DIABETICMedicine

DOI: 10.1111/dme.12086

Research: Treatment

Insulin degludec improves health-related quality of life
(SF-36%°) compared with insulin glargine in people with
Type 2 diabetes starting on basal insulin: a meta-analysis
of phase 3a trials

N. Freemantle', L. Meneghini?, T. Christensen®, M. L. Wolden?, J. Jendle* and R. Ratner®

"Department of Primary Care and Population Health, UCL Medical School, London, UK, 2Division of Endocrinology and Diabetes, University of Miami Miller School
of Medicine, Miami, FL, USA, >Novo Nordisk A/S, Sgborg, Denmark, “School of Health and Medical Sciences, Orebro University, Orebro, Sweden and *American
Diabetes Association, Alexandria, VA, USA

Accepted 27 November 2012

Abstract

Aim To compare the effect of insulin degludec and insulin glargine on health-related quality of life in patients with
Type 2 diabetes starting on insulin therapy.

Methods Patient-level data from three open-label, randomized, treat-to-target trials of 26 or 52 weeks’ duration were
pooled using a weighted analysis in conjunction with a fixed-effects model. Insulin-naive patients received either insulin
degludec (7 = 1290) or insulin glargine (n = 632) once daily, in combination with oral anti-diabetic drugs. Glycaemic
control was assessed via HbA . and fasting plasma glucose concentrations. Rates of hypoglycaemia, defined as plasma
glucose < 3.1 mmol/l (< 56 mg/dl), were recorded. Health-related quality of life was evaluated using the 36-item Short
Form (SF-36"™) version 2 questionnaire. Statistical analysis was performed using a generalized linear model with
treatment, trial, anti-diabetic therapy at baseline, gender, region and age as explanatory variables.

Results Insulin degludec was confirmed as non-inferior to insulin glargine based on HbA . concentrations. In each trial
comprising the meta-analysis, fasting plasma glucose and confirmed overall and nocturnal (00.01-05.59 h) hypoglyca-
emia were all numerically or significantly lower with insulin degludec vs. insulin glargine. At endpoint, the overall
physical health component score was significantly higher (better) with insulin degludec vs. insulin glargine [+0.66
(95% CI 0.04-1.28)], largely attributable to a difference [+1.10 (95% CI 0.22-1.98)] in the bodily pain domain score.
In the mental domains, vitality was significantly higher with insulin degludec vs. insulin glargine [+0.81 (95% CI 0.01—
1.59)].

Conclusions Compared with insulin glargine, insulin degludec leads to improvements in both mental and physical
health status for patients with Type 2 diabetes initiating insulin therapy.
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. bidity [4]. However, despite the clear advantages to health
Introduction . . . o
associated with good glycaemic control, insulin therapy does

Type 2 diabetes has been shown to have a negative impact
on health-related quality of life [1]. Diabetes complications
are a major contributor to this deterioration in quality of life,
with patients with diabetes experiencing higher rates of
morbidity and mortality compared with the general popula-
tion [2,3]. The treatment of Type 2 diabetes with exogenous
insulin significantly improves prognosis for patients, by
restoring glycaemic control and consequently reducing mor-
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not completely eliminate the physical and psychosocial
burden of diabetes. Fear of hypoglycaemia is commonly
cited by both patients and physicians as a challenge in the
initiation of, and adherence to, insulin treatment regimens
[5]. Other psychosocial concerns affecting patients with
diabetes include fear of self-injection, anxiety from inflexible
or complicated dosing regimens and embarrassment associ-
ated with diagnosis [6]. There is also significant overlap
between the physical and mental aspects of health-related
quality of life in diabetes. Co-morbid depression has been
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associated with impaired self-management and worsening of
metabolic control and, in return, deterioration in metabolic
control can worsen mental health [7].

There is increasing recognition from the medical commu-
nity and healthcare payers that health-related quality of life is
an important component of diabetes management for indi-
viduals and society as a whole, and should be taken into
account when evaluating the efficacy of new treatments.

