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ABSTRACT OF DISSERTATION

Behavioral, Metabolic and Molecular Correlates of Insulin Sensitivity in Humans

Whole body insulin resistance appears to precede many of the metabolic
abnormalities that are involved in the progression toward tyvpe 2 diabetes mellitus (T2DM).
obesity. dyslipidemia. hypertension. cardiovascular disease and some cancers. The overall
objective of this project was to characterize modifiable correlates and sequelae that are
associated with insulin sensitivity in humans.

In Study 1. we determined whether differences in insulin sensitivity persist between
nonobese. nondiabetic Mexican American (MA) (n=13: 27.0 £ 2.0 yrs: BMI=23.0 £ 0.7) and
Non-Hispanic White (NHW) (n=13: 24.8 £ 1.5 yrs: BMI=22.8 + 0.6) males and females after
accounting for effects of exercise. adiposity, dietary intake and skeletal muscle insulin
signaling protein abundance. Significant differences in insulin sensitivity, estimated by the
homeostatic model assessment of insulin resistance. between MA and NHW persisted (1.53 +
0.22 vs. 0.87 £ 0.16. p<0.05. respectively) after accounting for etfects of acute and chronic
exercise. and adiposity. Protein levels of IRB. PI3K p85. Aktl. Akt2 and GLUT4 were not
different between the two groups. Differences in HOMA-IR scores lost significance after
accounting for percent intake of palmitic acid. palmitoleic acid and skeletal muscle protein
abundance of IRf. Our results suggest that differences in insulin sensitivity between
nonobese. nondiabetic MA and NHW are not due to differences in level of cardiorespiratory
fitness or adiposity. however dietary intake and key insulin signaling protein levels could

contribute to these ethnic differences.
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In Study 2. we determined whether the TNF-« system accounted for differences in
insulin sensitivity between MA (n=13: 27.0 £ 2.0 yrs: BMI=23.0 £ 0.7) and NHW (n=13:
24.8 £ 1.5 yvrs: BMI=22.8 + 0.6) subjects. MA were less insulin sensitive compared to NHW'
while circulating levels of TNF-a were higher (3.11 £0.38 vs. 2.10 £ 0.24 pg'rml. p<0.03)
and sTNFR2 (1323.52 £ 84.73 vs. 1924.65 £ 127.36 pg/ml. p<0.03) were significantly lower
among MA subjects. TNFa. sTNFR1 and sTNFR2 were not related to estimates of insulin
sensitivity or abdominal fat patterning when the two groups were analyvzed in aggregate.
These data indicate that although circulating levels of TNFa and sTNFR2 are different
between nonobese. nondiabetic MA and NHW. they do not account for the observed
differences in insulin sensitivity.

In Study 3. we determined the relationship between various estimates of insulin
sensitivity. LDL size and oxidized LDL in a group of overweight. nondiabetic males (N=34.
BMI 25-35 kg/m-=. 50-75y). Estimates of insulin sensitivity were inversely related to LDL
size (r=.41. P<0.05). although these relationships were largely mediated by VLDL
triglyceride and HDL cholesterol concentrations. Estimates of insulin sensitivity were not
related to plasma oxidized LDL concentrations. Furthermore. LDL size was not significantly
associated with oxidized LDL. In this homogeneous group of overweight. nondiabetic men.
estimates of insulin sensitivity are not independent markers of atherogenic small. dense and

oxidized LDL.
Richard C. Ho
Department of Food Science and Human Nutrition
Colorado State University
Fort Collins. Colorado

Fall 2001
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CHAPTER 1

INTRODUCTION AND SPECIFIC AIMS

Whole body insulin resistance (subnormal cellular response to insulin) is now
recognized as one of the primary defects in the development of type 2 diabetes mellitus, and
is associated with other metabolic abnormalities (dyslipidemia, hypertension. cardiovascular
disease, abdominal obesity, and even some cancers), which cluster together as part of the
Metabolic Syndrome. It appears that one factor central to the induction of cellular insulin
resistance is the excessive accumulation of lipids in nonadipocytes. such as skeletal muscle.
This phenomenon of ‘lipotoxicity’ is predicated on positive intracellular lipid balance,
characterized by excessive uptake and/or reduced oxidation of lipid.

Genetic factors undoubtedly play a role in an individual’s propensity for lipotoxic
phenotypes (insulin resistance, hypertension, dyslipidemia, etc.). However. lifestyle factors.
including diet and exercise, also contribute to the expression of the insulin resistant
phenotype in humans. possibly acting via intracellular lipid accumulation and increased
activity of cytokines such as tumor necrosis factors-alpha. an inhibitor of cellular insulin
signaling. Thus, these lifestyle factors (adiposity, dietary intake. physical activity, etc.) can
influence risk for the untoward sequelae of insulin resistance. including dyslipidemia and
cardiovascular disease. However, as yet, the relationships between insulin sensitivity and
markers of cardiovascular dyslipidemia, including a decrease in low-density lipoprotein
(LDL) size, elevations of oxidized LDL, and increased plasma triglyceride concentrations

have yet to be fully elucidated. Furthermore, there is a paucity of data regarding the extent to

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



which the aforementioned lifestyle factors mediate differences in insulin sensitivity in
populations at high and low risk for whole-body insulin resistance, type 2 diabetes mellitus.
and uitimately, the Metabolic Syndrome. For example, Mexican Americans exhibit higher
risk for insulin resistance and type 2 diabetes compared to their non-Hispanic White
counterparts, but the contributions of diet, exercise, and adiposity to explaining their greater
risk is not entirely clear.

To address these issues, three studies were conducted with the following specific

aims and hypotheses:

Study 1 Specific Aims: To determine whether differences in insulin sensitivity exist
between nonobese, nondiabetic Mexican American and Non-Hispanic White males and
females after accounting for levels of cardiorespiratory fitness, regional fat distribution and
dietary intake. A corollary aim was to determine whether difference between the two groups
exist in the content of proteins involved in insulin-stimulated glucose transport (insulin
receptor, phosphatidylinositol 3-kinase. Akt, GLUT4).

Hypotheses:

1.) After accounting for level of cardiorespiratory fitness. regional fat distribution, and
dietary intake, no differences in insulin sensitivity between the two groups will be
evident.

2.) There will be no group differences in skeletal muscle insulin signaling protein
concentrations.

Study 2 Specific Aims: To determine whether, or not, differences in the tumor necrosis

(TNF)-alpha system (TNFa, soluble TNF receptor 1 and 2) exist between Mexican American
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and Non-Hispanic White males and females. Furthermore, we sought to determine the
strength of the relationships between the TNF system, estimates of insulin sensitivity and
abdominal fat patterning within these groups.
Hpypotheses:
1.) Nonobese, nondiabetic Mexican American and Non-Hispanic White subjects will
exhibit no differences in concentrations of circulating TNFa, soluble TNF receptor 1,
and soluble TNF receptor 2.
2.) TNFa and its two soluble receptors will be associated with estimates of insulin
sensitivity and abdominal visceral fat.
Study 3 Specific Aims: To determine whether estimates of whole-body insulin sensitivity
are associated with LDL size and oxidized LDL in a group of overweight, nondiabetic men.
Furthermore, we sought to determine whether, or not, insulin sensitivity is an independent
predictor of LDL size and after accounting for very-low density lipoprotein-triglyceride.
Finally, we examined the relationship between LDL size and oxidized LDL in this population
at an increased risk for cardiovascular disease.
Hypotheses:
1.) Estimates of insulin sensitivity will significantly correlate with both LDL size and
oxidized LDL.
2.) After accounting for VLDL-TG, insulin sensitivity will not be an independent
predictor of LDL size.

3.) LDL size will be inversely related to oxidized LDL.
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CHAPTER 2

REVIEW OF LITERATURE

The prevalence of fype 2 diabetes mellitus (T2DM) has steadily increased over the
past few decades, and has been projected to increase by 35% on a worldwide basis in the next
25 years (1). When considering health care expenditures in addition to losses of productivity
and earnings due to disability, T2DM carries a significant economic burden, estimated in
excess of $19 billion annually (2). In the United States, type 2 diabetes is associated with
close to 150,000 deaths annually, and the total disability of 950,000 persons (2).
Complications associated with T2DM include retinopathy, nephropathy. peripheral
neuropathy, amputation, autonomic neuropathy, sexual dysfunction. dyslipidemia,
hypertension. and obesity (3).

The pathogenesis of T2DM stems from a combination of both environmental and
genetic factors. The major risk factors associated with T2DM are a family history of
diabetes, hypertension. dyslipidemia (low HDL cholesterol and high triglyceride),
race/ethnicity, and impaired glucose tolerance (IGT) or impaired fasting glucose (IFG)
(Table 1). Furthermore, the risk of developing type 2 diabetes increases with age, obesity,
and lack of physical activity (4-6).

The progression from prediabetes to diagnosed T2DM typically occurs in four stages:
1.) basal, 2.) compensated peripheral insulin resistance, 3.) uncompensated insulin resistance,

and 4.) reduced insulin clearance. In the basal stage, individuals at an elevated risk for
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developing T2DM often exhibit normoglycemia. As these individuals progress toward

T2DM, they exhibit impaired fasting glucose (110 < fasting blood glucose <126 mg/dL)

TABLE 1. Established and potential risk factors for type 2 diabetes

Family history of diabetes

Obesity

Abdominal obesity

Habitual physical inactivity

Race/ethnicity (Native Americans, African-Americans. Hispanic
Americans, Asians/South Pacific Islanders)
Previously identified IFG or IGT

Peripheral insulin resistance

Elevated plasma non-esterified fatty acids
Dietary fat

Preponderance of type IIb skeletal muscle fibers

Adapted from American Diabetes Association (4)

and/or impaired glucose tolerance (2-h plasma glucose > 140 mg/dL during an oral glucose
tolerance test). This stage appears to reflect losses in peripheral insulin sensitivity and
uncompensated insulin secretion. As peripheral insulin sensitivity continues to decline, the
degree of hyperglycemia worsens. Commonly. pancreatic  cell compensate for the relative
hypergiycemia and elevated insulin requirements by increasing the production and secretion
of insulin (compensatory hyperinsulinemia). Individuals in this stage are typically diagnosed
with T2DM, exhibiting both hyperglycemia (FBG > 126 mg/dL) and hyperinsulinemia. In
an attempt to spare § cell insulin production, the liver may become insulin resistant.
decreasing insulin clearance and further increasing circulating insulin concentrations. Some
individuals with T2DM also progress further to exhibit pancreatic 8 cell exhaustion in the

latter stages of the disease, where insulin production fails to match peripheral insulin
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requirements. Collectively, recent data indicate that insulin resistance and hyperinsulinemia
may exist years before the development of the disease (7).

Insulin Resistance. Prospective studies have shown that insulin resistance is a major
predictor of subsequent development of diabetes (8. 9). Insulin resistance is considered to
exist when normal insulin concentrations produce a less than normal cellular biologic
response (10). In adipocytes, insulin resistance impairs the storage of lipids and fails to
suppress lipid mobilization (anti-lipolysis). In the liver, insulin resistance results in increased
hepatic glucose production (via gluconeogenesis and glycogenolysis), yet insulin continues
to stimulate lipoprotein synthesis. While insulin resistance has been observed in various
tissues (liver, adipose, pancreas. endothelium. etc.), it is skeletal muscle that accounts for
over 85% of insulin-mediated glucose disposal during a hyperinsulinemic-euglycemic clamp
(11). Recently. it has been suggested that skeletal muscle is the primary site of insulin
resistance, and impaired muscle glucose uptake represents the earliest detectible metabolic
abnormality in normoglycemic individuals at risk for T2DM (12-15). and possibly other
conditions (acanthosis nigricans, hypertension. dyslipidemia. polycystic ovary syndrome) (4.
16).

