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Insulin degludec U100 is associated with lower risk for severe and
symptomatic hypoglycemia as compared with insulin glargine
U100 in subjects with type 1 diabetes
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Hypoglycemia is defined non-numerically by the American
Diabetes Association as “all episodes of an abnormally low
plasma glucose concentration that expose the individual to
potential harm” (1). The threshold for clinically significant
hypoglycemia is 54 mg/dL (3.0 mmol/L), while severe
hypoglycemia is defined as an episode with severe cognitive
impairment that requires assistance for recovery (1).

Hypoglycemia remains the main barrier of intensifying
insulin therapy and optimizing glycemic control in
patients with type 1 diabetes mellitus (T1DM) (2). The
Diabetes Control and Complications Trial (DCCT)
showed that intensive treatment of patients with T1DM
increases significantly the rate of severe hypoglycemia (3).
Hypoglycemia leads to poor treatment adherence,
weight gain due to increased food intake for avoiding or
recovering from hypoglycemia, as well as to poor quality
of life; in addition, hypoglycemia increases cardiovascular,
psychological and all cause morbidity and mortality
in patients with diabetes (2,4). Moreover, nocturnal
hypoglycemia has been associated with poor quality of sleep
and decreased productivity throughout the day (5,6).

Insulin degludec U100 (IDeg U100) is a long-acting basal
insulin analogue with a half-life >25 h and a duration of
action that exceeds 42 h (7). IDeg U100 compared to insulin
glargine U100 (IGlar U100) has lower pharmacodynamic
variability under steady-state conditions as it has been
shown with euglycemic clamp techniques and therefore, a
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more predictable glucose-lowering effect (8). Furthermore,
the stable pharmacodynamic profile of IDeg U100 applies
to different populations including children, adults, older
people, patients from different race and ethnic backgrounds,
as well as in those with renal or hepatic disease (7). Lately,
IDeg U100 was proven to be non-inferior in comparison
with IGlar U100 regarding cardiovascular safety (9).

A Randomised, Double Blind, Cross-over Tiial Comparing
the Safety and Efficacy of Insulin Degludec and Insulin Glargine,
Both With Insulin Aspart as Mealtime Insulin in Subjects With
Type 1 Diabetes (SWITCH 1) was the first study designed
to examine the impact of IDeg U100 on hypoglycemia
as a primary outcome (10). In this study 501 individuals
with T1DM were recruited. Inclusion criteria required
that participants were 218 years old treated with basal-
bolus regimen or continuous subcutaneous insulin infusion
using insulin pump for at least 26 weeks, had glycosylated
hemoglobin (HbAlc) <10%, body mass index <45 kg/m’;
and at least one of the following risk factors for
hypoglycemia: (I) 21 severe hypoglycemic episode within
the last year; (II) moderate chronic renal failure (estimated
glomerular filtration rate 30-59 mL/min/1.73 m®); (III)
history of hypoglycemia unawareness; (IV) diabetes duration
>15 years; and (V) an episode of hypoglycemia (symptoms
and/or blood glucose level of <70 mg/dL) within the last
12 weeks before recruitment.

This was a phase 3 randomized, double-blind, 2-period
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crossover, multicenter, treat-to target study. The trial
spanned 65 weeks, consisting of treatment with once-
daily IDeg U100 or IGlar U100, both with preprandial
insulin aspart 2—4 times daily for two consecutive 32-week
periods and 1 week of follow-up. Each 32-week treatment
period consisted of a 16-week titration period and a
16-week maintenance period. In the first 16 weeks, the
optimal titration of the basal insulin dose (titration period)
was performed once weekly according to the trial algorithm
and aiming for a pre-defined fasting blood glucose (FBG)
target of 71-90 mg/dL. The following 16 weeks were
the maintenance period. Titration of bolus insulin was
either performed twice weekly based on the previous 3 or
4 days’ readings according to the study algorithm or several
times daily based on the insulin-to-carbohydrate ratio and
insulin sensitivity factor, to achieve a preprandial blood
glucose target of 71-108 mg/dL. Non-inferiority for the
primary outcome was achieved if the upper limit of the 95%
confidence interval (CI) for the estimated odds ratio (OR)
was <1.10, while superiority was achieved when the upper
bound of the 2-sided 95% CI was <1.00.

