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A bs tr ac t

Background

Weight gain and weight loss are associated with changes in blood pressure through 
unknown mechanisms. Central melanocortinergic signaling is implicated in the con-
trol of energy balance and blood pressure in rodents, but there is no information re-
garding such an association with blood pressure in humans.

Methods

We assessed blood pressure, heart rate, and urinary catecholamines in overweight or 
obese subjects with a loss-of-function mutation in MC4R, the gene encoding the mel-
anocortin 4 receptor, and in equally overweight control subjects. We also examined 
the effects of an MC4R agonist administered for 7 days in 28 overweight or obese 
volunteers.

Results

The prevalence of hypertension was markedly lower in the MC4R-deficient subjects 
than in the control subjects (24% vs. 53%, P = 0.009). After the exclusion of subjects 
taking antihypertensive medications, blood-pressure levels were significantly lower 
in MC4R-deficient subjects than in control subjects, with mean (±SE) systolic blood 
pressures of 123±14 mm Hg and 131±12 mm Hg, respectively (P = 0.02), and mean 
diastolic blood pressures of 73±10 mm Hg and 79±7 mm Hg, respectively (P = 0.03). 
As compared with control subjects, MC4R-deficient subjects had a lower increase in 
heart rate on waking (P = 0.007), a lower heart rate during euglycemic hyperinsulinemia 
(P<0.001), and lower 24-hour urinary norepinephrine excretion (P = 0.04). The max-
imum tolerated daily dose of 1.0 mg of the MC4R agonist led to significant in-
creases of 9.3±1.9 mm Hg in systolic blood pressure and of 6.6±1.1 mm Hg in dia-
stolic blood pressure (P<0.001 for both comparisons) at 24 hours, as compared with 
placebo. Differences in blood pressure were not explained by changes in insulin levels; 
there were no significant adverse events.

Conclusions

Results of our genetic and pharmacologic studies implicate melanocortinergic sig-
naling in the control of human blood pressure through an insulin-independent mech-
anism.
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Epidemiologic and physiological 
studies have consistently demonstrated that 
obesity is a major cause of hypertension.1,2 

Studies of rodents with diet-induced obesity sug-
gest that increased activation of the sympathetic 
nervous system is an important mediator of obe-
sity-induced hypertension: alpha- and beta-adren-
ergic receptor antagonists and renal denervation 
significantly blunt the rise in arterial pressure as-
sociated with weight gain.3-5 However, the physi-
ological mechanisms linking the development of 
obesity and hypertension are unclear.

The hypothalamic leptin–melanocortin path-
way is critically involved in the control of energy 
balance, and genetic disruption of molecules in 
this pathway leads to severe obesity in rodents and 
humans.6 A key component of this pathway is 
the melanocortin system, which includes leptin-
responsive neurons expressing neuropeptide Y and 
agouti-related-protein and those expressing pro
opiomelanocortin, which is cleaved to produce the 
melanocyte-stimulating hormones (MSH) (alpha-, 
beta-, and gamma-MSH).7 Downstream targets of 
these neurons express the melanocortin 3 receptor 
(MC3R) and the melanocortin 4 receptor (MC4R). 
Melanocortins are agonists of MC3R and MC4R, 
whereas agouti-related-protein is a high-affinity 
antagonist.8

Studies in rodents suggest that the melanocor-
tin system is important in cardiovascular regula-
tion.9 Acute central administration of alpha-MSH 
increases mean arterial pressure and heart rate.10 
Pharmacologic studies indicate that this effect is 
attributable to activation of the sympathetic ner-
vous system.11 Chronic pharmacologic blockade of 
MC3R and MC4R causes weight gain and a reduc-
tion in heart rate but no increase in arterial pres-
sure.12 These pressor and depressor effects are 
mediated predominantly by signaling through 
MC4R-expressing neuronal pathways, because Mc4r-
null mice maintain a normal blood pressure de-
spite marked obesity and are unresponsive to the 
pressor effects of central alpha-MSH adminis-
tration.10

MC4R deficiency is the most common form of 
inherited human obesity, with a mutation preva-
lence of approximately 6% in subjects with severe 
early-onset obesity,13 2.5% in unselected obese 
adults,14,15 and 0.1% in a population-based study 
of unselected subjects.16 We have previously de-
scribed the clinical characteristics of human MC4R 
deficiency.13 Many of these phenotypes are close-

ly replicated in the Mc4r-deficient mouse, suggest-
ing that it is an excellent model for the human 
disease.17

To examine the effects of loss of function of 
the melanocortin pathway on blood pressure in 
humans, we studied adults who were heterozygous 
for complete loss-of-function mutations in MC4R 
(i.e., with haploinsufficiency) and equally over-
weight or obese control subjects who did not 
have MC4R mutations. To examine the effects of 
increased signaling through melanocortin recep-
tors, we studied the short-term effects of a mel-
anocortin receptor agonist in overweight or obese 
volunteers.

