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Suppression of insulin secretion is associated with
weight loss and altered macronutrient intake and
preference in a subset of obese adults
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PURPOSE: Hyperinsulinemia is a common feature of many obesity syndromes. We investigated whether suppression of insulin
secretion, without dietary or exercise intervention, could promote weight loss and alter food intake and preference in obese
adults.
METHODS: Suppression of insulin secretion was achieved using octreotide-LAR 40 mg IM q28d for 24 weeks in 44 severely
obese adults (89% female, 39% minority). Oral glucose tolerance testing was performed before and after treatment, indices of
b-cell activity (CIRgp), insulin sensitivity (CISI), and clearance (CP/I AUC) were computed, and leptin levels, 3-day food records
and carbohydrate-craving measurements were obtained. DEXA evaluations were performed pre- and post-therapy in an
evaluable subgroup.
RESULTS: For the entire cohort, significant insulin suppression was achieved with simultaneous improvements in insulin
sensitivity, weight loss, and body mass index (BMI). Leptin, fat mass, total caloric intake, and carbohydrate craving significantly
decreased. When grouped by BMI response, high responders (HR; DBMIo�3 kg/m2) and low responders (LR; DBMI between
�3 and �0.5) exhibited higher suppression of CIRgp and IAUC than nonresponders (NR; DBMI >�0.5). CISI improved and
significant declines in leptin and fat mass occurred only in HR and LR. Conversely, both leptin and fat mass increased in NR.
Carbohydrate intake was markedly suppressed in HR only, while carbohydrate-craving scores decreased in HR and LR. For the
entire cohort, DBMI correlated with DCISI, Dfat mass, and Dleptin. DFat mass also correlated with DIAUC and DCISI.
CONCLUSIONS: In a subcohort of obese adults, suppression of insulin secretion was associated with loss of body weight and fat
mass and with concomitant modulation of caloric intake and macronutrient preference.
International Journal of Obesity (2003) 27, 219–226. doi:10.1038/sj.ijo.802227
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Introduction
Obesity has reached epidemic proportions throughout the

world. The prevalence of obesity as determined by body mass

index (BMI>30 kg/m2) in the US has risen from 12.8 to 22.5%

during the last 20 y.1,2 Diet and exercise alone are frequently

unsuccessful in ameliorating the obesity long-term,3–5 stress-

ing the importance of metabolic and genetic components to

this syndrome.

Most obese patients exhibit hyperinsulinemia;6,7 however,

it is unclear whether this is a cause or effect of the obesity,

and whether excessive insulin secretion, decreased plasma

insulin clearance, or insulin resistance is the crucial insulin

defect. Insulin is the primary hormonal mediator of energy

storage in humans.8 Within the adipocyte, insulin regulates:

(a) Glut4 expression; (b) acetyl-CoA carboxylase; (c) fatty

acid synthase; and (d) lipoprotein lipase.9 The role of insulin

in the pathogenesis of obesity has been previously
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suggested.10–12 Studies link hyperinsulemia to carbohydrate

craving,13 hyperphagia,13 and decreased fat oxidation and

physical activity.14–16

Acute glucose-stimulated insulin hypersecretion in insulin-

sensitive adults predicts weight gain.11 In children, an

augmented early postprandial insulin response precedes the

development of obesity.12 Conversely, fasting hyperinsuli-

nemia has also been shown to be a predictor of weight

gain.17,18

In a rat model of obesity, lesions of the ventromedial

hypothalamus (VMH) cause excessive insulin secretion,

hyperphagia, and intractable weight gain, which can be

blocked by pancreatic vagotomy.19–22 Children who develop

obesity secondary to cranial insult23 exhibit excessive insulin

secretion, and suppression of insulin release using octreotide

(a somatostatin analog) promotes weight and BMI loss.24 The

present study was conducted to determine whether insulin

suppression could promote weight loss in obese adults.

Additionally, we investigated whether insulin suppression

could alter carbohydrate craving and intake, and macro-

nutrient preference.

