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Abstract

Aims—NMetformin’s ability to promote weight loss is believed to be at least partly attributable to
decreased energy consumption. There are few data regarding the effects of metformin on energy
intake in children. We therefore investigated metformin’s effects on appetite and energy intake in
obese hyperinsulinemic children.

Materials and Methods—We conducted a 6-month randomized, double-blind, placebo-
controlled trial to evaluate the effects of metformin 2000mg BID on body weight and energy
balance in 100 obese hyperinsulinemic children aged 6-12y. Subjects ate ad libitum from
standardized food arrays on two separate occasions before, and then again after, 6 months of study
medication. The first test meal was consumed after an overnight fast. The second was preceded by
a pre-meal load. For each test meal, energy intake was recorded, and subjects completed scales of
hunger, fullness, and desire to eat.

Results—Data from the meal studies at baseline and after treatment with study medication were
available for 84 children (45 metformin-treated and 39 placebo-treated). Compared with placebo,
metformin treatment elicited significant reductions from baseline in adjusted mean energy intake
after the pre-meal load (metformin: —104.7+83.8 kcal vs. placebo: +144.2+96.9 kcal; p=0.034)
independent of changes in body composition. Metformin also significantly decreased ratings of
hunger (—1.5£5.6 vs. +18.6+6.3; p=0.013) and increased ratings of fullness (+10.1+6.2 vs.
-12.8+7.0; p=0.01) following the pre-meal load.
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Conclusions—These data suggest that decreased perceived hunger resulting in diminished food
intake are among the mechanisms by which metformin treatment reduces body weight in
overweight, hyperinsulinemic children.
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INTRODUCTION

Metformin is an antihyperglycemic agent approved for use in adults and children age 10
years and above for treatment of type 2 diabetes. Metformin controls hyperglycemia in
patients with diabetes by decreasing hepatic glucose output, increasing intestinal glucose
utilization, and by improving insulin-mediated glucose disposal in peripheral tissues [1, 2].
Because small weight losses were observed in patients with type 2 diabetes who were
treated with metformin [3, 4] and in adults with prediabetes [5], metformin has also been
studied for efficacy in pediatric and adolescent obesity [6-11]. For example, we found that,
compared to placebo-treatment, metformin reduced body mass index (BMI) by an average
of 1.09 kg/m?, and body weight by 3.38 kg, in 6-12y overweight and insulin-resistant
children over a 6-month period [6].

Animal studies in both obese Zucker (fa/fa) [12] and streptozotocin-induced [13] rats with
diabetes have shown that metformin decreases energy intake. Similarly, randomized
controlled trials in both obese non-diabetic adults [14] and non-insulin dependent women
with diabetes [15] have reported that, in addition to reducing body weight, metformin
treatment leads to a greater reduction in energy intake than placebo treatment. Furthermore,
Lee et al [15] showed a dose-response relationship between metformin and food intake with
greater dosages of metformin leading to greater reductions in food intake among adults with
type 2 diabetes. However, to our knowledge, no randomized controlled trials have evaluated
the effect of metformin on energy intake in obese, nondiabetic children.

To investigate the effect of metformin on energy intake in children we conducted a
secondary analysis using data from a randomized double-blind placebo-controlled trial of
metformin in obese children aged 6-12 years who were hyperinsulinemic but not diabetic
[6]. We hypothesized that, compared to placebo-treated children, those randomized to
metformin treatment would have 1) reduced energy consumption from laboratory buffet test
meals and 2) greater satiation and longer-lived satiety after a standardized meal.

MATERIALS AND METHODS

Study subjects

Obese, insulin-resistant, but otherwise healthy children, between the ages of 6 and 12y were
recruited by advertisements in local newspapers and by referral from physicians. Obesity
was defined as BMI at or above the 95™ percentile for children of the same age and sex.[16].
Included patients were pre-pubertal or had at most early pubertal development (breast
Tanner stages I, 11, or 111 for girls; testes size less than or equal to 8 mL for boys) and were
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hyperinsulinemic (fasting insulin concentration = 107 pmol/L [15 mIU/mL]) [6]. Patients
were excluded if they had elevated baseline creatinine (= 1.0 mg/dl), significant cardiac or
pulmonary disease, hepatic disease with elevated liver enzymes (ALT or AST > 1.5 x the
upper limits of normal), evidence for impaired fasting glucose (=100 mg/dL) or were
diabetic (fasting plasma glucose 126 mg/dL or HgbA1C = 6.5%), weight loss of 2%
bodyweight within the past 6 months, presence of other endocrinologic disorders leading to
obesity, recent use (within six months) of anorexiant medications, or medical treatment for
hypertension or dyslipidemia.

