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ABSTRACT

Introduction: Insulin dosing based on carbo-
hydrate counting is the gold standard for
improving glycaemic control in type 1 diabetes
(T1D). This post hoc analysis aimed to explore
the efficacy and safety of fast-acting insulin
aspart (faster aspart) according to bolus dose
adjustment method in people with T1D.

Methods: Post hoc analysis of two 26-week,
treat-to-target, randomised trials investigating
treatment with double-blind mealtime faster
aspart, insulin aspart (IAsp), or open-label post-
meal faster aspart (onset 1, n = 1143; onset 8,
n = 1025). Participants with previous experi-
ence continued carbohydrate counting (onset 1,
n = 669 [58.5%]; onset 8, n = 428 [41.8%]),
while remaining participants used a bolus
algorithm.
Results: In onset 1, HbA1c reduction was sta-
tistically significantly in favour of mealtime
faster aspart versus IAsp with carbohydrate
counting (estimated treatment difference
[ETD 95% CI] - 0.19% [- 0.30; - 0.09];
- 2.08 mmol/mol [- 3.23; - 0.93]). In onset 8,
there was no statistically significant difference
in HbA1c reduction with either dose
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adjustment method, although a trend towards
improved HbA1c was observed for mealtime
faster aspart with carbohydrate counting (ETD
- 0.14% [- 0.28; 0.003]; - 1.53 mmol/mol
[- 3.10; 0.04]). In both trials, bolus insulin doses
and overall rates of severe or blood glucose-
confirmed hypoglycaemia were similar between
treatments across dose adjustment methods.
Conclusion: For people with T1D using carbo-
hydrate counting, mealtime faster aspart may
offer improved glycaemic control versus IAsp,
with similar insulin dose and weight gain and
no increased risk of hypoglycaemia.
Trial Registration: ClinicalTrials.gov: NCT01
831765 (onset 1) and NCT02500706 (onset 8).
Funding: Novo Nordisk.

Keywords: Bolus insulin; Carbohydrate
counting; Insulin dose adjustment; Rapid-
acting insulin; Type 1 diabetes

INTRODUCTION

Optimising postprandial plasma glucose (PPG)
control plays an important role in achieving
target HbA1c levels and reducing the risk of
diabetes-related complications in people with
type 1 diabetes (T1D) [1, 2]. Mealtime bolus
therapy aims to mimic the physiological pran-
dial insulin secretion profile to lower PPG
excursions without increasing the risk of hypo-
glycaemia [3].

The manner in which the bolus insulin dose
is adjusted is an important aspect of diabetes
self-management [4, 5]. Dose adjustment based
on carbohydrate counting is considered the
‘gold standard’ approach, and can lead to
improvements in glycaemic control without
increasing the risk of severe hypoglycaemia in
people with T1D [4–9]. Carbohydrate counting
is based on the principle that carbohydrate is
the predominant nutrient contributing to the
rise in PPG, and involves matching the amount
of carbohydrate consumed with an appropriate
bolus insulin dose using insulin-to-carbohy-
drate ratios (ICR). Pre-meal self-measured blood
glucose (SMBG) values are also necessary to
determine whether additional insulin is needed
to correct pre-meal hyperglycaemia. In addition

to improving HbA1c [10], structured training in
carbohydrate counting can improve quality of
life, treatment satisfaction and psychological
well-being [5, 11]. However, there are chal-
lenges associated with accurately dosing based
on carbohydrate counting, and standardised
bolus titration algorithms based on SMBG
measurements can also be efficacious [12].

Even with correct dosing, exogenous meal-
time insulins are associated with delayed
absorption and onset of action compared with
physiological insulin secreted from the pancreas
[13], and only a minority of patients with T1D
achieve HbA1c targets [14]. A new generation of
insulin formulations are being developed to
accelerate insulin absorption and improve PPG-
lowering action. Fast-acting insulin aspart (faster
aspart) is a faster-acting formulation of insulin
aspart (IAsp),whichhas been approved for use by
the US Food and Drug Administration and
European Medicines Agency. Two large ran-
domised controlled trials, onset 1 and onset 8,
have evaluated the efficacy and safety of faster
aspart as part of a basal–bolus regimen in adults
with T1D. In both the onset 1 and onset 8 trials,
mealtime and post-meal administration of faster
aspart was non-inferior to mealtime IAsp
regarding change in HbA1c after 26 weeks’
treatment [15, 16], and there was a statistically
significant improvement in HbA1c in favour of
mealtime faster aspart versus IAsp in onset 1 [16].
In both trials, the incidence of overall severe or
blood glucose (BG)-confirmed hypoglycaemia,
increase in body weight from baseline, and
insulin dose 26 weeks after randomisation was
comparable between treatments.

