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Abstract

Objective—Fructose consumption has risen alongside obesity and diabetes. Gut hormones 

involved in hunger and satiety (ghrelin and PYY) may respond differently to fructose compared to 

glucose ingestion. We evaluated the effects of glucose and fructose ingestion on ghrelin and PYY 

in lean and obese adolescents with differing insulin sensitivity.

Methods—Adolescents were divided into lean (n=14), obese insulin sensitive (n=12) (OIS), and 

obese insulin resistant (n=15) (OIR). In a double-blind, cross-over design, subjects drank 75g of 

glucose or fructose in random order, serum was obtained every 10 minutes for 60 minutes.

Results—Baseline acyl-ghrelin was highest in lean and lowest in OIR (p=0.02). After glucose 

ingestion acyl-ghrelin decreased similarly in lean and OIS, but appeared lower in OIR (vs lean 

p=0.03). Suppression differences were more pronounced after fructose (lean vs. OIS p=0.008, lean 

vs. OIR p<0.001). OIS became significantly hungrier after fructose (p=0.015). PYY was not 

significantly different at baseline, varied minimally after glucose, and rose after fructose.
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Conclusion—Compared to lean, OIS adolescents have impaired acyl-ghrelin responses to 

fructose but not glucose, whereas OIR adolescents have blunted responses to both. Diminished 

suppression of acyl-ghrelin in childhood obesity, particularly if accompanied by insulin resistance, 

may promote hunger and overeating.
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Introduction

The worldwide increased consumption of sugar-sweetened beverages (SSBs) among both 

adults and children is considered a potential contributor to the obesity pandemic (1). A 

common component of added sugars is fructose, a glucose isomer, whose metabolism is 

distinct from that of glucose (2). Rodent studies indicate that fructose consumed orally or 

injected centrally increases food intake more than glucose (2). A recent study of lean adults 

by Page et al. (3) suggests that ingestion of glucose, but not fructose, decreases activation in 

the hypothalamus, insula, and striatum, brain regions known to be involved in regulating 

appetite, motivation, and reward processing. The distinct response to fructose may be due at 

least in part to the differential effects of fructose, compared to glucose, on gut-derived 

hunger and satiety hormones, such as ghrelin and peptide YY (PYY). Greater ghrelin 

suppression has been described after glucose compared to fructose ingestion alone (4) and in 

response to meals accompanied by glucose rather than fructose containing beverages (5) in 

lean men or women. However, Page et al. failed to detect significant differences in 

circulating levels of total ghrelin following glucose and fructose ingestion in lean adults (3), 

and Bowen et.al found no differences in obese men (6). Comparisons of the effect of 

glucose and fructose on ghrelin have not been studied in obese and lean children. 

Furthermore, although it has been suggested that the glucose-mediated insulin response may 

play a role in ghrelin suppression (7) the effects of adiposity and insulin resistance on 

ghrelin responses have not been clarified in children (8–12).

Ghrelin increases prior to mealtime, even in the absence of circadian and meal cues, and is 

suppressed by caloric intake (13). Obese, as compared to lean adults, have lower fasting 

ghrelin levels and limited postprandial ghrelin suppression (14). Given that the ghrelin levels 

inversely relate to insulin resistance in adults (15,16) and the responses of total and acyl-

ghrelin correlate with insulin sensitivity in kids (17), to better evaluate the relationship of 

acyl-ghrelin with insulin resistance we divided the obese group into insulin sensitive and 

insulin resistant, removing the effect of body weight. Data is conflicting on whether obesity 

itself affects fasting ghrelin levels in children (9–12,18–21). However in all but one of these 

studies (12) total circulating ghrelin was measured rather than both the acylated (acyl) and 

unacylated forms of this hormone (22), whereas ghrelin’s orexigenic effect is dependent on 

its acylation at the serine 3 residue by the enzyme Ghrelin-O-Acyl-Transferase (GOAT) 

(23). Thus, studies of how specific macronutrients influence the action of ghrelin require 

measurement of its main biologically active form, acyl-ghrelin (24). In contrast to ghrelin, 

PYY is low during fasting and increases postprandially (25). Data is conflicting regarding 

PYY levels in lean and obese individuals (10,12,18,26).
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In the United States adolescents consume 12.1% of their daily calories as fructose (27), yet 

the effects of fructose as compared to glucose ingestion on acyl-ghrelin and PYY, the two 

major gut-derived hormones implicated in the regulation of hunger, are not known. 