Design overview

We conducted a single-center trial [6] at the National Institutes of Health (NIH) Clinical
Center. All patients underwent an initial outpatient screening visit, during which eligibility
for the study was determined and consent and assent were obtained. Eligible patients were
admitted to the NIH Clinical Research Center for initial assessment and then entered into the
6-month randomized placebo-controlled, double-blind treatment period. After 6 months of
treatment, participants were again admitted to the NIH Clinical Research Center for final
assessment.

Randomization and interventions

Subjects were randomly assigned to metformin hydrochloride (U.S.P. grade, SST
Corporation, Clifton, NJ) or placebo capsules, twice daily with meals in a 1:1 randomization
ratio as previously described [6]. Starting at 500 mg twice daily, the study medication dose
was increased over a 3-week period to a maximum of 1,000 mg twice daily based on
tolerability. Medication adherence was assessed by self-reporting of medication use and by
counting unused pills at monthly follow-up visits.

Dietitians met with patients and their guardian monthly to administer a weight-reduction
lifestyle modification program that promoted a reduced-energy diet, increased physical
activity, and decreased inactivity, as previously described [6].

Assessment of Energy intake by laboratory test meal arrays

To ensure that the foods offered at the test meals were acceptable, study subjects were asked
to complete a food-preference questionnaire. They rated how much they liked 57 foods that
children commonly consume [17] (including the items offered in the food array for the test
meal) using 10-point Likert scales with the anchor points: 1 (“I strongly dislike the food”)
and 10 (“I love the food”) [18]. At least 50% of the foods in the array had to be rated 6 or
more to ensure participants found the food acceptable.

Participants were asked to consume their test meals ad libitum from a multiple-item buffet
test array on two separate days during their two-day inpatient stay both at baseline and at the
end of the 6-month treatment phase. During their inpatient stay subjects were restricted to
sedentary activities. At baseline and at the end of the 6-month treatment phase, samples for
fasting plasma glucose, serum insulin [19], and serum leptin [20] were collected.
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Assessment of Satiation—After an overnight fast lasting at minimum 12 hours, at 11:00
am on day one of the inpatient stay, subjects recorded their hunger, fullness, and desire to
eat on 100 mm line (visual analogue) scales [21, 22] and were brought to a testing room
devoid of any sensory stimuli (e.g. pictures, TV, etc.) excluding the food array for the test
meal, a chair, and instructions for the food intake study. Subjects were then presented with
the food array (Food Array I) and read the food intake instructions inviting them to “let
[themselves] go and eat as much as [they] would like”. The food array consisted of 28 items
comprised of 9,835 kcal of energy with a wide range of macronutrient compositions
including high-fat and carbohydrate foods (Table 1, 12% protein, 51% carbohydrate, 37%
fat across all foods). Subjects then self-selected the quantity and types of foods they
consumed from the food array. Subjects were monitored from outside the testing room
throughout the food intake test. Participants were instructed to knock on the room door when
they finished eating. The amount of time spent eating was measured using a stop-watch and
recorded as the difference between the time the investigator left the room and the time the
participant knocked on the door. This was recorded as time to satiation post-Food Array 1.
The amount of food consumed was assessed by weighing the food containers before and
after eating. Both the nutrient information provided by food manufacturers and the USDA
Nutrient Database for Standard Reference were used to determine the energy content and
nutrient composition for each food consumed (Table 1). Subjects completed the rating scales
on hunger, fullness, and desire to eat immediately after meal consumption.

Assessment of satiety—Prior to their second test meal, subjects fasted overnight for a
minimum of 12 hours. At 9:00 am on day two of their inpatient stay, subjects were escorted
to the same testing room described above and asked to consume an entire milkshake like
beverage (Scandishake, Scandipharm, Inc., Birmingham, Alabama). The prepared milkshake
contained 787 kcal with 11% protein, 52% carbohydrate, and 37% protein. Subjects were
encouraged to consume the entire shake within 20 minutes. Subsequently, subjects
completed the visual analog scales estimating the degree of hunger, fullness, and desire to
eat. Subjects self-reported onset of hunger post-shake, which was recorded as the post-shake
satiety time. At least 2 hours after the pre-meal shake and after report of hunger onset,
subjects were again presented with the same food items (Food Array 1) used during the
satiation phase of the food intake test and asked to eat liberally. The test meal procedure was
exactly the same as that used during the satiation assessment. Again, the amount of food
consumed was recorded and the time spent eating was recorded as time to satiation. Subjects
completed the rating scales on hunger, fullness, and desire to eat as well as the onset of
hunger after the food array. Satiety time post-food array was calculated as the time from
cessation of food intake to onset of hunger.

