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Towards peakless, reproducible and long-acting insulins.
An assessment of the basal analogues based on isoglycaemic
clamp studies
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While the advantages of the two basal insulin analogues, glargine and detemir, over neutral protamine Hagedorn are
well established, the relative merit of the two compared with each other has been a matter of some controversy. The two
analogues are popularly perceived to differ from each other in their pharmacodynamic (PD) profiles, in particular with
regard to ‘flatness’ and duration of action. The aim of this review, therefore, is to give a complete overview on the
available PD data of both analogues as derived with the glucose clamp technique. In order to improve parity across
studies, a common definition for duration of action (time from injection to plasma glucose >8.3 mmol/l) was applied
and study data were recalculated when necessary. Despite differences in methodological details, the results of most
clamp studies were very consistent. Glargine and detemir both typically show a gentle rise and fall in glucose-lowering
action over time. Duration of action with both analogues is dose dependent, but in the clinically relevant range of 0.35—
0.8 U/kg it is close to 24 h in people with type 1 diabetes and in excess of this in people with type 2 diabetes. While
both analogues seem to be very similar with regard to the mean shape of their PD profile and duration of action, detemir
shows less within-subject variability in its metabolic effect. These findings in experimental glucose clamp studies are
consistent with observations in clinical trials and support routine once daily use with either analogue, in particular in
people with type 2 diabetes.
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. Pharmaceutical companies have developed formula-
Introduction . . . .
tions of exogenously administered insulin that attempt

Insulin secretion in health is tightly regulated and main-
tains plasma glucose concentrations in the euglycaemic
range (approximately 4-6 mmol/l). A more or less con-
stant ‘basal’ level of secretion is supplemented periodi-
cally by intervals of greatly increased secretion according
to metabolic need, with the ingestion of nutrients acting
as a potent stimulus to increased insulin secretion [1].
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to recreate the kinetics of endogenous insulin secretion.
The absorption properties of rapid-acting insulin ana-
logues (lispro, aspart and glulisine), for example, lead
to pharmacodynamic (PD) profiles that replicate the
normal prandial insulin response much better than pre-
viously available human insulin preparations for sub-
cutaneous (s.c.) injection [2]. Basal insulin formulations
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attempt to recreate the low and constant plasma insulin
levels seen between meals and overnight in normal
physiology. The challenge here has been to produce for-
mulations that are affordable to health provider services
and convenient for the patient (requiring a low injection
frequency, preferably once a day) and that produce the
desired flat, reproducible PD profile of normal basal
insulin secretion.

It is well established and widely accepted that basal
human insulin preparations [Ultralente and neutral pro-
tamine Hagedorn (NPH) insulin] fall short of these desired
properties [3,4]: they not only are suspensions that have
to be thoroughly resuspended prior to injection, a re-
quirement often ignored by many patients [5], but also
show a pronounced peak effect, which can impose the
risk of nocturnal hypoglycaemia. Furthermore, variabil-
ity in the PD profile is high [6,7] — indeed, so high for
Ultralente that it is hardly used any more [8]. The major
disadvantage of NPH insulin, in addition to high vari-
ability, is its suboptimal duration of action: end of action
is reported to occur after only 12-14 h [9-11]. For many
patients, this means NPH insulin will not be able to sub-
stitute basal insulin unless given at least twice daily.

In light of these shortfalls, manufacturers have sought
alternative approaches, and in recent years, two insulin
analogues, insulin glargine and insulin detemir, have
been licensed that attempt to meet the requirements
demanded of an exogenous basal insulin therapy. The
PD superiority over NPH insulin of these two analogues
as basal insulins is widely accepted: both glargine and
detemir have a longer duration of action and a reduced
peak effect when compared with NPH insulin [3,4,12].
However, the relative merit of the two compared with
each other has been a matter of some controversy. Insu-
lin glargine has been widely cited to be a long-acting
‘peakless’ basal insulin with reduced variability that
can be dosed once daily in all patients, whereas insulin
detemir is often regarded as a ‘predictable’ insulin char-
acterized by low intrasubject variability but with only
intermediate action (requiring once or twice daily dos-
ing) and a slight peak effect [12,13].

In order to investigate the evidence on which these
perceptions are based, this review summarizes the avail-
able data from all glucose clamp studies available to date
that have examined the time—action profiles of these
analogues.