Therefore we studied how ingestion of glucose and fructose drinks affect the acute dynamic 

changes of acyl-ghrelin and PYY, and related these changes to subjective appetite ratings of 

hunger and fullness in adolescent children. Given that both ghrelin and PYY responses may 

be affected by adiposity and modulated by insulin sensitivity, the obese adolescents were 

matched for body weight and divided into insulin sensitive and insulin resistant groups. We 

hypothesized that the gut hormonal responses to ingested glucose and fructose would be 

altered to a greater extent in obese insulin resistant (OIR) adolescents as compared to the 

obese insulin sensitive (OIS) and lean adolescents and that these hormonal changes would 

be associated with greater hunger and less fullness.

Methods and Procedures

Lean and obese adolescents with similar distributions of age, gender, pubertal development, 

and ethnicity were recruited from the Yale Pediatric Obesity Clinic and the community. 

Based on the whole body insulin sensitivity index (WBISI), the obese adolescents were 

further divided into OIS and OIR groups. Each participant had a physical exam and detailed 

medical history. Eligible subjects were healthy and taking no chronic medications, or 

medications that effect glucose metabolism. Subjects were excluded for the following; 

diabetes, prediabetes (impaired fasting glucose or impaired glucose tolerance), abnormal 

renal function, pregnancy, endocrinopathies, chronic illness, psychiatric disorders, substance 

abuse, or use of anorexic agents.

Prior to enrollment in the study all subjects completed an oral glucose tolerance test (OGTT) 

as previously described (28) to assess glucose tolerance and WBISI, a dual-energy X-ray 

absorptiometry (Hologic Scanner, Boston, MA, USA) to evaluate body composition, and 

underwent MRI to evaluate hepatic fat fraction (HFF) (procedure described in supplemental 

methods). WBISI was calculated as reported by Matsuda (29). Anthropometric measures 

included height (measured by stadiometer), weight, and BMI both measured by body fat 

analyzer (TBF 300, Tanita, Arlington Heights, IL). BMI percentile determinations were 

made based on Center for Disease Control (CDC) growth charts. Subjects were divided into 

lean (BMI >25th to <75th percentile) and obese, (BMI >95th percentile), and the obese were 

further divided into OIS or OIR based on the median of the WBISI (3 l2/mg × µU) of our 

large multiethnic obese cohort. The Yale University School of Medicine Human 

Investigation Committee approved the study. Written consent and assent were obtained prior 

to the study.

STUDY PROCEDURES

Subjects arrived at 0700 h to the Yale MRRC (Magnetic Resonance Research Center) after a 

12 hour overnight fast. An IV was placed in an antecubital vein and two baseline (−20 and 0 

minute) serum samples were obtained. Then in a double-blind, cross-over manner, subjects 

drank in random order either a 75g glucose drink or a 75g fructose drink, dissolved in 300 

ml cherry flavored water (Figure 1). Of note 75g of glucose was an appropriate dose for all 
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subjects if considering standard OGTT dosing. The testing dates from the glucose and 

fructose drinks were at minimum 13 days apart. Samples were analyzed for glucose, insulin, 

PYY, total ghrelin, and acyl-ghrelin at 10 minute intervals for 60 minutes. Additionally, 

baseline samples were collected for leptin and adiponectin. Samples were also obtained for 

measurement of plasma fructose levels at baseline as well as at 0, 20, 40, and 60 minutes 

following glucose and fructose ingestion.

Behavioral ratings—Before drink consumption and after study completion, a visual 

analog scale (VAS) (30) was used to assess appetite ratings with higher scores indicating 

greater feelings of hunger, satiety, and fullness.

