDL-cholesterol (mg/dL) 44.0 Tunis et al.9

LDL-cholesterol (mg/dL) 122.0 Tunis et al.9

Triglycerides (mg/dL) 237.0 Tunis et al.9

Body mass index (kg/m2) 32.0 Tunis et al.9

Proportion smokers (%) 20.7 Tunis et al.9

Cigarettes per day 16.8 Palmer et al.11

Alcohol consumption
(fl oz/week)

5.57 Palmer et al.12

Ethnic group (%)
White 67 Tunis et al.9

Black 8 Tunis et al.9

Hispanic 7 Tunis et al.9

Native American 8 Tunis et al.9

Asian/Pacific Islander 1 Tunis et al.9

Baseline CVD complications (%)
History of MI 10.8 Tunis et al.9

History of angina 11.2 Nathan et al.13

History of PVD 14.0 Tunis et al.9

History of stroke 8.8 Tunis et al.9

History of CHF 8.2 Tunis et al.9

History of atrial fibrillation 0.75 Tunis and Minshall14

History of LVH 4.2 Jones et al.15

Baseline renal complications (%)
History of

microalbuminuria
28.2 CDCP16

History of gross proteinuria 7.6 CDCP16

History of end-stage renal
disease

0.4 CDCP16

Baseline retinopathy complications (%)
History of background

diabetic retinopathy
39.0 Nathan et al.13

History of proliferative
diabetic retinopathy

3.0 Nathan et al.13

History of severe vision
loss

2.2 Nathan et al.13

Baseline eye disease (%)
History of macular edema 4.0 Nathan et al.13

History of cataract 14.0 Nathan et al.13

Baseline neuropathy, ulcer, and amputation (%)
History of neuropathy 40.0 NIAAA17

Uninfected ulcer 10.5 NDDG18

History of amputation 2.6 NDDG18

CDCP, centers for Disease Control and Prevention; NIAAA, National Institute
on Alcohol Abuse and Alcoholism; CHF, congestive heart failure; CVD, car-
diovascular disease; HbA1c, glycated hemoglobin; HDL, high density lipo-
protein; LDL, low density lipoprotein; LVH, left ventricular hypertrophy; MI,
myocardial infarction; PVD, peripheral vascular disease; SBP, systolic blood
pressure.

Table 2. Treatment effects used in the base case analysis
(Qayyum et al.24)19.

Effect Change from baseline HbA1c,
% (95% CI)

Long-acting analog insulin 0 (UKPDS Outcomes Model)
LM75/25 (vs long-acting

analog insulin)
�0.33 (�0.48 to �0.17)

LM50/50 (vs long-acting
analog insulin)

�0.40 (�0.65 to �0.15)

CI, confidence interval; HbA1c, glycated haemoglobin; LM75/25, insulin
lispro mix 75/25; LM50/50, insulin lispro mix 50/50.

Journal of Medical Economics Volume 15, Number 4 August 2012

768 Cost-effectiveness of biphasic insulin lispro mix75/25 and mix50/50 Pollock et al. www.informahealthcare.com/jme ! 2012 Informa UK Ltd

Jo
ur

na
l o

f 
M

ed
ic

al
 E

co
no

m
ic

s 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
M

r.
 R

. F
. P

ol
lo

ck
 o

n 
02

/0
4/

13
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



Sensitivity analyses

A series of univariate sensitivity analyses were performed
to assess the robustness of the base case findings. The influ-
ence of time horizon on the outcomes projected by the
model was investigating by running analyses over 5, 10,
20, and 30 years (from the 35-year base case analysis).
Similarly, the effect of discount rates on future costs and
clinical outcomes were investigated through analyses in
which they were set (symmetrically) to 0 and 6% per
annum. As hypoglycemia was not included in the base
case analyses, sensitivity analyses were performed in
which minor hypoglycemia rates in the long-acting basal
analog arm were set to representative values from the
Qayyum et al.24 meta-analysis. Rates in the LM75/25 and
LM50/50 arm were then set to a value derived from these
using the odds ratios presented in the Qayyum et al.24

meta-analysis (1.83 [95% confidence interval 0.92–3.67]
for LAAI compared with premixed analog insulin). While
minor hypoglycemic events were not assumed to incur any
cost from the healthcare payer perspective, a disutility of
�0.0033 was applied for each event29. In terms of clinical

effectiveness, another two sensitivity analyses were
performed in which the HbA1c change was set to
either end of the 95% confidence intervals from the
meta-analysis (from the mean HbA1c change used in the
base case).