Insulin is a pleiotropic hormone. activating numerous intracellular pathways (17).
Upon binding to the membrane bound insulin receptor, insulin activates signaling cascades
that stimulate cell proliferation. differentiation. protein synthesis. glycogen synthesis and
glucose transport (18). The insulin-dependent glucose transporter (GLUT4) is translocated
from intracellular vesicles to the cell membrane by signaling through the
phosphatidylinositol 3-kinase (PI3K) pathway (19, 20). Insulin-stimulated cell proliferation

and differentiation signals utilize the pathways belonging to the family of mitogen-activated
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protein kinases (MAPK), which include jun-amino terminal kinase (JNK), p38, extracellular-
regulated kinase (ERK) and mitogen-activated protein kinase kinase (MEK) cascades (21,
22).

Skeletal muscle insulin resistance appears to selectively affect the PI3K pathway (23.
24). In an elegant study utilizing the euglycemic clamp technique. Cusi and colleagues (24)
showed that while activity of the PI3K cascade is impaired in diabetic vs. nondiabetic
humans, no such differences exist in the MAPK pathways (ERK phosphorylation, ERK
activity, MEK activity). In the past few years, studies have suggested that one of the key
impairments in insulin-stimulated glucose transport results from the serine phosphorylation
of insulin receptor substrate-1 (IRS-1) (24). Under normal conditions, the 3-subunit of the
insulin receptor phosphorylates IRS-1 on tyrosine residues. The active adaptor/scaffolding
protein, IRS-1, recruits the docking of PI3K. which through a series of poorly understood
downstream steps stimulates GLUT4 translocation and glucose transport. When
phosphorylated on serine residues, IRS-1 has been shown to inhibit intrinsic tyrosine kinase
activity of the insulin receptor §§ subunit and decrease IRS-1-associated PI3K activity.
Consequently, serine phosphorylated IRS-1 has been associated with impaired insulin-
stimulated glucose uptake (25. 26). Furthermore, this specific defect in the PI3K pathway
has been widely associated with elevations in circulating non-esterified fatty acid (NEFA)
concentrations (27). In fact. the impact that obesity and regional fat distribution have on
inducing peripheral insulin resistance are apparently mediated. at least in part, by increases in
plasma NEFA (28).

Elevated fasting plasma NEFA are commonly associated with insulin resistant states

and have been shown to be a risk factor for T2DM (29-32). Plasma NEFA can impact both
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insulin secretion, by impairing B-cell function (33-35), and insulin action by inducing insulin
resistance (36, 37). Various experimental models (diabetes, obesity, lipodystrophy. and
glucocorticoid excess) have been studied whereby plasma NEFA are elevated. inducing
insulin resistance in skeletal muscle (38-40). Evidence suggests that elevations in plasma
NEFA increase lipid availability in nonadipocytes (steatosis), which in turn contributes to the
development of skeletal muscle insulin resistance (41). Lowering plasma NEFA below basal
values results in increases in insulin-stimulated glucose uptake (42. 43).

The excessive accumulation of lipid, particularly long-chain acyl CoA (LCACoA), in
nonadipocytes results from imbalance between uptake and disposal. It has recently been
demonstrated that plasma fatty acids require plasma membrane fatty acid binding proteins
(FABP) for transport into skeletal muscle cells (44, 45). Studies have found that plasma
membrane FABP and NEFA uptake were significantly higher among obese. insulin resistant
vs. control rats (46-48). Obese individuals have also exhibited higher contents of cytosolic
FABP(C) and plasma membrane FABP(PM) (49). Blaak and colleagues found that skeletal
muscle FABP-PM, FABP-C and oxidative capacity of plasma NEFA were lower in T2DM
(50). Furthermore, dietary-induced obese mice with a targeted mutation in the gene (aP2)
that encodes for FABP did not develop insulin resistance (51), presumably due to less
accumulation of lipid within cells. FABP-PM content is positively associated with NEFA
uptake and negatively associated with insulin sensitivity and glucose uptake (47. 49).

Upon entry into the cytosol of skeletal muscle, NEFA are converted to LCACoA by
the catalytic activity of long-chain acyl-CoA synthetase (ACS1). The majority of LCACoA
are stored as triglyceride (TG), while limited amounts are incorporated into lipid second

messengers, phospholipids (PL) or oxidized directly.
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Plasma-derived fatty acid oxidation is significantly lower among obese and T2DM
subjects compared to their nonobese and nondiabetic counterparts (52. 53). Carnitine
palmitoyltransferase (CPT)-1 is the rate-limiting enzyme in skeletal muscle fat oxidation.
Covalent inhibition of CPT-1 (malonyl CoA, etomoxir) impairs fatty acid oxidation and
results in the accumulation of intramyocellular lipid (54). CPT-1 inhibition is also strongly
associated with impaired insulin-stimulated glucose disposal. In skeletal muscle of obese
subjects CPT-1 and citrate synthase activities are lower than in lean individuals (49). Muscle
CPT-1 activity is strongly related to insulin sensitivity in humans (49). Consequently, it has
been shown that fat oxidation is impaired in T2DM compared with nondiabetic individuals
(50, 53). Skeletal muscle fiber type has been shown to impact the propensity for intracellular
lipid accumulation. Interestingly, insulin-stimulated glucose disposal occurs in a skeletal
muscle fiber specific manner, with higher responsiveness in type I (oxidative) compared to
type Ila and IIb (glycolytic) fibers (55. 56). Studies have documented a higher proportion of
type IIb muscle fibers in obesity and T2DM (57, 58). Presumably. the lower oxidative
capacity of type IIb fibers make them more susceptible to lipid accretion and impaired insulin
responsiveness. Collectively, these studies suggest that the excessive accumulation of lipid
in skeletal muscle of insulin resistant individuals is due to increases in fat uptake and
decreases in fat oxidation.

The mechanisms by which intramuscular lipid accretion impairs insulin-stimulated
glucose uptake are obscure. Studies have revealed a strong correlation between the degree of
insulin resistance in skeletal muscle and the local accumulation of TG (59-62). However,
some individuals, such as athletes, exhibit high TG levels and therefore triglyceride appears

to represent a relatively inert marker of excess lipid accretion in muscle cells. Elevations in
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intramuscular LCACoA concentrations have been demonstrated in numerous models of
insulin-resistance (63-66). A significant relationship was observed between whole body
insulin action and muscle LCACoA (63). Randle et al. (67) suggested that substrate
competition exists between lipid and glucose availability. Thus, when lipid is readily
available, increases in citrate production allosterically inhibit pyruvate dehydrogenase (PDH)
and phosphofructokinase (PFK) activity (68, 69). This would result in increases in glucose
6-phosphate (G6P) levels. The same increase in G6P would result from decreases in
glycogen synthase activity. However, studies have provided substantial evidence showing
that fat-induced decreases in glucose uptake are associated with depressed, rather than
elevated, levels of G6P (70-72). Fat induced reductions in glucose uptake may also result
from decreases in glucose transport and phosphorylation, leading to diminished glycogen
synthesis/glycolysis. Dresner and colleagues reported lower intracellular glucose
concentrations during lipid infusion (41). Insulin typically increases hexokinase II (HKII)
transcription via the PI3K pathway (73). Studies have shown that insulin fails to increase
HKII expression and activity in skeletal muscle of T2DM subjects (74, 75). Furthermore.
LCACoA have been shown to inhibit HKII activity in skeletal muscle (76). Subsequently.
the rates of glucose transport and phosphorylation inversely correlate with the content of
intramuscular LCACoA (59). Hence, lipid-induced impairments in glucose disposal occur at
the level of transport into, and phosphorylation within, the cell. Therefore. partitioning of
excess intracellular LCACoA into TG. PL, lipid second messengers or into the mitochondria
for B-oxidation is critical in determining both its own cytosolic pool and impairments in

glucose uptake.

10
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Excessive accumulation of lipid in skeletal muscle is associated with defects in the
PI3K pathway (lipotoxicity). Various serine kinases have been implicated in the deactivation
of IRS-1 (PKC8, IkappaB kinase B, etc.). Evidence suggests that these serine kinases are
activated by various cytokine signaling cascades (TNFa), as well as lipid and lipid-derived
products.

Tumor Necrosis Factor Alpha. TNFa possesses diverse bioregulatory functions.
including inflammation, cell proliferation, differentiation. and apoptosis (77). Binding of
TNFa to its two receptors, TNFR1 and TNFR2, leads to the recruitment of various adaptor
proteins (TRADD, RIP1, FADD, TRAF2). which activate distinct downstream signaling
cascades (78). These cascades stimulate apoptosis by the activation of caspases. or stimulate
cell proliferation by activation of two transcription factors, activating protein-1 (AP-1) and
nuclear factor kappaB (NFxB) (79).

Several lines of evidence suggest that TNFa is a mediator of lipotoxicity. TNFa is
associated with the degree of insulin resistance and obesity in both animals and humans
(discussed in Chapter 4). Injection of TNFa results in decreases in insulin-stimulated
glucose disposal. Infusion of TNFa into humans results in peripheral insulin resistance,
particularly skeletal muscle (80, 81). Using adenovirus-mediated gene transfer. Cheung and
colleagues expressed a TNF-a inhibitor gene (TNFi) in rats and reported a significant
reduction in plasma insulin and free fatty acids levels in obese rats (82). These changes were
associated with a 50% increase in peripheral insulin sensitivity. Targeted null mutations in
the gene encoding TNFa or either of its two receptor are associated with increased insulin
sensitivity in obese mice (83, 84). Insulin resistance has also been reversed by infusion of a

TNFa neutralizing antibody containing soluble TNFR domains in obese fa/fa rats (85. 86).

| B
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Expression of TNFa in skeletal muscle is increased in obesity, insulin resistance and T2DM
(87, 88). Exposure to TNFa has been associated with impairments in the insulin signaling
pathway (89-91) and downregulation of GLUT4 (92). Numerous studies have confirmed the
association between TNFa and serine phosphoryation of IRS-1. TNFa neutralization is
associated with a 2.5-fold increase in tyrosine phosphorylation of IR in skeletal muscle (82).
The mechanism by which TNFa induces serine phosphorylation of IRS-1 is best elucidated
by the recent work involving a specific serine kinase.

Inactive NFkB is typically sequestered by IkB in the cytosol. In response to TNFa.
IxB is phosphorylated by the serine kinase IkappaB kinase B (IKKp), releasing NFxB for
nuclear translocation (93). However. recent data have shown that IKKP is also intimately
involved in the serine phosphorylation of IRS-1 (27). Kim and colleagues reported that
IKKp knockout mice were protected from lipid-induced insulin resistance (27).
Furthermore. the beneficial effects of salicylates on improving glucose tolerance are
apparently mediated through the inhibition of IKKf (27). Some evidence suggests that the
activation of IKKp may be further mediated by crosstalk between TNFa and atypical PKCs
(94-99).

