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Abstract

Aim:
The aim of this analysis was to investigate total healthcare costs, HbA1c, and weight changes over a
36-month period in patients with type 2 diabetes initiated on NPH or long-acting insulin analogs.

Methods:

Electronic patient data from 479 general practices in the UK (THIN database) were examined for new users of
glargine (n=794), detemir (n=252), or NPH insulin (n= 430). Annualized healthcare costs and clinical
outcomes in years 1, 2, and 3 following insulin initiation were quantified and compared with baseline, using
ANOQVA and linear regression models.

Results:

A significant difference (p< 0.05) in total healthcare costs increases at year 1 vs baseline was observed
between glargine and detemir, detemir and NPH, but not between glargine and NPH (increase: +£486,
+£635, and +£420 for glargine, detemir, and NPH users, respectively). However, increases by year 3 were
not significantly different between the insulins. A propensity score analysis comparing analog and NPH
insulin showed that, following insulin initiation, increases in costs were higher with insulin analogs at year
one (+£220), but this difference decreased over time in each year following insulin initiation (+-£168 and
+£146, respectively, for years 2 and 3). HbA1c reductions were not significantly different between the
groups at all time points. Differences in weight gain between glargine and NPH were statistically significant
at year 1 (0.87 kg vs 1.11kg) and year 3 (1.15kg vs 1.57 kg), but other estimates of between-group
differences in weight gain were non-significant.

Conclusions:

Following insulin initiation, the difference in healthcare costs of long-acting analogs compared to NPH insulin
was transient. By year 3, the cost differences were not significantly different between the two cohorts, driven
by an observed reduction in the cost of self-monitoring of blood glucose (SMBG) in the analog group and an
increase in the cost of bolus insulin in the NPH group.

Introduction

Type 2 diabetes mellitus (T2DM) is characterized by a progressive loss of beta-
cell function, insulin resistance, and/or insulin deficiency', which in many
patients may necessitate the use of insulin in order to achieve adequate glycemic
control. In patients with poorly controlled diabetes, early initiation of insulin
therapy is associated with a significant reduction in the risk of diabetes-related
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complications and slower disease progression, and may
facilitate long-term euglycemia®’. In view of the rising
prevalence of T2DM* and the increased emphasis on
early insulin initiation among patients with T2DM,
there has been significant interest in evaluating the
safety, efficacy, and cost-effectiveness of insulin therapy
in T2DM>°.

A number of insulin products are currently available
that address variability in patient needs and response to
treatment. The long-acting insulin analogs, glargine
(Lantus) and detemir (Levemir), have a smooth, compara-
tively peakless, action profile; clinical trials have demon-
strated that these analogs also have a similar effect on
glycated hemoglobin (HbA1lc) levels to treatment with
Neutral Protamine Hagedorn (NPH) insulin, but with a
significantly reduced incidence of nocturnal hypogly-
cemia’®. However, these insulin analogs are more expen-
sive than NPH insulin and their use has come under
scrutiny. The Quality, Innovation, Productivity, and
Prevention (QIPP) program aims to make efficiency sav-
ings in the National Health Service. One of its key thera-
peutic topics includes the QIPP prescribing comparator’,
which aims to report and target for a reduction in the ratio
of insulin analog in relation to NPH usage for the treat-
ment of patients with T2DM'®, but does not provide any
clear indication of what ratio would be appropriate. This
prescribing measure is based on the notion that NPH insu-
lin is cheaper than insulin analogs and, hence, represents a
target for cost saving in the NHS. Whilst this is true for the
direct acquisition cost of insulin, the broader costs of treat-
ment, utilization of healthcare resources, and clinical
safety need to also be considered!”.

To this end, data on real world cost and clinical out-
comes for long-acting human insulin vs insulin analogs in
the UK are necessitated but are not presently available.
A previous study using a US health insurance administra-
tive database has reported reductions in the risks of hypo-
glycemia and total healthcare costs in favor of insulin
glargine compared with NPH insulin'®. However, this
study did not evaluate changes in cost and glycemic con-
trol beyond 2 years of follow-up. In another study con-
ducted from the German statutory health insurance
perspective, insulin analog treatment was associated with
significantly less use of bolus insulin and blood glucose
testing strips, compared with NPH!?. Therefore, there is
an urgent need to examine the comparative effects of insu-
lin therapy on healthcare utilization, and the related costs
and effectiveness, for more extended periods, based on the
UK perspective.

The primary objective of this study was to estimate the
real world total healthcare costs of treatment with insulin
glargine, insulin detemir, and NPH insulin (and the rela-
tive contribution of the individual cost components) over
the 36-month (3-year) period following insulin initiation
in a population of T2DM, compared to the 12-month
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period prior to insulin initiation. Secondary objectives
examined changes in HbAlc levels, body mass index
(BMI), and hypoglycemia in patients initiating insulin
treatment, both between the insulin groups and within
group differences following initiation of therapy.