Two sensitivity analyses were performed to evaluate the
effect of over- or under-estimating the unit costs of diabe-
tes complications used in the analysis, which increased and
decreased the values used by 10% from the base case costs.
Pharmacy costs were not altered in these sensitivity anal-
yses. However, two separate analyses were performed in
which the pharmacy costs (excluding patient management
such as aspirin and statins) in both arms were increased
and decreased by 10%. This was to establish the magnitude
of the effect of variations in insulin pricing on model out-
comes. All other costs remained the same as in the
base case.

Finally, the base case analysis used the default method
of quality-adjusted life expectancy estimation6. Two
sensitivity analyses were performed in which the estima-
tion method was switched to use the tariff-based UKPDS
tobit model estimation formula or a multiple regression

Table 3. Direct medical costs associated with complications, treatment, and patient management.

Cost (US$) Cost per
IU (US$)

Annual
cost (US$)

Reference

Complication
Myocardial infarction, year of event 16,412 Harris21

Myocardial infarction, each subsequent year 1506 Harris21

Angina, year of onset 4566 Harris21

Angina, each subsequent year 539 Harris21

Congestive heart failure, year of onset 12,438 Harris21

Congestive heart failure, each subsequent year 4315 Harris21

Stroke, year of event 6995 Harris21

Stroke, each subsequent year 572 Harris21

Annual cost of peripheral vascular disease 4003 Harris21

Annual cost of hemodialysis 1424 Harris21

Annual cost of peritoneal dialysis 17,561 Harris21

Kidney transplant, first year 10,928 Harris21

Kidney transplant, each subsequent year 5966 Harris21

Ketoacidosis, event 168 Harris21

Lactic acid, event 10,971 Harris21

Laser treatment 781 Harris21 (Derived)
Cataract operation 617 Harris21

Blindness, first year 1102 Harris21

Blindness, each subsequent year 78 Harris21

Neuropathy, first year 1733 Harris21

Neuropathy, each subsequent year 443 Harris21

Amputation, procedure 7121 Harris21 (Derived)
Amputation, prosthesis 1279 Phillips et al.20

Gangrene treatment 11,153 Harris21

Infected foot ulcer 5241 Harris21

Insulin costs
Long-acting analog insulin (Lantus) 0.0929 1356.54
Humalog Mix25 0.1076 1572.04
Humalog Mix50 0.1076 1572.04

ACE, angiotensin converting enzyme; IU, international units.
All costs are presented in 2010 US$.
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formula from the University of Michigan (based on the
self-administered quality of well-being (QWB-SA)
instrument)30,31.

Results

Long-term clinical outcomes

Using effectiveness data from the Qayyum et al.24 meta-
analysis, the base case analysis found both LM75/25 and
LM50/50 to be associated with improvements in life
expectancy and quality-adjusted life expectancy when
compared with LAAI (Table 4). Specifically, Mix25 and
Mix50 were found to increase life expectancy by 0.08 years
and 0.09 years relative to LAAI over a 35-year time hori-
zon, respectively. In terms of quality-adjusted life expec-
tancy, Mix25 and Mix50 resulted in increases of 0.07
quality-adjusted life years (QALYs) and 0.08 QALYs rel-
ative to LAAI, respectively. The mean time until onset of
all modeled diabetes complications was higher with Mix25
and Mix50 than with LAAI. Consequently, the mean time
alive and free of complications increased to 0.39 years with
Mix25 and Mix50, from 0.37 years with LAAI.

Costs and cost-effectiveness

Direct medical costs were higher in the LM75/25 and
LM50/50 arms in comparison with the LAAI arm over
the 35-year time horizon (Table 5). Overall costs were
US$ 1724 higher with LM75/25 than with LAAI and
US$ 1720 higher with LM50/50 than with LAAI. The
higher costs were driven by increased costs of insulin
treatment and patient management in the LM75/25 and
LM50/50 arms relative to LAAI. However, these increased
costs were partially offset by reductions in costs associated
with cardiovascular, renal, and ocular complications and
costs of treating ulcer and neuropathy.