Clamp Study Data

This review focuses on results from isoglycaemic clamp
studies as these are generally regarded as the gold-
standard system for assessing the PD profiles of insulin
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products [14,15]. In clamp studies, the PD effect of the
study insulin is investigated by preventing the insulin-
induced decrease in blood glucose concentration
through a variable infusion of glucose. A plot of the
amount of glucose over time [expressed as glucose infu-
sion rate (GIR) in mg/kg/min] necessary to maintain
blood glucose concentrations at the clamp level is
closely representative of the PD effect of the study insu-
lin. While this principle is used by all glucose clamp
studies, differences in methodological and analytical
detail often hamper comparisons between studies. Nev-
ertheless, in order to obtain a complete overview, the
data of different studies on the key issues for basal insu-
lins, that is, duration of action, flatness and variability,
have here been harmonized as far as possible. For this
purpose, the authors reanalysed data from their own
studies to obtain parameters comparable to other pub-
lished data. It should be noted that the authors have
not had access to the original data of others’ studies, so
considerations of these are necessarily restricted to the
published data.

Collectively, insulin glargine [6,7,9,16—19] and insulin
detemir [6,11,18,20,21] have been examined in 10 pub-
lished clamp studies. Studies not examining s.c. insulin
administration [22,23], that used multiple insulin injec-
tions during one clamp [24] or that had a duration of
below 24 h postdosing [25-27] were not included in
this review. In addition, the study by Rave et al. [28]
was excluded as the cohort was limited to Japanese eth-
nicity, whereas all other trials were carried out in Cau-
casians. Only two of these published studies have made
direct PD comparisons between insulin detemir and
insulin glargine [6,18]. Recently, a third direct compari-
son has been published in abstract form [29]. In order to
gather a sound data set, this abstract and the related
poster were included in this review, even though the
study is not available as a full paper in a peer-reviewed
journal at the time of writing this review. Summary data
for the relevant published studies are presented in
table 1.

‘Flatness’ of Basal Insulin Analogues

Asthere are no accepted standard measures of ‘flatness’, it
is generally more informative to assess the shapes of the
GIR-time curves. All available profiles determined in
people with diabetes are presented in figure 1 for com-
parison (the mean profiles of Heise et al. [6] were calcu-
lated for this review and were not part of the original
publication).

In the case of glargine, a very flat profile was reported in
the early study in type 1 diabetes by Lepore et al. [9]. This
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Fig. 1 Glucose infusion rate curves from key studies of basal insulin analogues in people with diabetes: (a) insulin glar-
gine; (b) insulin detemir. Individual curves © of and reproduced with permission from: Springer Verlag [17]; American
Diabetes Association [9]; Blackwell Publishing [18]; American Diabetes Association [6]; and American Diabetes Association
[11]; curve for (Porcellati et al. [29] is from G. Bolli (pers. comm.).

profile is still popularly regarded as the defining one for
the drug, although it is has not been repeated in any of
the subsequent clamp studies with insulin glargine. All
other studies have been quite consistent in showing
a gentle rise and fall in effect, regardless of whether they
were conducted in healthy subjects [7,16], type 1 diabe-
tes patients [6,29] or type 2 diabetes patients [17,18].
Studies of insulin detemir are also consistent in show-
ing a gentle rise and fall. In fact, the mean shape of the
time—action profile has been very consistent in the dete-
mir studies, with the exception of the recent Porcellati
study in type 1 diabetes [29] where there was an appar-
ently rapid decline in action over the second 12-h
period of the study. That this was found for the mean
profile is curious as a sudden drop off in action was not
seen in any of the individual patient GIR profiles repor-
ted in the large-scale repeat-clamp study by Heise et al.
[6] or in any individual profile in the study of Plank et
al. [11] in people with type 1 diabetes. The only avail-

© 2007 The Authors
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able head-to-head comparison of glargine and detemir
in people with type 2 diabetes [18] reported nearly
superimposable PD profiles with 0.4 and 0.8 U/kg. In
conclusion, the available studies, with only one excep-
tion [9], show a small peak with both insulin glargine
and insulin detemir. Thus, while the two analogues cer-
tainly show a considerably flatter profile than NPH
insulin, their mean profiles do not fully represent the
optimal basal insulin, which would mimic the physio-
logical, peakless profile produced by endogenous basal
insulin secretion in health.