Materials and methods
Study design

This was a retrospective analysis of routinely collected pri-
mary care data from the UK. The principle analysis was a
comparative assessment of costs and outcomes in the
12 months prior to and 36 months post-insulin initiation.

Data and case selection

The data for this study came from the Health
Improvement Network (THIN), a database of electronic
medical records entered by general practitioners in the
UK'". THIN currently contains the electronic medical
records of 9.1 million patients (3.4 million active patients)
collected from ~500 General Practices across the UK. At
the time of analysis, data were available for the period
1988-2010. Patients in THIN are similar in age, gender,
and geographical characteristics to the general UK popu-
lation. THIN data contains information on past and cur-
rent medical diagnoses (using the read code system),
prescribed medications (based on the British National
Formulary [BNF]), and data recorded from laboratory
tests and other clinical investigations.

This study included patients with T2DM who were
insulin-naive, and were initiated onto treatment with
either glargine, detemir, or NPH. Patients were selected
from the THIN database based on the presence of read
codes specific to T2DM, or the presence of data indicating
prescriptions for diabetes-specific medications. Of the
patients identified as having T2DM, the study included
only individuals not requiring insulin for at least 12
months from diagnosis; people requiring insulin within
6-12 months of diagnosis had to be aged 40 years of age
or over to be included as a patient. In order to be included
in the analysis, patients were also required to have met the
following criteria: first prescribed insulin was NPH, glar-
gine, or detemir; registered with their practice for at least 1
year; aged less than 80 years; at least 6 months of history of
using NPH, glargine, or detemir; HbAlc levels >7% and
<12% at baseline; no history of use of dipeptidyl peptidase-
4 (DPP-4) inhibitors, glucagon-like peptide-1 (GLP-1)
agonists, or pre-mixed insulin in the study period; and no
diabetes-related complications prior to the time of insulin
initiation (defined as coronary artery disease, heart failure,
stroke disease, neuropathy, foot ulcer, retinopathy, macu-
lar edema, cataract, or nephropathy).

www.informahealthcare.com/jme  © 2014 Informa UK Ltd
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Data collected on patient characteristics (covariates)
included age, sex, HbAlc, comorbidities (asthma, chronic
obstructive pulmonary disease [COPD], or cardiovascular
disease [CVD]), diabetes-related complications, bolus
insulin use, fasting plasma glucose levels, BMI, and socio-
economic status (Townsend score: 1=lowest and 5=
highest level of deprivation for geographical areas).

Total healthcare cost incorporated the costs of insulin
(principle basal insulin and short-acting bolus insulins),
oral anti-diabetic =~ medications, anti-hypoglycemic
agents (e.g. glucose and glucagon), devices used in the
self-monitoring of blood glucose (e.g. reagents, test
strips), sharps (e.g. lancets, injections, syringes), laboratory
tests (e.g. blood glucose and urine analysis), general prac-
titioner visits (surgery and home visits), nurse visits (dia-
betes specialist nurse and practice nurse), lipid lowering
drugs, anti-hypertensive drugs, and hospitalizations
(e.g. admissions attributed to diabetes). Unit costs for
the various measures of resource utilization were extracted
from published sources. The prices of individual drugs were
taken from BNF 63 (published March 2012)". Where
drugs are being withdrawn from NHS use, prescriptions
dates were extracted from the THIN database and
mapped to the corresponding BNF schedule. Unit costs
associated with hospital visits and healthcare worker
assessments were sourced from Unit Costs of Health and
Social Care 2011'°, and those associated with laboratory
tests and procedures were obtained from NHS reference
costing schedules!”. Costs were inflated to current prices at
the time of the analysis using HM Treasury GDP Deflator
(£,2011)"8.

Statistical methods

The primary analysis compared two groups: analog and
NPH insulins. Propensity score analysis was used to
adjust for differences between the groups at baseline in
estimating annualized total costs. For the propensity
score estimation, logistic regression analysis was used to
estimate the probability of being treated with an insulin
analog (treatment) or NPH insulin (control), based on
statistically significant pre-treatment covariates, selected
from age, sex, HbAlc, fasting plasma glucose levels, BMI,
comorbidities, Townsend scores, and the total cost of
treatment in the year prior to insulin initiation.
Individual propensity scores were used in two ways: (i) in
univariate analysis and (ii) in multivariate analysis. First,
the total cost of treatment in each year surrounding insulin
initiation was statistically summarized after adjusting for
differences between the groups. Second, the propensity
score, reflecting differences between groups at baseline,
was included in a multivariate analysis alongside time-
dependent covariates.