Evaluation of cost-effectiveness showed that LM75/25
and LM50/50 would yield incremental cost-effectiveness
ratios of US$ 28,580 and 23,150 per QALY gained relative
to LAAI, respectively. Incremental cost-effectiveness scat-
ter plots for the LM75/25 and LM50/50 comparisons are
shown in Figures 1 and 2, respectively. The scatterplots
present the incremental costs vs incremental effectiveness
(QALYs gained) for LM75/25 and LM50/50 vs LAAI and
show 1000 mean values, each representing a cohort of
1000 patients run through the model. Data from the scatter

Table 4. Long-term economic and clinical outcomes associated with the use of LM75/25 and LM50/50 vs long-acting analog insulin.

LM50/50 LAAI Difference

Undiscounted life expectancy (years) 9.86 (0.21) 9.71 (0.21) þ0.15 (0.28)
Discounted life expectancy (years) 7.91 (0.15) 7.82 (0.15) þ0.09 (0.20)
Undiscounted quality-adjusted life expectancy (QALYs) 6.19 (0.14) 6.08 (0.13) þ0.11 (0.17)
Discounted quality-adjusted life expectancy (QALYs) 5.01 (0.10) 4.93 (0.10) þ0.08 (0.13)
Direct medical costs (US$) 41,848 40,128 þ1720
Incremental cost-effectiveness ratio (US$ per QALY gained) 23,150

LM75/25
Undiscounted life expectancy (years) 9.83 (0.22) 9.71 (0.21) þ0.12 (0.29)
Discounted life expectancy (years) 7.89 (0.15) 7.82 (0.15) þ0.07 (0.21)
Undiscounted quality-adjusted life expectancy (QALYs) 6.17 (0.14) 6.08 (0.13) þ0.09 (0.19)
Discounted quality-adjusted life expectancy (QALYs) 5.00 (0.10) 4.93 (0.10) þ0.07 (0.13)
Direct medical costs (US$) 41,852 40,128 þ1724
Incremental cost-effectiveness ratio (US$ per QALY gained) 28,580

Future costs and clinical benefits were discounted at 3% per annum unless otherwise indicated. Values shown are means with standard deviations in parentheses.
QALY, quality-adjusted life year, US$, 2010 US dollars; LM50/50, insulin lispro mix 50/50; LM75/25, insulin lispro mix 75/25.

Table 5. Direct medical costs associated with LM75/25 and LM50/50 vs long-acting analog insulin over patient lifetimes.

Cost (2010 US$) LM75/25 LAAI Difference LM50/50 LAAI Difference

Treatment 13,570 11,609 þ1961 13,599 11,609 þ1990
Management 3290 3267 þ23 3295 3267 þ28

Complications
Cardiovascular 19,090 19,266 �176 19,068 19,266 �198
Renal 606 673 �67 598 673 �75
Ulcer, amputation, and neuropathy 4360 4367 �7 4372 4367 �5
Eye 926 946 �20 917 946 �29

Total 41,852 40,128 þ1724 41,848 40,128 þ1720

LAAI, long-acting analog insulin; LM50/50, insulin lispro mix 50/50; LM75/25, insulin lispro mix 75/25.
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plots were used to generate acceptability curves, which
showed that, at a willingness to pay threshold of US$
50,000 per QALY gained, there was an 84% probability
that both LM75/25 and LM50/50 would be considered
cost-effective in comparison with LAAIs.

Sensitivity analyses

A series of sensitivity analyses were performed to assess the
robustness of the base case findings and determine the key
drivers of the results. For both LM75/25 and LM50/50, the