Notwithstanding, assessment of health-related quality of
life during clinical trials is uncommon, with only 14% of all
trials between 2004 and 2007 recording patient-reported
outcomes [8]. Typically, assessments have used disease-
specific measures, rather than more generic metrics, making
any comparison across treatments, conditions and popula-
tions difficult, if not impossible [9]. The 36-item Short Form
(SF-36"™) health questionnaire was designed to overcome
these issues and has been successfully used to measure health
outcomes in a variety of studies [10], becoming the most
widely used instrument for measuring health-related quality
of life in clinical trials [8]. SF-36 scores have shown a strong
association with a range of clinical anchors, from 2-year
mortality risk and morbidity to unemployment [10].

Insulin degludec is a new-generation, ultra-long-acting
basal insulin. Insulin degludec has a unique mode of
protraction, whereby it forms soluble multi-hexamers upon
subcutaneous injection. Insulin degludec monomers slowly
and continuously dissociate from these multi-hexamers into
the circulation, ensuring a flat and stable pharmacokinetic
profile and a duration of action lasting > 42 h [11,12]. In
previous studies, insulin degludec exhibited lower rates of
day-to-day and hour-to-hour variability in glucose-lowering
activity compared with insulin glargine [13]. The efficacy of
insulin degludec is comparable with that of insulin glargine
[14-17]. Furthermore, at equivalent levels of glycaemic
control, insulin degludec demonstrates a lower risk of
hypoglycaemia compared with insulin glargine [16,18-20].
Insulin degludec has previously shown significantly better
health-related quality of life outcomes compared with insulin
glargine (as measured with the SF-36 instrument) in patients
with Type 1 diabetes [17] and in patients with Type 2
diabetes on a basal-bolus regimen [16].

The aim of this pre-planned meta-analysis was to compare
the effect of insulin degludec and insulin glargine on health-
related quality of life in patients with Type 2 diabetes
starting on basal insulin, in combination with oral anti-
diabetic drugs.

Study design and selection criteria

This meta-analysis incorporated pooled, patient-level data
from three phase 3a trials comparing insulin degludec once
daily with insulin glargine once daily. All three clinical trials

were randomized, controlled, open-label, multi-centre,
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of 26 or
52 weeks’ duration in patients with Type 2 diabetes [21—

confirmatory, treat-to-target interventions
23]. Subjects (insulin degludec 7z = 1290; insulin glargine
n=632) were enrolled into the trials if they were
> 18 years old (> 20 in Japan) and had been diagnosed
with diabetes > 6 months, with HbA;. between 53 and
86 mmol/mol (7-10%) and a BMI < 40 kg/m?>. All subjects
were insulin naive and were excluded if they had a history of
recurrent severe hypoglycaemia (defined as > 1 event in the
preceding 12 months). Insulin doses were titrated to a target
fasting plasma glucose concentration of 5 mmol/l (90 mg/dl).
Glycaemic control was assessed by measurement of HbA .
and fasting plasma glucose. The rate of hypoglycaemic events
was recorded in each trial as part of the safety analysis.
Detailed descriptions of the study population and protocol
are available in previously published studies [21-23].

Quality-of-life (SF-36) assessment

Quality of life was evaluated using the validated SF-36
version 2 health survey [10]. The SF-36 is a multi-purpose
questionnaire, comprising 36 questions distributed across
eight scales (see also Supporting Information, Fig. S1). Two
summary measures—physical and mental health—are calcu-
lated from four scales each. Higher scores represent
improved health status, with a score of 50 being the mean
for the general population. The SF-36 is a generic measure,
which means that it can be used to assess the impact of any
disease, having previously been utilized in large-scale, pop-
ulation-based surveys [24]. In the present study, the ques-
tionnaire was completed by trial patients at baseline and end
of trial.