Patients and methods
Patients and recruitment

This study prospectively evaluated the effect of insulin

suppression on weight and BMI in a cohort of healthy obese

adults referred for weight management. The study protocol

was approved by the University of Tennessee Institutional

Review Board, and all subjects gave written informed

consent prior to eligibility confirmation. Study inclusion

criteria were ages 18–65 y and BMIZ35. Subjects who met

the inclusion criteria underwent a screening evaluation

consisting of a complete history and physical examination,

and the following studies: comprehensive metabolic panel

(CMP), serum glucose 2 h after a 75 g oral glucose load,

gallbladder ultrasound, and urine pregnancy test (if female).

Subjects were excluded from study participation if the

screening evaluation revealed the presence of gallstones,

hypertension, diabetes mellitus (by ADA criteria), renal or

liver disease, or the use of chronic medications except for

thyroid or estrogen supplementation.

Procedures

Prior to study initiation, subjects underwent a physical

examination and measures of body composition, dietary

intake and physical activity, glycemic control, insulin

suppression, thyroid function (and free T4), and leptin levels

(as a surrogate marker of fat mass)25 were collected. Physical

examination and study measures were repeated every 4

weeks for 24 weeks between the hours 0800 and 1030. All

examinations were conducted by the same individual

throughout the study period. Thyroid function was assessed

monthly to ensure subjects remained euthyroid, as octreo-

tide may suppress pituitary TSH secretion.

Body composition measures

BMI and waist-to-hip ratio At each visit, measurement of

total body weight was obtained using a calibrated electronic

scale with a precision of 70.02 kg. Height was measured

using standard anthropometry and expressed in centimeters.

BMI was calculated using the standard formula (weight in

kilograms divided by height in meters squared). Waist and

hip circumference measurements were obtained using a

metal tape measure by the same individual at each visit.

Dual-energy X-ray absorptiometry (DEXA) Subjects were

analyzed for total tissue, fat mass, and lean mass at weeks 0

and 24 by DEXA, using a Lunar DPX-L machine (Madison,

WI, USA). Evaluation weight was limited to 137 kg, the upper

limit for the table. Subjects received 0.06 mrem of radiation

during the 40 min scan. Auto width and length settings were

utilized to reduce scan time and radiation exposure. The

appropriate energy level was determined individually based

on each subject’s body habitus. The week 24 scan was

analyzed by comparison of regions of interest to the

reference (week 0) scan.

Dietary assessment

Caloric intake and diet composition Subjects completed a

3-day food record diary prior to each visit after receiving

individual instruction from the nutritionist. Each study

subject met with the nutritionist who, using food models,

determined the amounts and proportions of food eaten over

the previous 72-h period. Macro- and micronutrient analyses

of energy intake were determined by using the software

program Ohio Distinctive Software (Columbus, OH, USA).

Carbohydrate craving Carbohydrate craving was measured

using the carbohydrate addiction scale developed by Heller

and Heller.26 The questionnaire consists of 17 weighted

questions with a total score of 60. Based on scores,

individuals were classified as being a doubtful carbohydrate

craver (score o21), having mild carbohydrate addition (score

22–30), moderate carbohydrate addiction (score 31–44) or

severe carbohydrate addiction (score >45).

Laboratory Measures

A 3-h oral glucose tolerance test (OGTT) was performed at

weeks 0 and 24,27 after an overnight fast. Subjects drank 75 g

dextrose (Allegiance, MacGaw Park, IL, USA), and blood

samples were obtained at 0, 15, 30, 60, 90, 120, 150, and

180 min. The 1997 ADA diagnostic guidelines28 were used to

distinguish normal vs impaired glucose tolerance (IGT).

Chemical analyses Serum glucose during OGTT was mea-

sured by the glucose oxidase method.29 Serum immunor-

eactive insulin (pM) and C-peptide (ng/ml) levels from each

OGTT sample were measured by standard double-antibody

radioimmunoassay (RIA) (Linco Research; St Louis, MO,

USA) for use in calculation of insulin indices. Leptin (nM)
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was measured by double antibody RIA (Linco Research; St

Louis, MO, USA). All other laboratory studies were per-

formed by Memphis Pathology Laboratory (Memphis, TN,

USA).