The energy content and nutrient composition for each food in Food Array 11 was calculated
as described above (Table 1).

Assessment of Body Composition and Resting Energy Expenditure

Weight was obtained with participants wearing a hospital gown using a calibrated digital
scale (Life Measurement Instruments, Concord, CA) and height was obtained in triplicate
using a stadiometer (Holtain Ltd., Crymych, UK) calibrated before each measurement.
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Whole body fat and lean mass were determined by dual-energy x-ray absorptiometry
(DEXA, 4500A, Hologic Inc., Bedford MA, software version 11.2). Resting energy
expenditure was measured by indirect calorimetry as previously described [23].

The primary study outcome was the change in energy intake during the test meal. Secondary
outcome measures were changes in ratings of hunger, fullness, and desire to eat. Tertiary
outcome measures were changes in duration of satiety, time to satiation, macronutrient
content consumed, and obesity-related hormones (leptin and insulin, measured as previously
described [20, 24]).

Statistical Analysis

RESULTS

Values are reported as mean + standard error of the mean (SEM). Baseline characteristics
were analyzed using t test for continuous variables and Chi-square test for categorical
variables. Because lean mass is considered the major factor accounting for energy intake or
expenditure, we first calculated the residuals for energy intakes at baseline using baseline
lean mass and at follow-up using the 6 month lean mass. This approach allows for both the x
and y intercepts of the relationship between lean mass and energy intake to be different from
0 and is thus considered superior to approaches wherein intake is simply divided by mass
[25]. The changes in outcome measures from baseline to the end of the 6 month study in the
metformin group were then compared to the changes for the placebo group using ANCOVA
with the covariates age, sex, race/ethnicity, baseline fat mass, and change in fat mass over
the 6-month interval. Thus, the analyses account for differences in lean mass and fat mass
among participants. Linear regression was used to assess the relationship between change in
food intake and changes in the obesity-related hormones. P<0.05 was considered significant.
The reported data were analyzed using SPSS for Windows, version 18 (SPSS, Chicago, IL).

The study was approved by the National Institute of Child Health and Human Development
(NICHD), NIH, and Phoenix Area Indian Health Service Institutional Review Board and
was conducted in accordance with the institutional guidelines regulating subjects’ research.

Clinical characteristics

Clinical characteristics of metformin and placebo treated patients are shown in Table 2. One
hundred children were randomly assigned to the two study groups [6]. Eighty-four of these
participants (45 metformin-treated and 39 placebo-treated) had baseline and 6-month food
intake data and thus were included in this analysis (Table 2). Baseline characteristics did not
differ significantly between those who did and did not complete the food intake assessment
(all p>0.05) or between treatment groups (all p>0.05, Table 2). Both treatment groups also
had similar basal fasting serum glucose, serum insulin, and leptin concentrations (Table 2).
At baseline there were no significant differences in energy intake or hunger, satiety, and
desire-to-eat ratings between the metformin and placebo groups (Table 2).
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Post-Treatment Results

Satiation

Satiety

As previously reported [6], compared to placebo, metformin treatment for 6 months was
associated with significantly less gain in BMI (metformin —0.78+0.3 vs. placebo +0.32+0.3
kg/m?2, P=0.006), BMI-Z score (-0.11+0.02 vs. —0.04+0.02, P=0.02), weight (+1.47+1.4 kg
vs. +4.85+0.5 kg) and body fat mass (+0.48+0.7 vs. +1.88+0.9 kg, P<0.04). Children treated
with metformin increased their lean mass by a significantly smaller amount (+1.1920.36 kg)
than placebo-treated children (+3.44+0.45 kg, difference —2.26 kg, Cl —1.24 to -3.27,
p<0.001) but showed no significant group difference in height velocity (gain in height
metformin: +3.11+0.22 vs. placebo: +3.59+0.24 cm, p=0.15). Adherence to the prescribed
study medication regimen did not differ significantly among the groups during the
randomized phase (93.2+1.3 vs. 92.2+2.3%).