Statistical analysis

Pooling of trials was performed using a weighted analysis in
conjunction with a fixed-effects model. Missing values were
imputed by means of last observation carried forward.
Statistical evaluation of endpoints was carried out using
analysis of variance (ANOVA) with treatment; anti-diabetic
therapy at baseline; gender, trial and region as fixed factors;
and age and baseline values (SF-36 scores) as covariates. SF-
36 values are presented as least squares means + standard
error. The primary analysis of SF-36 scores in this investi-
gation examined between-treatment differences. A support-
ive analysis of within-treatment differences was also
conducted, to assess whether the treatment regimens were
related to baseline values.

A total of 1922 patients were included in the present
analysis. The subjects were representative for patients with
Type 2 diabetes starting on basal insulin therapy, with
disease duration of 9.5 years, HbA . above target [67 mmol/
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mol (8.3%)] and moderate obesity (BMI 25-33 kg/m?).
Subject demographics and baseline characteristics are shown
in Table 1.

No differences were observed in the rates of diabetes-
related complications or rates of co-morbid conditions (e.g.
depression), which could have influenced the SF-36 out-
comes.

Glycaemic control and hypoglycaemia

HbA . in patients treated with insulin degludec was con-
firmed as non-inferior to insulin glargine in all three trials.
Fasting plasma glucose reductions were significantly greater
with insulin degludec in two trials and numerically better in
one [21-23]. A pre-specified meta-analysis of hypoglycaemia
across the three studies showed significantly less confirmed
overall (17% less) and nocturnal (36% less) hypoglycaemia,
and significantly fewer severe hypoglycaemic events (86%
less) for insulin degludec. Details of this hypoglycaemia
meta-analysis are presented elsewhere [20]. There was a
weight gain of roughly 2 kg observed across the trials with
both insulin degludec and insulin glargine, with no signifi-
cant between-arm differences.

Health-related quality of life—SF-36

At end of trial, the overall physical component score was
significantly higher (improved) with insulin degludec com-
pared with insulin glargine [+0.66 (95% CI 0.04-1.28)]
(Fig. 1). This was largely attributable to a difference between
insulin degludec and insulin glargine of +1.10 (95% CI 0.22—
1.98) in the bodily pain domain (Fig. 1). In the mental
domains, vitality was significantly higher with insulin deglu-
dec vs. insulin glargine [+0.81 (95% CI 0.01-1.59)] (Fig. 1).
The remaining SF-36 domains had values in favour of insulin
degludec, but these were not significantly different from
insulin glargine (Fig. 1).

Subjects treated with insulin degludec showed a significant
improvement in all summary scores and domains, between
baseline and end of trial, with the exception of the physical
functioning domain (Table 2). In the insulin glargine

Baseline characteristics by trial and meta-analysis

Insulin degludec vs. insulin glargine: health-related quality of life @ N. Freemantle et al.

treatment arm, the overall physical score, role—physical
and general health domains showed significant improve-
ments between baseline and end of trial; however, the
remaining summary scores and domains were unchanged
(Table 3). Between-trial heterogeneity was tested (assumed
to be constant in the fixed-effects model) by specifying a
model with trial as a random effect. This did not change the
(point) estimates markedly, but increased the uncertainty,
leaving only bodily pain with a statistically significant
difference between the two treatment arms. Using the
random-effects model did not improve the goodness of fit
of the model according to Akaike information criterion [25].

This meta-analysis demonstrates that treatment with insulin
degludec leads to an improvement in health-related quality of
life compared with insulin glargine in patients with Type 2
diabetes starting on insulin therapy. Specifically, patients
treated with insulin degludec reported significantly less
bodily pain, significantly better vitality and significantly
better overall physical health at the end of the studies,
compared with insulin glargine. The present study confirms
the findings of recently published trials, in both Type 1
diabetes [17] and Type 2 diabetes basal-bolus therapy [16],
which demonstrated an improvement in health-related qual-
ity of life with insulin degludec vs. insulin glargine. As
previously stated, hypoglycaemic events are a major contrib-
utor to reduced health-related quality of life, affecting both
mental and physical health in patients with diabetes. There-
fore, an explanation for the difference in health-related
quality of life domains between insulin degludec and insulin
glargine may lie with the decreased rates of hypoglycaemia
observed for insulin degludec in head-to-head trials with
insulin glargine—although further research is needed to
confirm this hypothesis. It is also conceivable that the flat
profile of insulin degludec generates an improved sense of
well-being, possibly as a result of fewer near-hypoglycaemic
events, which is traceable in the SF-36, but not in the
glycaemic parameters; or by increasing the patient’s confi-
dence in the predictability and effectiveness of insulin