Duration of Action of the Basal Analogues

It seems very simple to define duration of action in glu-
cose clamp studies as the time from insulin injection to
GIR returning to baseline again. In reality, however, GIR
usually does not return to baseline in extended glucose
clamp studies in healthy people. For instance, two clamp
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studies in healthy volunteers [16,21] reported ongoing
metabolic activity of NPH insulin at 24 h or even at
30 h, in clear contrast to clinical observations with NPH
insulin. The determination of duration of action in
healthy subjects may therefore be more confusing than
helpful. The overestimation of duration of action in
healthy people might be because of prolonged fasting
and/or an increase in endogenous insulin secretion as
both studies demonstrated ongoing and increasing meta-
bolic activity also for placebo over 24 or 30 h [16,21].

Therefore, duration of action can only be measured reli-
ably in people with diabetes in whom a vanishing meta-
bolic effect of the study insulin will be manifest as
a decrease in GIR and a subsequent rise in the subjects’
glucose concentrations above the target clamp level. As
the main aim of a basal insulin is to control blood glucose
under fasting conditions, it has been proposed to define
‘end of action’ of an insulin preparation as the time from
study drug injection to an increase in glucose concentra-
tions above 8.3 mmol/l (150 mg/dl) [9]. As this defini-
tion is the clinically most relevant (defining the
duration of fasting glucose control through a basal insu-
lin) and as it can be applied to all available clamp data
on basal insulin analogues in people with diabetes, it
will be used for this review. Lepore et al. [9], Plank
et al. [11] and Porcellati et al. [19,29] calculated dura-
tion of action as the time from onset to end of action.
End of action was defined as outlined above, whereas
onset of action was defined as the time after dosing,
at which the rate of a basal intravenous (i.v.) insulin
infusion (used to establish the glucose target-level pre-
dosing) consistently decreased by 50% compared
with the 20-min predosing time period. This definition
cannot be applied to all studies in people with diabetes,
however, as some studies [6,18] have simply ceased the
i.v. insulin infusion immediately before injection of the
study insulin. As the use of i.v. insulin is just an expe-
dient for glucose clamp studies and not relevant for
daily clinical practice, it seems justifiable to use insulin
injection as starting point and an increase of blood glu-
cose concentrations above 8.3 mmol/l as the end-point
for the definition of duration of action.

In total, there are seven glucose clamp studies in people
with type 1 [6,9,11,19,29] or type 2 diabetes [17,18].
The main difference between these studies, as far as
end of action is concerned, is the difference in the blood
glucose target level during the clamp. Glycaemia was
clamped either at 5.0 mmol/l [6,18], 5.5 mmol/l [29]
and 130 mg/dl (7.2 mmol/l) [9,19] or at an individual-
ized level (mean 7.7 mmol/l) [17]. The chosen clamp
glucose level will have an impact on the reported values
for end of action as it obviously takes longer for glucose
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to rise to the cut-off value of 8.3 mmol/l when starting
at 5 mmol/]l than when starting at 7.2 mmol/l. Neverthe-
less, describing the time in near-normoglycaemia (i.e.
with glucose concentrations below 8.3 mmol/l) under
a basal insulin while remaining fasting seems to be
a clinically relevant measure for the duration of action.
With these caveats, duration of action is hereafter
defined as the interval between injection and the blood
glucose level rising to 8.3 mmol/l, with reported data
recalculated accordingly.

Using this definition, the duration of action of insulin
glargine was reported to be 22—-24 h under single-dose
conditions [6,9] and 24-25.6 h under steady-state con-
ditions [18,19]. As pointed out by Lepore et al. [9], the
mean duration of action of any basal insulin is likely to
be underestimated in glucose clamps lasting only 24 h
as a duration of action of more than 24 h will just be
measured as being 24 h, whereas a shorter duration of
action in individual clamps will decrease the mean
value. However, no differences were observed for the
duration of action of insulin glargine between clamp
studies lasting 24 h [9] or 32 h [19], with both studies
reporting a duration of action of 22 h for single-dose
administration. A slight increase in duration of action
was observed under steady-state conditions, indicating
(in contrast to the conclusion of a previous pharma-
cokinetic study [30]) that there is a slight accumulation
of insulin glargine in the first days of treatment. Never-
theless, all studies consistently report a mean duration
of action of close to 24 h, supporting the once-daily
administration implemented in the label of insulin
glargine.