ANALYTICAL METHODS

Plasma glucose was determined using a glucose analyzer (YSI 2700 STAT Analyzer, 

Yellow Springs Instruments, Yellow Springs, OH) and plasma fructose levels were 

measured using gas chromatography–tandem mass spectrometry. Radioimmunoassays from 

Millipore were used for measurements of leptin, total ghrelin, acyl-ghrelin, PYY, and 

adiponectin. Blood samples obtained for acyl-ghrelin were prepared in EDTA tubes 

immediately after collection at the bedside. Specifically, the whole blood was promptly 

treated with Pefabloc SC (purchased from Sigma-aldrich, St. Louis, MO) to a final 

concentration of 1mg/ml, and then centrifuged for 10 minutes at 4° degrees Celsius 4000 

rpm. The plasma obtained was acidified by adding HCL to a final concentration of 0.05 

normal and stored at −80° Celsius until they were analyzed using the Millipore kit. The PYY 

assay measured both the hormone PYY3–36 and the full-length hormone PYY1–36. Intra 

assay variation was as follows: PYY 8.5–9.7%, total ghrelin 4.9–8.4%, and acyl- ghrelin 

7.1–12.4%. All hormones were determined in duplicate and both studies for each individual 

subject were analyzed in the same assay to eliminate potential effects of interassay variation.

STATISTICAL ANALYSIS

Based on preliminary data in OIS and OIR adolescents, a two-sided 0.05 significance level 

and sample size of 20 per group would provide greater than 95% power to detect a 20% 

relative difference in the area under the curve of acyl-ghrelin percent change. Additionally 

to identify effects of obesity in addition to insulin resistance, a lean group was recruited, and 

goal recruitment was 25 per group, accommodating for 20% loss to follow-up.

Data are represented as the mean and standard deviation for continuous variables and 

frequencies for categorical variables. Baseline levels of hormones are summarized as the 

mean of the −20 and 0 minute time intervals from the glucose day and compared using 

analysis of variance. To evaluate the effect of the glucose and fructose drinks, the changes in 

plasma hormone levels from baseline were compared using a linear mixed model repeated 

measures analysis with SAS PROC MIXED (SAS 9.2, Cary, NC). Fixed effects in the 

model included drink type (Glucose or Fructose ingestion), time (10, 20, 30, 40, 50, 60 

minutes after drinking), group (Lean, OIS, OIR), and their interactions. The effect of the 

order of drink was examined and not significant. To compare the changes after different 

drinks, the baseline value was also included as a covariate. Based on the type III tests for 

main effects and interaction effects, linear contrasts were used to further compare the 
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differential responses to the glucose or fructose drink averaged across 60 minutes within 

each group, and to compare these differences between groups. The Bonferroni correction 

was used to adjust the multiple pair-wise group comparisons. Therefore p< 0.017 for those 

group comparisons was considered significant. Otherwise the significance level was p < 

0.05. Changes in VAS within a group were compared using a paired T test. Spearman 

correlations were used to evaluate the relationships of adiposity, insulin resistance, insulin, 

and HFF with hormones.

Results

Baseline

As shown in Table 1, the three groups (lean n=14, OIS n=12, OIR n=15) were similar in 

terms of age (p=0.19), gender (p=0.30) and ethnicity (p=0.17). The mean Tanner stage of 

the cohort was 3.9±1.2. BMI varied amongst the three groups as expected based on the study 

design (p=<0.0001), however BMI in the two obese groups was indistinguishable (OIS 

33.9±4.9, OIR 34.3±5.1, p=0.84). Furthermore, there were no significant differences in 

percent body fat (OIS 38.7±7.6, OIR 42.1±5.4, p=0.18) and lean body mass (OIS 59.1±12.2, 

OIR 54.7±7.2, p=0.26) among the obese groups. Despite having similar levels of adiposity, 

the OIR group had significantly higher fasting glucose and insulin levels than the OIS and 

lean groups. By study design, their level of insulin sensitivity was significantly different 

from both the OIS and lean groups as reflected by WBISI. Notably, WBISI (lean 3.7±1.6, 

OIS 3.2±0.9, p=0.40) and adiponectin levels (lean 11.0±3.7, OIS 12.1±8.4, p=0.66) were 

similar in both the lean and OIS groups, despite markedly different levels of adiposity. 