NN3579 BEGIN Once

NN3586 BEGIN Once  NN3672 BEGIN Low

Long Asia Volume Total
n 1030 435 457 1922
Age (years) 59.1 £9.8 58.6 £9.9 575 £9.2 58.6 £9.7
Duration of diabetes (years) 9.2 +£6.2 11.6 + 6.5 82 + 6.2 9.5 £6.3
HbA . (%) 8.2 + 0.8 8.5 £ 0.8 8.3 £ 0.9 8.3 £ 0.8
HbA . (mmol/mol) (approx. calculated 66 + 6 69 + 6 67 +7 67 £ 6
value)
Fasting plasma glucose (mmol/l) 9.7 £ 2.6 8.5 +2.0 9.6 +£2.7 9.4 +2.5
BMI (kg/m?) 31.1 + 4.7 25 + 3.6 324+ 54 30.0 + 5.4

Values are means + standard deviation (sp).
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degludec. The reduced variability in blood glucose levels
exhibited by insulin degludec may also improve the utiliza-
tion of metabolic fuel substrates in the periphery, leading to
increased vitality and physical functioning. In seeking to
account for the reduction in bodily pain experienced with
insulin degludec treatment, it should be noted that there is a
difference in the preparation of the insulins, with insulin
glargine being acidic, having a pH of 4, and insulin degludec
being pH neutral [26]. Although there was no difference in
the number of injection-site reactions in the studies compris-
ing our analysis, this does not rule out the possibility of a
difference in post-injection discomfort experienced between
treatments.

The clinical trials comprising this meta-analysis are some
of the first to measure health-related quality of life directly in
patients with Type 2 diabetes. Previous studies have used
disease-specific measures, but not generic health-related
quality of life, perhaps because of the perceived difficulty in
observing differences in quality-of-life domains [27]. The SF-
36 does not have an established minimal important differ-
ence in diabetes; however, the SF-36 version 2 user manual
suggests that even low scores (> 1) are relevant in other
chronic diseases. For example, having an allergy reduces the
SF-36 scores by 0.1 to 0.8 points [10].

Disease-specific treatment satisfaction questionnaires were
also applied in degludec trials, including the studies in the
meta-analysis. In general, while the scores numerically
favoured insulin degludec, there were no significant differ-
ences between treatments. This may support the use of a
generic measure (SF-36), which has greater latitude in
evaluating broader health-related quality of life issues. Using
a symptom-specific scale (e.g. the hypoglycaemia fear scale)
may have provided useful information on impact of hypo-
glycaemia on health-related quality of life in this analysis.
However, whilst we recognize the importance of hypoglyca-
emia in health-related quality of life assessment, there are
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many contributing factors to health-related quality of life
and a broad approach may be more likely to elicit this
information. Similarly, alternative generic measures, such as
the EuroQoL-5D, provide useful information for health
economic analysis by yielding a single value for health utility.
The EuroQoL-5D is known to lack sensitivity in subjects
whose quality of life is in the range expected for these studies
and, while important, we consider that it would be appro-
priate for health utility analysis to be conducted as a separate
investigation.

Other studies evaluating insulin analogues compared with
human insulins have shown a benefit to treatment satisfac-
tion: investigators have suggested that this may be linked
with the lower variability in plasma glucose concentrations
and reduced risk of hypoglycaemia associated with insulin
analogues [28]. Although there have been clinical trials
evaluating health-related quality of life with rapid-acting
insulin analogues, ours is one of the first to directly assess
health-related quality of life in a basal insulin. A recent
Cochrane review of the long-acting insulin class showed that
the rate of symptomatic, overall and nocturnal hypoglyca-
emia was statistically significantly lower in patients treated
with either insulin glargine or insulin detemir compared with
neutral protamine Hagedorn (NPH) insulin. However, no
evidence for a beneficial health-related quality of life effect
could be obtained as none of the included trials reported
health-related quality of life [29]. The difference in health-
related quality of life observed between two basal insulins in
our meta-analysis supports the inclusion of patient-reported
outcomes when assessing efficacy in clinical trials.