Using data from onset 1 and onset 8, this
post hoc analysis aimed to explore the efficacy
and safety of faster aspart according to bolus
dose adjustment method (carbohydrate count-
ing and a pre-defined bolus dosing algorithm)
in people with T1D.

METHODS

Trial Design

This was a post hoc analysis of two multicentre,
active-controlled, randomised, parallel-group
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trials which evaluated the safety and efficacy of
faster aspart (mealtime and post-meal) versus
IAsp in adults with T1D over 26 weeks (Fig. S1)
(ClinicalTrials.gov: NCT01831765 [onset 1] and
NCT02500706 [onset 8]). The trials were similar
in design, and the trial methods and efficacy
and safety outcomes have been reported previ-
ously [15–17]. Faster aspart and IAsp were
administered in a basal–bolus regimen with
once- or twice-daily insulin detemir in onset 1
and once-daily insulin degludec in onset 8.

The onset 1 trial was conducted at 165 sites
across Belgium, Canada, Czech Republic, Fin-
land, Germany, Hungary, Poland, the UK and
the USA. The onset 8 trial was conducted at 146
sites across Austria, Bulgaria, Canada, Germany,
India, Israel, Italy, Japan, Russian Federation,
Serbia, Taiwan and the USA. All procedures
performed in studies involving human partici-
pants were in accordance with the ethical
standards of the institutional and/or national
research committees and with the Helsinki
declaration and its later amendments or com-
parable ethical standards. Informed consent was
obtained from all individual participants inclu-
ded in the studies. See Supplementary Material
for a full list of the ethics committees/institu-
tional review boards that approved this study.

Study Population

In both trials, adults (at least 18 years old; at least
20 years in Japan and Taiwan) with T1D were
eligible for inclusion if treatedwith a basal–bolus
insulin regimen for at least 12 months before
screening, including a basal insulin analogue for
at least 4 months before screening, with an
HbA1c of 7.0–9.5% (53–80 mmol/mol) and a
body mass index of at most 35.0 kg/m2.

Exclusion criteria included any use of an
antidiabetic medication other than insulin
within 3 months prior to screening; for addi-
tional exclusion criteria, see Buse et al. [15] and
Russell-Jones et al. [16].

Study Interventions

In both trials, after an initial 2-week screening
period, an 8-week run-in period allowed for

optimisation of basal insulin. At the start of the
run-in period, participants were switched from
their pre-trial bolus insulin to IAsp. Bolus dose
was adjusted using the same method used
before the trial, and no titration was performed
by the investigator unless necessary for safety
reasons.

Following the run-in period, participants
were randomised 1:1:1 to receive double-blind
mealtime faster aspart or mealtime IAsp, or
open-label post-meal faster aspart. In both tri-
als, mealtime dosing was defined as bolus
insulin injected 0–2 min before the start of a
meal. In onset 1, post-meal dosing was defined
as bolus insulin injected at a fixed time of
20 min after the start of the meal. In onset 8,
post-meal dosing was defined as bolus insulin
injected at the end of a meal, and no later than
20 min after the start.

Both trials employed the same bolus dose
adjustment methods during the treatment per-
iod. Participants who were assessed by the
investigator to be adequately trained in carbo-
hydrate counting continued using this method.
All other participants used a predefined bolus-
dosing algorithm (Table S1).

For participants following the principles of
carbohydrate counting, meal carbohydrate
content and pre-prandial plasma glucose (PG)
values were used to determine the appropriate
bolus insulin dose. Adjustments were made
several times daily by the participant in accor-
dance with the ICR and insulin correction fac-
tor. A weekly review of the ICR and insulin
correction factor was performed by the investi-
gator on the basis of individual participants’
SMBG assessed using a glucose meter calibrated
to plasma equivalent glucose values. The target
pre-prandial PG range was 4.0–6.0 mmol/L. In
case of hypoglycaemic episodes, the dose could
be reduced at the investigator’s discretion.