Baseline PYY was similar among the three groups and did not correlate with BMI (r= 

−0.039, p=0.825) or WBISI (r= −0.202, p=0.246). In contrast, baseline total and acyl-ghrelin 

levels were lowest in the OIR group and highest in the lean group (Table 1), and these 

differences were significant across the groups. Fasting acyl-ghrelin correlated positively 

with WBISI (r=0.406, p=0.013) and inversely with HFF (r= −0.603, p<0.001) (Table 2).

Hormonal changes in response to the Glucose drink and Fructose drink

As expected the overall mean change in plasma glucose from baseline was markedly lower 

for the fructose drink compared to the glucose drink, as indicated by the main effect of drink 

type (3.6 ± 0.7 vs. 37.2 ± 2.8, p<.0001) and this was true for each individual group 

(p<0.0001) (Figure 2). Moreover, the group by drink type interaction was not significant 

(p=0.92), indicating that the difference between the two drinks was similar in all groups. In 

keeping with these findings, the glucose drink induced a markedly greater insulin response 

as compared to the fructose drink in all three groups (p<0.0001). However, the effect of 

drink type differed across groups (interaction effect p=0.006). Specifically, insulin 

stimulation was significantly greater in the OIR as compared to the lean group (difference 

67.6 ± 19.9, p=0.0008) and tended to be lower in the OIS group (difference 52.4 ± 23.5, 

p=0.027).

Acyl-ghrelin suppression during the 60 minutes differed by group (main effect of group for 

glucose p=0.01 and fructose p=0.001). In lean subjects, both the glucose and fructose drinks 

promptly suppressed circulating total ghrelin as well as acyl-ghrelin (Figure 3). The glucose 
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drink was accompanied by a similar mean suppression in acyl-ghrelin between the OIS and 

lean (p=0.72), whereas the fructose drink caused a blunted suppression of acyl-ghrelin in the 

OIS compared to the lean group (Figure 4, −18.7 ± 5.4 vs. −38.5 ± 5.0, p=0.008 OIS vs. lean 

control). Suppression of total and acyl-ghrelin levels were significantly impaired after the 

fructose drink in the OIR group as compared to the response seen in the lean adolescents, 

and were approaching significance in the glucose drink after the correction for multiple 

comparisons (Figure 4, fructose drink total ghrelin −44.9 ± 10.5 vs. −103.0 ± 20.7, p=0.01, 

acyl-ghrelin −13.3 ± 4.0 vs. −38.5 ± 5.0, p=0.0001, glucose drink total ghrelin −73.0 ± 19.4 

vs. −152.1 ± 30.0, p=0.03, acyl-ghrelin −16.3 ± 3.6 vs. −37.7 ± 9.4, p=0.03). Hence, while 

in the lean group glucose and fructose ingestion suppressed acyl-ghrelin to a similar extent 

(lean glucose vs. fructose difference 3.4 ± 5.7 SE, p=0.55), the presence of obesity and more 

importantly insulin resistance impacted the magnitude of acyl-ghrelin suppression, which 

was further diminished in response to the fructose drink. Furthermore, lower sensitivity 

(WBISI) correlated with a smaller mean decrement in acyl-ghrelin after the glucose drink 

(r= −0.325, p=0.049) and was stronger after the fructose drink (r= −0.470, p =0.004). The 

mean change in plasma insulin did not correlate significantly with the change in acyl-ghrelin 

for either drink.

Circulating plasma PYY levels increased in response to the fructose drink in all three groups 

compared to the response seen after glucose (lean 15.1 ± 5.8, p=0.01, OIS 13.6 ± 6.0, 

p=0.02, OIR 13.9 ± 7.3, p=0.06). The stimulation of PYY did not differ by group (group by 

drink interaction (p=0.98) although the overall main effect of drink type was significant 

(p<0.005). Mean change in PYY was positively correlated with WBISI, more strongly 

during the fructose than the glucose drink (glucose r= −0.325, p=0.049, fructose r= −0.470, 

p=0.004), and was not correlated with insulin levels.