Open-label trials are often considered prone to bias;
however, the duration of the studies in this meta-analysis,
26 or 52 weeks, was considered sufficient to ensure that any
expectations relating to the initiation of insulin therapy
would have ‘washed out’ by the end of the trial. It is not clear
which direction such a bias would act in, as subjects may be
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Insulin degludec 36-item Short Form (SF-36%) within-groups scores

Insulin degludec

Baseline End of trial Treatment contrast
Least- Least-
Type 2 diabetes squares Standard squares Standard 95% CI, 95% CI,
basal-oral therapy n mean error (SE) n mean error (SE) Contrast lower upper P-value
Physical health— 1278 47.69 0.58 1285 48.48 0.58 0.79 0.41 1.17 < 0.0001
overall
Mental health— 1278 48.73 0.69 1285 49.82 0.69 1.09 0.58 1.61 < 0.0001
overall
Physical functioning 1269 47.65 0.63 1284 47.96 0.63 0.31 -0.15 0.76 0.1845
Role—physical 1269 47.79 0.66 1284 48.55 0.66 0.76 0.26 1.26 0.0027
Bodily pain 1270 49.55 0.71 1284 50.53 0.71 0.98 0.41 1.54 0.0007
General health 1271  44.60 0.63 1283 46.31 0.63 1.71 1.29 2.13 < 0.0001
Vitality 1266 50.83 0.67 1285 52.28 0.67 1.45 0.96 1.95 < 0.0001
Social functioning 1277 48.59 0.63 1285 49.36 0.63 0.77 0.26 1.27 0.0031
Role—emotional 1266 46.70 0.74 1284 47.70 0.74 1.01 0.41 1.61 0.0010
Mental health 1265 48.76 0.70 1285 49.60 0.70 0.84 0.31 1.37 0.0018
Bold values indicate statistical significance.
Insulin glargine 36-item Short Form (SF-36") within-groups scores
Insulin glargine
Baseline End of trial Treatment contrast
Least- Least-
Type 2 diabetes squares Standard squares Standard 95% CI, 95% CI,
basal-oral therapy n mean error (SE) n mean error (SE) Contrast lower upper P-value
Physical health— 623 46.51 0.57 629 47.06 0.57 0.55 0.03 1.08 0.0376
overall
Mental health— 623 48.95 0.66 629 49.40 0.66 0.46 -0.24 1.16 0.1976
overall
Physical functioning 619 46.33 0.66 629 46.58 0.66 0.25 -0.40 0.91 0.4434
Role—physical 617 47.13 0.63 628 47.79 0.63 0.66 0.04 1.28 0.0363
Bodily pain 616 48.89 0.71 629 49.05 0.70 0.16 -0.59 0.91 0.6741
General health 618 43.54 0.61 628 44.90 0.61 1.36 0.78 1.94 < 0.0001
Vitality 617 50.67 0.64 629 51.26 0.64 0.59 -0.12 1.30 0.1055
Social functioning 622 48.14 0.64 629 48.31 0.64 0.17 -0.54 0.88 0.6379
Role—emotional 614 46.60 0.71 627 47.16 0.70 0.56 -0.24 1.35 0.1706
Mental health 617 48.57 0.68 629 49.11 0.68 0.54 -0.17 1.25 0.1387

Bold values indicate statistical significance.