© 2014 Informa UK Ltd  www.informahealthcare.com/jme

Secondary analyses compared the costs and clinical out-
comes associated with initiation of the three treatment
groups: glargine, detemir, and NPH. Changes in total
cost for each insulin group were estimated in multivariate
regression analyses, adjusting for differences in covariates
(age, sex, HbAlc, fasting plasma glucose levels, BMI,
Townsend scores, comorbidities, and diabetic-related
complications) between the groups. Further, in sub-group
analyses the cost per 1% reduction in HbAlc was assessed
for the first and third years compared to baseline.
Additionally, the total cost associated with each of the
three insulin groups were determined, stratified by those
that did not receive a prescription for a bolus insulin in the
3 years following insulin initiation (basal only group), and
those that received at least one prescription for a bolus
insulin any time in the 3 years post-initiation (basal/
bolus group).

An additional analysis assessed the contribution of the
various healthcare resource categories to each individual
estimate for the main outcome variable (total cost).

Model specification was based on a stepwise general to
specific selection methodology where non-significant vari-
ables (and interaction terms) were excluded at the 0.05
level of testing. Imputed data formed the basis of the pri-
mary and secondary analyses. Multivariate model selection
was based on the statistical significance of individual cov-
ariates and the F-test for overall model significance.
Missing values for the outcome variable (total cost) and
covariates (including HbAlc and BMI) were imputed in a
regression model that produced five complete (multiple
imputation) datasets; estimates were obtained for each
imputed data set and combined using Rubin’s methods
for the combining of estimates from multiple imputation
data-sets to generate a single estimate. The additional ana-
lysis examining the relative contribution of each resource
utilization category to total cost was based on non-imputed
data. All analyses were undertaken in Stata version 11
including the procedures psmatch2 for the propensity
score analyses and the mi commands for multiple imput-
ation of missing data'®. In the descriptive analyses, the
statistical significance of between-group comparisons was
based on one-way analysis of variance; pairwise compari-
sons were based on Bonferroni, Scheffe, and Sidak tests or
the chi’ statistic. The statistical significance of within- and
between-group comparisons of changes over time for cost,
HbAlc, and BMI were based on linear regression models.

Results

Patient characteristics
Of the T2DM patients identified, a total of 1476 met the

criteria for analysis, with 794 initiated onto glargine,
252 initiated onto detemir, and 430 initiated onto
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Table 1. Baseline characteristics.?

Glargine Detemir NPH Total p value*
People, n (%) 794 (53.79) 252 (17.07) 430 (29.13) 1476 (100)
Age (years) 57.38 (11.57) 56.36 (12.75) 56.01 (12.18) 56.81 (11.97) 0.129
Sex (% male) 56.42 53.57 50.93 54.34 0177
Townsend score (quintiles, 0-5)° 2.88 (1.42) 2.77 (1.43) 2.83 (1.33) 2.85 (1.40) 0.020
Clinical
HbA1c (%)° 9.85 (1.64) 10.23 (1.80) 9.95 (1.70) 9.94 (1.70) 0.022
BMI (kg/m?) 29.06 (5.23) 29.16 (5.07) 28.82 (4.59) 29.02 (5.05) 0.815
Weight (kg)® 82.72 (16.62) 84.42 (18.51) 82.24 (16.13) 82.91 (16.85) 0.497
Hypoglycemic events—all®
Number of episodes 6 1 2 9 0.736
Mean no. episodes per patient 0.01 (0.09) 0.00 (0.06) 0.005 (0.07) 0.01 (0.08)
Hypoglycemic events—severe®
Number of episodes 0 0 0 0 -
Mean no. episodes per patient - - - - -
Comorbidities
Number 58 14 37 109 0.849
Mean no. per patient 0.07 0.06 0.09 0.07

Baseline characteristics for the quarter (3 month period) prior to insulin initiation. Data are mean =4 SD unless specified otherwise.
®Data missing for 11 people. Townsend score 1 = lowest and 5 = highest level of deprivation for geographical areas.

“Data missing for 466 people.
9Data missing for 729 people.

®Data missing for 1467 people. Events recorded over the 12 months prior to insulin initiation.
*Qne-way analysis of variance, F-statistic (Prob.> A for between groups variation and Chi? statistic.

NPH insulin. Patients (mean = standard deviation) were
56.81 £11.97 years of age, with a starting HbAlc of
9.94 +£1.70, a BMI of 29.02 £5.05, and 54% were male.
There was a statistically significant difference in starting
levels of HbAlc between the groups (Table 1). The pro-
portion of patients that received only basal insulin therapy
over the 3 years following treatment initiation was 52%;
the remaining 48% of patients (35%, 43%, 73%,
glargine, detemir, NPH, respectively) received at least
one prescription for bolus insulin in the 3-year period
post-initiation (Figure 1).