Behavioral Ratings

There were no significant differences in baseline hunger, fullness, or satiety on the glucose 

versus fructose days. While the changes in hunger scores were similar following ingestion of 

both glucose and fructose in lean and OIR adolescents, the OIS adolescents had a 

significantly greater change in hunger score following the fructose as compared to the 

glucose drink (p=0.015), indicating that they become hungrier after consumption of fructose 

(Figure 5).

Discussion

This study describes the differential effects of glucose and fructose drinks on the acute 

dynamic changes in two major gut-derived satiety hormones, acyl-ghrelin and PYY, in 

adolescents with different levels of adiposity and insulin sensitivity. The following key 

findings emerged: 1) in lean adolescents acyl-ghrelin levels were suppressed by 30% in 

response to either glucose or fructose drinks; 2) in OIS adolescents the glucose drink 

suppressed acyl-ghrelin to a similar extent as it did in the lean, whereas the fructose drink 

failed to diminish acyl-ghrelin levels to the same extent as that seen in lean adolescents; and 

3) in the OIR adolescents suppression of acyl-ghrelin was blunted following both the 

glucose and fructose drinks. Suppression in acyl-ghrelin was correlated with insulin 
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sensitivity, particularly during the fructose drink. Additionally hunger in the OIS group 

increased significantly during the fructose drink while acyl-ghrelin suppression was blunted, 

consistent with a role for acyl-ghrelin in satiety signaling. PYY on the other hand was fairly 

stable after the glucose drink, but rose after the fructose drink in all groups. Unlike ghrelin, 

the PYY response appeared to be independent of adiposity and insulin resistance, but rather 

influenced by the type of sugar ingested.

Insulin resistance impacted the capacity of glucose and fructose ingestion to diminish acyl-

ghrelin, the active form of the hormone. Whereas glucose ingestion suppressed acyl-ghrelin 

identically in lean and OIS adolescents, this response approached significant impairment in 

OIR adolescents (Figures 3 and 4). In contrast, the acyl-ghrelin suppression seen in lean 

individuals following fructose ingestion was diminished in both obese groups; but this effect 

of obesity was more pronounced in OIR than OIS adolescents. Thus it would appear that in 

addition to obesity in adolescents, the presence of insulin resistance further limits the 

capacity of fructose to suppress this key orexigenic hormone and may continue to promote 

hunger and overconsumption of fructose (or other calories), particularly in obese adolescents 

who are insulin resistant. Fructose consumption in diet promotes hepatic de novo lipogenesis 

and the accumulation of fatty acids into the liver. The accumulation of fatty acids in the 

hepatocytes leads to the increased production of diacylglycerol, whose accumulation impairs 

insulin signaling (31).

Clamp studies have shown that inducing a hyperinsulinemic state rapidly reduces total 

ghrelin levels in healthy individuals, but the reduction is blunted in adults with type 2 

diabetes (32). In obese and overweight postmenopausal women without diabetes, the 

euglycemic hyperinsulinemic clamp was found to significantly decrease acyl-ghrelin in the 

overweight or OIS women, but not OIR women (32). Our findings in response to the glucose 

drink are in agreement with these studies, indicating that physiologic changes present in the 

insulin resistant state affect ghrelin signaling. The fructose drink, however has a minimal 

effect on insulin levels, yet a clear gradation is seen in the acyl-ghrelin responses of the three 

groups, with the OIS response between that of the robust lean and limited OIR response. 

One can speculate that simple obesity, without insulin resistance, may improve the glucose 

induced ghrelin response, making the impairment in acyl-ghrelin apparent when insulin is 

removed from the equation.

Ghrelin administration has been shown to increase appetite and food intake in lean and 

obese adults (33–35). Acyl-ghrelin acts by binding to its receptor, the GHS-R1a (22) that in 

turn promotes hunger through the release of neuropeptide Y and agouti-related protein from 

neurons in the arcuate nucleus of the hypothalamus (36). It is intriguing to speculate that the 

persistent elevation in acyl-ghrelin after drinking or eating fructose may help explain the 

reduced satiety feelings often reported in obese children. This was apparent in the OIS 

group, where the change in hunger was significantly greater after the fructose compared to 

the glucose drink.