affected either by the availability of a novel therapy or by the
counselling associated with being treated with an investiga-
tional medical product. In addition, baseline values should
have been unaffected by brand-specific bias because the study
population was insulin naive and completion of the SF-36
questionnaire happened prior to randomization. Moreover,
empirical estimates of open-label vs. double-blind trials
suggest that bias effects, while real, are modest [30]. The
trials used in this meta-analysis were well designed and
carefully implemented to minimize bias and, as a result,
differential loss to follow-up was very low. Despite these
safeguards, we cannot exclude a psychological bias between
the patient groups, especially given the increasing trend for
patients to self-research their condition and treatment on the
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Internet. One criticism of the SF-36 questionnaire has been
the lack of a sleep variable. Sleep—a component of vitality—
is often disturbed in patients with diabetes, particularly in
individuals experiencing high rates of nocturnal hypoglyca-
emia, and, given that insulin degludec has shown a reduced
rate of nocturnal hypoglycaemia compared with insulin
glargine, the present study may underestimate this compo-
nent of health-related quality of life with insulin degludec, as
it did not specifically isolate the overnight period in the
evaluation [14,20].

The strengths of this meta-analysis include the prospective
nature of the study; the use of high-quality, patient-level data
from regulatory trials; the randomized, controlled trial
context; and the selection of an insulin-naive population
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with reduced expectations of starting insulin therapy. The
randomized allocation of subjects means that the distribution
of known and unknown confounders should, by chance, be
approximately equally distributed between treatment groups.
Another major strength of the present analysis is that a
widely used and thoroughly validated health-related quality
of life instrument (SF-36 version 2) was applied across
several trials, enabling a consistent evaluation of health-
related quality of life. Further analysis should be conducted
to establish whether the observed advantage of insulin
degludec, in terms of health status, translates into an
improvement in health utility. This is a step beyond the SF-
36 design, but would aid healthcare providers in assessing the
economic effectiveness of insulin degludec compared with
currently available diabetes treatments.

In conclusion, it is acknowledged by healthcare profes-
sionals that diabetes has a serious, negative impact on health-
related quality of life. The results of this pre-planned meta-
analysis, utilizing patient-level data, demonstrate that insulin
degludec significantly improves health-related quality of life
compared with insulin glargine, in patients with Type 2
diabetes starting insulin therapy.

Funding sources

The clinical trials in this meta-analysis were sponsored by
Novo Nordisk A/S (Bagsverd, Denmark).

Competing interests

NF has received funding for research, consulting and travel
from Novo Nordisk, Eli Lilly, Sanofi and Medtronic. LM
has acted as consultant and served on advisory boards for
Novo Nordisk and Sanofi Diabetes. He has also received
research support from MannKind, Pfizer and Boehringer
Ingelheim, and has shares in Dexcom. TC and MLW are
employed by, and shareholders in, Novo Nordisk A/S,
Denmark. JJ has served on advisory boards for Boehringer
Ingelheim, Eli Lilly & Co., GSK, Novo Nordisk A/S and
Pfizer. He has also received speaker fees from Aidera, Astra
Zeneca, Eli Lilly & Co., GSK, MSD, Novo Nordisk, Pfizer
and Roche. RR received research support from Sanofi and
Novo Nordisk and served on advisory boards for both
companies.

Acknowledgements

These data were published previously in an abstract pre-
sented to ADA: Freemantle N, Meneghini L, Christensen TE,
Wolden M, Jendle J, Ratner RE. Health status in people with
Type 2 diabetes on basal-oral therapy is significantly
improved with insulin degludec vs. insulin glargine.
(Abstract). Diabetes 2012; 61(Suppl. 1): A313. The authors
acknowledge medical writing and editorial support from

© 2012 The Authors.
Diabetic Medicine © 2012 Diabetes UK

DIABETICMedicine

Paul Tisdale PhD and Daria Renshaw of Watermeadow
Medical (sponsored by Novo Nordisk).

—_

Rubin RR, Peyrot M. Quality of life and diabetes. Diabetes Metab

Res Rev 1999; 15: 205-218.

2 Lloyd A, Sawyer W, Hopkinson P. Impact of long-term complica-
tions on quality of life in patients with type 2 diabetes not using
insulin. Value Health 2001; 4: 392-400.