Me thods

Physiologic Studies in MC4R-Deficient 
Subjects

We analyzed blood pressure and metabolic data 
for 46 MC4R-deficient adults from 32 nuclear fami-
lies identified as part of the Genetics of Obesity 
Study.13 All subjects were heterozygous for com-
plete loss-of-function mutations in MC4R (for de-
tails, see Table 1 in the Supplementary Appendix, 
available with the full text of this article at NEJM.
org). We recruited 30 adult volunteers whom we 
determined to be overweight, which was defined 
as having a body-mass index (BMI, the weight in 
kilograms divided by the square of the height in 
meters) of more than 25, or obese (BMI, >30) and 
who were shown to have a normal MC4R genetic 
sequence. All subjects provided written informed 
consent. 

Studies were conducted at the Wellcome Trust 
Clinical Research Facility at Addenbrooke’s Hos-
pital in accordance with the principles of the Dec-
laration of Helsinki after approval by the ethics 
committee at Addenbrooke’s Hospital. Eight MC4R-
deficient adults of European descent and eight 
control subjects who were matched in age, ances-
tral background, and BMI agreed to undergo more 
detailed studies (Table 2 in the Supplementary Ap-
pendix). European descent was determined by the 
reported country of birth of at least three genera-
tions of family members. Details of measurement 
of blood pressure, autonomic nervous system ac-
tivation, body composition, measurement of ab-
dominal and liver fat by magnetic resonance 
imaging, hyperinsulinemic–euglycemic and hy-
perglycemic clamp studies, along with analytical 
methods, definitions, and calculations, are pro-
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vided in the Methods section in the Supplementary 
Appendix.

Pharmacologic Study in Overweight or Obese 
Volunteers

We conducted a double-blind, dose-escalating, 
crossover trial of an MC4R agonist, LY2112688 
(Eli Lilly), as compared with placebo, in 28 healthy 
men and women who were overweight or obese 
and whose weight had been stable during the 
previous 6 months (Table 3 in the Supplementary 
Appendix). The MC4R agonist was administered 
in two doses (0.45 mg and 1.0 mg) as a subcuta-
neous infusion over a 24-hour period. After each 
24-hour infusion of either the MC4R agonist or 
placebo, there was a washout interval of 3 to 6 days 
before the next round of infusions was started in 
the same subjects. Seven-day infusions of the 
MC4R agonist at one dose or infusions of placebo 
were also administered with a washout interval 
of 7 days in a crossover design. Medications that 
were known to alter appetite, blood pressure, and 
autonomic function were prohibited. 

Studies were conducted in the Clinical Research 

Unit at Biotrial in Rennes, France, under Good 
Clinical Practice guidelines as part of a program 
for the development of drugs targeting obesity. The 
study protocol was approved by the ethics review 
board (Comité de Protection des Personnes de 
Brest, France). Details regarding the study design, 
methods for measurement of blood pressure and 
biochemical values, statistical analysis, and a syn-
opsis of the protocol are provided in the Methods 
section in the Supplementary Appendix.

R esult s

Blood Pressure and MC4R Deficiency

We studied the blood pressure and metabolic phe-
notype in 46 adults with MC4R haploinsufficiency 
and in 30 control subjects with a normal MC4R 
genotype (Table 1). The prevalence of hyperten-
sion was significantly lower in the MC4R-deficient 
group than in the control group (Fig. 1A). After the 
exclusion of subjects receiving antihypertensive 
medications, the mean systolic and diastolic blood-
pressure levels were lower in MC4R-deficient adults 
than in control subjects (Fig. 1B and 1C). The prev-
alence of diabetes was similar in the MC4R-defi-
cient group and the control group (18% and 20%, 
respectively). After the exclusion of subjects with 
diabetes, fasting plasma glucose levels were sim-
ilar in the two groups (Table 1). Consistent with our 
previous observation that the relative hyperinsu-
linemia associated with childhood MC4R deficien-
cy becomes less marked with age,13 there was no 
significant difference in fasting plasma insulin lev-
els between the two groups (Table 1).