For participants using the predefined bolus-
dosing algorithm (Table S1), bolus titration was
to the next pre-prandial PG target of 4.0–
6.0 mmol/L for both breakfast and lunch doses,
and to the same target at bedtime for the dinner
dose. Dose adjustments were made twice weekly
on the basis of SMBG measured during the
previous 3–4 days: once by the investigator and
once by the participant.
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Assessments

The primary endpoint in both trials was the
change from baseline in HbA1c 26 weeks after
randomisation. The full list of secondary end-
points in each trial has been published [15, 16].
This analysis used change in body weight from
baseline, total insulindose andbolus insulindose,
and severe (as defined by the American Diabetes
Association[18])orBG-confirmedhypoglycaemic
episodes (PG value less than 3.1 mmol/L with or
without symptoms consistent with hypogly-
caemia) as secondary endpoints of interest. Meal-
related hypoglycaemia was evaluated both in
terms of the cumulative rate within 1, 2 and 4 h
after the start of a meal, and the non-cumulative
rate during the[1 to 2,[2 to 3 and[3 to 4 h
periods after the start of a meal.

For the post hoc analysis, participants were
grouped on the basis of dose adjustment
method at baseline: carbohydrate counting and
bolus algorithm.

Statistical Analysis

Owing to the different basal insulin compo-
nents and the larger proportion of Asian par-
ticipants in onset 8, results of the post hoc
analysis are reported separately for each trial.

In both trials, changes from baseline in
HbA1c and body weight were analysed using
regression models, including treatment, region
and strata as fixed effects and baseline values as
covariate. Stratification included bolus adjust-
ment method, basal insulin regimen, and
exploratory PPG control assessment method in
onset 1, and bolus adjustment method in onset
8. The overall (non-subgroup) analyses, as pre-
specified in the protocols, took into account
dropout bias by formulating regression models
as mixed-effect model for repeated measures
(MMRMs) (onset 1) or by using multiple impu-
tation (onset 8). In onset 1, information until
discontinuation of randomised treatment was
included, whereas in onset 8, all available
information regardless of discontinuation from
randomised treatment was included.

Log total dose and bolus insulin dose were
analysed using linear regression models (onset

1) or MMRMs (onset 8), and back-transformed
to produce dose ratios. Both models included
treatment, region and strata as factors. In both
trials, the rates of hypoglycaemic episodes were
analysed using a negative binomial regression
model for the episode count with a log-link
function with the logarithm of the time in
which the hypoglycaemic episode was consid-
ered treatment-emergent as offset. The model
included treatment, region and strata as factors.

For both trials, results by dose adjustment
subgroups were based on MMRMs and were
obtained by including a treatment-by-dose
adjustment method interaction term in the
regression models.

RESULTS

Trial Participants

In onset 1, 1143 participants were randomised
to mealtime faster aspart (n = 381), IAsp
(n = 380), or post-meal faster aspart (n = 382),
and 1062 (92.9%) similarly distributed across
treatment arms completed 26 weeks of ran-
domised treatment. In onset 8, 1025 partici-
pants were randomised to mealtime faster
aspart (n = 342), IAsp (n = 342) or post-meal
faster aspart (n = 341). A total of 1007 (98.2%)
participants completed the trial, while 999
(97.5%) completed the 26-week treatment per-
iod without premature discontinuation of ran-
domised treatment. A similar proportion of
participants completed both the trial and
treatment period in each treatment arm.

In total, 669 (58.5%) participants in onset 1
and 428 (41.8%) participants in onset 8 adjusted
their bolus insulin dose on the basis of carbo-
hydrate counting.

Baseline characteristics were similar between
treatment arms and within each dose adjust-
ment group in each trial (Table 1). The majority
of the participants in onset 1 were White
(93.3%) and all were enrolled in North America
(59.1%) or Europe (40.9%). The majority of
participants in onset 8 were White (60.8%) or
Asian (37.5%) and were enrolled in Europe
(33.7%), North America (29.4%), Japan (23.9%)
and Asia (excluding Japan) (13.1%).
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Efficacy

In onset 1, non-inferiority (0.4% margin) of
both mealtime and post-meal faster aspart to
IAsp in terms of HbA1c reduction was con-
firmed (estimated treatment difference [ETD],
mealtime - 0.15% [95% CI - 0.23; - 0.07];
- 1.62 mmol/mol [- 2.50; - 0.73]; post-meal
0.04% [- 0.04; 0.12], 0.47 mmol/mol [- 0.41;
1.36]; p\0.0001 for non-inferiority) [16].
HbA1c reduction was statistically significantly
greater for mealtime faster aspart compared
with IAsp (p = 0.0003).

In onset 1, HbA1c reduction was statistically
significantly greater with mealtime faster aspart

versus IAsp in the carbohydrate counting group
(ETD - 0.19% [95% CI - 0.30; - 0.09];
- 2.08 mmol/mol [- 3.23; – 0.93]) (Fig. 1), and
there was no significant difference between
post-meal faster aspart and IAsp. There was also
no statistically significant difference between
treatments in the bolus algorithm group.