Data were extracted from THIN in quarterly periods;
the degree of missing data ranged from < 1% (Townsend
score) to 32% (HbAlc) and 49% (BMI and weight); see
Table 1. Data describing episodes of hypoglycemia were
not well captured, likely due to the poor recording of these
events in the THIN database. On this basis, hypoglycemia
was excluded as an outcome.

Primary analysis: comparison of analog and NPH
insulin

Annualized total cost—propensity score matching

Total healthcare costs for each period surrounding insulin
initiation were estimated using a propensity score match-
ing analysis, which obtained 430 matched pairs (860
cases), as well as 616 treated subjects for which controls
could not be found. The groups were generally well
balanced with respect to age, sex, bolus insulin use, and

HbAlc levels (Table 2).
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Table 2. Baseline characteristics after propensity score measure (mean).

Treated Control p value*
Age (years) 58.39 57.26 0.001
Sex (% male) 56 51 0.001
Townsend score? 2.86 2.83 0.531
HbA1c (%) 8.90 9.00 0.001
BMI? (kg/m?) 29.65 29.73 0.566
Comorbidities 0.04 0.06 0.001
FPG2 (mmol/l) 9.59 9.72 0.258

*<0.05 suggests groups are well balanced.
#The absolute imbalance is small.
BMI, body mass index; FPG, Fasting Plasma Glucose.

There was a statistically significant difference in total
healthcare costs between analogs and NPH insulin in the
period surrounding insulin initiation. In the year prior to
initiation (year 0), patients that went on to receive an
insulin analog were more costly than those going on to
receive NPH insulin (+£105; p<0.05). Total healthcare
costs were higher with insulin analog-treated patients than
those receiving NPH in each year following initiation;
however, the cost differential of insulin analogs vs NPH
decreased in each post-initiation year (+£220, +£168, and
+4£146 during years 1, 2, and 3, respectively) (Table 3).

A second propensity score analysis included the esti-
mated propensity scores in a multivariate analysis along-
side other covariates, in order to control for differences
between the groups over time. Similar to the first analysis,
total healthcare costs increased for analogs and NPH insu-
lin post-initiation compared to pre-initiation; all changes
vs baseline were statistically significant (p<0.05).

www.informahealthcare.com/jme  © 2014 Informa UK Ltd
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Table 3. Multivariate analyses of total cost, £ (mean): propensity score matched.

Analogs (a) NPH (b) Difference (a — b),
(n=430) (n=1430) mean (SE)*
yr0 (year prior to insulin initiation) 594 489 105 (33)
yr1 post-initiation 1129 909 220 (46)
yr2 post-initiation 1052 885 168 (55)
yr3 post-initiation 1045 898 146 (43)
Change from baseline (mean)
yr1 vs yr0 534 420
yr2 vs yr0 458 396
yr3 vs yr0 451 409
Change from baseline (mean) (PS included in multivariate analysis)
yr1 vs yr0 437 313
yr2 vs yr0 364 294
yr3 vs yr0 39 315

SE, standard error; yr, year; yr0, baseline.
*Differences at each year are statistically significant, p<0.05.

Table 4. Analyses of total cost, £ (mean, SE).

Univariate Glargine Detemir NPH Prob. > F-statistic (pairwise significance)®
(n=794) (n=252) (n=430)
yr0 (year prior to insulin initiation) 614 (11) 624 (20) 489 (9) <0.001 (glargine vs NPH and detemir vs NPH SS)
yr1 post-initiation 1101 (10) 1259 (27) 909 (18) <0.001 (all comparisons SS)
yr2 post-initiation 1046 (11) 1140 (28) 885 (24) <0.001 (glargine vs NPH and detemir vs NPH SS)
yr3 post-initiation 1040 (10) 1081 (22) 898 (17) <0.001 (glargine vs NPH and detemir vs NPH SS)
Univariate change from baseline (mean)”
yr1 vs yr0 486 635 420 <0.05 (glargine vs detemir and detemir vs NPH SS)
yr2 vs yr0 432 516 396 0.175 (no comparisons SS)
yr3 vs yr0 425 457 409 0.714 (no comparisons SS)
Statistical significance of changes vs baseline® p<0.001 p<0.001 p<0.001
Multivariate change from baseline (mean)
yr1 vs yr0 414 462 312
yr2 vs yr0 347 343 290
yr3 vs yr0 332 316 309

Yr, year; y0, baseline.