Autonomic Nervous System Activity

To examine autonomic nervous system function, 
we measured variability in heart rate in MC4R-defi-
cient subjects and in control subjects (Table 2 in the 
Supplementary Appendix). There was no difference 
in sleeping heart rate between the two study groups 
(Fig. 2A). On waking, the heart rate increased in 
the two groups; however, the magnitude of this in-
crease was significantly attenuated in MC4R-defi-
cient subjects (P = 0.007) (Fig. 2A). Infusion of in-
sulin increased the heart rate in the two groups. 
Although the magnitude of the increase was sim-
ilar, MC4R-deficient subjects maintained signifi-
cantly lower heart rates throughout the clamp pro-
cedure, with a difference of 7 bpm between the two 
groups during the steady-state period (P<0.001) 
(Fig. 2A).

Table 1. Characteristics of the Subjects.* 

Characteristic

MC4R-Deficient 
Subjects  
(N = 46)

Control Subjects 
(N = 30)

Sex (M/F) 17/29 25/5

Age (yr) 34.4±11.5 39.6±7.9

Body-mass index 38.9±10.7 37.3±5.1

Fasting plasma glucose (mmol/liter) 5.0±0.5 5.0±0.7

Fasting plasma insulin (pmol/liter)

Geometric mean 111 100

1-SE range 65–192 62–160

Fasting total cholesterol (mmol/liter) 4.9±0.8 5.0±1

Fasting triglycerides (mmol/liter)

Geometric mean 1.7 1.3

1-SE range 1.1– 2.6 0.8–1.9

*	Plus–minus values are means ±SD. Measures of fasting plasma glucose and 
insulin were excluded for eight subjects with MC4R deficiency and six control 
subjects who had diabetes. Measures of fasting total cholesterol and triglycer-
ides were excluded for two subjects with MC4R deficiency and one control 
subject who were receiving lipid-lowering therapy. The body-mass index is the 
weight in kilograms divided by the square of the height in meters. To convert 
the values for glucose to milligrams per deciliter, divide by 0.05551. To con-
vert the values for insulin to microunits per milliliter, divide by 6.0. To convert 
the values for cholesterol to milligrams per deciliter, divide by 0.02586. To 
convert the values for triglycerides to milligrams per deciliter, divide by 
0.01129. 
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During sleep, there was no significant differ-
ence in the high-frequency component of heart 
rate variability (predominantly a measure of para-
sympathetic activation) between the two study 
groups (Fig. 2B). On waking, the high-frequency 
component decreased in control subjects, a drop 
that was attenuated in MC4R-deficient subjects 
(Fig. 2B). After the infusion of insulin, the high-
frequency component decreased in the two groups 
but remained higher in MC4R-deficient subjects 
throughout the clamp procedure (P = 0.02), consis-
tent with greater parasympathetic activity and rela-
tively lower sympathetic activity than in control 
subjects (Fig. 2B). The low-frequency component of 
heart rate variability, a composite measure of sym-
pathetic and parasympathetic activity, was similar 
in the two groups throughout the study (data not 
shown).

The root mean square of successive differences 
(RMSSD) between adjacent normal RR intervals, 
an index of parasympathetic activity, was similar 
in MC4R-deficient subjects and control subjects 
during sleep (Fig. 2C). The RMSSD decreased in 
response to waking in control subjects, but there 
was no change in MC4R-deficient subjects. Infu-
sion of insulin led to a reduction in the RMSSD 
values in both groups, although the values were 
higher in MC4R-deficient subjects throughout the 
hyperinsulinemic–euglycemic clamp procedure 
(P = 0.002) (Fig. 2C).

Urinary Catecholamine Excretion

We measured 24-hour urinary catecholamine ex-
cretion in 10 adults with haploinsufficiency for 
MC4R with a mean (±SD) age of 33.8±13.6 years 
and a mean BMI of 43±7.5 and in 19 control sub-
jects with a mean age of 39.8±8.5 years and a mean 
BMI of 37.2±3.8. MC4R-deficient subjects had low-
er 24-hour norepinephrine excretion than did the 
control subjects (199±23 nmol and 291±28 nmol, 
respectively; P<0.05) (Fig. 3A). Although 24-hour 
urinary epinephrine excretion also tended to be 
lower in MC4R-deficient subjects, the difference 
was not significant (Fig. 3B). There was no signifi-
cant difference in 24-hour dopamine excretion be-
tween the two groups (Fig. 3C). Nonparametric 
tests gave the same results for these comparisons.