While TNFa negatively modulates insulin sensitivity in skeletal muscle, it may also
contribute to lipotoxic diabetes in other ways. TNFa stimulates hepatic lipogenesis (100)
and has also has been shown to increase hepatic gluconeogenesis from alanine and produce a
three-fold increase in plasma glucagon (101). Injection of recombinant TNFa has been
shown to increase the activity of 6-phosphogluconate dehydrogenase (6PGD), the key

enzyme of the hexose monophosphate shunt (102).
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Ceramide. Ceramide, a sphingolipid. has been implicated in the lipotoxicity
observed in T2DM. Two distinct pathways generate intracellular ceramide:
sphingomyelinase catalyzed hydrolysis of sphingomyelin to ceramide and choline (103) and
de novo synthesis from the fatty acid, palmitate. High ceramide content observed in islets of
obese Zucker Diabetic Fatty (ZDF) rats (fa/fa) resulted from de novo synthesis of ceramide,
rather than a product of sphingomyelin hydrolysis (104). Numerous studies have shown that
increased availability of palmitate results in elevations in intracellular ceramide levels (105-
111). Overproduction of [’H]ceramide from [*H]palmitate is blocked by fumonisin-B,, an
inhibitor of dihydroceramide synthase (112). Ceramide synthesis is also inhibited by
Triacsin-C blockade of fatty acyl-CoA synthetase. In cells preincubated in the absence or
presence of NEFA, ceramide was found to be elevated 2.1-fold by palmitate, while oleate
and linoleate were without effect (106). Furthermore. a recent study found decreased fat
oxidation contributed to a diversion of palmitate into the synthesis of ceramide (113, 114).

Ceramide has been found to significantly inhibit insulin signaling, GLUT4
translocation (50-60%) and glucose uptake (115. 116). Studies have reported that ceramide
impairs signaling through the PI3K pathway by inhibiting IR. IRS-1-associated PI3K ., and/or
Akt activity (90, 103, 115, 117, 118). Ceramide also mediates the action of TNFa (119).
Studies have documented the activation of IKKf with ceramide. although to a lesser extent
compared to TNFa.

Long Chain Acyl CoA. Long chain acyl-CoA are strongly correlated with skeletal
muscle insulin resistance (59). In particular. several lines of evidence suggest that paimitate
(C16) plays a primary role in skeletal muscle insulin resistance. Palmitate is the most

abundant NEFA in plasma and skeletal muscle cytosol. Thus, changes in plasma NEFA
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directly correlate with changes in cytosolic C16. CPT-1 has a higher affinity for fatty acids
exhibiting a greater degree of unsaturation and shorter chain length (120). Thus, C16 and
stearate (C18) are the least preferred substrates for B-oxidation. Palmitate uptake and
oxidation are decreased in skeletal muscle of insulin resistant individuals (50, 53, 121).
However, the rate of C16 uptake saturates with an increase in the concentration of unbound
C16 in skeletal muscle (44). Individuals with T2DM exhibit high plasma NEFA (C16) and
low C16 oxidation, which together produce the increase in the cytosolic palmitoyl CoA pool.

As mentioned previously, nonoxidative pathways involved in LCACoOA partitioning
include esterification to DAG and TAG. synthesis of lipid second messengers, and
incorporation into membrane phospholipids. Palmitate content in skeletal muscle
triglyceride (122) and plasma membrane phospholipids (123) is higher in insulin resistant vs.
insulin sensitive individuals.

Palmitate was found to be a potent inhibitor of insulin-induced glucose transport,
whereas all other fatty acids (C18, C14, C12) and analogues tested did not prevent insulin
action (124). Palmitate inhibits glucose disposal and Akt activation in myocytes (125) and
myotubes (106, 124). Palmitate inhibited tyrosine phosphorylation of IRp and IRS-1 by
about 50% and also reduced Akt serine phosphorylation by 50% (124). Incubation with C16
did not affect insulin binding, insulin receptor autophosphorylation, or PI3K activity (126).
Because elevated C16 availability appears to drive its incorporation into non-oxidative
metabolic pathways, an interesting mechanism for C16’s role in impaired insulin signaling
involves the synthesis of ceramide. A study by Schmitz-Peiffer et al. (106) strongly suggests
that the effects of C16 in the reduction of Akt phosphorylation are mediated by ceramide.

Palmitoyl-CoA is rate limiting in de novo ceramide synthesis (114, 127). These data indicate
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that palmitate may exert its effects on various insulin signaling proteins (Akt, in particular)
via de novo ceramide synthesis.

Fat-induced insulin resistance has typically been observed only after three or more
hours of fat infusion. This delayed onset of insulin resistance may be that NEFA need to first
accumulate as TG (or DAG) in muscle fibers (128). As TG and DAG levels rise, the flux of
LCACoA through nonoxidative pathways (de novo ceramide synthesis) presumably
increases. Unlike the delayed effect of lipid infusion on inducing insulin resistance, TNFa
has been shown to exhibit rapid effects on insulin-stimulated glucose disposal (81. 129).
Lipid overload in skeletal muscle, pancreatic islets, myocardium, and liver are common in all
of the foregoing clinical states. causing insulin resistance, T2DM, cardiac dysfunction and
hepatic steatosis (130, 131).

Metabolic Syndrome. Conditions which contribute to lipid accumulation in
nonadipocytes and potentially impair insulin-stimulated glucose transport, are also related to
the clustering of metabolic abnormalities (T2DM, cardiovascular disease, hypertension.
dyslipidemia, endothelial dysfunction, dysfibrinolysis. abdominal obesity) commonly
referred to as the Metabolic Syndrome.

Abdominal obesity is intimately related to other metabolic anomalies associated with
the Metabolic Syndrome. Studies have shown that central adiposity is more strongly related
to insulin resistance compared to peripheral adiposity (132). Furthermore, abdominal
visceral fat is a better predictor of insulin resistance (discussed in Chapter 3) and
cardiovascular complications compared to abdominal subcutaneous fat (133-136). Larger
visceral adipocytes tend to be resistant to the anti-lipolytic actions of insulin, exhibit reduced

a2-adrenergic receptor (antilipolytic), and increased B3-adrenergic receptor (lipolytic) (137).
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Consequently, visceral fat is associated with an increased portal NEFA flux, which
contributes to unfavorable hepatic and peripheral sequelae.

Dyslipidemia is associated with elevated plasma NEFA, hypertriglyceridemia,
hyperapoB, elevated LDL cholesterol and depressed HDL cholesterol concentrations (138-
140). The preponderance of small, dense LDL particles is now recognized as part of the
dyslipidemic profile (141, 142). Larger visceral adipocytes (as seen in abdominal obesity)
appear to be particularly resistant to the anti-lipolytic effects of insulin. Increases in the
efflux from central adipocytes drive the circulating NEFA concentrations up, contributing to
the enhanced lipid availability for peripheral tissues (skeletal muscle). Furthermore, elevated
plasma NEFA are cleared by the liver, and packaged into lipoprotein triglyceride (143).
Hepatic steatosis is associated with the increased synthesis of triglyceride-rich lipoproteins.
and subsequently, hepatic insulin resistance (144). Cholesterol ester transfer protein (CETP)
catalyzes the exchange of VLDL-TG for LDL and HDL cholesterol ester (145). Hepatic
lipase catalyzes the hydrolysis of triglyceride-rich LDL and HDL, resulting in small, dense
particles. Small, dense LDL particles are less readily cleared from the plasma compartment
and are more susceptible to oxidation compared to larger LDL particles (146-148).
Interestingly, oxidized LDL particles have been shown to increase the production of both
TNFa (149) and ceramide (150), and have been associated with an increased risk for T2DM
(150, 151). Hence, dyslipidemia characterized by small, dense LDL particles may both
contribute to and result from central and peripheral insulin resistance (discussed in Chapter
5).

Ethnicity. Numerous epidemiological studies have provided evidence suggesting

that the clustering of the aforementioned risk factors and metabolic abnormalities are more
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prevalent in certain populations. Among these groups, the problems of T2DM and
abdominal obesity are particularly acute among the Mexican American (MA) population
(152). Compared to non-Hispanic white (NHW) adults, MA tend to be more obese, exhibit a
more centralized distribution of body fat (although the latter finding is based on surrogate
measures such as waist circumference, rather than actual measures of abdominal visceral fat)
and are less physically active (152-154). Although, the prevalence of hypertension appears to
be similar between these two groups (155), Aguirre et al. reported that MA women had
higher plasma triglyceride concentrations and lower HDL-cholesterol concentrations
compared to NHW women (155, 156).

Consequently, the prevalence of T2DM is two to five times higher among MA
compared to NHW individuals (152, 157-160). It is estimated that 1 in 10 individuals over the
age of 20 years and at least 1 in 3 of those over the age of 65 years have diabetes (155. 161,
162). Mexican American diabetics exhibit more severe hyperglycemia (163). an increased
prevalence of peripheral vascular disease (164, 165), an increased incidence of end-stage renal
disease (166), and an increased prevalence of clinical proteinuria (166) and retinopathy (167).
Accordingly, diabetes-related mortality rates are substantially higher for MA compared to
their NHW counterparts (168).

Several studies have documented an earlier age of onset of T2DM among the MA
population (163, 169, 170). While MA exhibit a higher prevalence of many risk factors
associated with T2DM, recent studies have suggested that insulin resistance may be one of
the primary defects in the etiology of the disease (8. 171-174). MA adults carry a greater
burden of hyperinsulinemia and insulin resistance compared to NHW, independent of

obesity, blood pressure or age (152, 156, 159, 175-177). Haffner and colleagues found that
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young, nonobese, normoglycemic MA were less insulin sensitive compared to NHW (178).
In large pediatric centers, diagnosed T2DM was recently reported to account for 8-45% of
the new cases of diabetes (179). Additionally, recent studies have shown that third-grade
MA children exhibit a greater degree of insulin resistance compared to their NHW
counterparts (7). MA children and adults have higher levels of many cardiovascular risk
factors, which appear to be significantly related to their higher insulin levels (180). The
well-known correlates of insulin resistance, total and abdominal body fat, do not entirely
account for their greater prevalence of insulin resistance in MA compared to NHW (152,
154). Given this scenario, it has been suggested that genetic factors could explain the higher
prevalence of insulin resistance in Hispanic Americans, possibly owing to the fact that up to
30% of the genetic make-up of Hispanics is attributable to Native American ancestry (181).
The latter is strongly correlated with insulin resistance. However, to date, the possible
contributions of low physical fitness and elevated abdominal visceral body fat to the
disproportionately higher prevalence of insulin resistance in MA compared to NHW have not
been addressed (discussed in Chapter 3).