3Statistical significance (SS) is based on the 5% (0.05) level of testing. Probability >F-statistic is for the null hypothesis that there is equality in the means of the
three groups. Statistics based on one-way analysis of variance models of combined imputation data-sets; pairwise comparisons are based on Bonferroni, Scheffe,
and Sidak tests. SS of between-group comparisons confirmed using regression analysis on imputation data-sets with treatment group as a factor variable.
PChange calculated from point estimates of mean cost in each period. SS of between-group differences in changes from baseline are based on one-way analysis of
variance models with change in total cost as the dependent variable.

“Based on regression analysis with period as a factor variable.

The increase in total healthcare cost (vs baseline) for the
analog group decreased over time and tended towards the
same level as the NPH group by year 3 (+£349 and +£315
for analog and NPH groups at year 3, respectively).

Secondary analysis: comparison of insulins
glargine, detemir, and NPH

Annualized total cost—descriptive statistics and
multivariate regression analysis

During the first year following initiation of insulin treat-
ment, there was a statistically significant difference in total
healthcare cost change from baseline for glargine vs

© 2014 Informa UK Ltd  www.informahealthcare.com/jme

detemir (+£486 vs +£635, respectively; p<0.05), and
detemir v NPH (-+£635 vs +£420; p<0.05), but not for
the comparison between glargine and NPH. However, this
difference between the insulins in total healthcare cost
change from baseline diminished over time (Table 4).
Following multivariate regression analysis, changes in
total healthcare costs vs baseline were statistically signifi-
cant for each group after adjusting for differences in cov-
ariates between the groups, including age, sex, bolus use,
and BMI. Total annual healthcare costs increased for all
insulin groups vs baseline post-initiation. However, these
cost increases diminished in the analog group over the
3-year period, and, by year 3, the increase in total costs
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Patient characteristics at study entry

Criteria Disposition of participants entering the study Number
(1) Patients that have used NPH, Levemir, or Glargine 48,774
2) Patients from (1) whose first insulin was NPH, Levemir, or Glargine 29,447
3) Patients from (2) registered with practice for > 1 year 11,204
4) Patients from (3) aged < 80 at indexDate + 3 years 9,872
()] Patients from (4) with at least 6 months using NPH, Levemir, or Glargine 7,715
(6) Patients from (5) with glycated hemoglobin (HbAlc) > 7% and < 12% 3,666
(7) Patients from (6) with body mass index (BMI) < 40 kg/m2 2,949
) Patients from (7) not using DDP-4s and GLP-1s in study period 2,833
9) Patients from (8) not using pre-mix insulin in study period 2,519
(10) Patients from (9) with no complications prior to index date 1,793
Detemir (T2DM): 303 (252)
NPH (T2DM): 589 (430)
Glargine (T2DM): 901 (794)
Total (T2DM): 1793 (1476)
Figure 1. Selection of patient cohort.

o

S -

T . Glargine —--—--—- Detemir

N seeeeees NPH

Mean (%)

1 2 3 4 5 6 7

8
Quarter

I T T T T I T T

9 10 11 12 13 14 15 16

Figure 2. Unadjusted change in HbA1c level (%) from baseline (before) and after initiation of NPH insulin, glargine or detemir.

was comparable across the insulin treatment groups
(+£312, +£290, +£309 for the glargine, detemir, and
NPH groups, respectively).

HbA 1c and BMI: descriptive statistics
All insulin treatment groups demonstrated a statistically
significant reduction in HbAlc levels (between 1.27-
1.47%) during the first year following insulin initiation;
reductions remained statistically significant at years 2 and
3. No significant differences in HbA1c changes were iden-
tified between the insulin groups (p>0.05) for all years
(Figure 2; Table 5).

All insulins were associated with weight gain in terms of
BMI following insulin initiation (p <0.05). Glargine had
the lowest weight gain at each time point post-initiation,

and this was statistically significant v NPH at year 1
(0.87kg/m* vs 1.11kg/m*) and year 3 (1.15kg/m* vs

278 Cost comparison of treatments for type 2 diabetes /dris et al.

1.57kg/m?). Other differences in weight gain between
groups were non-significant (Figure 3, Table 5).

Additional analysis

Cost breakdown by insulin group

The size of the individual cost components (healthcare
resource categories) as a proportion of total healthcare
costs was estimated for each insulin group using non-
imputed (raw) data.

