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ABSTRACT

The physiologic effects of insulin on carbohydrate metabolism in health in gener-
al and in diabetes are well known. Less understood, but far more intriguing, are
the extrapancreatic effects of insulin that go beyond glycemic control to help
sense, integrate, and maintain energy balance. Virtually every organ, including the
brain, is a target for insulin action. When exogenous insulin is administered
directly into the brains of experimental animals, the net effect is anorectic; how-
ever, patients with type 2 diabetes who transition to insulin therapy often gain
weight—a tendency that opposes good glycemic control and overall therapeutic
goals. After the brief review of extrapancreatic insulin-signaling pathways pre-
sented here, the physiologic impact of developing insulin resistance in relation to
body weight is considered. Attention is then focused on insulin detemir, a long-
acting insulin analog that has consistently been associated with less weight gain
than conventional formulations such as neutral protamine Hagedorn insulin.
Mechanisms offered to explain this effect include the lower incidence of hypo-
glycemia and less within-patient variability associated with insulin detemir; how-
ever, recent observations and considerations of insulin-signaling pathways have
shed light on other important properties of insulin detemir that may impart these
weight-neutral effects. Namely, albumin binding, faster transport across the blood-
brain barrier, and preferential activity in brain and liver are characteristics of
insulin detemir that potentially explain the observed weight benefit seen in clini-
cal trials, as well as in the real-world practice setting.
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INTRODUCTION 

Perhaps best known as the primary regulator of blood glucose,1 insulin is actual-
ly a pleiotropic (ie, “producing more than 1 genic effect”) hormone that plays a role
in virtually every tissue, including the brain.2,3 In addition to its metabolic effects on
carbohydrate metabolism, insulin stimulates cell growth and differentiation, includ-
ing pancreatic b-cell growth and survival.4 In peripheral targets such as fat, liver,
and skeletal muscle, insulin is anabolic and acts to increase the intracellular storage
of energy-rich compounds.1 In the central nervous system (CNS), insulin helps
maintain energy homeostasis,2,5 although glucose utilization by brain cells is insulin
independent.6 In contrast to its anabolic role in peripheral tissues,7 insulin activity in
the brain is catabolic, inhibiting food intake and increasing energy expenditure.8
Direct insulin administration into the brains of animals produces an appetite sup-
pressant effect,9 and animals that are made experimentally deficient in brain insulin
receptors (IRs) become obese.10 Thus, a complex interplay of signaling pathways
constitutes peripherally mediated and CNS-mediated responses to insulin.11 Defects
in 1 or more of these control pathways might link type 2 diabetes with obesity.8

Patients with type 1 and type 2 diabetes who are treated with insulin typically
gain weight.12,13 A family history of type 2 diabetes, poor metabolic control, and
weight loss before therapy intensification are associated with the greatest weight
gain after insulin initiation.13 Generally speaking, weight gain occurs regardless of
the insulin formulation used,13 although an interesting and unexplained phenome-
non has been emerging from clinical trials with the new long-acting analog insulin
detemir. Consistently less weight gain and occasional weight loss have been
observed in patients using insulin detemir compared with other basal insulin for-
mulations. The weight benefit persists despite comparable levels of glycemic control
and occurs whether insulin detemir is part of a basal-bolus regimen or is combined
with oral antidiabetic agents (OADs).14-17 Robust enough to be sustained outside of
clinical trials, these observations are supported by real-world data collected on
patients who were using insulin detemir.18 Several hypotheses, including reduced
“defensive” snacking resulting from a lower risk of hypoglycemia and less within-
patient variability,19-21 have been postulated to explain these findings, although no
definitive explanation has been found. Taking into account the profiles of insulin
hormonal activity on various organ systems, this manuscript offers an alternative
view into the mechanisms behind insulin detemir’s weight-neutral effects.

ACTION OF INSULIN

In individuals without diabetes, insulin is secreted by the b-cells of the pancreas
into the portal circulation in response to a glucose challenge.22 The first target organ
for circulating physiologic insulin is the liver, which serves as a primary site of
insulin activity and clearance.23 The diverse effects of insulin are mediated through
IR binding in target tissues located in the periphery and in the CNS.10,24 Binding of
insulin to the IR, a member of a subfamily of tyrosine kinase receptors,1 can activate
multiple signaling pathways within a cell by coupling with a family of IR substrates.
The IR substrate molecules are proteins, and each has a different role in the 2 main
pathways of insulin that govern metabolism or growth (Table). In turn, IR substrate
proteins bind other signaling molecules to mediate insulin action.1,25
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Peripheral Effects