Many of the risk factors associated with insulin resistance and T2DM have also been
implicated in the development of lipotoxicity phenotypes and the Metabolic Syndrome.
Lifestyle factors account for approximately 50% of the variability in insulin-mediated
glucose disposal between apparently healthy individuals (25% to differences in weight and
25% to differences in physical activity) (182). Obesity (visceral adiposity) and dietary fat
can contribute to elevations in circulating NEFA and increase the availability of lipid for
nonadipocytes. Furthermore, body fat mass and dietary fat are correlated with the production

of various cytokines (183, 184). Both weight loss and decreases in dietary fat intake are
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associated with reductions in plasma NEFA levels and improvements in insulin sensitivity
(185). Oxidative capacity of skeletal muscle is decreased with advancing age, physical
inactivity and a skeletal muscle fiber type distribution favoring a preponderance of type IIb
glycolytic fibers (55-56). Subsequently, exercise and physical activity are associated with
increases in fat oxidation and improvements in insulin-stimulated glucose disposal (186).
The main thrust of the research documented herein, was to determine the role that various

modifiable acquired factors play in the phenotypes associated with lipotoxic diabetes.
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CHAPTER 3

Differences in Insulin Sensitivity Between Mexican American and Non-Hispanic White
Men and Women Persist After Accounting for Cardiorespiratory Fitness, Abdominal

Fat, and Skeletal Muscle Insulin Signaling Proteins

ABSTRACT

Non-diabetic Mexican Americans (MA) tend to be less insulin sensitive compared to
non-Hispanic White (NHW) Americans, although reasons for this discrepancy are not readily
apparent. We determined whether differences in insulin sensitivity persist between MA and
NHW after accounting for acute and chronic effects of exercise, abdominal fat distribution,
dietary intake and skeletal muscle insulin signaling proteins. Cardiorespiratory fitness
(VO;max), abdominal fat distribution (by computerized tomography), and dietary intake
were determined in young, nonobese, nondiabetic MA (n=13; 27.0 +£ 2.0 yrs; BMI=23.0
0.7) and NHW (n=13; 24.8 £+ 1.5 vyrs; BMI=22.8 + 0.6) males and females. Whole body
insulin sensitivity was estimated by fasting insulin, homeostatic model assessment of insulin
resistance (HOMA-IR), and the Quantitative Insulin Sensitivity Check Index (QUICKI).
Muscle biopsies were obtained for measurement of the insulin receptor § subunit (IRB),
phosphotidylinositol 3-kinase (PI3K) p85 subunit, Aktl, Akt2 and GLUT4 protein levels.
There were no differences between the two groups in regards to VO,max, total adiposity,
abdominal visceral fat (AVF) or abdominal subcutaneous fat (ASF). MA exhibited a

tendency toward higher intakes of dietary fat. MA were significantly less insulin sensitive
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compared to their NHW counterparts when estimated by HOMA-IR (MA: 1.53 £0.22 vs.
NHW: 0.87 + 0.16, p<0.05), with a trend for lower insulin sensitive based on QUICKI (0.37
+0.01 vs. 0.41 + 0.02, p=0.06) and fasting insulin (44.84 £ 6.1 vs. 29.86 + 4.8 pmol/L.
p=0.07) as well. Skeletal muscle protein abundance of IRB, PI3K p85, Aktl, Akt2 and
GLUT4 were not significantly different between the two groups. Differences in HOMA-IR
scores lost significance after accounting for percent intake of palmitic acid, palmitoleic acid
and skeletal muscle protein abundance of IRB. Our results suggest that differences in insulin
sensitivity between nonobese, nondiabetic MA and NHW persist after accounting for effects
of chronic and acute exercise, total and abdominal fat distribution. However, these
differences may be mediated, in part. by dietary fat intake and skeletal muscle IRp protein

levels.

INTRODUCTION

Mexican Americans (MA) exhibit a three- to fivefold excess prevalence of type 2
diabetes mellitus (T2DM) compared to non-Hispanic white (NHW) Americans (1). Insulin
resistance plays a central role in the pathophysiology of (T2DM) (2). Studies have shown
that across a wide range of ages, both MA males and females demonstrate greater levels of
insulin resistance compared to NHW (3-6). Reasons for this discrepancy are not clear. It has
been suggested that genetic factors could explain the higher prevalence of insulin resistance
in MA, possibly owing to the fact that up to 35% of their genetic make-up is attributable to

Native American ancestry (7, 8).
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It is also possible that lifestyle factors, including diet and exercise, contribute to the
ethnic differences in insulin resistance. Visceral adiposity (9, 10), exercise (11-13) and
dietary fat (14-18) have all been shown to impact peripheral insulin resistance.

In several previous studies, Mexican-Americans have been shown to exhibit lower
insulin sensitivity independent of body fat and body fat patterning (1, 4-6). However, this
issue is not entirely resolved given that studies which have documented diminished insulin
sensitivity in nonobese, nondiabetic MA compared to NHW (3, 6, 19) utilized less sensitive
methods (skinfolds, body mass index, waist-to-hip ratio) to estimate body fat and central
adiposity. Furthermore, the possible contribution of lower physical activity and physical
fitness in the MA, as well as differences in dietary intake were not accounted for in these
studies. Because MA compared to NHW tend to exhibit greater central adiposity (19. 20),
are less physically active (21) and consume a more atherogenic diet (22) it is important to
more carefully examine these factors as possible contributors to the lower insulin sensitivity
in MA.

Numerous studies have provided evidence that skeletal muscle insulin resistance seen
in T2DM is primarily isolated to the insulin-stimulated phosphatidylinositol 3-kinase (PI3K)
signaling cascade (23, 24). Under normal physiologic conditions insulin binds to the a
subunit of the insulin receptor (IR). This binding activates tyrosine kinase activity in the
subunit and causes tyrosine phosphorylation of various IR substrates (IRS). Once activated,
IRS-1 docks with the p85 regulatory subunit of phosphatidylinositol 3-kinase (PI3K) and
activates its p110 catalytic subunit. Catalytic activity of PI3K phosphorylates P1(4,5)P- to
PI(3.4.5)P5. PIP; is necessary to activate 3-phosphoinositide-dependent protein kinase-1

(PDK1), which phosphorylates Akt (protein kinase B or related to A and C) on threonine
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308. Subsequent phosphorylation of Akt on serine 473 by PDK2 further activates the
enzyme. Unknown downstream steps enhance the translocation of GLUT4 from intracellular
vesicles to the plasma membrane resulting in glucose entry into the cell. Some studies have
documented diminished abundance of some of these proteins in association with insulin
resistance, while others have not (25-28). Despite the well-recognized differences in insulin
sensitivity between MA and NHW, there are no data available regarding possible differences
in the expression of these skeletal muscle-signaling proteins, which could account for the
lower insulin sensitivity in MA.

We undertook the present study to accomplish two specific aims. First, we sought to
determine whether or not differences in insulin sensitivity persist between these two groups
after controlling for the effects of acute and chronic exercise, abdominal fat distribution and
dietary intake. Second. we sought to determine whether MA exhibit lower skeletal muscle
protein concentrations of IRp, PI3K p85, Aktl. Akt2 and GLUT4 compared to NHW, after

controlling for these same potential confounders.

RESEARCH DESIGN AND METHODS
Subjects. A total of 13 nonobese MA (7 female, 6 male) were matched to 13 nonobese
NHW (7 female, 6 male) aged 18-40 years, based on gender, age, and aerobic fitness (VO
max within 5 ml*kg'*min™') as measured by a graded exercise test. Subjects were eligible
for participation based on the following characteristics: nonobese (BMI<30), non-smoking.
apparently healthy individuals with no overt signs or symptoms of disease based on a
medical history, normal fasting blood glucose (< 110 mg/dl), absence of past or present

history of endocrine disorders. and resting blood pressure < 140/90 mmHg. Individuals were
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excluded from participation for the following reasons: pregnancy, oral contraceptive use,
tobacco use, diabetes mellitus, history of any eating disorders, history of menstrual cycle
irregularities, a history of hypo- or hyperthyroidism, and use of any medications that could
influence insulin sensitivity. In addition, subjects had no orthopedic problems that prohibited
them from engaging in the maximal exercise bout. Subjects were weight stable (+ 2.5 kg) for
the previous six months. To be appropriately identified as a Mexican American, each
participant traced his/her ethnicity to the four grandparents. The study protocol was

approved by the Colorado State University Human Research Committee. Verbal and written

informed consent was obtained from each volunteer.

Body Mass, Height, and Composition: Body weight was measured on a balance scale to

the nearest 100 g. Body height was measured with a wall-mounted stadiometer to the nearest
0.1 cm. The percentage of body fat, absolute fat mass and fat-free mass were measured in all
subjects using dual-energy x-ray absorptiometry (DEXA) using software version 4.5¢ (Lunar

model DPX-IQ Lunar Corp., Madison, WI).

Abdominal Visceral Fat: The measurement of total, visceral, and subcutaneous fat in the
abdominal region was performed using a General Electric High Speed CT scanner
(Milwaukee, W) with helical capability (29). A cross-sectional scan 10 mm thick, centered
at the L4-L5 intervertebral space, was obtained using 170 mA with a scanning time of 2 s and
a 512 X 512 matrix. Abdominal visceral fat (AVF) was measured by sectioning the intra-
abdominal area by pixel density. Abdominal subcutaneous fat (ASF) was calculated by

determining the area of adipose tissue within the abdominal wall. The areas of deep (DSF)
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and superficial subcutaneous (SSF) adipose tissue were determined by dividing the two
compartments based on the fascial delineation (30). Superficial subcutaneous adipose tissue
was calculated by subtracting deep subcutaneous from total subcutaneous adipose tissue.
Within each of the three compartments, the cross-sectional area of AT was measured in
pixels (0.6 mm) in the attenuation range of —190 to —-30 HU, using commercially available

software (sliceOmatic, Tomovision Inc., Montreal, Canada).

Dietary Intake: Subjects were instructed to accurately record food intake (e.g., portion
sizes, food preparation methods, brand names of products) over a four-day period using two-
dimensional food models. Records were checked for completion and sufficiency of detail.
Subjects were asked to provide food labels for products used to determine appropriate
substitutions when actual items consumed were not in the software database. Food intake
records were analyzed using the Food Intake Analysis System (FIAS 3.98 nutrient analysis
program, University of Texas School of Public Health, 1998). The FIAS database consists of
the Primary Data Set (PDS) and the Survey Nutrient Data Base (Survey NDB) of the
National Nutrient Data Bank, developed and maintained by the United States Department of

Agriculture (USDA).

Cardiorespiratory Fitness: Acute and chronic exercise are related to insulin sensitivity,
and MA have been reported to exhibit lower levels of physical activity compared to NHW.
Thus, we sought to control for this potential confounder by recruiting individuals from both
groups who were similar in maximal oxygen consumption. Maximal oxygen consumption

was measured during incremental treadmill exercise to volitional exhaustion as previously
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described by Balke (31). Measurements of oxygen consumption, carbon dioxide production,
pulmonary ventilation, and the respiratory exchange ratio were determined by on-line
computer assisted open circuit spirometry (CPX Express, MedGraphics, Minnesota, MN).
To ensure that maximal oxygen consumption was obtained, at least three out of the four
following criteria were satisfied: (a) a plateau in oxygen consumption with increasing
workload; (b) a respiratory exchange ratio of at least 1.15; (c) achievement of 100% of the
age-predicted maximal heart rate; and (d) a maximal rating of perceived exertion of at least

18 on the Borg scale.

Insulin Sensitivity: For the determination of insulin sensitivity, subjects were instructed to
remain fasted for 12 hours prior to blood collection. Furthermore, subjects refrained from
participation in any form of exercise for 48 hours prior to the study. Female subjects were
tested during the early follicular phase of their menstrual cycles (days 3-10). Three estimates
of insulin sensitivity were used: fasting plasma insulin, homeostatic model assessment of
insulin resistance (HOMA-IR) and the Quantitative Insulin Sensitivity Check Index
(QUICKI) (32, 33). These estimates have been shown to correlate well with the more direct
measures of insulin sensitivity, such as the frequently sampled intravenous glucose tolerance
test (FSIVGT) and hyperinsulinemic-euglycemic clamp (33-36). We have previously found
that QUICKI and insulin sensitivity estimated by the FSIVGT and MINMOD analysis were

strongly related (see Chapter 5).