Other Phenotypic Signatures 

We measured body composition, fat distribution, 
insulin secretion, and insulin sensitivity to ascer-
tain whether there might be other phenotypic sig-
natures associated with MC4R deficiency. MC4R-

deficient subjects and control subjects had similar 
percentages of total body fat and fat-free mass, 
intraabdominal adipose tissue area, subcutaneous 
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Figure 1. Prevalence of Hypertension and Blood- 
Pressure Measures. 

The graphs show the prevalence of hypertension (Pan-
el A) and measures of systolic blood pressure (Panel B) 
and diastolic blood pressure (Panel C) in 46 subjects 
with MC4R deficiency, as compared with 30 overweight 
or obese control subjects. Four subjects with MC4R 
deficiency and seven control subjects were excluded 
from the analyses in Panels B and C because they were 
taking antihypertensive medications. The I bars repre-
sent the standard error. 
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abdominal adipose tissue area, and liver fat (Ta-
ble 4 in the Supplementary Appendix). 

During the hyperinsulinemic–euglycemic clamp 
procedure in MC4R-deficient subjects and control 
subjects, there were similar mean (±SE) steady-
state levels of blood glucose (5.0±0 mmol per liter 
in the two groups) and geometric mean steady-
state levels of plasma insulin (1308 pmol per liter 
[1-SE range, 1231 to 1390] and 1299 pmol per liter 
[1-SE range, 1217 to 1386], respectively). During 
steady state, there was no significant difference 
between the two groups in insulin-mediated glu-
cose uptake, with similar rates of insulin-stimu-
lated oxidative and nonoxidative glucose disposal 
(Fig. 4A). Posthepatic insulin clearance rates were 
also similar (data not shown). Reduced activity in 
the sympathetic nervous system would be expected 
to increase insulin secretion in the MC4R-deficient 
subjects. Although there was a trend in this direc-
tion, there was no significant difference between 
MC4R-deficient subjects and control subjects in 
geometric mean levels of first-phase insulin secre-
tion (614 pmol per liter [1-SE range, 471 to 801] 
and 474 pmol per liter [1-SE range, 368 to 612], 
respectively) or second-phase insulin secretion 
(405 pmol per liter [1-SE range, 332 to 494] and 
332 pmol per liter [1-SE range, 272 to 405], respec-
tively) during the intravenous glucose tolerance 
test (Fig. 4B). Results were similar when insulin 
responses were compared with the use of area-
under-the-curve analysis and repeated-measures 
analysis of variance (data not shown). Geometric 
mean levels of second-phase insulin secretion that 
was measured during the hyperglycemic clamp 
procedure were also similar in the two groups 
(944 pmol per liter [1-SE range, 760 to 1172] and 
729 pmol per liter [1-SE range, 575 to 924], respec-
tively). There was no significant difference in the 
disposition index (the product of insulin sensitiv-
ity and first-phase insulin secretion) between the 
two groups. Nonparametric tests provided the same 
results for these comparisons.

Effects of MC4R Agonist

Of the 28 healthy overweight or obese subjects who 
were enrolled, 26 completed the study (Table 3 in 
the Supplementary Appendix). Steady-state plasma 
levels of drugs were achieved within 24 hours and 
were proportional to the dose. Infusion of the 
MC4R agonist LY2112688 resulted in symptoms 
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Figure 2. Heart Rate and Its High-Frequency Component and RMSSD.

The graphs show the heart rate (Panel A) and its high-frequency compo-
nent (predominantly a measure of parasympathetic activation) (Panel B) 
and the root mean square of successive differences (RMSSD) between ad-
jacent normal RR intervals (Panel C) during sleep, in the awake state, and 
during the hyperinsulinemic–euglycemic clamp procedure in eight subjects 
with MC4R deficiency and eight control subjects. The I bars represent the 
standard error.
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known to be mediated by melanocortin pathways, 
such as yawning, a sensation of muscular stiffness, 
and increased penile erection. The need to stretch 
or yawn was significantly increased at all doses 
during the 7-day infusion. A significant increase in 
male erectile function was observed at the 0.45-mg 
and 1.0-mg daily doses only. Adverse effects, in-
cluding headache, asthenia, nausea, vomiting, and 
diarrhea, are presented in Table 5 in the Supple-
mentary Appendix.