Insulin indices From each OGTT, the following indices were

computed using established formulas validated using con-

ventional units. (a) Insulin area under the curve (IAUC) is an

index of the magnitude of the insulinemia during the

OGTT.30 The trapezoid method was used to calculate IAUC.31

(b) The corrected insulin release at the glucose peak (CIRgp)

is an index of b-cell activity.32 (c) Composite insulin

sensitivity index (CISI) is a measure of peripheral insulin

sensitivity.33 (d) The molar ratio of area under the c-peptide

curve/IAUC (CP/I AUC) as an index of insulin clearance

during the OGTT.34

Glycemic control measures

At each visit, patients were examined and interviewed

regarding signs and symptoms of glucose intolerance. A

fasting blood sample was taken for HbA1c to evaluate

glucose control. Subjects checked their capillary blood

glucose (CBG; Precision QID, Medisense, Needham, MA,

USA) three times a week, both before and 2 h after a meal.

Individual values were downloaded, and monthly averages

of CBG were calculated at each visit to evaluate excursions of

glucose in response to normal dietary intake.

Intervention

To suppress insulin secretion, subjects were treated with six

injections of octreotide-LAR (Sandostatin-LARs Depot; No-

vartis, East Hanover, NJ, USA) 40 mg i.m. q28d from weeks 0–

20, given as two intragluteal 20 mg injections. Subjects were

also treated with ursodeoxycholic acid (Actigalls; Novartis)

600 mg p.o. qd to prevent cholelithiasis.35 Subjects were

allowed to eat ad libitum, and neither dietary nor exercise

interventions were recommended.

Statistics

All data analyses were performed using the SAS system (Cary,

NC, USA). Descriptive statistics are reported as mean and

standard error of the mean (s.e.m.) for continuous data

and frequency and percent for categorical data. Change

scores for continuous data were computed by subtracting

measures at week 0 from week 24. Data were grouped

post hoc into three categories of response based on BMI

change: eight subjects with high response (HR; DBMIo�3),

25 with low response (LR; �3rDBMIr�0.5), and 11 subjects

with no response (NR; DBMI>�0.5). Statistical analyses

applied to the data consisted of Pearson w2, Pearson

correlation, t-test, analysis of variance, and ANOVA with

repeated measures. P-values less than or equal to 0.05 were

considered significant, although trends (0.05oPo0.1) are

also listed.

Results
Demographics

Of the 53 subjects recruited, 44 subjects completed the entire

study. Nine subjects (17%) dropped out during the study;

four because of lack of weight loss during the first 4–20

weeks, and five for other reasons. Of the 44 subjects who

completed the study, the majority were female (89%) and

Caucasian (61%) with a mean age of 3971.3 y. Seven

subjects (16%) were receiving thyroxine supplementation.

For the entire cohort (n¼44), insulin suppression occurred

and insulin sensitivity improved. CIRgp decreased by 59%

(�0.8470.01, Po0.001) and IAUC decreased by 30%

(�542371019, Po0.001) from baseline, while insulin sensi-

tivity, measured by CISI, increased by 33% (+0.9670.28,

P¼0.02) (Table 1). Concomitant improvements in body

composition occurred with insulin suppression. Weight and

BMI decreased during the 24-week study period. DWeight

was �3.670.9 kg (Po0.001), and DBMI was �1.270.1 kg/m2

(Po0.001) (Table 1). WHR decreased by 0.0270.01

(P¼0.04), while waist circumference decreased by

7.371.3 cm (Po0.001). The magnitude of weight response

was very broad. Both leptin and fat mass decreased,

consistent with changes in weight and BMI (Table 1). Total

caloric intake, carbohydrate intake, fat intake, and protein

intake decreased despite the absence of a dietary interven-

tion (Po0.001). Carbohydrate craving was also significantly

decreased in the entire cohort (Po0.001) (Table 1). Self-

reported physical activity was unchanged during the study

period.