In onset 8, change in HbA1c was not statis-
tically significantly different between treat-
ments in either dose adjustment group. The
ETD for change from baseline in HbA1c was
- 0.14% (95% CI - 0.28; 0.003; - 1.53 mmol/
mol [- 3.10; 0.04]) in the carbohydrate count-
ing group and 0.06% (95% CI - 0.06; 0.18;
1.69 mmol/mol [0.38; 3.01]) in the bolus

Fig. 1 Change from baseline in HbA1c and body weight
at week 26 with a mealtime and b post-meal faster aspart
in onset 1 and c mealtime and d post-meal faster aspart in
onset 8, all versus insulin aspart, by dose adjustment

method. Data from ‘all subjects’ in each trial are included
alongside data from the dose adjustment method groups.
CI confidence interval, ETD estimated treatment differ-
ence, faster aspart fast-acting insulin aspart
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algorithm group (Fig. 1). Change in HbA1c was
statistically significantly different in favour of
IAsp versus post-meal faster aspart in the bolus
algorithm group (ETD 0.15% [95% CI 0.03;
0.28]; 1.69 mmol/mol [0.38; 3.01]).

Safety

There was no statistically significant difference
in change in body weight from baseline
between faster aspart (mealtime and post-meal)
and IAsp across dose adjustment groups in
either trial (Fig. 1).

In both trials, total insulin dose and bolus
insulin dose 26 weeks after randomisation were

similar between treatment arms across dose
adjustment groups (Fig. 2).

In both onset 1 and onset 8, there was no
statistically significant difference in the overall
rates of severe or BG-confirmed hypoglycaemic
episodes between faster aspart (mealtime or
post-meal) and IAsp across dose adjustment
groups (Fig. 3) [15, 16]. Of note, although an
indirect comparison, the rates were numerically
lower in the onset 8 trial compared with the
onset 1 trial.

In onset 1, a statistically significantly higher
hypoglycaemia rate was observed within 1 h
after a meal with mealtime faster aspart versus
IAsp in the bolus algorithm group (Rate Ratio

Fig. 2 Total daily insulin dose and daily bolus insulin dose
after 26 weeks with a mealtime and b post-meal faster in
onset 1 and c mealtime and d post-meal faster aspart in
onset 8, all versus insulin aspart, by dose adjustment

method. Data from ‘all subjects’ in each trial are included
alongside data from the dose adjustment method groups.
CI confidence interval, ETR estimated treatment ratio,
faster aspart fast-acting insulin aspart
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(RR) 1.91 [95% CI 1.23; 2.99], but there was no
significant difference in the carbohydrate
counting group (RR 1.15 [95% CI 0.80; 1.65])
(Fig. 4a). No significant differences between
treatments were observed in the cumulative
rates 2 and 4 h after a meal (Fig. 4a, b), or in the
non-cumulative rates of hypoglycaemia[1 to
2,[2 to 3 or[3 to 4 h after a meal across dose
adjustment groups (Fig. S2a, b).

In onset 8, there was a significantly lower
cumulative rate of hypoglycaemia 4 h after a
meal with mealtime faster aspart versus IAsp in
the carbohydrate counting group (RR 0.62 [95%
CI 0.41; 0.93]), along with a trend in favour of
mealtime faster aspart at 1 and 2 h (Fig. 4c).
There was also a significantly lower non-cumu-
lative hypoglycaemia rate in the[3 to 4 h
period after a meal with mealtime faster versus
IAsp in the carbohydrate counting group (RR
0.54 [95% CI 0.35; 0.84]) (Fig. S2c). There was

no significant difference in the rate of hypo-
glycaemia at each time point after a meal (cu-
mulative and non-cumulative) between
treatments in the bolus algorithm group (Fig. 4
and Fig. S2).

DISCUSSION

Mealtime and post-meal faster aspart provide
effective glycaemic control compared with IAsp
in people with T1D [15, 16]. This post hoc
analysis aimed to explore the efficacy and safety
of faster aspart according to bolus dose adjust-
ment method using data from the onset 1 and
onset 8 trials.