The primary endpoint of the study was the rate of
overall severe or blood glucose-confirmed (<56 mg/dL)
symptomatic hypoglycemic episodes during the
maintenance period of the study. Secondary end points were
the rate of nocturnal (severe or blood glucose confirmed
episodes between 12:01 am and 5:59 am, both inclusive)
symptomatic hypoglycemic episodes, and the proportion of
patients experiencing severe hypoglycemia, both occurring
during the maintenance period. Other hypoglycemic
end points included rates of severe hypoglycemia; overall
symptomatic and nocturnal symptomatic hypoglycemia in
the full treatment period; rate of severe hypoglycemia in
the maintenance period; and the proportion of patients with
severe hypoglycemia, overall symptomatic, and nocturnal
symptomatic hypoglycemia during the maintenance period
and the full treatment period. Other efficacy secondary end
points were adverse events and glycemic control estimated
by HbAlc and FBG.

Regarding the primary objective, IDeg U100 achieved
superiority, since the rates of the overall severe or blood
glucose-confirmed symptomatic hypoglycemia were
significantly lower with IDeg U100 as compared to IGlar
U100 (OR: 0.89, 95% CI: 0.85-0.94, P<0.001). With
regards to the secondary end points, nocturnal severe
or symptomatic blood glucose-confirmed hypoglycemia
episodes were significantly lower in the IDeg U100 group
in comparison with the IGlar U100 group (OR: 0.64, 95%
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CI: 0.56-0.73, P<0.001). Additionally, the proportion of
patients that experienced severe hypoglycemia during
the maintenance period and the overall symptomatic
hypoglycemia episodes in the full treatment period were
lower in the group treated with IDeg U100 in comparison
with those treated with IGlar U100. Glycemic control,
estimated with HbAlc determination, did not differ
significantly between the two groups. However, in the
post hoc analysis, FBG was significantly lower in the IDeg
U100 group as compared to the IGlar U100 after 32 weeks
of treatment and the estimated treatment difference was
-17.0 mg/dL (95% CI: -25.5 to -8.41 mg/dL, P<0.001).
Moreover, there was no difference between the two groups
in terms of weight change in the first treatment period (2.6
vs. 2.7 kg; difference, -0.25 kg; 95% CI: -0.99 to 0.49 kg;
P=0.51) and in the second treatment period (0.7 vs. 0.0 kg;
difference, 0.75 kg; 95% CI: -0.04 to 1.55 kg; P=0.06).

The SWITCH 1 trial was the first study designed
to evaluate the impact of IDeg U100 vs. IGlar U100
on hypoglycemia in patients with T1DM at increased
hypoglycemia risk as the primary objective (10). Hence, it
is difficult to compare the results of the SWITCH 1 trial
with the findings of other studies that examined rates of
hypoglycemia as a secondary outcome. In addition, the
definition of hypoglycemia was different from most of the
previous studies, since in SWITCH 1 only symptomatic
and/or severe hypoglycemic episodes were reported. It is
surprising, though, that hypoglycemia unawareness was
an inclusion criterion in the SWITCH 1 study, while in
other studies hypoglycemia unawareness was an exclusion
criterion (11,12). Therefore, a number of asymptomatic
hypoglycemic events may have not been reported by the
patients and self-reported hypoglycemic episodes may
underestimate the number of true hypoglycemic events.
Nevertheless, since the study had a cross-over designed and
participants were exposed to both basal insulins of the study,
this fact has probably not influenced much the results.