For Food Array I, following the overnight fast, there was a trend towards less of an increase
in intake amongst the metformin group compared to the placebo group (Figure 1A,
p=0.076). However, pre and post-food array I, changes in hunger, fullness, and desire to eat
ratings were similar between both groups (Table 3, p>0.05). Also, time to satiation was
similar between treatment groups (Table 3, p>0.05).

Prior to the pre-meal shake, there were no significant differences in changes for ratings of
hunger, fullness, or desire to eat (Table 3, p>0.05). However, despite no significant change
in shake energy consumption between groups after 6 months of treatment (metformin:
+14.3£38 vs. placebo:+11.2+26 kcal, p=0.95), following the pre-meal shake the metformin
group had a significant decrease in hunger ratings (-1.5+5.6 vs. +18.6+6.3; p=0.013; Figure
2A, Table 3) and increase in fullness ratings (+10.1+6.2 vs. —12.8+7.0; p=0.01; Figure 2B,
Table 3) compared to the placebo group (Figure 1B). Additionally, metformin-treated
children showed a trend towards lower desire to eat following the pre-meal load (p=0.09;
Table 3).

After the pre-meal load, the metformin group had a significant reduction in energy
consumption from Food Array Il compared to the placebo group (metformin: —104.7 + 83.8
kcal vs. placebo: +144.2+96.9 kcal; p=0.03; Figure 1). After the testing with Food Array 1l
there were no significant differences between treatment groups in changes for ratings of
hunger, fullness, desire to eat, or time to satiation, although there was a trend towards lower
hunger following Food Array Il for metformin-treated participants (p=0.06; Table 3).

There were no significant differences between groups in macronutrient contents consumed
during either of the two food arrays. Furthermore there were no significant associations
between changes in energy intake or appetite ratings and insulin or leptin concentrations
amongst metformin-treated participants (p’s>0.05). Age was a significant factor predicting
the change in energy intake following Food Array Il (p=0.016), but the interaction of age
and group assignment was not significant (p=0.88). Among participants who were
randomized to metformin, 8 did not tolerate full-dose metformin at the 6 month visit and
took 500-750 mg BID; 3 given placebo also took reduced doses of medication. 7
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participants taking metformin reported nausea or emesis in the prior month (versus 3 taking
placebo), and 7 taking metformin (versus 3 taking placebo) reported fatigue. However, the
energy intakes of participants who required metformin dose reduction, reported recent
nausea or emesis, or reported fatigue did not differ significantly from those of participants
who had no reported adverse effects (all p’s >0.30).

DISCUSSION

Compared with placebo treatment, we found that metformin reduced energy intake among
hyperinsulinemic obese children, even after adjusting for changes in body mass.
Furthermore, we found that metformin improved both satiation and satiety as evidenced by
the increase in fullness ratings after the pre-meal load and the reduction in hunger ratings,
respectively. Taken together with previous findings that metformin treatment produces
consistent reductions in body weight [6, 14, 15, 26, 27], these results suggest that decreased
energy intake may be a mechanism through which metformin affects body composition.

Our results are concordant with previous animal [28] and obese adult [14, 15, 29] studies in
which metformin therapy reduced both energy intake and body weight. Analogous to our
findings, both Paolisso et al [14] and Lee et al [15] found that metformin treatment
significantly reduced food intake amongst both healthy adults and obese adults with type 2
diabetes, respectively. Furthermore, Lee et al reported that the effect of metformin on food
intake was dose dependent [15]. Similar to our findings, several prior studies have found
that metformin significantly lowered hunger ratings post-meal [15] and during
hypoglycemic states [30]. However our study is the first to report the inhibitory effect of
metformin on food intake and hunger ratings in obese, hyperinsulinemic children.

The mechanism by which metformin inhibits energy intake remains unclear. However
several studies have suggested that metformin may modulate the orexigenic neuropeptide Y
(NPY) signaling pathway. Duan et al [28] found that mice that are centrally treated with
metformin not only had decreased food intake, similar to our findings, but also had reduced
expression of hypothalamic NPY. Similarly, Lv et al [13] found that obese diabetic rats
treated orally with metformin had decreased food intake and lower expression of both NPY
and another orexigenic peptide, agouti-related protein. Furthermore, they were able to
demonstrate the presence of metformin in the cerebral spinal fluid of the orally treated rats;
suggesting that metformin may cross the blood brain barrier. However, results are
conflicting as Rouru et al reported that obese metformin-treated Zucker rats have increased
hypothalamic NPY [31]. Thus, additional studies are needed before consensus can be
reached regarding the mechanism through which metformin reduces energy intake.