Metabolic/glucose uptake and cell growth characterize the main peripheral
effects of insulin.1 In the metabolic pathway, the primary targets of insulin are fat,
skeletal muscle, and liver cells. With a major role in regulating blood glucose con-
centration in a narrow physiologic range, insulin is the hormone responsible for
increasing glucose uptake in skeletal muscle and fat cells. In these tissues, substrate
glucose is converted to storage glycogen and lipid, respectively, for future use when
energy is needed. Another peripheral fat–sparing effect of insulin is to inhibit lipo-
lysis in fat cells. Insulin also increases protein synthesis in muscle and liver cells and
lipoprotein uptake and synthesis in fat cells; it enhances cellular respiration and
inhibits protein degradation in all 3 primary target tissues. Distinct from its effects
in fat and muscle, insulin does not promote glucose uptake in the liver. Instead, its
hepatic effects promote conversion of glucose to glycogen and oppose glucose out-
put by blocking the breakdown of glycogen (glycogenolysis) and the synthesis of
new glucose (gluconeogenesis).1 Insulin’s suppression of hepatic glucose output is
largely (75%) indirect and is not due to insulin delivery to hepatocytes via the por-
tal vein.26 A brain-liver circuit exists such that glucose-homeostatic effects in the liver
are dependent on insulin-mediated effects in the hypothalamus (see section below
on CNS effects).24,27 Thus, central and peripheral insulin pathways interact to cause
maximal reductions in hepatic glucose production. 

In addition to exhibiting high-affinity binding to the IR, insulin binds, albeit with
~1000-fold lower affinity, to receptors for insulin-like growth factor-1 (IGF-1).28 IGF-1
is a member of the tyrosine kinase receptor family and is structurally similar to the
IR.1 By interacting with IGF-1, insulin becomes a growth factor for cells and pro-
motes the induction of genes involved in cell proliferation and differentiation.25

Along these lines, insulin is believed to be an important growth factor for fetal
development.29 These effects have raised questions about the mitogenic potential of
higher than physiologic concentrations of insulin, long-term insulin exposure, or
insulin molecules that have been structurally modified.30 Research in the area of
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Metabolic Pathways Growth Pathways

Akt (also known as protein kinase B) Glycogen synthase kinase 3 (GSK3)

Glucose transporter (GLUT4) Growth factor receptor binding protein 2 (GRB2)

Insulin-receptor substrates (IRS-1, -2, -3, -4) GTPase-activating protein (GAP)

Phosphatidylinositol (PI) 3-kinase PI-dependent protein kinase (PDK)

Tris-phosphorylated inositol (PIP3) Mitogen-activated protein kinase (MAPK)

Mitogen-activated protein kinase kinase (MAPKK)

Son of sevenless (SOS)

This table is intended to be a representative (and not necessarily comprehensive) sample; additional information
can be found in references 1, 25, and 37.

Molecules Implicated in Insulin-Signaling Pathways



insulin-related mitogenesis and IGF-1 receptor interactions is complex, however,
with in vitro and in vivo results often conflicting. Although the potential for toxico-
logic implications (ie, tumor or vascular cell growth) is a possibility that should be
acknowledged, there is no consistent evidence that exogenous insulin plays any
clinically significant role in this regard.30

CNS Effects

Contrary to earlier opinion that insulin could not cross the blood-brain barrier
because of its large size, and therefore could not exert CNS effects, it is now known
that insulin and IRs are widely distributed in the brain.3 Neuronal insulin signaling
may play a role in diverse areas such as life span, growth, learning, memory, and
reproduction.2,10,31 Insulin is not synthesized by the brain to any extent,7 but it enters
the brain from the periphery via specific, saturable, and modifiable transporters on
brain capillary endothelium and can also enter via regions of the brain (eg, circum-
ventricular regions) that are unprotected by a blood-brain barrier.3,7,32 The rate of
insulin entry into brain tissue varies among brain regions and tends to correlate with
IR density in the following order: olfactory > pons-medulla ≈ hypothalamus > spinal
cord > whole brain.7 The physical nature of the insulin transporter at the blood-brain
barrier membrane is a mystery, and it remains undetermined whether this trans-
porter is structurally related to the IR.7