In onset 1, there was a statistically significant
improvement in HbA1c with mealtime faster
aspart versus IAsp in participants using carbo-
hydrate counting. Although there was no

Fig. 3 Overall severe or BG-confirmed hypoglycaemia
rates after 26 weeks with a mealtime and b post-meal
faster aspart in onset 1 and c mealtime and d post-meal
faster aspart in onset 8, all versus insulin aspart, by dose
adjustment method. Data from ‘all subjects’ in each trial

are included alongside data from the dose adjustment
method groups. BG blood glucose, CI confidence interval,
ETR estimated treatment ratio, faster aspart fast-acting
insulin aspart, PYE patient-year of exposure

1036 Diabetes Ther (2019) 10:1029–1041



statistically significant difference in HbA1c
reduction between treatments with either dose
adjustment method in onset 8, there was a
trend towards improved HbA1c in the mealtime
faster aspart carbohydrate counting group. In
both trials, body weight change, insulin dose

and overall hypoglycaemia rates were similar
between faster aspart (mealtime and post-meal)
and IAsp with both dose adjustment methods.

In the previously reported onset 1 trial, there
was a significant reduction in meal-related
hypoglycaemia observed 1 h after a meal in

Fig. 4 Cumulative meal-related severe or BG-confirmed
hypoglycaemia rates after 26 weeks for a mealtime and
b post-meal faster aspart in onset 1 and c mealtime and
d post-meal faster aspart in onset 8, all versus insulin
aspart, by dose adjustment method. Cumulative rates of
meal-related hypoglycaemia were evaluated 1, 2 and 4 h

after the start of a meal. Data from ‘all subjects’ in each
trial are included alongside data from the dose adjustment
method groups. BG blood glucose, CI confidence interval,
ETR estimated treatment ratio, faster aspart fast-acting
insulin aspart, PYE patient-year of exposure
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favour of IAsp versus mealtime faster aspart
[15, 16]. While there was no significant differ-
ence between treatments at this time point in
onset 8, there was a significant difference in
hypoglycaemia in the 3–4 h period in favour of
mealtime faster aspart versus IAsp [15]. Differ-
ences in timing of hypoglycaemia are likely to
be related to the distinct time–action profile of
faster aspart relative to IAsp [19]. In this analy-
sis, the treatment difference at 1 h in onset 1
was attenuated in the carbohydrate counting
group, and there was a trend in favour of
mealtime faster aspart at each time point after a
meal in the carbohydrate counting group in
onset 8, with significant differences at 4 h and
during the 3–4 h period. The analysis may
indicate that for patients able to adjust their
insulin dose using carbohydrate counting, post-
meal hypoglycaemia risk is the same or lower
with mealtime faster aspart compared with
mealtime IAsp.

There are limitations to this study. Participants
were not randomised to a dose adjustment
method. Participants continued to use the same
method for bolus adjustment as they did before
the trial. Those who were assessed to be ade-
quately trained in carbohydrate counting con-
tinuedusing thismethod. Thiswas also a post hoc
analysis and socanonlybeconsideredhypotheses
generating.However, the trend towards improved
HbA1c with mealtime faster aspart versus IAsp in
participants using carbohydrate counting was
consistent across two large, multicentre clinical
trialswith similar studydesigns and the samedose
adjustment protocols. There were some differ-
ences between the two trials. The trials used dif-
ferent basal insulin components (insulin detemir
in onset 1 and insulin degludec in onset 8). In
particular, the use of insulin degludec as the basal
insulin component may have contributed
towards the numerically lower rates of hypogly-
caemiaobserved inonset8 comparedwithonset 1
[20–22]. The trials also had different participant
populations, with a higher proportion of Asian
participants in onset 8, and cultural and dietary
differences might have contributed to the
heterogeneity between the trials.

Carbohydrate counting is a recommended
approach for improving glycaemic control in
T1D [8, 23]. Adjusting bolus insulin dose based

on ICR and correction factors enables relatively
precise matching to prandial insulin needs,
increasing dietary freedom [11]. However,
inaccurate carbohydrate counting is frequent
[24, 25], and is associated with higher glucose
variability in adults with T1D [24]. Some
patients may find the complexity of choosing
and calculating pre-meal insulin doses too dif-
ficult, or may not adjust their dose because of
fear of hypoglycaemia [26]. It should be noted
that standardised titration algorithms are also
considered a safe and efficacious approach for
patients with T1D [12].

CONCLUSIONS

Regardless of bolus insulin adjustment method,
mealtime and post-meal faster aspart provide
effective glycaemic control in terms of HbA1c
reduction. The results of the post hoc analysis
suggest that for people with T1D who are able to
adjust their dose on the basis of carbohydrate
counting, mealtime faster aspart may offer
improved glycaemic control compared with
IAsp, with similar daily total and bolus insulin
dose, and without an increased risk of overall or
meal-related hypoglycaemia.
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