There was a dose-dependent increase in blood 
pressure after infusion of LY2112688 in overweight 
or obese adults during a 24-hour period (Fig. 5). 
Three hours after the start of infusion, the aver-
age systolic blood pressure was 4.0 to 8.5 mm Hg 
higher than placebo-controlled values (Fig. 5A). 
Maximum increases from the placebo values were 
generally observed at 24 hours. The average dif-
ference in systolic blood pressure at 24 hours 
was 9.3±1.9 mm Hg for the maximum tolerated 
dose of 1.0 mg per day (P<0.001). Diastolic blood 
pressure 1 hour after the start of infusion was 
2.5 to 8.2 mm Hg higher than placebo-controlled 
values for the dose range of 0.15 to 2.0 mg (Fig. 
5B). The average difference in diastolic blood pres-
sure at 24 hours was 6.6±1.1 mm Hg for the maxi-
mum tolerated dose of 1.0 mg per day (P<0.001). 
Blood-pressure changes were sustained for the 
7 days of LY2112688 infusion (Table 6 in the Sup-
plementary Appendix). A decrease in mean heart 
rate of approximately 5 to 6 bpm was observed 
1 hour after infusion in all dose groups, with the 
exception of the 0.45-mg dose. However, the aver-
age heart rate increased during the 7-day infusions, 
with an average difference of 3 bpm, as compared 
with placebo (Table 6 in the Supplementary Ap-
pendix). There were no significant differences in 
levels of plasma insulin and glucose and urinary 
norepinephrine after LY2112688 administration 
(Table 7 in the Supplementary Appendix).

Discussion

Obesity is a major risk factor for hypertension,1 
and weight loss reduces blood pressure.18 Studies 
in animals have indicated that induced weight gain 
results in increased blood pressure.19 Numerous 
mechanisms have been suggested,20 many of which 
involve the assumption that insulin resistance or 
hyperinsulinemia that accompanies weight gain 
is involved through effects on renal sodium reten-

tion, vascular structure and function, ion transport, 
or activity of the sympathetic nervous system.21

Melanocortinergic signaling is critical to the 
control of weight in humans6 and in animals.8 
Studies in rodents have clearly implicated cen-
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Figure 3. Twenty-four-Hour Levels of Urinary  
Norepinephrine, Epinephrine, and Dopamine.

The graphs show levels of urinary norepinephrine 
(Panel A), epinephrine (Panel B), and dopamine (Panel 
C) in 10 subjects with MC4R deficiency and 19 control 
subjects. The I bars represent the standard error.
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trally expressed MC4R in the control of blood 
pressure.9,10 In this study, we combined observa-
tions from subjects with reduced MC4R signaling 
and pharmacologic studies using a centrally active 
melanocortinergic agonist to examine the relation-
ship between melanocortin signaling and blood 
pressure in humans. We conclude that both in-
creases and decreases in central melanocortin 
signaling influence blood pressure in humans and 
that the effects are not explained by changes in 
circulating insulin levels or insulin sensitivity. In 
the case of long-standing decreases in melano-
cortinergic tone, these changes are associated 
with reduced activity in the sympathetic nervous 
system.

We studied a clearly defined group of subjects 
with MC4R haploinsufficiency. Because some of 
these subjects were related to each other, they may 
share genetic factors other than mutated MC4R 
that contribute to blood-pressure regulation. Care-
ful matching of control subjects to MC4R-deficient 
subjects with respect to BMI, age, and ancestry 
revealed striking differences both in the preva-
lence of hypertension and in mean levels of sys-
tolic and diastolic blood pressure. The prevalence 
of hypertension and mean blood pressures seen 
in the control group were very similar to those of 
unselected overweight or obese subjects,2 a find-
ing that supported our assertion that the MC4R-

deficient subjects were relatively protected from 
the expected relationship between overweight and 
raised blood pressure.

We studied a synthetic peptide agonist that is 
highly selective for MC4R. The drug, MC4R ago-
nist LY2112688, had an increased affinity for 
MC4R over MC1R of more than a factor of 30 and 
over MC3R of more than a factor of 100. Admin-
istration of the MC4R agonist to overweight or 
obese volunteers produced the classic symptoms 
of yawning, stretching, and penile erection associ-
ated with activation of central MC4R and a marked 
short-term increase in blood pressure that was 
sustained for the 7 days of the drug’s administra-
tion. The average increase in systolic and diastolic 
blood pressure in these studies was quantitatively 
similar to the difference in blood pressure be-
tween MC4R-deficient subjects and control sub-
jects.