Once in the brain, the actions of insulin oppose those of peripheral insulin. Insulin
controls energy balance and body weight31 by acting through CNS receptors to pro-
vide a negative feedback loop for postprandial inhibition of food intake.3,33 Insulin sig-
naling via stimulation of hypothalamic adenosine triphosphate–sensitive potassium
(KATP) channels is believed to play a role in the normal control of hepatic glucose pro-
duction.27,31,34 By exerting actions via the hypothalamus, insulin reduces food intake
and increases energy expenditure by enhancing fatty acid oxidation.31,35 Additionally,
disruption of the gene that encodes brain IR expression in mice causes increased adi-
pose tissue mass, obesity, insulin resistance, and hypertriglyceridemia.10 In healthy
men (but not women), intranasal administration of insulin that delivered the hormone
directly to the brain reduced body weight.36

CHANGES IN INSULIN SIGNALING IN TYPE 2 DIABETES, 
OBESITY, AND A PREDIABETES CONDITION

Given the complexities and myriad pathways involved in insulin transport, tissue
receptor distribution, and intracellular signaling, opportunities for defects in insulin
action abound.4 In patients who have type 2 diabetes or are obese, the metabolic
pathway is primarily affected without disruption of growth pathways.1 For exam-
ple, IR concentrations, phosphorylation of IR substrate-1 and -2 molecules, and
phosphatidylinositol (PI) 3-kinase activity are reduced in obesity and type 2 dia-
betes, whereas growth pathways (eg, mitogen-activated protein kinase [MAPK] acti-
vation) are not. This imbalance of functional defects in metabolism versus growth
pathways may be responsible for the pathologic vascular cell growth seen with
chronic hyperinsulinemia.1

Insulin resistance is a key finding in obesity and in prediabetes conditions,37,38 and
type 2 diabetes may result from a combination of defects in the metabolic signaling
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pathways of insulin. The net result of insulin resistance is the disruption of trans-
portation of glucose into the cell; this elevates fasting and postprandial glucose.
Lipolysis is insufficiently suppressed and lipid levels in the blood are increased.1,39

The presence of excess adipose tissue exacerbates these detrimental effects. Free
fatty acids released into the portal circulation are a potent stimulus for glucose pro-
duction in the liver.1 This stimulus is insufficiently counteracted by insulin because
of tissue resistance or inadequate insulin availability relative to demand in the por-
tal circulation.23 Proinflammatory cytokines (interleukin-6 [IL-6], tumor necrosis fac-
tor [TNF]-a and adipokines), which are increased during infection or are produced
in fat cells, can worsen insulin resistance.1,4

The close association between diabetes and obesity may also result from defective
insulin signaling within the CNS.31 In the brain, both insulin and leptin (another
peripheral hormone secreted in response to nutrient intake) act as “adiposity signals”
that regulate body weight and food intake and help maintain metabolic homeostasis
(Fig 1).8 Reduced secretion or sensing of these hormones can lead to weight gain and
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Fig 1. Schema outlining the control of energy homeostasis and hepatic glucose 
production by adiposity- (insulin, leptin) and nutrient-related signals in 
the brain. 

FFA=free fatty acids.

Reprinted from Schwartz MW, Porte D Jr. Science. 2005;307:375-379. Copyright ©2005 American Association
for the Advancement of Science. All rights reserved. Used with permission.8
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insulin resistance.8 Several experimental examples support the role of CNS insulin
as an anorexogenic hormone. For example, mice bred to be deficient in neuronal IRs
are overweight, insulin resistant, and glucose intolerant.10 Rats subjected to chronic
blockade of hypothalamic IR signaling exhibit hepatic insulin resistance and
increased hepatic glucose production.40 On the other hand, stimulation of rat hypo-
thalamic KATP channels, which are known to be activated by insulin and leptin,
slows hepatic glucose production and thereby lowers blood glucose.34 Magnetic
imaging techniques have allowed observation of brain responses to peripheral
insulin infusions administered to humans. At doses known to double cerebrospinal
fluid (CSF) insulin concentrations, insulin exerts less pronounced effects in obese
compared with lean individuals.41

PHYSIOLOGIC VERSUS THERAPEUTIC INSULIN

Under normal physiologic conditions, in response to a glucose load, insulin is
secreted by pancreatic b-cells into the portal circulation, where its first main target
organ is the liver. The liver extracts 60% of this physiologically secreted insulin, and
liver cells are therefore exposed to insulin concentrations severalfold higher than those
of fat or muscle cells.22 One difference between physiologic and therapeutic insulin is
that the absorption of subcutaneous (SC) insulin occurs via the systemic circulation
rather than on a “first-pass” basis through the liver. Without the hepatic/systemic
concentration gradient of physiologic insulin, SC insulin may exert relatively greater
effects on peripheral fat and muscle cells than in the liver.22