only scenarios in which the mean LM75/25 and LM50/50
cost-effectiveness outcome (relative to LAAI) did not fall
in the upper right of the cost-effectiveness plane were the
scenarios in which the incidence of mild hypoglycemia was
altered (Tables 6 and 7). Using the mean and upper limit
of the 95% confidence intervals for the odds ratio of mild
hypoglycemic events for LM75/25 and LM50/50 treatment
arms vs LAAI (1.83 and 3.67, respectively) negated the
incremental benefit in quality-adjusted life expectancy
observed in the base case analysis. However, using the
lower bound of the 95% confidence interval (0.92) led
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Figure 1. Scatter plot of incremental costs vs incremental effectiveness of LM75/25 vs long-acting analog insulin.
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Figure 2. Scatter plot of incremental costs vs incremental effectiveness of LM50/50 vs long-acting analog insulin.
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to an increased incremental effectiveness in comparison
with the base case (0.08 QALYs compared with 0.07
QALYs in the base case) in the LM75/25 vs LAAI com-
parison. Similarly, in the LM50/50 vs LAAI comparison
the corresponding improvement was 0.09 QALYs, vs 0.07
QALYs in the base case.

Sensitivity analyses were also performed around the
HbA1c benefit associated with LM75/25 and LM50/50.
Specifically, the HbA1c change was varied between the
upper and lower bounds of the 95% confidence intervals
reported by Qayyum et al.24 With LM75/25, the lower
bound of the 95% confidence interval (i.e., the ‘worst
case’ scenario) yielded an improvement in quality-adjusted
life expectancy of 0.04 QALYs relative to LAAI, accom-
panied by an increase in lifetime direct medical costs of
US$ 1820, giving an ICER of US$ 54,164 per QALY
gained. The upper bound of the 95% confidence interval
resulted in an improvement in quality-adjusted life expec-
tancy of 0.09 QALYs with LM75/25 on increased costs of
US$ 1610, giving an ICER of US$ 18,623 per QALY
gained when compared with LAAI. With LM50/50, the
lower bound yielded an ICER of US$ 48,769 per QALY
gained, whilst the upper bound resulted in an ICER of US$
12,533 per QALY gained.

A number of sensitivity analyses were run in which the
time horizon was shortened relative to the base case anal-
ysis. Performing the analyses over shorter time horizons
reduced the cost-savings and effectiveness benefits
observed with both LM75/25 and LM50/50 vs LAAI, but
only the 5-year analysis with LM75/25 vs LAAI resulted in
an ICER higher than US$ 50,000. Increasing the time
horizon of the simulations led to greater cost savings in
the LM75/25 and LM50/50 treatment arms, primarily
due to a reduction in the number of end-stage complica-
tions with LM75/25 and LM50/50 vs LAAI.

The impact of using different methods of quality-
adjusted life expectancy estimation was also investigated
in sensitivity analyses. Using the University of Michigan
QWB-SA-based method resulted in higher ICERs than
the base case analyses in the case of LM75/25 (US$
32,042 per QALY gained) and LM50/50 (US$ 25,432
per QALY gained). Conversely, switching to the
UKPDS tariff-based tobit model resulted in ICERs lower
than the base case analyses of LM75/25 (US$ 27,182 per
QALY gained) and LM50/50 (US$ 21,592 per QALY
gained). Analyses around the annual cost and clinical dis-
count rates showed that increasing the discount rate to 6%
was less favorable to LM75/25 and LM50/50, increasing
the ICER by US$ 2910 per QALY gained in the case of
LM75/25 and US$ 1923 per QALY gained in the case of
LM50/50. Conversely, setting the discount rate to 0%
lowered the ICERs to US$ 26,033 per QALY gained for
LM75/25 vs LAAI and to US$ 21,496 per QALY gained
for LM50/50 vs LAAI. Finally, increasing and decreasing

the cost of diabetes complications by 10% had a minimal
effect on the ICER

Discussion

Based on effectiveness data from the Qayyum et al.24 study,
the present analysis indicated that, in the US setting,
LM75/25 and LM50/50 would be associated with improved
clinical outcomes in comparison with the basal-only LAAI
regimen. A series of one-way sensitivity analyses showed
that the base case results were largely insensitive to
changes in a number of the key modeling assumptions.
However, changes in assumptions regarding the incidence
of minor hypoglycemic events had a considerable impact
on patients’ quality-of-life (and ergo quality-adjusted life
expectancy) in the analysis. Notably, in scenarios that used
the mean and upper limits of the odds ratios for mild
hypoglycemic event rates for LM75/25 and LM50/50 vs
LAAI, the quality-of-life benefits observed in the base
case analyses were negated and the biphasic mixes were
dominated by LAAI. As has been noted in previous
studies, any increase in the incidence of mild hypoglyce-
mia associated with the biphasic mixes is likely driven
by the rapid-acting component, which is responsible for
the significantly improved postprandial glucose control
observed with premixed insulin relative to LAAIs24.