During the study period, mean HbA1c increased from

5.65%70.06 at baseline to 5.88%70.07 after 24 weeks of

insulin suppression (Po0.001). However, the HbA1c incre-

ment was not associated with clinical or biochemical

deterioration. No subject reported symptoms suggesting

diabetes mellitus or required treatment for blood

glucose control. Free T4 levels were maintained within

Table 1 Baseline and post-treatment body composition measures, insulin

indices, and dietary variables for the entire cohort

Baseline

(week 0)

Post-treatment

(week 24)

Weight (kg) 122.774.1 119.273.9**

BMI (kg m2) 44.371.0 43.171.0**

Leptin (nM) 3.4970.22 2.6270.17**

CIRgp 1.4370.16 0.6270.09**

IAUC 1838372041 1235571662*

CISI 2.9370.23 3.8570.36**

CP/I AUC 0.170.01 0.170.01

Total calories (kcal/day) 22807107.6 1614782.8**

Calories from carbohydrates 1059760.6 697742.2**

Calories from protein 354719.8 275715.2**

Calories from fat 854748.3 663739.2**

Carbohydrate craving 27.371.54 19.271.78**

All values expressed as mean7s.e.m.
**Po0.01, *Po0.05 from baseline (week 0) to post-treatment (week 24).
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normal values throughout the study. One subject developed

cholelithiasis, but admitted to non-compliance with the

preventative ursodeoxycholic acid therapy.

Weight loss and insulin suppression by response strata

There was a large range and standard deviation of Dweight

and DBMI within this cohort. Therefore, data were grouped

post hoc into three categories of response based on BMI

change: eight subjects with high response (HR; DBMIo�3),

25 with low response (LR; �3rDBMIr�0.5), and 11 subjects

with no response (NR; DBMI>�0.5). Responder groups were

similar in gender distribution. Although our HR group was

slightly younger with higher BMI and weight than LR, there

was no significant difference between the HR and NR groups

(Table 2). Both the NR and LR groups had a higher

percentage of minorities (45 and 44%, respectively) than

the HR group (13%).

Body composition HR subjects (n¼8) exhibited Dweight of

�12.671.1 kg and DBMI of �4.170.4. LR subjects (n¼ 25)

exhibited Dweight of �3.670.4 kg and DBMI of �1.370.2.

NR subjects (n¼11) exhibited Dweight of +3.070.7 kg and

DBMI of +0.770.3 (Po0.001). No significant differences

were noted in WHR or waist circumference between response

groups at week 0 or 24, with all groups exhibiting decreases

in waist circumference during the study (Po0.02).

Serum leptin levels, a surrogate measure of fat mass, were

indistinguishable between response strata at week 0. At week

24, only HR and LR subjects exhibited significant declines in

leptin (Po0.001) (Table 2). The Dleptin correlated with DBMI

(r¼0.59, P¼0.003).

The weight limit of the DEXA table (137 kg) precluded data

acquisition in 11 subjects (25%). Our sample included four

HR, 20 LR, and nine NR subjects. Total tisssue and fat mass

were not different between response strata at week 0. After 24

weeks of octreotide-LAR, total tissue mass decreased in HR

and LR (Po0.001), and increased in NR (P¼0.03). Fat mass

also decreased in HR and LR (P¼0.02 and 0.01, respectively),

and increased in NR (P¼0.03) (Table 2).

Insulin excursion The plot of the insulin curves was highly

dissimilar between response groups at Week 0 (Figure 1). HR

subjects (Figure 1a) had a rapid ascending limb with a sharp

peak, followed by a rapid decline. The NR insulin curve

(Figure 1c) had a slow ascending limb with a prolonged

plateau between 60 and 150 min. The LR insulin curve had

components of both HR and NR curves, with one lack of an

acute peak, but with a shorter plateau (Figure 1b). Suppres-

sion of insulin secretion resulted in an attenuation of the

insulin excursion in both HR and LR, but not in NR subjects.