3 Mulnier HE, Seaman HE, Raleigh VS, Soedamah-Muthu SS,
Colhoun HM, Lawrenson RA. Mortality in people with Type 2
diabetes in the UK. Diabet Med 20065 23: 516-521.

4 UK Prospective Diabetes Study (UKPDS) Group. Intensive blood-
glucose control with sulphonylureas or insulin compared with
conventional treatment and risk of complications in patients with
type 2 diabetes (UKPDS 33). Lancet 1998; 352: 837-853.

5 Peyrot M, Rubin RR, Lauritzen T, Skovlund SE, Snoek FJ,
Matthews DR et al. International DAWN Advisory Panel. Resis-
tance to insulin therapy among patients and providers: results of the
cross-national Diabetes Attitudes, Wishes, and Needs (DAWN)
study. Diabetes Care 2005; 28: 2673-2679.

6 Peyrot M, Rubin RR, Kruger DF, Travis LB. Correlates of insulin
injection omission. Diabetes Care 2010; 33: 240-245.

7 Goldney RD, Phillips PJ, Fisher L], Wilson DH. Diabetes, depres-

sion, and quality of life. Diabetes Care 2004; 27: 1066-1077.

Scoggins JF, Patrick DL. The use of patient-reported outcomes

[ee)

instruments in registered clinical trials: evidence from ClinicalTri-
als.gov. Contemp Clin Trials 20095 30: 289-292.

9 Patrick DL, Erickson P. Health Status and Health Policy: Quality of
Life in Health Care Evaluation and Resource Allocation. New
York: Oxford University Press, 1993.

10 Ware JE, Kosinski M, Bjorner JB, Turner-Bowker DM, Gandek B,

Maruish ME. User’s Manual for the SF-36v2 Health Survey, 2nd

edn. Lincoln, RI: QualityMetric Inc, 2007.

Jonassen I, Havelund S, Hoeg-Jensen T, Steensgaard DB, Wahlund

PO, Ribel U. Design of the novel protraction mechanism of insulin

degludec, an ultra-long-acting basal insulin. Pharm Res 2012; 29:

2104-2114.

12 Heise T, Hermanski L, Nosek L, Feldmann A, Rasmussen S, Haahr
H. Insulin degludec: four times lower pharmacodynamic variability
than insulin glargine under steady state conditions in type 1
diabetes. Diabetes Obes Metab 2012; 14: 859-864.

13 Heise T, Tack CJ, Cuddihy R, Davidson ], Gouet D, Liebl A et al.
A new-generation ultra-long-acting basal insulin with a bolus boost
compared with insulin glargine in insulin-naive people with type 2
diabetes: a randomized, controlled trial. Diabetes Care 2011; 34:
669-674.

14 Birkeland KI, Home PD, Wendisch U, Ratner RE, Johansen T,
Endahl LA et al. Insulin degludec in type 1 diabetes: a randomized

1

—_

controlled trial of a new-generation ultra-long-acting insulin
compared with insulin glargine. Diabetes Care 2011; 34: 661-665.

15 Zinman B, Fulcher G, Rao PV, Thomas N, Endahl LA, Johansen T
et al. Insulin degludec, an ultra-long-acting basal insulin, once a
day or three times a week versus insulin glargine once a day in
patients with type 2 diabetes: a 16-week, randomised, open-label,
phase 2 trial. Lancet 20115 377: 924-931.

16 Garber AJ, King AB, Del Prato S, Sreenan S, Balci MK, Munoz-
Torres M et al; NN1250-3582 (BEGIN BB T2D) Trial Investiga-
tors. Insulin degludec, an ultra-long-acting basal insulin, versus
insulin glargine in basal-bolus treatment with mealtime insulin
aspart in type 2 diabetes (BEGIN Basal-Bolus Type 2): a phase 3,
randomised, open-label, treat-to-target non-inferiority trial. Lancet

20125 379: 1498-1507.

231



DIABETICMedicine

17

18

19

20

21

22

23

Home PD, Meneghini L, Wendisch U, Ratner RE, Johansen T,
Christensen TE ef al. Improved health status with insulin degludec
compared with insulin glargine in people with Type 1 diabetes.
Diabet Med 2012; 29: 716-720.