HOMA-IR = (Fasting insulin, yU/mL X Fasting glucose, mmol/L)/22.5

QUICKI = 1/[log (Fasting insulin, pU/mL) + log (Fasting glucose, mg/dL)]
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Muscle Biopsies: Muscle biopsies were obtained from all subjects to examine insulin
signaling pathway intermediates and glucose transporters in skeletal muscle. Subjects
reported to the laboratory following an overnight fast and 48 hours following any exercise.
Percurtaneous muscle biopsies (=75 mg) were obtained from the belly of the vastus lateralis
by using a 5 mm Bergstrom needle with suction applied as described previously (37).
Muscle obtained from the subjects was immediately frozen in liquid nitrogen and
subsequently analyzed for the determination of IR, PI 3-kinase p85ca/p subunit. Aktl. Akt2

and GLUT4 protein abundance.

Immunoblotting: Approximately 50 mg of frozen muscle was homogenized in ice-cold
buffer (50 mM HEPES, pH 7.4, 100 mM NaF, 10 mM NasP»07, 2.5 mM EDTA, 2 mM
Na;VO;, 2 mM phenylmethylsulfonyl fluoride, 1 uM leupeptin, 1 uM pepstatin. and 0.2 uM
aprotinin). Tissue lysates were solubilized with gentle mixing in 1% Triton X-100 for 1.5 h
at 4° C and centrifuged 14,000 g for 15 minutes at 4° C. Total protein concentration was
determined by the BCA assay (Pierce, Rockford. IL). Positive controls (fat cell lysate, Jurkat
cell lysate) were used as internal standards for IR, PI3K p85a. Aktl, Akt2 and GLUT4.
Data are expressed as protein abundance in arbitrary units. comparing one group relative to
the other. Solubilized proteins (50 ug) were resolved by 7.5% SDS-PAGE and transferred to
PVDF membrane. The membrane was blocked with 5% nonfat dry milk containing Tris-
buffered saline (TBS) containing 0.05% Tween-20 for 1 h at room temperature. The
membrane was then incubated with 3% milk for 1 h in TBS containing 0.05% Tween-20 at

room temperature with antibodies to IRB. PI3K p85a, Aktl, Akt2 or GLUT4. Membranes
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were incubated with the horseradish peroxidase-conjugated secondary antibody for 1 h at
room temperature, then washed with TBS containing 0.05% Tween-20. The bands were
visualized using the Enhanced Chemiluminescence System (Amersham, Arlingtom Heights,

IL) and quantified by phosphorimager.

Assays: Blood glucose was measured by the glucose oxidase method using an autoanalyzer
(YSI2300 Stat Plus, Yellow Springs Incorporated, Yellow Springs, OH). Plasma insulin was
measured using a two-step sandwich ELISA (DSL, Webster, TX). This assay demonstrates a
2.6% intra-assay and 6.2% interassay variation. Total plasma non-esterified fatty acid
(NEFA) concentrations were analyzed by colorimetric assay (Waco Chemicals, Richmond,

VA).

Statistical Analysis: Data were analyzed for normality and homogeneity of variance.
Dependent variables were initially subjected to normally testing using both qualitative (data
plots) and quantitative (Kolmogorov-Smirnov test) approaches. Group differences were
analyzed using a 2 X 2 analysis of variance (ANOVA) (ethnicity x gender). When gender
differences failed to reach significance, males and females were analyzed together within
ethnic groups by independent t-tests. Pearson product moment correlations and partial
correlations were used to determine associations between independent and dependent
variables. Analysis of covariance (ANCOVA) was performed when potentially confounding
variables exhibited a significant relationship to the dependent vanables. The significance

level was set a priori at P<0.05.
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RESULTS

Subject characteristics are given in Table 1. On average, both groups were composed
of young, normal weight men and women of moderate cardiorespiratory fitness. There were
expected gender differences in several of the physical characteristics such as height, weight.
body composition, fat patterning, and VO, max. However, there were no ethnic differences
in any of these physical characteristics, except for the lower stature of MA compared with
NHW. Computerized tomography revealed that total AVF, total ASF, SSF. and DSF were
not different between the two groups (Table 1).

Dietary intake of energy and macronutrients are shown in Table 2. Percent of total
energy intake from palmitoleic acid was significantly higher among MA, with a trend for
higher percent of total energy intake from palmitic acid, and oleic acid, and lower fiber
intake among MA (Table 2). After co-varying for gender, total intake of palmitic acid was
significantly higher among MA (11.39 + 1.53 vs. 15.74 +2.07 g/d. p<0.05). Total fasting
plasma NEFA were not significantly different between the two groups.

HOMA-IR was significantly higher among MA compared with NHW subjects (1.53
+0.22 vs. 0.87 = 0.16, p<0.05). Insulin sensitivity estimated by QUICKI tended to be lower
among MA compared with NHW subjects (0.37 £ 0.01 vs. 0.41 + 0.02, =<0.058). There was
a tendency for MA subjects to exhibit higher fasting insulin (44.84 + 6.14 vs. 29.86 + 4.85
pmol/l. p=0.068) and glucose (4.70 = 0.19 vs. 4.22 + 0.22 mmol/l, p=0.11) concentrations
compared with NHW subjects, however these differences were not statistically significant.

Despite accounting for possible confounding factors shown in Table 1. differences in
insulin sensitivity between MA and NHW subjects persisted (Table 3). Differences in

HOMA-IR between the groups remained significant after accounting for percent intakes of
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total fat, saturated fat, and all fatty acids except for palmitate and palmitoleate. Differences
in HOMA-IR between the groups lost significance when percent energy intake from palmitic
acid, percent energy intake from palmitoleic acid, or protein abundance of IRp were
accounted for. Correlations between HOMA-IR and these covariates are shown in Figure 1.

Representative immunoblots are shown in Figure 2. There were no significant
differences between the two groups in regard to skeletal muscle protein abundance of IR
subunit, PI3K p85, Aktl, Akt2 or GLUT4 (Figure 3). Skeletal muscle protein abundance of
IRP was significantly associated with fasting plasma insulin (r= -0.46. p<0.05). HOMA-IR
(r=-0.43, p<0.05) and QUICKI (r=0.41. p<0.05). Skeletal muscle Akt2 protein levels were
associated with HOMA-IR after accounting for gender, although this relationship did not
reach statistical significance (r=-0.37, p=0.07). Abundance of the other signaling proteins
studied were not related to estimates of insulin sensitivity.

Pearson product-moment correlations were used to analyze relationships between
estimates of insulin sensitivity and dietary variables (Table 4). When the groups were
analyzed in aggregate, fasting insulin was associated with percent of energy intake from fat
(r=0.43. p<0.05). percent of energy intake from monounsaturated fat and fiber intake. The
degree of insulin resistance estimated by HOMA-IR and QUICKI were associated with
percent energy intake from fat, percent energy intake from monounsaturated fat, and percent
energy intake from saturated fat. HOMA-IR and QUICKI were significantly associated with
the intake of individual fatty acids, palmitate, stearate, palmitoleate and oleate. The degree
of insulin resistance estimated by HOMA-IR and QUICKI were also associated with percent

energy intake from carbohydrate and fiber intake.
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Pearson product-moment correlations were used to analyze relationships between
among insulin sensitivity, adiposity measures, plasma NEFA, and cardiorespiratory fitness.
Indices of insulin sensitivity (fasting insulin, HOMA-IR, QUICKI) were not related to BMI.
percent body fat, abdominal visceral fat, abdominal subcutaneous fat, superficial
subcutaneous fat or deep subcutaneous fat (Table 5). Fasting plasma NEFA concentrations
were not related to fasting insulin, HOMA-IR, or QUICKI. Fasting plasma NEFA was
significantly associated with both fasting glucose (r=0.49, p<0.05) and percent of total
calories from fat (r=0.44, p<0.05). Among the entire sample, cardiorespiratory fitness
expressed as maximal metabolic equivalents (maximal exercise VO; relative to resting VO3)
was associated with indices of insulin sensitivity (HOMA-IR: r=0.48, p<0.02, QUICKI:

r=0.47, p<0.02, fasting insulin: r=0.49, p<0.02) and also IR-f (r=0.43. p<0.05).

DISCUSSION

There a several important findings from this study that warrant discussion. First,
nonobese, nondiabetic MA adults were less insulin sensitive compared to NHW adults, even
when accounting for the potential role of cardiorespiratory fitness, acute exercise, and total
and regional adiposity. Second, skeletal muscle protein abundance of IRB, PI3K p85. Aktl.
Akt2 and GLUT4 were not significantly different between the two groups, and therefore do
not account for the group differences in insulin sensitivity. Finally, group differences in
insulin sensitivity failed to reach statistical significance after accounting for dietary intake of
paimitic acid, palmitoleic acid or skeletal muscie IRf3 protein content.

The results of our study extend previous findings in several important areas. Previous

studies have used crude anthropometric methods (body mass index, skinfolds) to measure
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body adiposity (1, 3), while the present data suggest that differences in insulin sensitivity
between nonobese, nondiabetic MA and NHW persist after accounting for both total and
abdominal adiposity determined by computerized tomography. It has recently been
suggested that fat stored in various abdominal compartments (visceral vs. subcutaneous)
confers different degrees of association with insulin resistance (38). Abdominal obesity is
widely recognized as a strong correlate of insulin resistance. Visceral adiposity, independent
of total adiposity, has been implicated in the etiology of skeletal muscle insulin resistance
and T2DM (39, 40). Recently, it has reported that both abdominal visceral and deep
subcutaneous adiposity are strongly associated with peripheral insulin resistance, while
superficial abdominal fat is not (38). The use of CT scans in the present study allowed us to
characterize these specific aspects of fat patterning, while other studies have used less
sophisticated approaches such as measurement of skinfold thickness, waist circumference, or
waist-to-hip ratios. Why then, given the use of the gold standard, was the magnitude of
visceral adiposity not associated with the measures of insulin sensitivity in our study? One
possible explanation is that because all subjects were non-obese, the lack of adequate
heterogeneity in both abdominal fat and insulin sensitivity may have masked a relationship.
Nevertheless, it is evident that even within a homogeneous sample, non-obese MA are less
insulin sensitive than NHW, with this difference unrelated to visceral adiposity.

Dietary fat has been considered to be a risk factor in the development of insulin
resistance and T2DM (18), but many studies have failed to account for the higher intake of
dietary fat commonly reported among MA. Here, we have shown that MA exhibit a
tendency to consume higher amounts of dietary fat, which partially mediate differences in

insulin sensitivity when compared with NHW. Our findings are in agreement with numerous
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studies showing that high dietary fat and saturated fat intake is associated with reduced
insulin sensitivity (41-43). MA children exhibiting a greater degree of insulin resistance
compared to NHW have been reported to consume higher than recommended percent energy
from fat and saturated fat (22, 44). There was a trend for MA in our study to ingest more
total and saturated fatty acids than NHW, with differences reaching statistical significance
for palmitate and palmitoleate. Previous reports have shown an inverse relationship between
insulin sensitivity and the dietary intake of palmitate and palmitoleate (45). Together these
data suggest the possibility that the higher intake of specific dietary fatty acids among MA
may contribute to their lower insulin sensitivity.