Another hormone that is potentially affected by metformin is leptin. Kim et al found that
metformin treatment of high-fat-fed obese rats with high serum leptin at baseline led to a
significant reduction in leptin concentrations and that the change in leptin of metformin-
treated rats was positively correlated with their reductions in food intake [32]. Paolisso et al
also reported that amongst obese, non-diabetic metformin-treated patients leptin
concentrations significantly decreased as food intake decreased, independent of sex and
changes in body fat [14]. These studies suggested that metformin may possibly play a role in
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improving leptin sensitivity and lead to reduced food intake, although this result may reflect
reverse causality — lower food intake leads to decreased adiposity and lower leptin secretion.
We did not find a significant association between leptin and food intake amongst metformin
treated participants, though we did find previously that reduction in leptin was associated
with reduction in body weight among metformin-treated children [6]. Regardless, our
findings suggest that altering leptin sensitivity may not be a main mechanism for
metformin’s ability to decrease energy intake.

Glucagon-like peptide —1 (GLP-1) is a third energy-intake related hormone possibly altered
by metformin [33]. Maida et al reported that amongst hyperglycemic obese mice, those
treated with metformin had significantly higher GLP-1 plasma concentrations and mRNA
expression of GLP-1 receptors, as well as a greater reduction in food intake and gastric
emptying following treatment [34]. Similarly, Mannucci et al reported that non-diabetic
obese men treated with metformin had a significantly greater increase in GLP-1 levels post-
glucose load compared to the placebo-treated group [35]. Recently, however, Wu et al
reported that while type Il diabetic patients treated with metformin had greater GLP-1
plasma concentrations and greater reduction in food intake than placebo-treated patients,
combination treatment with a dipeptidyl peptidase-4, a GLP-1 inhibitor, and metformin did
not have a significant effect on GLP-1 levels [29]. Together these studies suggest that the
effects of metformin on GLP-1 may perhaps help explain the reduction in food intake we
observed amongst our hyperinsulinemic, severely obese children. Unfortunately, we did not
obtain samples to measure GLP-1 pre- and post-meal. Additional studies are needed to
investigate if metformin has a direct effect on GLP-1 levels and if GLP-1 concentrations
correlate with food intake amongst metformin-treated subjects.

The findings from this study are limited by the relatively small sample size, which likely led
to a relatively low power for some outcomes. The findings from this study are limited by the
relatively small sample size, which likely led to a relatively low power for some outcomes,
including perhaps energy intake for Food Array I. The finding of a significant difference in
energy intake for Food Array Il but only a trend for a difference for Food Array | may
conceivably be related to the difference in conditions studied: Eating a lunchtime meal after
a breakfast meal (Food Array I1) might mimic normal consumption better than asking
children to fast overnight until lunch time (Food Array ). It is also possible that our
approach to control for body weight-dependent effects (by adjusting separately for lean mass
at both time points before analysis as well as baseline fat mass and change in fat mass) did
not fully account for the weight-related differences between groups. To our knowledge this
is the largest study of the effect of metformin on energy intake and the only study done in
children. Furthermore, the fact that our findings are similar to several studies in both animals
[12, 13] and adults [14, 15] suggests that they are reproducible. The generalizability of these
results is also subject to certain limitations. Since our study included only hyperinsulinemic
severely obese children, the results of this study may not be generalizable to all obese
children. The children in this study were selected for significant hyperinsulinemia, defined
as the 99t percentile for fasting insulin among nonobese 6- to 12-year-old children [6] and
had a mean BMI of almost 35 kg/m2. However, hyperinsulinemic non-diabetic obese
children are at the greatest risk for developing obesity-related comorbid conditions; thus,
they are at most need for new obesity treatments. Our study population was diverse
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(including 37.7% blacks, 46.7% whites, and 35.9% girls), suggesting that the results may be
generalizable across these ethnic groups and both sexes. Lastly, though, to our knowledge,
our 6-month study on the effect of metformin on energy intake is the longest pediatric trial
reported to date, we were not able to study the longer-term effects of metformin on food
intake. It is important for future studies to investigate if the effect of metformin on food
intake is sustainable long-term. The observation that metformin-treated children increased
their lean mass less than placebo-treated children over the six month treatment period of this
study may have been caused by a lesser need for lean tissue to support their decreased
adipose tissue, but it is unknown if lean tissue accumulation is adversely affected by
metformin treatment in the long-term.