Binding of insulin to the IR leads to metabolic and growth effects, and binding to
IGF-1 further enhances the growth effects of insulin. Exposure of tissues to higher
insulin concentrations is one possible scenario that could result in unwanted stimula-
tion of IGF-1 and may exert mitogenic effects.30 This theoretical concern is perhaps
most relevant to inhaled insulin because its long-term effects on lung development are
unknown.42 With a specific activity of ~2.7 units/mg, approximately 3-fold to 10-fold
more insulin by weight must be administered by inhalation43 to achieve therapeutic
effects equivalent to those produced by commonly used SC insulin preparations.44,45

With its apparently low bioavailability, the amount of unabsorbed inhaled insulin that
the lung retains, how long it is retained, and its effects remain to be discovered. 

With insulin analogs, structural changes in the native insulin molecule have been
made to improve the pharmacokinetic profiles and the predictability of insulin
action.30 The receptor-binding capabilities of these analogs might be expected to differ
from one insulin formulation to another.28,30 An in vitro comparison of the binding
properties of insulin analogs versus human insulin to the human IR and IGF-1 recep-
tors was performed to determine the relative metabolic and mitogenic potential,
respectively, of the available insulin analogs.28 In this study, the IR affinities of rapid-
acting insulin analogs—insulin aspart and insulin lispro—were similar to those of
human insulin; insulin lispro had slightly increased IGF-1 receptor affinity compared
with neutral protamine Hagedorn (NPH) and insulin aspart.28 On the basis of in vitro
results, one can calculate the ratios of metabolic (lipogenesis)-to-mitogenic (IGF-1)
potency for insulin aspart and lispro to be 1.7 and 1.2, respectively, relative to 1.0 for
human insulin. Thus, although the clinical relevance of this property has not yet been
determined, human insulin has slightly higher mitogenic potential than does insulin
aspart or insulin lispro. With regard to the long-acting analogs, insulin glargine and

873
Advances in Therapy®

Volume 24 No. 4, July/August 2007

 



insulin detemir were found to have very different receptor affinity profiles for IR and
IGF-1 compared with human insulin.28 Specifically, insulin glargine exhibited 1.5-fold
and 6.4-fold higher affinity for the IR and IGF-1 receptor, respectively, than human
insulin. Insulin detemir, in contrast, exhibited lower affinity for the IR (0.46-fold to
0.18-fold) and for the IGF-1 receptor (0.16-fold). Insulin detemir also had a 2-fold faster
dissociation rate from the IR compared with human insulin.28 Relative to a metabolic-
to-mitogenic ratio of 1.0 for human insulin, the ratio for insulin glargine was 0.08 and
for insulin detemir it was 2.5, thus ordering the mitogenic potential as follows: insulin
detemir < human insulin < insulin glargine. Because insulin detemir has lower bind-
ing affinity and a faster off-rate for the IR than human insulin, it is formulated at 
a higher concentration (in milligrams per milliliter) to provide equivalent glucose-
lowering potential per unit. This increase in insulin detemir concentration, however,
would not be expected to alter its metabolic-to-mitogenic potency ratio. 

WEIGHT GAIN AND THERAPEUTIC INSULIN: 
CLINICAL OBSERVATIONS AND UNSOLVED MYSTERIES 

Exogenous insulin administration is generally associated with weight gain that
correlates with improved glycemic control, as exemplified in Figure 2.19,46-48 Several
potential mechanisms have been proposed to explain why weight gain occurs, espe-
cially in new users of insulin.12,48 Decreased glycosuria from improved metabolic
control, inhibition of catabolism in poorly controlled diabetes, increased fat and pro-
tein deposition from insulin’s anabolic effects, reduction of energy expenditure
caused by reduction in hepatic glucose output, and increased intake of food attrib-
uted to prevention of hypoglycemia or overcorrection after a hypoglycemic episode
have been proposed.12 Insulin-induced weight gain might reflect the body’s tenden-
cy to “catch up” and return to its set point after a patient experiences weight loss
when glycemic control is poor.49 Insulin-associated weight gain was independent of
baseline body mass index (BMI) in a study of patients with type 2 diabetes.50 Body
composition studies (of fat content and fat-free body mass comprising muscle, bone,
and total body water) have been performed to elucidate the nature of weight-gain
changes with insulin. In patients with type 2 diabetes who are receiving basal
insulin glargine along with mealtime insulin lispro, aspart, or regular human
insulin, weight gain was characterized by increases in fat and fat-free mass.48 Based
on the contribution that adipose tissue makes to insulin resistance, the fat to fat-free
body composition changes in type 2 diabetes are more worrisome than those that
occur in type 1 diabetes, where weight gain is attributed to increases in fat-free
mass.48 Despite the fact that this is an active area of considerable research interest
and speculation, no definitive single cause or underlying mechanism for weight
gain in insulin users has yet been established.