The same holds true for insulin detemir: at a dose of
0.4 U/kg, the mean duration of action of insulin detemir
was 21.5 h, using the criteria outlined above [11]. A
duration of action of close to 24 h was confirmed by
a reanalysis of the data of Heise et al. [6]: median end of
action in this study was found to occur at 23 h at a dose
of 0.4 U/kg with insulin detemir, whereas a median of
24 h was obtained for glargine (table 1).

While these two studies of insulin glargine and insulin
detemir showed a similar duration of action of the two
analogues, a direct comparison in people with type 1 dia-
betes reported a considerably shorter end of action for
detemir of only 17.5 h at a dose of 0.35 U/kg [29]. This
is in clear contrast to previously reported values for the
duration of action of 0.4 U/kg of insulin detemir in the
same population (21.5-23 h [6,11]), although the clamp
methodology was nearly identical in one of these stud-
ies [11]. It seems unlikely, that the small difference in
dose (0.35 vs. 0.4 U/kg) led to the pronounced differ-
ences in duration of action of several hours as the

© 2007 The Authors
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duration of action of 0.35 U/kg insulin glargine (24 h,
range 23—24 h) was identical to previously reported val-
ues for 0.4 U/kg (24 h, range 18.7-24 h) [11] and even
showed a considerably higher minimum. Thus, while
the reasons for the discrepancy in duration of action are
unclear, the abstrusely short duration of action of dete-
mir in the recent direct comparison [29] are not in accor-
dance with any of the previously reported values and
can therefore be regarded as an outlier.

The only study comparing the end of action of insulin
detemir with that of insulin glargine in people with type 2
diabetes (representing the vast majority of patients using
insulin) did not show any differences between the two
analogues [18], where end of action, defined as a rise in
glucose to 8.3 mmol/l, occurred at 24 h for both insulins
in the dose range of 0.4-1.4 U/kg. As the clamp experi-
ments did not last longer than 24 h in this study, how-
ever, end of action was underestimated for the reasons
mentioned above. This was most pronounced for the
high doses as judged from the mean profiles provided in
the publication. Obviously, glucose clamp data in peo-
ple with type 2 diabetes might also be influenced by
changes in endogenous insulin secretion during the
experiment. This was the reason why only patients with
low fasting C-peptide (0.48 + 0.28
nmol/l for insulin detemir vs. 0.45 £+ 0.29 nmol/] for

concentrations

insulin glargine) were enrolled in this study. Mean C-
peptide levels remained stable at a low level in all
with either insulin (0.20, 0.24 and
0.27 nmol/l for insulin glargine at respective doses of
1.4, 0.8 and 0.4 U/kg and 0.22, 0.23 and 0.31 nmol/l for
the corresponding doses of insulin detemir). These low

experiments

values together with within-clamp coefficients of varia-
tion (CV) for C-peptide of not more than 31-56% for
insulin glargine and 29-42% for insulin detemir rule
out a major influence of endogenous insulin on the
study results. Even though small contributions of
endogenous insulin to the observed duration of action
cannot be completely excluded, it is important to keep
in mind that endogenous insulin will also be metaboli-
cally active under clinical conditions. Thus, if an insu-
lin preparation controls fasting blood glucose over 24 h
under highly experimental glucose clamp conditions in
nearly completely immobilized patients, it will do the
same (probably to an even greater extent) under daily
real-life conditions.

The study by Klein et al. [18], together with that of
Plank et al. [11], also demonstrated that the duration of
action is dose dependent, that is, it increases with
higher doses. This has also been demonstrated for pran-
dial insulins [31,32], so that in general, the rate of
absorption of s.c. injected insulin preparations seems to