The current study has a number of limitations that
should be acknowledged. Firstly, incidence of hypoglyce-
mia was excluded from the base case analysis. The ratio-
nale for this omission was 3-fold. Firstly, the odds ratios for
mild and serious hypoglycemia rates in LAAIs vs biphasic
mixes, as reported in the Qayyum et al.24 meta-analysis,
failed to reach statistical significance. This finding is in
line with a previous systematic literature review of
LAAIs vs pre-mixed analog insulins, which reported sim-
ilar severe and nocturnal hypoglycemia rates in the two
regimens32. Secondly, the meta-analysis only presented
aggregate data for all pre-mixed analog insulins including,
for example, biphasic insulin aspart as well as LM75/25 and
LM50/50. Finally, the meta-analysis only examined the
incidence of hypoglycemia in a small number of studies,
which (as Qayyum et al.24 noted) exhibited considerable
heterogeneity in terms of their definitions and reporting of
hypoglycemia. Indeed, a number of the studies were not
statistically powered to detect differences in hypoglycemic
event rates. This high prevalence of heterogeneity in
hypoglycemia reporting has also been acknowledged by
other study authors. For example, in a recent meta-analysis
designed to identify optimal insulin regimens, Lasserson
et al.33 noted that it was not possible to perform a pooled
analysis of hypoglycemia rates owing to variations in def-
initions and under-reporting of measures of dispersion.

A second limitation that should be noted is the use of
data from a meta-analysis of short-term clinical data to
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make long-term projections. The aim of the present study
was to generate a realistic estimate of the long-term value
of patients taking LM75/25 or LM50/50 vs LAAI. To this
end, we believe the Qayyum et al.24 meta-analysis repre-
sents the most comprehensive review of the relative effec-
tiveness of these modern analog insulins. In terms of the
uncertainty around making long-term projections from
short-term data, this remains an essential part of much
health economic modeling and, in the absence of long-
term clinical trial data, represents the best available
option in the health economist’s arsenal. Whilst there
may still be doubt around the accuracy of the clinical pre-
dictions, the use of an extensively published and validated
model of type 2 diabetes goes some way to mitigating these
concerns.

One final potential criticism of the present study lies in
the simulation cohort, which was based primarily on a US
cohort used in a recent cost-effectiveness analysis of
SMBG by Tunis and Minshall14. The mean baseline
HbA1c, age, gender breakdown, and ethnicity distribution
of the cohort used in the Tunis and Minshall14 study were
taken from an insulin-naı̈ve cohort 2006 study into SMBG
by Karter et al.34 (other parameters came from US-specific
sources such as the National Health and Nutrition
Examination Survey). Of the 45 studies included in the
Qayyum et al.24 meta-analysis, only 10 trials were con-
ducted exclusively in insulin-naı̈ve patients (compared
with 25 studies exclusively in insulin-treated patients,
one study which enrolled a mix and nine in which the
history of insulin treatment was not specified). However,
the sensitivity analyses in which the modeled HbA1c ben-
efit was set to either boundary of the 95% confidence inter-
vals showed that LM75/25 and LM50/50 retained their
cost-effective status relative to LAAI, suggesting that the
fundamental findings of the present study would likely
remain unchanged in cohorts with differing histories of
diabetes medication use.

Conclusions

Based on the findings of a recent meta-analysis into the
effectiveness of pre-mixed insulin analogs in type 2 diabe-
tes, LM75/25 and LM50/50 were projected to increase life
expectancy and quality-adjusted life expectancy relative to
LAAI in the US. Whilst lifetime direct medical
costs would also increase with LM75/25 and LM50/50,
the increase in quality-adjusted life expectancy yielded
ICERs of US$ 28,580 and US$ 23,150 per QALY
gained, respectively. Based on commonly quoted willing-
ness-to-pay thresholds, this would represent good value for
money in the US setting and the increased costs associated
with LM75/25 and LM50/50 should not represent a barrier
to reimbursement.
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