Clinical evaluation of insulin detemir, the newest long-acting analog, has revealed
weight-related findings that also defy explanation at present. Clinical trials in type 1
and type 2 diabetes have consistently shown that patients gain less weight and some-
times experience net weight loss when they are treated with insulin detemir compared
with NPH insulin and, recently, with insulin glargine as well (Fig 3).14-16,20,51 For exam-
ple, in a 26-wk treat-to-target study in which insulin detemir or NPH insulin was
added to OADs, patients gained 1.2 versus 2.8 kg, respectively (P<.001).14 The weight
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benefit of insulin detemir was more pronounced in patients with a higher BMI at base-
line.52 Glycemic control between treatments was comparable, and hypoglycemia inci-
dence was 47% lower with insulin detemir than with NPH (P<.001). In a study of
similar design that compared insulin detemir with insulin glargine (added to OADs),16

patients gained 3.0 kg with insulin detemir versus 3.9 kg with insulin glargine
(P=.012). Reductions in glycated hemoglobin (HbA1c) and hypoglycemia incidence
were similar between groups.

Dosing regimens, clinical trial design and duration, and patient populations have
differed, and these differences have foiled attempts to conduct meta-analyses,
although every study to date has shown significantly less weight gain with insulin
detemir than with its comparator.53 These clinical data are consistent with experimen-
tal data in animals. In diabetic rats, significantly greater increases in body weight and
whole body fat mass relative to body weight were observed in human insulin–treated
rats compared with insulin detemir–treated animals.54 There is currently no definitive
explanation for these observations; however, some aspects of insulin detemir’s profile
of activity beyond glycemic control are relevant to consider.
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Fig 2. Correlation of weight gain with improved glycemic control in a study 
of 69 insulin-treated patients with type 2 diabetes.

Reprinted from Sallé A, et al. Diabet Med. 2004;21:1298-1303. Copyright ©2005 Blackwell Publishing Ltd. 
All rights reserved. Used with permission.48



POTENTIAL MECHANISMS FOR INSULIN DETEMIR 
WEIGHT EFFECTS

As was noted earlier, patients with diabetes treated with insulin may tend to
engage in “reactive overeating” to avoid hypoglycemia.14,21,55-57 Insulin detemir has
been associated with reduced hypoglycemia compared with human insulin formu-
lations,14,15,56,58,59 so this has been postulated to account for reduced “defensive snack-
ing” and, subsequently, less weight gain. Several points argue against this as a sole
hypothesis, however. First, even in studies that showed a similar hypoglycemia risk
when insulin detemir and NPH were compared,51,60 the weight benefit of insulin
detemir persisted at similar or better levels of glycemic control. Secondly, other
insulin analogs—including rapid-acting insulin analogs,61 premixed analogs,62 and
insulin glargine63—also demonstrated a reduced risk of hypoglycemia over human
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insulin formulations. In these cases, however, evidence of a weight benefit was less
consistent.64 For example, a 6-mo comparative study with insulin glargine reported
less weight gain relative to NPH (0.4 kg vs 1.4 kg; P=.0007) in patients with type 2
diabetes mellitus,65 but data collected after 1 y of treatment demonstrated that 
the hypoglycemia reduction persisted compared with that seen with NPH, although
patients on both treatment arms gained similar amounts of weight (ie, 2.6 kg and 
2.3 kg, on average, respectively).66

Finally, in an attempt to determine whether hypoglycemic episodes were corre-
lated with weight gain, an analysis by Davies and colleagues57 found a significant
relationship between hypoglycemia and weight gain for NPH but not for insulin
detemir. In the absence of such a relationship, this suggests that some other mecha-
nism must be contributing to insulin detemir’s weight benefit.67