© 2007 The Authors
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be slower when higher doses are given [33]. Thus, when
discussing duration of action, it is of high importance to
use the values for clinically relevant doses. The clini-
cally most relevant dose probably is around 0.4 U/kg as
the mean daily doses for insulin detemir and NPH insu-
lin were 0.37 and 0.39 U/kg in the phase 3 program of
insulin detemir [6]. In an observational study of insulin
detemir in more than 35 000 people with diabetes (Pre-
dictable Results and Experience in Diabetes through
Intensification and Control to Target: an International
Variability Evaluation; PREDICTIVE™), the mean effec-
tive total insulin doses in type 2 diabetes patients
ranged from approximately 0.3 U/kg in patients initiat-
ing insulin [34] to approximately 0.8 U/kg in patients
switching from premix to basal-bolus therapy [35].
Similarly, in the large-scale AT.LANTUS study [36] of
glargine in type 2 diabetes, the mean total insulin dose
at end of study was approximately 0.6 U/kg in a mixed
cohort of basal + OAD (oral anti-diabetic drugs) — and
basal-bolus-treated patients. In the original treat-to-tar-
get trial of glargine in insulin-naive type 2 diabetes [37],
the mean dose at end-point was 0.48 U/kg. In a recently
reported study of once-daily detemir in insulin-naive
type 2 diabetes, the mean dose at end-point was similar
at 0.4-0.5 U/kg, depending on administration time [38].

In conclusion, when a common definition is applied,
the mean duration of action of both insulin glargine and
insulin detemir in the clinically relevant dose range is
close to 24 h in people with type 1 diabetes and at least
24 h in people with type 2 diabetes. With one exception,
this finding has been reported consistently across all
studies.

It is important to note, though, that a mean duration of
action does not necessarily represent the duration of
action in each individual patient. It is striking that stan-
dard deviations (s.d.) in the duration of action can be
considerable, suggesting that the blood glucose-lowering
action and the ability to dose once or twice daily will
differ substantially between individual patients. This is
also illustrated in the individual profiles in the publica-
tion of Heise et al. [6], which clearly show that the dura-
tion of action of insulin preparations varies between
patients and also within any one individual. Thus, even
with a mean duration of action of 25.6 h, which is the
longest reported for insulin glargine [19], blood glucose
will not be controlled over 24 h with one injection in all
patients. It would also be very interesting to see how
often duration of action of a basal insulin will be below
24 h in any one individual. An investigation of the
within-subject variability of the duration of action, how-
ever, would require clamp procedures enduring more
than 24 h. Otherwise, if metabolic action surpasses the
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total length of the clamp procedure, both mean value
and variability will inevitably be underestimated. It is
no surprise, therefore, that the within-subject variability
in duration of action in the study of Heise et al. [6]
showed comparably low values for both insulin glargine
and insulin detemir; the mean CV (calculated as the
ratio of s.d. and mean values) were 7.1 and 6.6%,
respectively.

Variability

The within-subject variability of the metabolic effect has
been investigated in only three of the clamp studies,
whereas the variability of effect between subjects is
reported in all. However, it is within-subject variability
that is of much greater potential clinical concern. Within-
subject variability will affect the extent to which blood
glucose levels fluctuate in individual patients from one
day to another. When this variability is superimposed on
a peak effect in blood glucose-lowering activity, it follows
that it can become a major contributing factor in the pre-
cipitation of nocturnal hypoglycaemic events and hence
a limiting factor in the glycaemic control that can be
achieved. In contrast, between-subject variability merely
implies that doses will need to be individually titrated.
Within-subject variability, defined as the degree of differ-
ence in the glucose-lowering effect from one injection to
another in the same patient, can only be assessed in
repeat-clamp studies, that is, one insulin preparation is
given several times to one individual. It is also important
torecognize that diurnal fluctuations in the insulin or GIR
within an individual subject (e.g. as reported by Gerich
et al. [39]) should be regarded as a parameter for flatness,
not for variability; in this account, variability concerns
the consistency of the 24-h PD profile from injection to
injection rather than the constancy of effect over 24 h.
Two studies of insulin glargine have suggested that
between-subject variability is reduced in comparison to
NPH, one in healthy volunteers [16] and one in patients
with type 1 diabetes [9], but no study has reported sig-
nificantly lower within-subject variability for insulin
glargine. A study in healthy volunteers by Scholtz et al.
showed similar levels of within-subject variability com-
paring glargine with NPH insulin [7]. Numerically
lower values for within-subject variability comparing
glargine with NPH insulin were reported by Heise et al.
[6], but significance was not tested. It should be noted,
however, that in these experimental studies, NPH insu-
lin was very thoroughly resuspended before injection,
as recommended, whereas in a clinical setting it is
known that patients often fail to perform an adequate
resuspension before injection, this being a major source
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of within-subject variability with the use of NPH insulin
[5,40]. Thus, it seems plausible that the variability of
insulin glargine, which is injected as a solute, will be
lower than that of NPH insulin in a clinical setting.
However, this has not yet been confirmed by clinical
study data.