While it has been clearly established that exercise improves insulin action in skeletal
muscle, some previous studies have neglected to account for the possible influences of acute
and chronic exercise on estimates of insulin sensitivity (3, 6). Our data suggest that
differences in insulin sensitivity between these two groups persist after accounting for the
effects of acute exercise and cardiorespiratory fitness. No data are available regarding the
effect of cardiorespiratory fitness on insulin sensitivity in MA. The effects of exercise on
skeletal muscle insulin action have been clearly demonstrated, although not in MA (12, 46,
47). These improvements are typically observed within the first 24 hours following an
exercise bout (48-50). Some studies have suggested that chronic exercise training is also
associated with improved insulin responsiveness (51-53). A recent study found that
cardiorespiratory fitness levels (VO,max) were associated with fasting insulin concentrations
after controlling for age, percent body fat and waist circumference (54). We also found a
significant relationship between cardiorespiratory fitness and measures of insulin sensitivity

in our entire sample. We hypothesized that when controlling for any confounding effects of
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acute exercise (by eliminating all exercise for 48 h prior to blood sampling), and matching
MA and NHW for cardiorespiratory fitness there would be no decrement in insulin
sensitivity in MA. However, our data indicate the lower insulin sensitivity in MA persists
even when rigorously controlling for fitness and acute exercise.

We were also interested in examining whether or not nonobese, nondiabetic MA
displayed differences in several of the main proteins involved in the PI3K insulin-signaling
pathway. While insulin receptor number have been shown to be significantly decreased in
isolated adipocytes from obese T2DM patients (25), the number has been shown to be only
slightly reduced in skeletal muscle of these individuals (55). One study found that protein
levels of PI3K were lower in diabetic vs. nondiabetic mice (26), while Andreelli and
colleagues (56) found that mRNA levels of IRS-1, PI3K p85a and GLUT4 were not different
in skeletal muscle of controls and type 2 diabetic patients. Another study reported the
amount of Akt2 in skeletal muscle of obese rats was 56% lower compared to lean rats, but
there were no differences in the amount of IR or the p85 regulatory subunit of PI3K in
insulin resistant vs. control skeletal muscle (57). Kim et al. (27) found no differences in the
amount of Aktl between insulin resistant obese and lean rats. While diabetic individuals
exhibit impaired Akt activity, no differences in Akt protein levels between healthy volunteers
and type 2 diabetics have been documented (58, 59). Several studies have documented a
reduction in GLUT4 expression in isolated adipocytes (28,67) and skeletal muscle (71) of
patients with T2DM. However, other studies have failed to show reduced GLUT4
expression in skeletal muscle of type 2 diabetic patients (60-62). One study has reported that
GLUTA4 density is lower in slow-twitch skeletal muscle fibers of T2DM individuals (63). In

the present study, we found that in the entire sample, estimates of insulin sensitivity were
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related to IR-p and Akt2 expression. However. the lack of group differences in signaling
proteins indicates that the lower insulin sensitivity in MA is not the result of reduced skeletal
muscle expression of IR, PI3K p85. Aktl, Akt2 or GLUT4.

We can only speculate on the mechanisms responsible for the lower insulin sensitivity
in MA compared with NHW in the present investigation. Palmitate is one of the least
preferred substrates for skeletal muscle  oxidation (64). and has been implicated in the de
novo synthesis of ceramide. a known inhibitor of insulin-stimulated glucose uptake (65). The
possible relation of fatty acid intake, ceramide production, and insulin sensitivity should be
addressed in future studies of MA.

There are some potential limitations of the present study that should be addressed.
First, we used only fasting samples of glucose and insulin to determine insulin sensitivity via
HOMA-IR and QUICKI. rather than the more clinically sophisticated frequently sampled
glucose tolerance test or the hyperinsulinemic-euglycemic clamp. The reasons we used this
approach are as follows. Our laboratory has previously established strong associations
between the FSIGT and the indices of insulin sensitivity used in the current study: fasting
insulin (r=-0.53. p=0.001), HOMA-IR (r= -0.53. p=0.001), QUICKI (r=0.70. p<0.001,
unpublished observations). Other studies have also reported strong associations between
these estimates and the hyperinsulinemic-euglycemic clamp technique (33-35). Haffner and
colleagues have previously shown the HOMA-IR method able to readily characterize the
lower insulin sensitivity in MA compared to NHW (66). Furthermore, it has been suggested
that estimates of insulin sensitivity based on fasting insulin and glucose may be the best
markers of early insulin resistance in nondiabetic individuals (67, 68). Thus this approach

seemed especially well suited for the study of young. non-obese, non-diabetic individuals. all
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of whom exhibited fasting blood glucose concentrations less than 110 mg/dl. Note that
although the MA subjects were less insulin sensitive based on HOMA-IR, they are clearly
not to be considered ‘insulin resistant’ based on fasting insulin, HOMA-IR or QUICKI
values. However, previous studies have implicated diminished insulin sensitivity among
nondiabetic MA as a risk factor for future insulin resistance and development of T2DM (3,
4).

The lack of group differences in skeletal muscle cytosolic insulin signaling proteins is
a novel finding. However, we did not evaluate functional activity or insulin-stimulated
phosphorylation of these intermediates. Clinical states of insulin resistance have been
associated with impairments in insulin-stimulated glucose uptake, and are associated with
decreases in IRS-1 tyrosine phosphorylation, PI3K activity and Akt serine/threonine
phosphorylation. Kim et al. (69) and others (23, 70, 71) have reported that insulin-stimulated
IRS-1-associated PI3K activity is decreased in skeletal muscle of diabetic subjects. While
impaired activities of these proteins appear to be primary defects insulin-stimulated GLUT4
translocation, reduced protein content may contribute to some models of human insulin
resistance.

A third caveat to this study is that, while we found that total plasma NEFA was
associated with percent fat intake, we did not determine the distribution of individual plasma
NEFA. Therefore. it is possible that while total plasma NEFA are similar between the two
groups, the preponderance of individual fatty acid species (e.g. palmitate) may differ and
contribute to the observed insulin resistance. Future research should examine the distribution

of individual fatty acids (i.e. saturated vs. unsaturated) in plasma NEFA.
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In summary, the present study demonstrates that lower insulin sensitivity persists in
nonobese, nondiabetic Mexican Americans compared to their nonHispanic White
counterparts, even after accounting for acute and chronic effects of exercise and abdominal
fat distribution. Furthermore, these differences are not explained by the protein abundance of
skeletal muscle IRB. PI3K p85, Aktl, Akt2 or GLUT4. Differences in insulin sensitivity are
lost when skeletal muscle IR protein abundance and dietary intakes of palmitate and
palmitoleate are accounted for, suggesting the possible role of these factors in contributing to

the lower insulin sensitivity seen in Mexican Americans.
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TABLE 1. Subject Characteristics.

NHW males MA males and NHW females NHW males MA females MA males
and females females
n 13 13 7 6 7 6
Age,y 24.84 + 1.49 27.00 + 2.00 236+18 263425 28.14 + 2.88 25.67 + 2.94
Height, m 1.76 £ 0.02' 1.68 +0.02 1,70 + 0.02 1.83 £ 0.02' 1.64 £ 0.02 1.74 £ 0.01%
Weight, kg 71.23+3.30 65.48 £ 2.34 63.25+3.04°  8055+3.37"  60.811 290 70.92 + 2.41
BM], kg/m’ 2280+ 0.58 23.04 £ 0.69 21.7240.72 24.05 + 0.65 22.63 £ 1.09 23.53 + 0.86
% Body fat 20.10+2.14 21.67 £ 2.67 24.13 £ 2.46 15.40 + 2.67° 26.83 + 3.96° 15.65 + 1,27
AVF, cm? 43.74 £ 7.26 38.29 +4.90 2941 +755%  58.07+7.55" 29971699 4799 + 7.55
ASF, cm’ 14538 + 17.81  174.72 £ 24.96 134 £ 31.84 156.52+31.84 20023 +2948 14496+ 31.84
SSF, cm’ 7653+9.78  8622+1250  7457+1672  7851%1672 968711548  73.81+16.72
DSF, cm’ 68.85+886  8572+1235  59.69+1562  7801+1563  9822+1447  71.15+15.63
\7 0.33 + 0.06 0.29 + 0.05 0.24 +0.03 0.43 +0.13 0.19+ 0.04 039+ 0.09
VO,max
mL/kg/min 44,57+ 1.43 44.84 +2.33 41.84 +1.58 47.75 + 1.84 40.23 + 3.07° 5022+2.11°
mL/kg FFM/min 55,77 + 0.88 56.86 + 1.42 55.21+1.37 56.42 + 1.09 54.64 £ 1.76 59.45 + 1.90
L/min 3.18 019 2.94+0.19 2.64 £ 0.13* 3.82 +0.09" 242 +0.15% 3.54+0.12"

Mean + SEM; AVF = abdominal visceral fat; ASF = abdominal subcutaneous fat; SSF = superficial subcutaneous fat; DSF =
deep subcutaneous fat; ' p<0.05 vs. MA males and females; ? p<0.05 vs. NHW males; * p<0.05 vs. MA females; ¢ p<0.05 vs.

MA males
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Table 2. Dietary intake for MA and NHW subjects determined by 4-day diet record.

NHW MA
n=13 n=15
Total energy intake, kcal/day 2047.64 + 225.93 2326.20 +240.32
Carbohydrate, g/d 289.55 + 34.45 302.35 + 32.09
Carbohydrate, % 56.8 +2.5 52.6+2.5
Protein, g/d 84.19 +541 93.51 £10.02
Protein, % of total kcal 17.3+0.8 16.2+0.6
Fat, g/d 65.65 +£9.56 85.58 +10.53
Fat, % of total kcal 28.0+20 32.7+£2.1
Saturated fat, g/d 21.36 +3.08 28.61 +3.98
Saturated fat, % of total kcal 9.2 +0.8 10.8 £0.7
Palmitic acid, g/d 11.39+1.53 15.74 £2.07
Palmitic acid, % 49+04 6.0+04
Stearic acid, g/d 5.60 £ 0.95 7.18 £0.99
Stearic acid. % 23402 2.7+0.1
MUFA, g/d 24.58 +3.89 32.74 £4.07
MUFA, % of total kcal 10409 125 +£0.7
Palmitoleic acid. g/d 0.88 +0.09 1.53 +£0.25'
Palmitoleic acid, % 0.4+ 0.04 0.6 + 0.06'
Oleic acid. g/d 22.90 +3.49 30.54 £3.77
Oleic acid, % 9.7+0.8 11.7+£0.7
PUFA, g/d 1522 +2.55 17.45 +2.43
PUFA, % of total kcal 6.5+0.7 6.9+0.8
Linoleic acid, g/d 12.61 +1.88 14.88 £2.53
Linoleic acid, % 54+£05 5709
Linolenic acid, g/d 1.39 £ 0.24 1.37 +£0.91
Linolenic acid. % 0.6 £0.06 0.5+0.09
P/S 0.79 £0.11 0.65 £0.06
Fiber, g/1000 kcal 1293 +1.59 9.09+1.10

Mean + SEM; MUFA, monounsaturated fat; PUFA. polyunsaturated fat; P/S,

polyunsaturated-to-saturated fat ratio: ' p<0.05 vs. NHW
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TABLE 3. Estimates of insulin sensitivity for MA and NHW subjects.

NHW

n=13 n=13
Fasting glucose, mmol-L 422+0.22 4.70+£0.19
Fasting insulin, pmol-L 29.86 + 4.86 44.84 +6.14
HOMA-IR 091 +0.15 1.53 +0.22"
QUICKI 0.41 +0.02 0.37 £ 0.01

Mean + SEM; ' p<0.05

Table 4. Relationship between dietary intake and estimates of insulin sensitivity.