PYY3–36 also acts at the arcuate nucleus, but in contrast to ghrelin promotes satiety via Y2 

receptors (25). However, unlike acyl-ghrelin, we observed that fasting levels of PYY were 

not altered by obesity (as previously reported (10,12)) or insulin resistance. Surprisingly, the 
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satiety hormone PYY was stimulated by fructose ingestion in all groups, while there was 

negligible change in PYY after the glucose drink. Prior studies found that while PYY 

increased after meals in the lean, this response was inconsistent in obese children (10,12). 

Additional studies will be needed to clarify the effects of macronutrients and obesity on 

PYY responses.

It is important to note that glucose and fructose are rarely consumed in isolation, and when 

consumed together their effects on gut hormones may be different; however, to clearly 

understand the unique physiologic response to each monosaccharide we chose to study them 

separately in this initial study. Future studies should investigate the effects of these sugars in 

combination, as commonly consumed in high fructose corn syrup. A limitation of this study 

was use of a PYY assay which measured both PYY1–36 and PYY3–36, which have been 

described to have different effects on appetite (25). Studying obestatin, an appetite 

regulating hormone encoded by the same gene as ghrelin and known to be altered in obese 

youth (37,38), would also have been valuable and should be included in future studies. 

Baseline leptin values were obtained as a secondary measure of adiposity, however leptin 

values at additional time points could have provided more insight. Additionally subjects 

fasted overnight prior to the studies, however a standardized meal and activity plan for the 

day prior to each visit would have strengthened this study. Although a possible confounder 

in our study is the potential different timing of insulin resistance in males and females 

during puberty, recently a study by Jeffery et al. has shown that timing of the insulin 

resistance peak does not differ much between boys and girls (39). Finally, it proved difficult 

to recruit subjects and match them by ethnicity, thus future studies should pay particular 

attention to subject number and ensure a similar distribution of ethnicity in each group.

Estimates of obesity in the US by the year 2030 are alarming, forecasting that 50–51% of 

adult men and 45–52% of women will be obese, which can be expected to increase 

prevalence rates of diabetes, stroke, heart disease, and cancer in these individuals (40). 

Obese children are likely to remain obese as adults, thus the hormonal responses to fructose 

in this population may have far reaching effects and deserve serious consideration. Glucose 

and fructose drinks suppressed acyl-ghrelin similarly in lean adolescents. In contrast, 

compared to lean adolescents, suppression of acyl-ghrelin is impaired to a greater extent 

following fructose than following glucose ingestion in obese insulin sensitive adolescents, 

and to both drinks in obese insulin resistant adolescents. We speculate that the impaired 

orexigenic hormonal responses to fructose seen in the obese adolescents may contribute to 

altered satiety and overeating.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is already known on this subject

• A rise in fructose consumption has accompanied the obesity epidemic.

• In adults glucose and fructose ingestion have different effects on brain areas 

involved in appetite regulation.

What this study adds

• An understanding of how glucose as compared to fructose affects gut hormones 

involved in appetite regulation.

• An understanding of how adiposity and insulin resistance affect gut hormone 

responses to glucose and fructose in adolescents.
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Figure 1. 
Study Design

OGTT: oral glucose tolerance test

DEXA: dual-energy X-ray absorptiometry
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Figure 2. 
Glucose (a and b) and insulin (c and d) changes from baseline after the glucose and fructose 

drinks in lean (blue) obese insulin sensitive (OIS, green) and obese insulin resistant (OIR, 

red) adolescents. Plotted points represent mean and error bars reflect the standard error.
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Figure 3. 
Hormonal changes from baseline after the glucose and fructose drinks in lean (blue) obese 

insulin sensitive (OIS, green) and obese insulin resistant (OIR, red) adolescents.