Home PD, Fritsche A, Schinzel S, Massi-Benedetti M. Meta-
analysis of individual patient data to assess the risk of hypoglyca-
emia in people with type 2 diabetes using NPH insulin or insulin
glargine. Diabetes Obes Metab 2010; 12: 772-779.

Heller S, Buse J, Fisher M, Garg S, Marre M, Merker L et al;
BEGIN Basal-Bolus Type 1 Trial Investigators. Insulin degludec, an
ultra-long-acting basal insulin, versus insulin glargine in basal-
bolus treatment with mealtime insulin aspart in type 1 diabetes
(BEGIN Basal-Bolus Type 1): a phase 3, randomised, open-label,
treat-to-target non-inferiority trial. Lancet 20125 379: 1489-1497.
Ratner RE, Gough SC, Mathieu C, Del Prato S, Bode B, Mersebach
H et al. Hypoglycaemia risk with insulin degludec compared with
insulin glargine in type 2 and type 1 diabetes: a pre-planned meta-
analysis of phase 3 trials. Diabetes Obes Metab 2012. doi: 10.1111/
dom.12032.

Bergenstal R, Bhargava A, Jain R, Unger ], Rasmussen S,
Mersebach H et al. 200 U/mL insulin degludec improves glycemic
control similar to insulin glargine with a low risk of hypoglycemia
in insulin-naive people with type 2 diabetes. Presented at AACE
21st Annual Scientific and Clinical Congress, Philadelphia, PA,
May 2012: A26. Available at http://am.aace.com/sites/all/files/
abstract-2012.pdf Last accessed 23 July 2012.

Onishi Y, Park SW, Yoo SJ, Clauson P, Tamer SC, Iwamoto Y.
Insulin degludec improves glycemic control in insulin-naive patients
with type 2 diabetes: results of a randomized pan-Asian trial.
Diabetes 2012; 61: A272.

Zinman B, Philis-Tsimikas A, Cariou B, Handelsman Y, Rodbard
HW, Johansen T et al; on behalf of the NN1250-3579 (BEGIN

232

24

25

26

27

28

29

30

Insulin degludec vs. insulin glargine: health-related quality of life e N. Freemantle et al.

Once Long) Trial Investigators. Insulin degludec versus insulin
glargine in insulin-naive patients with type 2 diabetes: a 1-year,
randomized, treat-to-target trial (BEGIN Once Long). Diabetes
Care 20125 35: 2464-2471.

Ware JE, Sherbourne CD. The MOS 36-item short-form health
survey (SF-36): 1. Conceptual framework and item selection. Med
Care 1992; 30: 473-483.

Akaike H. A new look at the statistical model identification. IEEE
Trans Automat Contr 19745 19: 716-723.

Ratner RE, Hirsch IB, Neifing JL, Garg SK, Mecca TE, Wilson CA.
Less hypoglycemia with insulin glargine in intensive insulin therapy
for type 1 diabetes. Diabetes Care 2000; 23: 639-643.

Fayers PM, Hays RD, eds. Assessing Quality of Life in Clinical
Trials: Methods and Practice, 2nd edn. Oxford: Oxford University
Press, 2005: 4-6.

Hartman 1. Insulin analogs: impact on treatment success, satisfac-
tion, quality of life, and adherence. Clin Med Res 2008; 6: 54-67.
Horvath K, Jeitler K, Berghold A, Ebrahim SH, Gratzer TW, Plank
J et al. Long-acting insulin analogues versus NPH insulin (human
isophane insulin) for type 2 diabetes mellitus. Cochrane Database
Syst Rev 2007; 18: CD005613.

Freemantle N, Drummond M. Should clinical trials with concur-
rent economic analyses be blinded? | Am Med Assoc 1997; 277:
63-64.

Supporting Information

Additional Supporting Information may be found in the

online version of this article:

Figure S1. SF-36 version 2 health survey.

© 2012 The Authors.
Diabetic Medicine © 2012 Diabetes UK