Insulin indices When grouped by response strata, CIRgp,

IAUC, C-peptide, CISI, and CP/I AUC at week 0 were similar

(Table 3). After 24 weeks, CIRgp decreased among all

response strata (HR: �1.0970.17, Po0.001; LR:

Table 2 Changes in body composition measurements by response strata

Response group

Variable Time HR (n=8) LR (n=25) NR (n=11)

Weight (kg) Baseline 139.7714.0 117.574.7 122.476.3

Post 127.0713.7** 113.974.7** 125.476.2**

BMI (kg/m2) Baseline 47.473.3 42.471.1 46.472.2

Post 43.073.4** 41.171.1** 47.872.2**

Leptin (nM) Baseline 3.8270.2 3.3970.3 3.2870.5

Post 2.1370.2**a 2.4170.2**b 3.4570.3

DEXAb

Total tissue mass

(kg)

Baseline 109.074.9 103.172.3 107.473.7

Post 93.374.9** 100.672.3** 109.373.7*

Fat mass (kg) Baseline 57.574.3 54.972.0 56.973.1

Post 52.674.1 52.372.0c 60.073.1

All values expressed as mean7s.e.m.
**Po0.01, *Po0.05 from baseline to post-treatment within response group.
aPo0.01.
bResponse group sample size for DEXA variable: high (n=4), low (n=20), non

(n=9).
cPo0.05 from nonresponse group at same time point.

Figure 1 Excursions of insulin (a–c) during oral glucose tolerance testing in 44 subjects with obesity, stratified by BMI response to insulin suppression. Curves for

HR (a; white squares), LR (b; gray circles), and NR (c; black squares) are plotted both at Week 0 (solid lines) and at Week 24 (dashed lines). Error bars denote s.e.m.

ANOVA with repeated measures document significant differences between the insulin curves at week 0 and 24 for HR (P¼ 0.001) and LR (Po0.001), while NR did

not have significant differences in insulin excursion following treatment with octreotide.
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�0.8670.12, Po0.001; NR: �0.670.29, P¼0.005) with HR

and LR subjects exhibiting lower b-cell activity (CIRgp) than

NR subjects (P¼0.043). IAUC was only suppressed in HR

(�742071054, P¼0.001) and LR (�660071331, Po0.001)

subjects. Similarly, C-peptide suppression was evident only

in HR (P¼0.001) and LR (Po0.001) subjects. CISI was not

significantly different among response groups at either study

point; however, CISI, a measure of peripheral insulin

sensitivity, improved in both HR (+1.7370.56, P¼0.006)

and LR (+1.3170.33, P¼0.001). Insulin clearance, assessed

by CP/I AUC, significantly improved in HR (P¼0.01), and

deteriorated in NR (P¼0.01).

Dietary change and carbohydrate craving by response
strata

Total caloric and macronutrient intake were similar at

baseline between response strata group (P¼NS). Total caloric

intake, fat intake, and protein intake decreased in all

response strata (Po0.01), but there were no interstrata

differences (Table 3). Although daily carbohydrate consump-

tion decreased in all strata, only HR exhibited marked

suppression, both as absolute carbohydrate intake

(9417119 kcal/day vs 383770 kcal/day from week 0 to 24;

P¼0.05) (Figure 2a) and as percent of total calories (from 47

to 35%; P¼0.017) (Figure 2b). Self-reported carbohydrate-

craving scores were similar between response strata at

baseline (P¼NS). After 24 weeks of insulin suppression, the

Table 3 Changes in insulin indices and dietary variables by response strata

Response group

Variable Time HR (n=8) LR (n=25) NR (n=11)

CIRgp Baseline 1.5470.24 1.3270.17 1.6270.51

Post 0.4570.11**a 0.4970.07**b 1.0170.30**

IAUC Baseline 1633872819 1801572222 2045276508

Post 891872432**a 1114971618**a 1775975108

CISI Baseline 2.7670.38 2.7070.26 3.4170.65

Post 4.4970.85**a 3.9770.46**a 3.1570.79

CP/I AUC Baseline 0.0970.01 0.1070.01 0.1170.02

Post 0.1270.01** 0.1070.01 0.0970.02*

Total calories (kcal/day) Baseline 21077737 22237715 25657684

Post 13087404**a 16007527** 18917580**

Calories from carbohydrate Baseline 9417337 10457446 11877318

Post 4917342*b 6817220**a 9037230**

Calories from protein Baseline 3517175 3437127 3837112

Post 2667100 2617114** 315772*

Calories from fat Baseline 7667344 8137284 10277361

Post 5487235* 6617258* 7597260*

Carbohydrate craving Baseline 25.7711.0 25.8711.2 28.8711.1

Post 19.2710.4* 16.1711.6** 26.2710.7

All values expressed as mean7s.e.m.
**Po0.01, *Po0.05 from baseline to post-treatment within response group.
aPo0.05.
bPo0.01, from nonresponse group at same time point.