In conclusion, we found that the weight-loss effects of metformin treatment may be related
to its ability to reduce energy intake in obese, hyperinsulinemic children. Metformin’s
effects may thus be useful as an adjunct to diet, exercise, and behavioral therapy in the
management of obese children.
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Figure 2.
Change in hunger (A) and fullness (B) ratings after the pre-meal milk-shake-like beverage.

Mean + SEM of the change in hunger and fullness ratings from baseline to 6 months of
treatment. *P < 0.02
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Table 1

Foods and beverages used in energy intake tests

Item

Energy (kcal)

240g American cheese

901.1

12 slices white bread

801.0

120g peanut butter

711.6

90g mayonnaise

645.1

120g tortilla chips

601.2

120g M&M’s® candy

590.4

150g pretzels

571.5

12 Oreo® cookies

566.4

200g chicken nuggets

550.8

120g jellybeans

440.4

8509 2% milk

4222

8509 apple juice

400.0

850g lemonade

340.0

120g grape jelly

339.6

3 medium bananas

325.7

180g turkey

282.6

90g light ranch dressing

240.0

180g ham

216.0

12 Vanilla wafer cookies

206.3

3 medium oranges

184.7

250qg grapes

1775

200g baby carrots

76.0

250g mild salsa

70.0

90g barbeque sauce

67.5

90g mustard

59.4

200g tomatoes

42.0

50g lettuce

6.0

8509 bottled water

0.0

Total

9835
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Table 2
Baseline characteristics of study participants
Metformin Placebo P-value
N 45 39 0.55
Age (years) 10.1 +0.25 10.3+0.22 0.66
Female sex (%) 359 44.4 0.43
Race/ethnicity (%6) 0.76
Non-Hispanic White 46.7 51.3 -
Non-Hispanic Black 37.7 385 -
Hispanic White 6.7 7.7 -
Other 8.9 2.6 -
Weight (kg) 76.7 £3.6 80.0+35 0.51
BMI (kg/m2) 34.8+1.0 34.7+1.1 0.94
BMI SD score for age and sex 2.9+0.03 2.9+0.04 0.45
Total fat mass by DEXA (kg) 389+25 387+24 0.85
Total lean mass by DEXA (kg) 374+13 40.7+14 0.08
REE (kcal/24h) 1696.4 +51.2 | 1700.8 +285.1 0.95
Hemoglobin A1C (%) 5.5+0.09 5.4 +0.07 0.16
Fasting serum insulin (pmol/L) 1442 +10.1 138.5+115 0.51
Fasting plasma glucose (mmol/L) 5.12 £0.07 5.06 +0.07 0.54
Fasting serum leptin (pmol/L) 1820 + 168 1850 + 190 0.80
Food array | energy intake (kcal) 1372.3+103.8 | 1350.9+87.8 0.95
Pre-Food array | ratings
Hunger 68.5+3.7 68.3+35 0.56
Fullness 219+4.0 17933 0.96
Desire to eat 65.3+2.7 589+24 0.11
Post-Food array | ratings
Hunger 58+1.7 39+0.7 0.25
Fullness 78.1+£3.9 80.5+4.3 0.30
Desire to eat 11727 93+31 0.30
Ratings before pre-meal load
Hunger 543+43 57.3+43 0.63
Fullness 125+25 138+27 0.73
Desire to eat 58.6 £3.2 55.3+35 0.49
Pre-meal load energy intake (kcal) 872.0+57.9 8534 +34.1 0.79
Ratings after pre-meal load
Hunger 67.7+4.1 68.7 +3.8 0.77
Fullness 114+23 128+27 0.61
Desire to eat 69.3+£3.1 59.9+33 0.10
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Metformin Placebo P-value
Food array 1l energy intake (kcal) | 1331.5+101.5 1262.5 +81.2 0.63
Post-Food array 11 ratings:
Hunger 6.6 +2.3 3.6+0.6 0.43
Fullness 77.1+41 73.2+54 0.97
Desire to eat 93+27 8.6+32 0.69

Data are presented as means + SEM unless otherwise indicated. At baseline, there were no significant differences between treatment groups. BMI:

body mass index; REE: resting energy expenditure
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