The cost of insulin and self-monitoring of blood glucose
(SMBG) products were the largest contributors to total
healthcare cost for each group. There was no significant
difference between the groups in terms of SMBG cost in
the year prior to initiation; however, there were significant
differences between glargine and detemir in year 1 (£275
vs £359; p<0.001) and year 2 (£203 vs £250; p<0.05),
between detemir and NPH at year 1 (£359 vs £271;

www.informahealthcare.com/jme  © 2014 Informa UK Ltd
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Table 5. Health outcomes.®>%¢

Glargine (n=794) Detemir (n=252) NPH (n=430) Prob. > F-statistic
(pairwise significance)®
HbA1c (%)

Baseline® 9.90 (9.78, 10.03) 10.25 (9.98, 10.53) 10.04 (9.82, 10.25) 0.010 (glargine vs detemir SS)

after 1yr 8.62 (8.54, 8.70) 8.79 (8.61, 8.96) 8.76 (8.63, 8.89) 0.013 (glargine vs nph SS)

after 2yr 8.70 (8.61, 8.82) 8.84 (8.63, 9.05) 8.84 (8.72, 8.97) 0.027 (glargine vs nph SS**)

after 3yr 8.72 (8.61, 8.82) 8.92 (8.63, 9.21) 8.82 (8.67, 8.98) 0.009 (glargine vs detemir SS)

baseline vs yr 1 -1.29 —1.47 -1.27 0.300 (none SS)

baseline vs yr 2 -1.20 —1.42 -1.20 0.211 (none SS)

baseline vs yr 3 -1.19 —1.33 —1.22 0.488 (none SS)

Statistical significance of change vs baseline

BMI (kg/ng
Baseline
after 1yr
after 2yr
after 3yr
baseline vs yr 1
baseline vs yr 2
baseline vs yr 3

Statistical significance of change vs baseline

p<0.05 all years

28.98 (28.63, 29.34)
29.86 (29.50, 30.22)
30.10 (29.75, 30.44)
30.14 (29.78, 30.49)

0.87

1.1

1.15

p<0.05 all years

p<0.05 all years

28.61 (27.98, 29.25)
29.64 (29.03, 30.24)
29.97 (29.23, 30.70)
29.80 (29.08, 30.52)
1.03

1.35

1.19

p<0.05 all years

p<0.05 all years

28.79 (28.28, 29.30
29.90 (29.41, 30.39
30.08 (29.60, 30.57
30.36 (29.82, 30.90

1.1

1.29

1.57

p<0.05 all years

0.526 (none SS
0.754 (none SS;
0.925 (none SS;
0.322 (none SS

(

(

(

0.041 (glargine vs NPH SS)
0.179 (none SS)
0.019 (glargine vs NPH SS)

yr, year; y0, baseline. Baseline refers to the quarter prior to insulin initiation.

Data reported as Mean (95% Cl).

PBaseline values reported here are in reference to the analysis of the multiple imputation data-sets; baseline values reported in Table 1 reflect estimates of the un-
adjusted (non-imputed) data.

CStatistical significance (SS) is based on the 5% (0.05) level of testing. Probability >F-statistic is for the null hypothesis that there is equality in the means of the
three groups. Statistics based on one-way analysis of variance models of combined imputation data-sets; pairwise comparisons are based on Bonferroni, Scheffe,
and Sidak tests. SS of between-group comparisons confirmed using regression analysis on imputation data-sets with treatment group as a factor variable.
dChange calculated from point estimates of mean cost in each period. SS of between-group differences in changes from baseline are based on one-way analysis of
variance models, with change in total cost as the dependent variable.

“Based on regression analysis with period as a factor variable.

#*8S at the 10% level.
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Figure 3. Unadjusted change in body mass index (kg/m?) from baseline (before) and after initiation of NPH insulin, glargine or detemir.

p<0.001) and between glargine and NPH in year 3 (£193  visits to a general practitioner decreased in each of the

vs £233; p<0.05). There was also a significant difference
in basal and bolus insulin cost changes vs baseline between
glargine and NPH at year 2 (£420 vs £352; p <0.05), and
detemir vs NPH at year 1 (£455 vs £358; p<0.05).
Compared to the year prior to insulin initiation, there
was a reduction in the cost of oral anti-hypoglycemic
agents in each year following insulin initiation for all insu-
lin groups (between —£127 and —£76). Further, the cost of

© 2014 Informa UK Ltd  www.informahealthcare.com/jme

years following insulin initiation for all groups. All other
cost components had a relatively small impact on total cost
estimates (Table 6).

Time period sensitivity analysis

Data were taken from the THIN database over the period
1988-2010. The first insulin analog (glargine) was
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Table 6. Univariate analyses of total cost by category®, £ (mean per patient).