The Comparison of NN1250 Plus Insulin Aspart With
Insulin Glargine Plus Insulin Aspart in Type 1 Diabetes
(BEGIN Basal Bolus Type 1) study, was a phase 3 open-
label study in patients with T1DM that reported non-
inferiority of IDeg U100 in comparison with IGlar U100
in terms of glycemic control (11). Overall hypoglycemic
episodes that were examined as a secondary outcome, did
not differ significantly between the two groups (OR: 1.07,
95% CI: 0.89-1.28, P=0.48). In addition, there was no
significant difference in severe hypoglycemia (OR: 1.38,
95% CI: 0.72-2.64, P=0.34), but similarly to the SWITCH
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1 trial, nocturnal episodes were 25% lower in the IDeg
U100 group as compared to IGlar U100 (OR: 0.75, 95%
CI: 0.59-0.96) (11). When comparing these two studies,
except for the different outcomes, we should also take into
consideration that the BEGIN trial was an open label trial
and therefore, there was greater caution in the titration of
the IDeg U100 dose (10,11). Moreover, the FBG target
was 71-90 mg/dL in both studies, but the pre-prandial was
71-90 mg/dL in the BEGIN and 71-108 mg/dL in the
SWITCH 1 trial. Hence, hypoglycemia rates cannot be
compared between the two studies, since the pre-prandial
target was stricter in the BEGIN trial.

Similar results were reported from the 52-week
extension of the BEGIN trial; nocturnal hypoglycemia was
significantly lower in the group treated with IDeg U100, in
comparison with the group treated with IGlar U100, while
the overall confirmed hypoglycemia did not differ between
the two groups (13). On the other hand, in a small open
label study by Birkeland ez 4., IDeg U100 was compared
to IGlar U100 in terms of glycemic control and showed
non-inferiority. Regarding hypoglycemia, the results were
similar to the SWITCH 1 trial since overall hypoglycemia
episodes and nocturnal episodes were significantly lower in
the IDeg U100 than in the IGlar U100 group (12).

Most of the published studies agree that IDeg U100
decreases nocturnal hypoglycemia but data are still scarce
about overall hypoglycemia rates. Several meta-analyses
have been published so far to answer the question if IDeg
U100 induces less hypoglycemia in comparison with
IGlar U100; however, the examined studies had large
heterogeneity with different inclusion criteria, different
endpoints and different definitions of hypoglycemia
(14-16). Ratner ez al. demonstrated that among patients with
T1DM, the rate of overall confirmed episodes was similar
between IDeg U100 and IGlar U100, while the nocturnal
hypoglycemia was lower in the maintenance period for
IDeg U100 (14). Furthermore, Vora et /. showed that
nocturnal and not daytime, non-severe hypoglycemias were
significantly lower among patients treated with IDeg U100
as compared to IGlar U100 (15). Another meta-analysis by
Dzygalo et al. showed that IDeg U100 was associated with
reduced nocturnal hypoglycemia episodes in contrast to
IGlar U100 and insulin detemir, but overall hypoglycemia
could not be assessed because the available studies had large
heterogeneity (16).

Independently of the efficacy and the safety of IDeg
U100, many have raised concerns about the strict
fasting plasma glucose targets in subjects at high risk for
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hypoglycemia in the SWITCH 1 trial and the potential
risk of these patients (17), since it is known that severe
hypoglycemia increases cardiovascular morbidity and
mortality (4). Nevertheless, more interesting would be
a comparison between IDeg U100 or U200 and IGlar
U300, since these are the latest basal insulin analogues
that have lower pharmacodynamic variability under steady
state conditions and therefore, can reduce significantly
hypoglycemia risk in comparison with 1Glar U100 (8,18).
Noteworthy, a recent study demonstrated that at steady
state conditions IGlar U300 resulted in 20% less within-day
variability in comparison with IDeg U100 at the same dose
(0.4 U/kg/day) (19).

In the era of new basal insulin analogues, it seems
possible to achieve safely a FBG target of less than
110 mg/dL and a HbAlc target less than 7% and to reduce
the risk of diabetes complications. Such targets have been
difficult to be achieved in past with older insulins, that were
shorter acting and with more variable and less-predictable
time-action profiles than newer basal insulin analogues,
including IDeg U100.
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