In the case of insulin detemir, significantly lower
within-subject variability has been demonstrated in
patients with type 1 diabetes in comparison with both
NPH insulin and glargine for the parameters of GIRauc)
and GIRgmax) [6]. In type 2 diabetes, detemir again
showed significantly lower within-subject variability in
these parameters in comparison to glargine [18]. This
was also true of an additional experimental acylated
insulin that was also assessed in this study, implying
that reduced within-subject variability might be an
inherent property of albumin-binding insulin ana-
logues.

In conclusion, the available data from repeat-clamp
studies suggest that insulin detemir has advantages over
insulin glargine with regard to within-subject variability.

Clinical Data

It is beyond the scope of this article to give a comprehen-
sive account of the clinical profiles of glargine and dete-
mir as elucidated in clinical trials, and several review
articles have in any case already done this (e.g. Peterson
[41], Thisted et al. [42], Home and Kurtzhals [43]). It is
worth commenting, however, on some clinical findings
that appear to illustrate the underlying PD profiles of
the basal analogues and hence relate directly to the pre-
dictions that can be made by the clamp study data.

As per label, the original clinical trials of insulin glar-
gine involved nearly exclusively once-daily dosing
schedules (as part of basal-bolus therapy), with many
showing efficacy and/or tolerability advantages in com-
parison to NPH insulin, even when the latter was able to
be dosed twice daily [44—48]. These outcomes are con-
sistent with the clamp studies’ finding that glargine has
a more prolonged and flatter action than NPH insulin.
More recently, however, data have come to light to sug-
gest that many patients with type 1 diabetes, in which
glycaemia is more wholly under the control of exo-
genous insulin than it is in type 2 diabetes, will benefit
from splitting the basal glargine dose. For example,
Albright et al. [49] reported a cohort with basal-bolus-
treated type 1 diabetes, whose basal insulin was
switched from NPH insulin to glargine. This was
titrated to a fasting plasma glucose target, with addi-
tional titration of mealtime rapid-acting analogues.
For 24% of patients, titration of the lunchtime bolus
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resulted in mid-afternoon hypoglycaemia, but reduction
of the dose then led to persistent predinner hypergly-
caemia. This was only corrected by splitting the basal
dose, whereupon HbA,., which initially deteriorated
(from 7.9 to 8.1%), subsequently improved to 7.4%.

This observation is consistent with a waning of
effect, at least in some patients, but it is not inconsis-
tent with the mean duration of action of (close to or
slightly above) 24 h observed in the clamp trials as
duration of action will be lower in some individuals.
Indeed, subsequent studies that have reported multi-
point, self-monitored blood glucose profiles or the
diurnal distribution of hypoglycaemia also suggest that
the mean effect of glargine can wane considerably
across 24 h [50-52]. In accordance with these find-
ings, late-afternoon hyperglycaemia was reported in
32% of people with type 1 diabetes when glargine
was used once daily at dinner time in combination
with rapid-acting insulin analogues [53]. Thus, while
insulin glargine can be used once daily in the major-
ity of patients, twice-daily treatment is indicated in
15-30% of people with type 1 diabetes [52].

Most clinical trials of insulin detemir in type 1 diabetes
have been carried out using twice-daily dosing. One
exception reported significant reductions in fasting glu-
cose levels, body weight and glucose fluctuations and
near-significant improvements in HbA,. levels with
once-daily insulin detemir compared with NPH insulin
(as part of basal-bolus therapy), albeit that this study
cohort had previously been receiving a once-daily basal
insulin schedule [54]. Interim results of the ADAPT
study, however, in which patients with type 1 diabetes
were randomized to receive once- or twice-daily insulin
detemir (with mealtime insulin aspart) suggest that
once-daily insulin detemir is non-inferior to twice-daily
dosing with regard to HbA,., even though doses were
significantly lower in the once-daily treatment arm [55].