0ADs Basal AHAs  SMBG Bolus Lab Hospital Sharps GP GPhome SNV PNV  LLDs AHDs Basal + Bolus
insulin insulin - tests  attendance surgery visits
visits
Glargine
Yro0 182 0 0 100 0 29 51 7 109 1 0 0 83 12 0
Yri 71 376 4 275 42 28 23 39 119 4 0 0 93 13 418
Yr 2 60 370 1 203 50 30 38 27 82 0 0 0 97 13 420
Yr3 55 375 1 193 64 33 33 28 62 1 0 0 101 15 438
Detemir
Yro0 168 0 0 89 0 44 66 29 108 0 0 0 72 14 0
Yri 82 379 3 359 77 35 12 89 111 0 0 0 85 15 455
Yr 2 56 328 1 250 82 27 26 75 69 5 0 0 74 13 410
Yr3 46 330 1 240 96 32 4 28 55 0 0 1 72 12 426
NPH
Yro0 108 0 1 95 0 20 32 6 113 1 0 1 42 8 0
Yri 32 171 1 271 187 22 1 40 98 0 0 0 57 11 358
Yr 2 26 161 1 223 191 19 53 26 71 0 0 0 63 11 352
Yr3 25 199 1 233 199 21 11 25 58 0 0 0 67 14 398

AHAs, anti-hypoglycemic agents; AHDs, anti-hypertensive drugs; LLDs, lipid lowering drugs; OADs, oral anti-diabetic agents; PNV, practice nurse visit; SMBG, self-
monitoring of blood glucose; SNV, specialist nurse visit; yr, year; yr0, year prior to insulin initiation.

#These values are estimated from the non-imputed data-set.

introduced in 2002. Therefore, a sensitivity analysis was
performed only including data from 2002 onwards, exclud-
ing 45% of the NPH patients (13% of the entire sample).
The results showed that the costs associated with NPH
treatment in these patients were not significantly different
from the base case analysis.

Discussion

This study aimed to estimate the total healthcare costs and
health outcomes of managing insulin naive patients with
T2DM, newly initiated onto glargine, detemir, or NPH
insulin in the UK. Accordingly, 1476 patients’ data were
analyzed with 430 propensity matched pairs of analog vs
human insulin compared and followed up for 3 years post-
insulin initiation.

Total healthcare costs increased in all groups following
the introduction of insulin. Although the insulin analogs
(detemir, glargine) had a greater cost increase than NPH
insulin in the first year following insulin initiation
(-++£220), by the second year the cost differential between
groups was reduced to +£168, and by the third year to
+£146. Furthermore, when accounting for the higher
baseline costs for patients who were subsequently pre-
scribed insulin analogs, the cost differential in year 3 was
only £42. The driver of the cost differential between
analog and NPH insulin groups in the first year appeared
to be a higher cost for SMBG in the detemir group
(p<0.001).

The cost differential between the three groups (glar-
gine, detemir, NPH) appeared to be transient, as the dif-
ferences in the change in total healthcare cost between the
insulin groups were not significant by the third year. The
equalization in total healthcare cost changes (vs baseline)
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between the groups appears to be driven by a reduction in
the cost of SMBG in the analog group and an increase in
the cost of basal and bolus insulins in the NPH group in the
third year. Other costs components such as hospital
attendances, GP surgery, or home visits were similar in
patients treated with analogs vs those receiving NPH insu-
lin. This was consistent with a previous study that reported
similar in-patient admissions, emergency room visits, and
outpatient visits between the two types of insulins®®. In
contrast, another study reported lower incidences of
office visits, hospitalizations, and emergency room attend-
ances with glargine treatment compared with NPH!%
However, these different outcomes may be attributed to
differences in healthcare systems between the studies.
One of the key advantages of analog insulins compared
to NPH insulin is a reduction in the number of hypogly-
cemic events, particularly nocturnal events®”. As rates of
hypoglycemia in the THIN database are poorly recorded,
the additional cost associated with NPH insulin following
from more hypoglycemic events may not be captured in
this data; accordingly, the positive cost differential
between analogs and NPH insulin may be over-estimated.
A previous study comparing the healthcare expenditure
between glargine and NPH insulin reported significant
reductions in the adjusted hypoglycemia rates and total
healthcare costs over 2 years'®. This is consistent with
clinical trial data reporting significant reductions in the
rate of nocturnal hypoglycemic events with analogs com-
pared with NPH insulin?!. A reduced rate of hypoglycemia
is highly relevant given that hypoglycemia is associated
with a substantial negative impact on patient quality-
of-life, increased risk of anxiety, cardiovascular complica-
tions, and higher risk of anti-diabetes treatment discon-
tinuation’>?>. Hidden costs of hypoglycemia that we have
not been able to incorporate in this analysis include

www.informahealthcare.com/jme  © 2014 Informa UK Ltd
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ambulance call-out costs**, indirect costs associated with
reduced work capacity for patients and carers, as well as
out-of-pocket expenses for the management and preven-
tion of hypoglycemic events®’. An analysis of insulin users
from an employer-based insurance database, for example,
reported that hypoglycemia was associated with increased
medical care use, medical costs, and claims for short-term
disability?®.