Fasting HOMA-IR QUICKI
insulin
Total energy intake, kcal/day 0.13 0.21 -0.21
Carbohydrate, % of total kcal -0.39 -0.43" 0.50"
Protein, % of total kcal -017 -0.23 0.28
Fat, % of total kcal 0.43' 0.52! -0.57°
Saturated fat 0.35 0.42! -0.46'
Palmitic acid 0.38 0.47" -0.51
Stearic acid 0.35 0.42' -0.48'
Monounsaturated fat 0.48' 0.58> -0.64°
Palmitoleic acid 0.39 0.54° -0.49!
Oleic acid 0.46' 0.56° -0.63*
Polyunsaturated fat 0.15 0.22 -0.23
Linoleic acid 0.30 0.34 -0.31
Linolenic acid 0.16 0.20 -0.13
P/S -0.26 -0.23 0.34
Fiber, g/1000 kcal -0.52! -0.51" 0.64°

Values are expressed in terms of Pearson’s r-coefficients. ' p<0.05; ~ p<0.01
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Figure 1. Relationships between HOMA-IR and IR, dietary palmitate and dietary
palmitoleic acid intake.
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Figure 2. Representative immunoblots of IRB, p835, Aktl. Akt2 and GLUT4 from more fit
(+) and less fit (-) Mexican American and Non-Hispanic White men and women.
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CHAPTER 4

Circulating Tumor Necrosis Factor Alpha is Higher and Soluble Tumor Necrosis
Factor Receptor 2 is Lower in Non-Obese, Non-diabetic Mexican Americans compared

to Non-Hispanic White Men and Women

ABSTRACT

Mexican Americans (MA) exhibit lower insulin sensitivity and greater risk for type 2
diabetes mellitus than non-Hispanic white (NHW) adults. The reasons for this phenomenon
remain obscure. Because tumor necrosis factor-alpha (TNFa) is associated with insulin
resistance in various models of obesity and diabetes, we sought to determine whether this
cytokine and its soluble receptors could accouint, at least in part, for any differences in
insulin sensitivity between these groups. Fasting blood samples were used to determine
concentrations of TNFa, soluble TNF receptor-1 (sTNFR1), and soluble TNF receptor-2
(sTNFR2) in thirteen MA (7 women, 6 men, age=27.0+ 2.0y, BMI=23.0 £ 0.7) and 13
NHW (7 women, 6 men, age=24.8 + 1.5 y, BMI=22.8+0.6). Estimates of insulin sensitivity
were made using the Quantitative Insulin Sensitivity Check Index (QUICKI) and the
Homeostatic Model of Insulin Resistance (HOMA-IR) using fasting insulin and glucose
concentrations. MA were significantly less insulin sensitive compared to their NHW
counterparts when estimated by HOMA-IR (1.53 + 0.22 vs. 0.87 + 0.16, p<0.05). MA
tended to be less insulin sensitive compared to NHW based on QUICKI (0.37 + 0.01 vs. 0.41

+0.02, p=0.06) and fasting insulin (44.84 £ 6.1 vs. 29.86 + 4.8, p=0.07) as well. Circulating
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levels of TNFa were significantly higher (3.11 £ 0.38 vs. 2.10 + 0.24 pg/ml, p<0.05) and
sTNFR2 was significantly lower (1323.52 + 84.73 vs. 1924.65 + 127.36 pg/ml, p<0.05)
among MA compared to NHW subjects, respectively. Soluble TNFR1 tended to be higher
among NHW subjects (1217.94 £ 73.21 vs. 969.78 £ 111.11 pg/ml, p=0.07). TNFa was
inversely correlated with both sTNFR1 (r=-0.50, p<0.05) and sTNFR2 (r= -0.40, p<0.05).
Among the NHW subjects, sSTNFR1 was significantly associated with both fasting insulin
(r=0.60, p<0.05) and the QUICKI estimate of insulin sensitivity (r=-0.57, p<0.05).
However, TNFa, sTNFR1 and sTNFR2 were not related to estimates of insulin sensitivity in
the MA, and when the two groups were analyzed in aggregate. These data indicate that
although circulating levels of TNFa and sTNFR2 are different between nonobese,
nondiabetic Mexican Americans and NHW, they do not appear to account for the observed

differences in insulin sensitivity.

INTRODUCTION

The prevalence of type 2 diabetes mellitus (T2DM) is 2-3 times higher among
Mexican Americans (MA) compared with non-Hispanic whites (NHW) (1). Across a wide
range of age groups non-diabetic MA tend to be more insulin resistant compared to their
NHW counterparts (2-5). While some studies indicate that MA exhibit greater levels of total
and abdominal obesity vs. NHW individuals, we, and others have demonstrated that
differences in insulin sensitivity between these two groups persist after adjusting for various
measures of obesity (1, 4). Thus, the specific contributors to the lower insulin sensitivity in

the MA population remain obscure.
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Numerous studies have suggested that the cytokine tumor necrosis factor alpha
(TNFa) may play an important role in skeletal muscle insulin resistance (6-8). Various
models of obesity and insulin resistance are associated with elevated circulating levels of
TNFa (9-12). TNFa concentrations are lower in individuals with normal glucose tolerance
compared with individuals with impaired glucose tolerance or T2DM (13). Circulating
TNFa also tends to correlate with the degree of insulin resistance in humans (14).

TNFa concentrations appear to be related to body fatness. The expression of this
cytokine is higher among obese individuals with T2DM, compared with nonobese,
nondiabetic and nonobese individuals with T2DM (15). TNFa is expressed in adipocytes and
is positively related to the degree of adiposity in humans (12). TNFa is elevated to a greater
extent with android-type compared to gynoid-type obesity and decreased by weight loss (12,
16, 17). Surgical removal of visceral fat has been associated with a 72% decrease in the
expression of TNFa (18). Infusion of TNFa into humans results in peripheral insulin
resistance, particularly skeletal muscle (19, 20). Evidence suggests that the mechanism by
which TNFa impairs insulin-stimulated glucose uptake involves the serine phosphorylation
of IRS-1 and subsequent inhibition of both insulin receptor tyrosine kinase and IRS-1-
associated phosphatidylinositol 3-kinase activity (21). Targeted null mutations in the gene
encoding TNFa or either of its two receptor are associated with increased insulin sensitivity
in obese mice (22-24).

Recent evidence suggests that the circulating soluble form of the two TNF receptors
(sTNFR1 and sTNFR2) may function to neutralize circulating TNFa and negatively
modulate its interorgan effects. Insulin resistance has been reversed by infusion of a TNFa

neutralizing antibody containing soluble TNFR domains in obese fa/fa rats (25, 26).
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However, others have suggested that the soluble receptors may actually enhance TNFa
activity.

To date, no information is available regarding potential ethnic difference in TNF
system. Therefore, in the present study we tested the hypothesis that non-diabetic MA exhibit
greater levels of TNFa, sTNFR1 and sTNFR2 compared with NHW. We further
hypothesized that elevated levels of the soluble TNF system would be associated with lower

insulin sensitivity.

RESEARCH DESIGN AND METHODS
Subjects. A total of 13 nonobese (BMI<30) MAs (7 female, 6 male) and 13 nonobese
NHWs (7 female, 6 male) aged 18-40 years were. All subjects were non-smoking,
apparently healthy individuals with no overt signs or symptoms of disease based on a
medical history. Subjects inclusion criteria were: fasting blood glucose levels < 110 mg/dl,
no past or present history of endocrine disorders, and demonstrated blood pressure under
resting conditions < 140/90 mmHg. Individuals were excluded from participation for the
following reasons: pregnancy, oral contraceptive use, tobacco use, diabetes mellitus, history
of any eating disorders, history of menstrual cycle irregularities, a history of hypo- or
hyperthyroidism, and use of any medications that could influence insulin sensitivity. In
addition, subjects had no orthopedic problems that prohibited them from engaging in a
maximal graded exercise test. Subjects were weight stable (+ 2.5 kg) for the previous six
months. To be appropriately identified as a Mexican American, each participant traced

his/her ethnicity to the four grandparents. The protocol of the study was approved by the
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Colorado State University Human Research Committee, and both written and verbal

informed consent was obtained from each volunteer.

Body Mass, Height, and Compesition: Body weight was measured on a physicians balance
scale to the nearest 100 g. Body height was measured to the nearest 0.1 cm with a wall-
mounted stadiometer. The percentage of body fat, absolute fat mass and fat-free mass were
measured in all subjects using dual-energy x-ray absorptiometry (DEXA) using software

version 4.5¢ (Lunar model DPX-IQ Lunar Corp., Madison, WI).

Abdominal Visceral Fat: The measurement of total. visceral. and subcutaneous fat in the
abdominal region was performed using a General Electric High Speed CT scanner
(Milwaukee, WT) with helical capability (27). A cross-sectional scan 10 mm thick, centered
at the L4-L5 intervertebral space, was obtained using 170 mA with a scanning time of 2 s and
a512 X 512 matrix. The visceral fat was measured by sectioning the intra-abdominal area
by pixel density. The subcutaneous fat was calculated by determining the area of adipose
tissue within the abdominal wall. The areas of deep and superficial subcutaneous adipose
tissue were determined by dividing the two compartments based on the fascial delineation
(28). Superficial subcutaneous adipose tissue was calculated by subtracting deep
subcutaneous from total subcutaneous adipose tissue. Within each of the three
compartments, the cross-sectional area of AT was measured in pixels (0.6 mm) in the
attenuation range of —190 to —30 HU, using commercially available software (sliceOmatic,

Tomovision Inc.. Montreal, Canada).
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Cardiorespiratory Fitness: Acute and chronic exercise are related to insulin sensitivity.
and MA have been reported to exhibit lower levels of physical activity compared to NHW.
Thus, we sought to control for this potential confounder by recruiting individual from both
groups who were similar in regarding to maximal oxygen consumption. Maximal oxygen
consumption was measured during incremental treadmill exercise to volitional exhaustion as
previously described by Balke (29). Measurements of oxygen consumption, carbon dioxide
production, pulmonary ventilation, and the respiratory exchange ratio was determined by on-
line computer assisted open circuit spirometry (CPX Express, MedGraphics, Minnesota,
MN). To ensure that maximal oxygen consumption has been obtained, at least three out of
the four following criteria were satisfied: (a) a plateau in oxygen consumption with
increasing workload; (b) a respiratory exchange ratio of at least 1.15; (c) achievement of age-
predicted maximal heart rate; and (d) a maximal rating of perceived exertion of at least 18 on

the Borg scale.

Insulin Sensitivity: For the determination of insulin sensitivity. subjects were instructed to
remain fasted for 12 hours prior to biood collection. Furthermore, subjects refrained from
participation in any form of exercise for 48 hours prior to the study. Female subjects were
tested during the early follicular pinzcc of their menstrual cycles (days 3-10). Three surrogate
measures of insulin sensitivity were used: fasting plasma insulin. homeostatic model
assessment of insulin resistance (HOMA-IR) and the Quantitative Insulin Sensitivity Check
Index (QUICKI) (30, 31). These estimates have been shown to correlate well with the more
direct measures of insulin sensitivity, such as the frequently sampled intravenous glucose

tolerance test (FSIVGT) and hyperinsulinemic-euglycemic clamp (31-34). Our laboratory
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has previously established strong associations between the FSIGT and the indices of insulin
sensitivity used in the current study: fasting insulin (r=-0.53, p=0.001), HOMA-IR (r= -0.53,

p=0.001), QUICKI (r=0.70, p<0.001, unpublished observations).