The existence of a brain-liver circuit that maintains weight and glucose home-
ostasis may provide some clues.27,34 As mentioned previously, delivery of insulin to
the brain is anorexogenic in mammals under experimental conditions.10,35 It is inter-
esting to note that insulin detemir exerts more pronounced signaling effects in the
brain than do other exogenously administered insulin formulations.68,69 When intra-
venous (IV) insulin detemir or human insulin was injected into experimental mice
(at doses selected to achieve comparable peripheral signaling and glucose-lowering
effects), brain insulin concentrations were higher in animals treated with insulin
detemir than in animals given human insulin.68 Brain insulin concentrations also
correlated with cerebrocortical activity recorded in awake mice. Tyrosine phospho-
rylation of IR and IRS-2 proteins in mouse hypothalamic tissue occurred faster and
was enhanced by insulin detemir compared with human insulin, despite similar
phosphorylation of the IR in peripheral tissues (muscle and liver). These results sug-
gest that insulin detemir enters brain tissue faster than human insulin and exhibits
greater selectivity for brain over peripheral tissues. In a crossover study in which
magnetoencephalographic techniques were used in 10 obese human subjects with
normal glucose tolerance, Tschritter et al69 demonstrated a higher degree of neuronal
activation in human cerebral cortex after IV infusion of insulin detemir compared
with human insulin. These experiments also documented that the peripheral effects
of human insulin were more pronounced than those of insulin detemir. 

Increased CNS tissue selectivity of insulin detemir may be explained by its albumin-
binding properties and fatty acid chain.68 Albumin is known to cross the blood-brain
barrier via the choroid plexus and might facilitate transfer of insulin detemir into
brain tissue. Once across, low concentrations of both substances in the CSF would
favor dissociation; free insulin detemir would be available to exert physiologic 
(ie, anorectic) activity on brain IRs. Additionally, molecules with lipophilic proper-
ties (ie, those possessing fatty acid moieties) partition into brain tissue more rapidly
than do more hydrophilic molecules, and they might also facilitate transfer of
insulin detemir into the brain. Although these speculations would require further
study for confirmation, they provide an intriguing notion that is consistent with 
the anorexogenic properties of brain-insulin effects and clinical observations with
insulin detemir.

In addition to brain effects, other experimental angles may be worth exploring.
Decreased affinity for the IR and faster dissociation from the receptor seen with insulin
detemir28 may contribute to a fat-sparing effect in peripheral tissues. Compared with
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NPH, insulin detemir is preferentially available to hepatocytes22 because of its albu-
min-binding properties. Albumin binding of insulin detemir could limit its transfer
from the circulation to extravascular spaces in adipose and muscle tissue, allowing rel-
atively greater exposure of insulin detemir in the liver. A higher concentration 
of insulin detemir in the liver would more closely mimic physiologic hepatic insulin
levels, and the close proximity of liver sinusoids and hepatocytes would presumably
result in greater suppression of hepatic glucose production, thus limiting the avail-
ability of glucose in fat cells. 

Implications for Patients

Speculation about the mechanisms of insulin detemir–associated weight benefits
aside, insulin detemir offers several advantages over NPH insulin through its direct
impact on patients. With a similar time-action profile to insulin glargine70 and more
predictable time-action effects than NPH,15 insulin detemir has been shown to
reduce the risk of hypoglycemic episodes in number and in severity compared with
NPH.15,57 It is most important that significantly less weight gain and even weight
loss has been observed in clinical trials with insulin detemir.15 These effects have
been reproduced in a real-world setting. In OAD-treated insulin-naive patients with
type 2 diabetes (n=1321), initiation of insulin detemir improved glycemic control
without weight gain.18 In another cohort of patients with type 1 and type 2 diabetes
from the same study, switching from a basal-bolus regimen with NPH to one that
contained insulin detemir resulted in improvements in glycemic control, fewer
hypoglycemic episodes, and no associated weight gain.71

Many pharmacologic agents have proved enormously beneficial before full knowl-
edge of their mechanisms and therapeutic potential has been attained (eg, aspirin,
coumarins, adrenergic blockers); this may also apply to the actions of insulin detemir
that go beyond glycemic control. 

SUMMARY/CONCLUSION

Endogenous insulin has many target organs, including the brain, and plays a vital
role in diverse metabolic processes, including the maintenance of energy balance.
Therapeutic insulin formulations that mimic normal physiologic mechanisms, such
as preferential delivery to liver and brain tissue, would be expected to produce more
physiologic effects and to minimize undesirable effects, including weight gain.
Insulin detemir, when compared with other therapeutic insulin formulations, pos-
sesses characteristics that more closely mimic physiologic insulin. Although this will
require further study, these characteristics may explain the beneficial effects on
weight seen with this long-acting insulin analog.
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