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Differential Effects of Insulin Resistance on Leucine
and Glucose Kinetics in Obesity

Benjamin Caballero and Richard J. Wurtman

The effects of insulin resistance on glucose and amino acid metabolism were studied in obese nondiabetic women (body mass
index [BMI],(32.8 :!: 2) and in lean controls. Glucose disposal rate, hepatic glucose production, and leucine carbon flux and
oxidation were simultaneously measured during the postabsorptive state and during euglycemic hyperinsulinemia, by means
of primed, constant infusions of D-[6,6-ZHz]glucose and L-[1-13C]leucine. Each subject participated in two insulin clamp studies on
separate days, at infusion rates of 10 and 40 mU (m2 . minI"'. producing plasma insulin levels of 20 to 25 and 70 to 80 j.LU/mL,
respectively. Fat-free mass (FFM) was calculated from underwater weighing measurements. Insulin-mediated glucose disposal
rate was significantly slower in the obese group: 2.05 :!: 0.05 versus 3.84 :!: 0.18 mg (kg' min)-' in controls during the 10-mU
insulin clamp, and 3.80 :!: 0.23 versus 9.16 :!: 0.47 mg (kg. min)-' during the 4G-mU clamp. The insulin-induced decrease in
plasma levels of branched chain amino acids was also significantly blunted in the obese group. Baseline leucine flux was similar
in lean and obese subjects (78 :!: 3 and 71 :!:2 j.Lmol(kg' h)-', respectively), and its decline in response to insulin infusion was
also comparable (8% and 10% during the 10-mU/mz clamp, and of 17% and 18% during the 4O-mU/mz clamp in lean and obese,
respectively). Basal leucine carbon oxidation (from [13C]leucine and [13C]aketoisocaproate [a-KIC] plasma enrichments) was also
similar in lean and obese, and did not change significantly with insulin infusion. A significant correlation (If = .93) was found in
both groups between lean body mass and plasma levels of branched chain amino acids. These results indicate that the
elevation in plasma branched chain amino acid levels commonly observed in obesity is not necessarily associated with an
impaired insulin-mediated amino acid flux, and that other factors, such as body composition, may be also determinants of the
hyperaminoacidemia of obesity.
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THE ASSOCIATION of obesity with elevated plasma
insulin levels has been known for over 20 years. I This

hyperinsulinemia is usually explained as a compensatory
response to insulin resistance, and is manifested by elevated
post absorptive plasma insulin levels, excessive insulin out-
put during the glucose tolerance test, and impaired insulin-
mediated glucose utilization during euglycemic clamp
studies.2-4These manifestations mayor may not be associ-
ated with impaired glucose tolerance as defined by the
standard tests.5

Another well-known, although less constant, feature of
obesity is hyperaminoacidemia. Elevated postabsorptive
plasma levels of the branched chain amino acids and of
tyrosine and phenylalanine have been found in a number of
studies,6-8but not in others,9.loand are traditionally inter-
preted as an additional consequence of insulin resistance.
In vitro studies show that insulin enhances cellular amino

acid uptake,11 and in vivo studies in humans demonstrate
that insulin inhibits the outflow of amino acids from skeletal

muscle that occurs in the postabsorptive state,12as well as
the overall rate of protein breakdown.13 Furthermore, the
p.yperaminoacidemia of obesity resembles that seen in
non-insulin-dependent diabetics, I' supporting the hypothe-
sis of a common mechanism related to impaired insulin
action. However, no consistent correlation has been ob-
served between the degree of insulin resistance and the
elevation in plasma amino acid levels, and no study has
explored the relative impairments of glucose and amino
acid metabolism in insulin-resistant obese individuals. The
present study used the euglycemic insulin clamp technique
and the infusions of labeled leucine to examine glucose and
leucine kinetics in response to steady-state hyperinsuline-
mia in obese and lean control women.
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MATERIALS AND METHODS

Subjects

Twelve female volunteers were studied. The obese group con-
sisted of six premenopausal women, who had been overweight for
at least 4 years. They had not undergone weight reduction for at
least 5 months preceding the study, and were using no medication.
They had no history of diabetes or glucose intolerance. The lean
control group included six healthy women with no history of excess
weight or diabetes, and using no medications. All subjects were
screened by a physical examination, and by laboratory tests that
included routine blood chemistries, urinalysis, plasma lipoprotein
profile, and liver and thyroid function tests. The pre-admission
workup included, on a separate day, an oral glucose tolerance test,s
using a dose of 40 g of glucose/m2 of body surface area. The study
protocol was approved by the Committee on the Use of Humans as
Experimental Subjects of MIT and by the Medical Advisory
Committee of the MIT Clinical Research Center. All participants
gave informed, written consent before entering the study.

Experimental Design

The 5-week protocol consisted of two infusion studies separated
by 4 weeks. Each infusion was preceded by a 3-day period of
controlled dietary intake. During these days, subjects were admit-
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