Figure 2 Alterations in macronutrient intake in 44 subjects with obesity,

stratified by BMI response to insulin suppression (HR, white squares; LR, gray

circles; NR, black squares). (a) Although carbohydrate intake decreased in all

subjects (Po0.001), the suppression of carbohydrate intake was greatest in

HR, and was less pronounced in LR and NR. (b) As a percent of daily ingested

calories as carbohydrate, only HR demonstrated a decrease from 47% to 35%

(P¼0.017). (c) Fat intake decreased in all groups (Po0.001), but the decrease

was indistinguishable among response strata. (d) Protein intake also decreased

in all groups (Po0.001), but the decrease was indistinguishable among

response strata.
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HR and LR groups reported a 25 and 37% decrease in

carbohydrate craving, compared to a 2% reduction reported

by the NR group. Decreases in carbohydrate craving were

only significant for the HR and LR groups (P¼0.01, 0.0007,

respectively), while the NR group did not change (Table 3).

Self-reported physical activity did not increase during the 24-

week period.

Correlation between changes in insulin indices, BMI,
and fat mass

For the entire cohort, DBMI was negatively correlated with

DCISI and DCP/I AUC (r¼�0.45, P¼0.003 and r¼�0.52,

P¼0.001, respectively), and there was a trend toward

positive correlation with DIAUC (r¼+0.32, P¼0.056), while

no significant correlation was found with DCIRgp (r¼+ 0.24,

P¼NS). DBMI also correlated with Dfat mass (r¼+ 0.63,

Po0.001), and Dleptin (r¼+ 0.59, Po0.003). DFat mass

correlated with DIAUC (r¼+ 0.44, P¼0.02) and DCISI

(r¼�0.55, P¼0.001).

Discussion
This study supports the primary role of insulin in the genesis

of obesity in some individuals. We suppressed insulin

secretion in order to examine differential responsiveness

among obese persons. As a result of the exploratory nature of

the study, we stratified subjects post hoc based on weight loss

and compared changes in the insulin dynamics between

subjects who lost weight and those who did not. We chose a

post hoc analysis based on BMI response to evaluate our

results because, to our knowledge, no previous study had

evaluated changes in insulin dynamics and the level of

insulin suppression required to induce weight loss. The

majority of studies reported in the literature have reviewed

the relationship between either fasting insulin, insulin

response, or sensitivity and the amount of weight gained

during a period of time.6,11–13,15 A previous study reported

the efficacy of insulin suppression in promoting weight loss

using diazoxide;36 however, the magnitude of the effect of

insulin suppression on weight loss was confounded by the

concomitant use of a low-calorie formula diet in all patients,

limited period of insulin suppression (8 weeks), and failure to

examine insulin dynamics. This is the first study that

prospectively evaluated the effect of chronic insulin suppres-

sion on fat mass and body weight in severely obese adult

subjects without dietary or exercise intervention.

In this study, we used octreotide-LAR as an instrument to

promote insulin suppression. Octreotide binds to the

somatostatin receptor-5 (SSTR5) on the b-cell37,38 to inhibit

intracellular calcium influx, which attenuates the early

phase of insulin secretion in a dose-dependent fashion.39–41

We cannot rule out other potential mechanisms of octreo-

tide action in the promotion of weight loss, such as:

modulation of other GI hormones, such as glucagon-like

peptide-1;42 slowing of gastric emptying and GI motility,

with nutrient malabsorption;43 direct effects on appe-

tite,43,44 or direct effects on the adipocyte.45 However, these

other mechanisms seem less likely, as GI symptoms and

decrease in caloric intake suppression were uniformly

distributed throughout all response strata, and as those

subjects who exhibited weight loss demonstrated insulin

suppression.46 Furthermore, if another mechanism other

than insulin suppression was responsible for the weight loss,

subjects receiving octreotide for acromegaly or other dis-

orders would be expected to lose weight and fat mass; indeed

long-term octreotide usage has minimal effects on these

parameters.47

We found that insulin suppression for 24 weeks was

associated with marked weight loss (mean 12.6 kg) in 18%

of an otherwise healthy subpopulation of adult obese

subjects, and a small but significant weight loss (mean

3.6 kg) in another 57%. This weight loss occurred without

dietary or exercise intervention, and occurred slowly but

without asymptote.

The efficacy of octreotide in suppressing pancreatic b-cell

insulin secretion was evident in all groups (HR, LR, and NR)

with reduced CIRgp occurring in all subjects after 24 weeks

of treatment with octreotide. (Table 3). However, in NR

individuals, IAUC was not significantly affected by octreo-

tide. At the end of the study, NR subjects’ IAUC were as high

as baseline values of the HR and LR group. This finding can

be explained by the increased insulin resistance (lower CISI)

and lower insulin clearance (CP/I AUC) found in the NR

group compared to the HR and LR groups at the 24-week

study point. After 24 weeks of treatment with octreotide NR

subjects’ CP/I AUC was significantly decreased and insulin

sensitivity (CISI) did not improve; NR continued to have the

lowest CISI and CP/I AUC compared with the other two

groups.

Insulin suppression was associated with decreases in both

leptin and fat mass in our cohort. Although the weight

limitation of the DEXA table could produce a sample bias,

this bias is minimized, as the initial weight and BMI of the

subject population was not predictive of BMI loss or changes

in fat mass. Nonetheless, changes in BMI correlated with

both changes in leptin and fat mass. Furthermore, the

changes in leptin and fat mass correlated with changes in

insulin secretion and sensitivity suggesting that insulin is an

important determinant in the etiopathogenesis of obesity in

this cohort.

The role of increased carbohydrate craving and intake has

been previously suggested to play a contributory role in the

development of obesity.48–50 However, the connection

between insulin and carbohydrate craving and intake is less

clear. The frequent intake of highly refined carbohydrates

may induce weight gain by initiating and sustaining a

chronic state of hyperinsulinemia. Carbohydrate intake

stimulates insulin secretion, raising circulating insulin levels,

which in turn favors increased fatty acid uptake, lipid

biosynthesis, and inhibition of lipolysis, leading to energy

storage.8,14–16 Conversely, it had been suggested that insulin
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stimulates hyperphagia and fosters carbohydrate cravings,13

producing increased levels of insulin that promote insulin

resistance and exacerbation of the hyperinsulinemic condi-

tion.46,51 This suggests that a vicious cycle is set in motion

that perpetuates hyperinsulinemia and weight gain, and that

breaking this cycle can promote weight loss.

Our results support the hypothesis that insulin hyperse-

cretion may play a primary role in the craving and

consumption of carbohydrate. Only those subjects with the

greatest insulin suppression (DIAUC: HR �45% vs LR �38%

and NR �5%) voluntarily decreased their daily caloric

consumption of carbohydrate by 40.7% (P¼0.001), and

their percent of total calories from 47% to 35%. Further-

more, they manifested a 25% reduction in their carbohy-

drate-craving questionnaire score (P¼0.01).

Our data suggest that insulin hypersecretion plays a role in

the pathogenesis of obesity. Decreasing this hyperinsuline-

mic state promoted body weight and fat mass loss with

concomitant modulation of appetite and food preference in

our cohort. These changes were associated with improve-

ments in insulin sensitivity and clearance, and without

glucose intolerance or diabetes. Our results propose that

suppression of insulin secretion may represent a viable

approach in some obese individuals to break the vicious

cycle of hyperinsulinemia, insulin resistance and weight gain

and to modulate appetite, food preference, and body weight

in a beneficial manner.
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