The once-daily utility of insulin detemir is also illus-
trated by the results of an ongoing, observational study,
PREDICTIVE™ [56]. In this study, once-daily use of
detemir has been reported in 49-62% of patients with
type 1 diabetes [56,57] and in 77-88% of people with
type 2 diabetes [36,56]. Collectively, these clinical data
are consistent with the reported mean duration of action
of (close to) 24 h in most of the glucose clamp studies.
In addition, they show that the study of Porcellati et al.
[29], which reported a far shorter duration of action of
detemir than the other clamp trials, is not in accordance
with clinical experience. The percentage of patients
with type 1 diabetes using once-daily injections of insu-
lin detemir appears somewhat lower in PREDICTIVE™
than in reports involving insulin glargine. While this is
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perhaps in accordance with the numerically slightly
longer durations of action for insulin glargine in clamp
studies (table 1), this discrepancy might also reflect pre-
conceptions and expectations of the physicians partici-
pating in PREDICTIVE™ rather than purely clinical
needs.

The insulin detemir trials are consistent with the
clamp trials reported by Heise et al. [6] and Klein et al.
[18] in that they indicate reduced within-subject vari-
ability in glycaemia. Compared with NPH insulin, lower
s.d. in fasting glycaemia have been consistently re-
ported in clinical studies in both type 1 [54,58-62] and
type 2 diabetes [63,64]. One study incorporating 72-h
continuous glucose monitoring also demonstrated that
insulin detemir is associated with more limited gly-
caemic fluctuations than NPH insulin [62].

The reduced incidence of hypoglycaemia observed
with both glargine [37,45,46,48,65—77] and detemir
[38,54,58-61,64,78,79] in comparison with NPH insu-
lin is consistent with the flatter profile of both ana-
logues observed in glucose clamp studies. It should be
noted, though, at least for insulin detemir, that the
reduced incidence of hypoglycaemia might be not only
because of a reduced peak effect of the insulin ana-
logues but also because of less variability in the meta-
bolic effect.

Only two clinical studies have been reported that make
direct comparisons between glargine and detemir. In
the only available clinical head-to-head comparison
in type 1 diabetes [44], insulin detemir was associated
with reduced variability of predinner glucose levels
and with significantly less nocturnal and severe hypo-
glycaemia than insulin glargine. A study in people
with type 2 diabetes [80] found no difference between
the two analogues with regard to HbA,,, blood glucose
variability or incidence of hypoglycaemia, although
significantly less weight gain was seen with insulin
detemir. It seems rather unlikely that the unequal titra-
tion algorithms in these studies (demanding twice-
daily determir [44] or once- or twice-daily [80] detemir)
favoured detemir for outcome parameters such as
weight gain and (nocturnal and severe) hypoglycaemia,
but further studies with equal dosing regimens will be
required to determine the extent of parity between glar-
gine and detemir. Interestingly, the patients on twice-
daily insulin detemir did not obtain better results
than those treated with one injection per day in the
Rosenstock study [80]. This indicates that people with
type 2 diabetes whose condition is not well controlled
with once-daily detemir might need prandial insulin
supplementation rather than an additional shot of
a basal insulin.
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In conclusion, the clinical data support the results of
most glucose clamp studies. While the weight advantage
of insulin detemir over the other available basal insulins
has been observed consistently in numerous trials, the
lower incidence of nocturnal and severe hypoglycaemia
compared with insulin glargine [44] needs to be con-
firmed in future studies with equal titration and dosing
algorithms.

Conclusion

Despite some differences in methodological detail, the
results of most glucose clamp studies of the two basal
insulin analogues have been very consistent. While the
duration of action of both analogues increases with dose,
in a clinically relevant dose range of 0.35-0.8 U/kg, the
duration of action is close to 24 h in people with type 1
diabetes and in excess of 24 h in people with type 2 dia-
betes. These observations are consistent with the out-
comes reported in clinical trials of these analogues.

The profiles of both analogues are characterized by
a gentle rise and fall in the glucose-lowering action over
24 h. While, subjectively, this may not be describable as
a ‘peaked’ profile, it cannot be considered the desired
completely ‘peakless’ profile of the ideal basal insulin.
Clear advantages for insulin glargine with regard to the
flatness of the profile [9,19] or the duration of action [29]
can be regarded as outlier findings, not supported by the
majority of clamp studies, and they are not in accor-
dance with clinical data. These suggest that both insulin
glargine and insulin detemir are suited to routine use in
once-daily schedules in type 2 diabetes, while in type 1
diabetes once-daily dosing will often, although not
always, be possible. Nevertheless, both analogues
clearly have a longer duration and a flatter profile of
action than NPH insulin and hence represent a clini-
cally important refinement of insulin therapy.
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