Acyl-Ghrelin (a,b), Total Ghrelin (c,d), PYY (e,f). Plotted points represent mean and error 

bars reflect the standard error.
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Figure 4. 
Least squared means of the hormonal change and standard error during the 60 minutes after 

either the glucose or fructose drink in lean (blue) obese insulin sensitive (OIS, green) and 

obese insulin resistant (OIR, red) adolescents. Acyl-Ghrelin (a,b), Total Ghrelin (c,d), PYY 

(e,f).

Mean hormonal change represents the mean of the 10, 20, 30, 40, 50, and 60 minute changes 

from baseline. P values <0.017 are significant. No significant differences were noted 

between groups for PYY.
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Figure 5. 
Change in hunger score by group a) lean, b) OIS, and c) OIR, for the glucose (slashed lines) 

and fructose (vertical lines) drinks. P value <0.05 is indicated.
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Table 1

Main anthropometric and biochemical values at baseline

Baseline
Characteristics

Lean
N=14

Obese
Insulin
Sensitive
N = 12

Obese Insulin
Resistant
N = 15

P-value

Female/Male 4/10 7/5 7/8 0.30‡

AA/C/H 4/5/5 6/5/1 3/4/8 0.17‡

Age (years) 15.9±1.6 16.0±2.1 14.9±1.6 0.188

BMI (kg/m2) 21.4±2.92,3 33.9±4.91 34.3±5.11 <.0001

Metabolic Profile

Fasting Glucose (mg/dl) 86.9±5.33 87.9±5.53 93.7±6.11,2 0.005

Fasting Insulin (µU/ml) 14.5±62,3 21.2±7.41,3 41.6±14.21,2 <.0001

2 Hour Glucose (mg/dl) 97.5±15.13 101.6±13.13 123.9±20.51,2 0.0003

2 Hour Insulin (µU/ml) 62.9±42.63 73.1±30.33 309.3±169.31,2 0.012

Leptin (ng/ml) 8.3±9.42,3 37.8±21.51 37.8±15.81 <0.0001

Adiponectin (µg/ml) 11.0±3.73 12.1±8.4 7.0±2.41 0.039

WBISI* (l2/mg × µU) 3.7±1.63 3.2±0.93 1.1±0.51,2 <.0001

% Body Fat 22.2±8.22,3 38.7±7.61 42.1±5.41 <.0001

Lean Body Mass (kg) 49.3±9.72 59.1±12.21 54.7±7.2 0.049

Hepatic Fat Fraction (%) 0.22±0.8 3.7±10.9 7.5±10.8 0.107

Total Cholesterol (mg/dl) 133.3±20.4 151±10.7 148±27.2 0.079

LDL (mg/dl) 68.2±17.62 91.8±11.51 86±23.4 0.006

HDL (mg/dl) 51.4±12.53 46.3±9.2 38±10.41 0.007

Triglycerides (mg/dl) 68.5±28.8 65.1±19.7 128.7±129.3 0.075

Gut Derived Hormones

Total Ghrelin (pg/ml) 817.6±258.63 595.1±293.0 575.7±174.81 0.024

Acyl-ghrelin (pg/ml) 126.5±41.83 108.8±45.5 84.4±29.61 0.022

PYY (pg/ml) 83.7±20.1 73.0±20.7 89.1±17.3 0.159

Data are reported as frequencies for gender and ethnicity and mean value ± standard deviation for all other characteristics.

1, 2 and 3 indicate significant post-hoc pair-wise difference between Lean1, OIS2, and OIR3 after Bonferroni correction for multiple comparisons.

AA: African Americans, C: Caucasians, H: Hispanics

‡
Chi-Square

*
Whole Body Insulin Sensitivity Index
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Table 2

Baseline acyl-ghrelin and PYY correlations

Baseline Acyl-Ghrelin (pg/ml) Baseline PYY (pg/ml)

r p r p

WBISI (l2/mg × µU) 0.4057 0.0127 −0.2016 0.2456

% Body Fat −0.1822 0.31 −0.0627 0.7419

Hepatic Fat Fraction (%) −0.6025 0.0001 0.1304 0.4695

Data indicate results of the Spearman correlation.
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