A deficiency in MC4R (in both children13 and 
mice22) appears to be associated with hyperinsu-
linemia at a rate that is disproportionate to the 
degree of obesity, and several studies have impli-
cated hyperinsulinemia as a link between obesity 
and hypertension.21 Our finding that MC4R defi-
ciency is associated with reduced, and not in-
creased, blood pressure does not support such a 
link. In addition, we could find no difference in 
measures of insulin sensitivity and intraabdominal 
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Figure 4. Insulin Sensitivity with Oxidative and Nonoxidative Glucose Disposal during Hyperinsulinemic–Euglycemic 
Clamp Studies and Insulin Levels during an Intravenous Glucose Tolerance Test.

Panel A shows steady-state insulin-mediated glucose uptake, with oxidative glucose disposal (light blue) and non
oxidative glucose disposal (dark blue) during hyperinsulinemic–euglycemic clamp studies in eight subjects with 
MC4R deficiency and eight control subjects. FFM denotes fat-free mass. Panel B shows plasma insulin levels during 
the intravenous glucose tolerance test in the same subjects. The I bars represent the standard error (SE) in Panel A 
and the 1-SE range in Panel B.
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fat between MC4R-deficient subjects and control 
subjects. Finally, the administration of the MC4R 
agonist for 7 days did not significantly alter fast-
ing insulin levels, despite having a marked effect 
on blood pressure.

Central control of the sympathetic nervous sys-
tem can clearly influence blood pressure,23 and the 
administration of an MC4R agonist in mice is as-
sociated with increased activity of the sympathetic 
nervous system.24,25 The rarity of finding subjects 
with MC4R deficiency without other coexisting ill-
nesses and the complexity of our protocol made 
it impossible to incorporate direct electrophysio-
logical studies of activity in the sympathetic ner-
vous system. However, surrogate measures sup-
port such an effect. Although the sleeping heart 
rate (under strong vagal influence) was similar in 
MC4R-deficient subjects and control subjects, the 
increases in heart rate on waking and during a 
hyperinsulinemic clamp procedure were signifi-
cantly lower in the MC4R-deficient subjects than 
in the control subjects. Also, urinary norepineph-
rine levels were significantly reduced in the MC4R-
deficient subjects. The urinary norepinephrine 
level is usually thought to be a relatively crude 
measure of activity in the sympathetic nervous 
system and is useful only in large populations, but 
we believe that it is all the more striking that we 
observed significant differences in relatively small 
numbers of subjects, presumably because the ef-
fect of MC4R haploinsufficiency in this carefully 
defined group was both substantial and consis-
tent. This pattern has been observed in persons 
with recent weight loss, in whom activation of the 
autonomic nervous system has been more directly 
quantified.26 Finally, direct measures of sympa-
thetic nerve activity are unlikely to have provided 
additional information, because studies involving 
animals have shown that sympathetic nerve output 
to the renal area may be most relevant to the con-
trol of blood pressure.27,28

Despite a significant increase in heart rate, we 
did not observe a significant increase in levels of 
urinary norepinephrine in the pharmacologic study, 
although we saw a nonsignificant trend for an in-
crease in this measure. The explanation for this 
lack of symmetry with the genetic studies is un-
clear but may imply that discernible effects on this 
measure require alterations in signaling through 
MC4R of a longer duration or that the effect of 
LY2112688 on other melanocortin receptors might 
modify the effects that we observed.

In conclusion, we have demonstrated that cen-
tral melanocortinergic tone significantly influenc-
es blood pressure in humans. The therapeutic use 
of a melanocortin agonist in common human obe-
sity may be complicated by the increase in blood 
pressure, as seen in our short-term studies. How-
ever, the effects of administration of a melano-
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Figure 5. Differences in Mean Blood Pressure in Subjects Receiving Mel-
anocortin Agonist LY2112688 or Placebo at 24 Hours, According to Dose. 

The graphs show the differences from placebo in mean systolic blood pres-
sure (Panel A) and diastolic blood pressure (Panel B) in 28 subjects receiv-
ing a melanocortin agonist, according to the dose of the melanocortin ago-
nist. The I bars represent 90% confidence intervals.
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