Mean BMI estimates were in the unhealthy range (BMI
>25) across patient groups at baseline, and each period
following insulin initiation. Similarly, mean estimates of
HbAlc were above 7.5% prior to and post-insulin initi-
ation. These observations may relate to the relatively strict
inclusion/exclusion criteria applied to the data analysed
within the study, which aided the internal validity of the
study findings with respect to comparisons between the
insulins. Overall, despite all groups showing significant
reductions from baseline in HbAlc, differences between
the groups in terms of the estimated change in HbAlc
values were non-significant (p>0.05) for all years.
However, glargine had the least weight gain at each year
post-initiation. The difference in weight gain between
glargine and NPH was statistically significant at year 1
(0.87kg/m* vs 1.11kg/m*) and year 3 (1.15kg/m* vs
1.57 kg/m?) post-initiation.

Inferring differences between the relative cost-effect-
iveness of the insulins based on estimates of the cost per
1% reduction in HbAlc may be misleading. First,
between-group differences in HbAlc were non-signifi-
cant. Second, there may be important differences over
time and in other measures of health (i.e. quality-of-life)
that are not captured in these estimates but which would
be required to adequately assess cost-effectiveness.

There are several limitations with using THIN obser-
vational data that are worth mentioning. Data reflect what
a general practitioner captures during their consultation
with a patient. For prescription data, this means that data
is available only for what has been prescribed and this may
be different to the medicine that the patient receives. For
data on hospital utilization, this means that specialist- and
hospital-delivered care may not be fully captured in the
medical record. However, these limitations may be some-
what mitigated, as it is likely that the most important data
affecting a patient’s care and outcomes are recorded in
their general practitioner’s medical records. There was
some missing data, particularly for the outcome variables
of HbAlc and BMI, but this was addressed through appro-
priate statistical techniques. The limitations of THIN
should be assessed against its value as a large nationally
representative database of electronic medical records from
~500 general practices in the UK?’; THIN enables esti-
mates of the costs and effects of alternative treatments as
they are used in real practice. Data of this kind enables
informed clinical and economic decision-making.

© 2014 Informa UK Ltd  www.informahealthcare.com/jme

Patients with diabetes-related complications were
excluded from the analysis. Therefore, it is likely that
results are an under-estimate of the total cost of treating
T2DM patients receiving insulin therapy in UK clinical
practices. However, the primary aim was to compare the
costs and outcomes associated with the use of different
basal insulins. Inclusion of comorbidities would have
resulted in major allocation bias as the rationale for choos-
ing an analog over an NPH insulin will be driven by,
among other factors, types of comorbidities. Patients
were required to have at least 6 months use of their initial
study drug; patterns of switching were not assessed as part
of this study. The analysis is, therefore, based on an inten-
tion-to-treat principle. This may be a limitation of this
study, as the influence of switching on study results has
not been determined.

In conclusion, following insulin initiation in type 2 dia-
betics, the difference in total healthcare costs of long-
acting analogs compared to NPH insulin was transient.
By year 3, the cost differences were not significantly dif-
ferent between the two cohorts, driven by a reduction in
the cost of SMBG in the analog group and an increase in
the cost of basal and bolus insulins in the NPH group. The
long-acting insulin analog glargine was associated with the
lowest level of weight gain of all the insulins.

These data suggest that users of long-acting insulin ana-
logs may achieve better health outcomes than users of
NPH insulin for similar total healthcare expenditure.

Strengths and limitations of this study

Strengths

e THIN is a large nationally representative database of
electronic medical records from ~500 general prac-
tices in the UK, which enables estimates of the costs
and effects of alternative treatments as they are used in
real practice.

e This study provides contemporary evidence of the real
world cost and outcomes of using NPH insulin and
insulin analogs that may inform debate around the
appropriate use of healthcare resources in treating

patients with T2DM.

Limitations

e There was missing data to varying degrees (depending
on the particular outcome). This was handled through
appropriate statistical techniques.

e Data reflect what a general practitioner in their con-
sultation with a patient captures. For prescription data
this means that we can only tell what has been pre-
scribed and this may be different to what is taken. For
data on hospital utilization this means that specialist
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and hospital delivered care may not be fully captured in
the medical record.

e Hypoglycemia is poorly captured within the THIN
database, and clinical trial data suggests the rates
differ between analog and NPH patients.

Conclusions

Following insulin initiation, the difference in healthcare
costs of long-acting analogs compared to NPH insulin was
transient. By year 3, the cost differences were not signifi-
cantly different between the two cohorts, driven by an
observed reduction in the cost of self-monitoring of
blood glucose (SMBG) in the analog group and an increase
in the cost of bolus insulin in the NPH group.
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