Assays: Blood glucose was measured by the glucose oxidase method using an autoanalyzer
(YSI2300 Stat Plus, Yellow Springs Inc., Yellow Springs, OH). Plasma insulin was
measured using a two-step sandwich ELISA (DSL, Webster, TX). This assay demonstrates a
2.6% intra-assay and 6.2% interassay variation. Plasma TNFa, sTNFRI and sTNFR2 were
measured using ELISA (R&D Systems, Minneapolis, MN). The high sensitivity TNFa assay
demonstrates an 8% intra-assay and [ 5% inter-assay variation, while the sTNFR assays

demonstrate 7% intra-assay and 9% inter-assay variations.

Statistical Analysis: Dependent variables were initially subjected to normality testing using
both qualitative (data plots) and quantitative (Kolmogorov-Smimmov test) approaches. Group
differences were analyzed using a 2 X 2 analysis of variance (ANOVA) (ethnicity x gender).
When gender differences failed to reach significance. males and females were analyzed
together within ethnic groups by independent t-tests. Pearson product moment correlations
and partial correlations were used to determine associations between independent and
dependent variables. Analysis of covariance (ANCOVA) was performed when potentially
confounding variables exhibited a significant relationship to the dependent variables. The

significance level was set a priori at P<0.05.
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RESULTS

Subject characteristics are given in Table 1. On average, both groups were composed
of young, normal weight men and women of moderate cardiorespiratory fitness. There were
expected gender differences in several of the physical characteristics such as height, weight,
body composition, fat patterning, and VO> max. However, there were no ethnic differences
in any of these physical characteristics, except for the lower stature of MA compared with
NHW.

Table 2 shows that there was a trend for MA subjects to exhibit higher fasting insulin
and glucose concentrations compared with NHW subjects (insulin: 44.84 +6.14 vs. 29.86
4 .86 pmol/l, p=0.06; glucose: 4.70 + 0.19 vs. 4.22 + 0.22 mmol/l, p=0.11, respectively).
Insulin sensitivity was lower in MA compared with NHW based on HOMA-IR (1.53 £0.22
vs. 0.91 + 0.15, p<0.05), with a strong trend for lower insulin sensitivity estimated by
QUICKI in the MA compared with NHW subjects (0.37 £ 0.01 vs. 0.41 £ 0.02, p=0.06).

As shown in Figure 1, circulating TNFa was significantly higher among MA vs.
NHW subjects (3.11 £ 0.38 vs. 2.10 + 0.24 pg/ml. p<0.05). Plasma sTNFR] was not
statistically different between the two groups; however. there was a tendency for this soluble
receptor to be higher among NHW subjects (1217.93 £ 73.21 vs. 969.78 £ 111.11 pg/ml,
p=0.07). Plasma sTNFR2 was significantly higher among NHW subjects compared with
MA subjects (1924.65 + 127.36 vs. 1323.52 + 84.73 pg/ml. p<0.05).

Pearson product-moment correlations were used to analyze relationships between
estimates of insulin sensitivity and the TNFa system. There were no significant associations
between estimates of insulin sensitivity and TNFa, sTNFR1 or TNFR2 among MA subjects.

Fasting glucose was inversely related to sSTNFR2 in the MA study subjects (r=-0.58,

67

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



p<0.05). Insulin sensitivity estimated by QUICKI was significantly associated with
circulating sSTNFR1 in NHW subjects (r= -0.57, p<0.05). Additionally, fasting insulin was
associated with sTNFR1 in the NHW subjects (r=0.59, p<0.05). When the study subjects
were analyzed in aggregate, fasting insulin, HOMA-IR and QUICKI were not related to any
components of the TNF system (Table 3). Fasting glucose was significantly associated with
sTNFR2 (r=-0.51, p<0.01). There were no gender differences in estimates of insulin
sensitivity, TNFa, sTNFR1 or sSTNFR2 within or between groups.

Pearson product-moment correlations were used to analyze relationships between the

TNF-a system and various compartments of abdominal adipose tissue, however, abdominal

fat patterning was not associated with TNFa, sTNFR1 or sTNFR2.

DISCUSSION

There were three important findings from the present study. First, TNFa was higher
and sTNFR2 was significantly lower in the MA compared with NHW. Second, non-obese
and nondiabetic MA demonstrated lower indices of insulin sensitivity compared with NHW.
This difference was unaltered after adjusting for cardiorespiratory fitness. total and
abdominal adiposity. Finally, we did not observe any significant relation between the TNF
system and the three indices of insulin sensitivity in the pooled sample in the present study.

The results of our study significantly extend previous findings in at least two
important aspects. To the best of our knowledge. this is the first study to document higher
circulating TNFa and lower sTNFR2 levels in nonobese. nondiabetic MA compared with
NHW individuals. There is significant controversy regarding the role of this cytokine in

human insulin resistance. Several lines of evidence suggest that TNFa is involved in various
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models of insulin resistance in experimental animals, possibly by way of increased
phosphorylation of serine rather than tyrosine residues on insulin receptor substrates involved
in the PI-3 kinase signaling cascade. Studies have shown that TNF-a is expressed in skeletal
muscle, and its expression is increased in obesity, insulin resistance and T2DM (35-37).
Exposure to TNFo has been associated with impairments in the insulin signaling pathway (9.
38, 39) and downregulation of GLUT4 (40). TNFa neutralization is also associated with a
50% improvement in insulin sensitivity index and a 2.5-fold increase in tyrosine
phosphorylation of IR in skeletal muscle (10). Therefore. skeletal muscle derived TNFa may
be more closely related to insulin resistance. TNFa expression and secretion are both
increased in human obesity (12. 41). However, similar to our findings. others have not found
a relation between TNFa and estimates of obesity and insulin sensitivity (42). Patiag et al.
showed that TNFa did not impair insulin-stimulated glucose uptake in skeletal muscle (43).
Nolte and colleagues also reported that skeletal muscle does not become insulin resistant in
response to short-term exposure to TNFa (44).

Controversy exists regarding the role of sSTNFRs in modulating TNFa activity. Some
studies suggest that sSTNFRs function to neutralize and decrease circulating TNFa activity
(45). Other studies have shown that TNFa bioactivity is increased in the presence of sSTNFR
(46, 47). If sSTNFRs neutralize TNFa bioactivity, our data would suggest that MA (higher
TNFa. lower sTNFR2) exhibit a stronger predisposition for TNFa cytotoxicity compared to
NHW (lower TNFa, higher sTNFR2). The lack of association between circulating TNFa

and estimates of insulin sensitivity among the study participants in our study provides no
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support for this theory. Even the ratio of TNFa/sTNFR, calculated as an index of circulating
bioactive TNFa, was unrelated to insulin sensitivity in our subjects.

Second, while our observation of lower indices of insulin sensitivity in MA compared
with NHW adults is consistent with numerous other studies, there has previously been
inadequate control for two potential confounders, cardiorespiratory fitness and fat patterning.
In our study, even after matching MA and NHW subjects for fitness and body fatness using
the best available techniques to measure these characteristics, insulin sensitivity still
remained lower in the MA. Abdominal obesity is widely recognized as a strong correlate of
insulin resistance. Visceral fat (omental, mesenteric adipose tissue) has been implicated in
the etiology of skeletal muscle insulin resistance and T2DM. TNFa expression in adipose
tissue is elevated in human obesity, and is strongly associated with hyperinsulinemia (41).
Studies have shown that abdominal visceral fat secretes TNFa to a greater extent than
abdominal subcutaneous fat (48). The present findings do not support the data of Mohamed-
Ali et al. who reported that levels of both sSTNFR1 and sTNFR2 correlated significantly with
BMI and %body fat (49-51). Hotamisligil and colleagues (52) demonstrated that sTNFR2
was elevated sixfold in obese vs. lean women. Although TNFa was higher among our group
of MA subjects, this was not associated with differences in abdominal fat patterning. Our
data suggest that circulating TNFa, sTNFR1 and sTNFR2 are not associated with regional or
abdominal fat distribution in nonobese. nondiabetic MA and NHW. This study suggests
then, that ethnic differences in insulin sensitivity are not solely due to higher levels of total
and central adiposity, and lower levels of physical activity and physical fitness as we

hypothesized.
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Finally, the higher plasma TNFa and lower sTNFR2 concentrations in the MA
subjects is a new and interesting finding, but this phenomenon appears to be disassociated
from the lower insulin sensitivity in the MA compared to NHW subjects. The lack of
relationship between TNF-a and insulin sensitivity could be interpreted in various ways. If
sTNFRs function to stabilize and increase circulating TNFa activity, as has been suggested
(46) this would assist in explaining the lack of association between insulin sensitivity and
TNFa. That is, higher TNFa coupled with lower sTNFR2 among MA could attenuate the
ethnic differences in insulin resistance. Also, several studies (53, 54) have shown that
exposure to TNFa increases basal glucose transport by increasing the translocation of
GLUT1 glucose transporters. Thus, TNFa appears to selectively inhibit insulin-stimulated
GLUTH4 translocation. The estimates of insulin sensitivity used in the current study all
involved fasting blood samples. Thus. it is entirely plausible that the strength of the
relationship between TNFa and insulin sensitivity was masked by the cytokine’s effect on
basal glucose transport. While the estimates of insulin sensitivity reported in the current
investigation correlate well with more direct measures of insulin sensitivity, further work is
warranted examining the relationship between the TNFa system and insulin sensitivity under
insulin-stimulated conditions. Further work is required to examine the association between
circulating TNFa and basal vs. insulin-stimulated glucose disposal in groups at high risk for
developing T2DM.

We can only speculate on the mechanisms responsible for the higher TNFa and lower
sTNFR2 in MA compared with NHW in the present investigation. Dietary fat intake has
been shown to increase the production of TNFa from activated macrophages and hepatocytes

(55-57). We have previously shown that nonobese, nondiabetic MA tend to consume higher
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amounts of dietary fat when compared with NHW (Chapter 3). It is possible that the higher
TNFa levels observed in the current study are related to differences in dietary fat intake and
macrophage production of the cytokine. This hypothesis seems plausible in light of our
results showing a lack of association between circulating TNFa and visceral adipose tissue.

There are some potential limitations of the present study that should be addressed.
Differences in the circulating TNF system were observed between these two groups,
however, the TNF system was not associated with either estimates of insulin sensitivity or
regional fat distribution. It should be noted that while we did not use the FSIGT or
hyperinsulinemic-euglycemic clamp to measure whole-body insulin sensitivity, our
laboratory has previously established a strong association between HOMA-IR, QUICKI and
the FSIGT. Furthermore, it has been suggested that estimates of insulin sensitivity based on
fasting insulin and glucose may be the best markers of early insulin resistance in nondiabetic
individuals (58, 59). Additionally, all of the subjects tested in the current study exhibited
normal fasting blood glucose levels (<110 mg/dl). Thus. MA subjects were not considered to
be “insulin resistant’, but rather less insulin sensitive compared to the group of NHW
subjects. However. previous studies have implicated this diminished insulin sensitivity
among nondiabetic MA in the propensity for the development of T2DM in this ethnic group
(2. 4).

In summary, the present study demonstrates that insulin sensitivity is lower in young,
nonobese, nondiabetic MA compared to NHW, even after controlling for potential
confounders of cardiorespiratory fitness and body fatness and fat patterning. Circulating

TNFa and sTNFR2 are lower in nondiabetic, nonobese MA compared to NHW individuals.

However, neither TNFa nor its two soluble receptors were associated with estimates of
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insulin sensitivity. Further work is warranted in order to examine the effects of local

production of TNFa on explaining differences in insulin sensitivity between NHW and MA.
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TABLE 1. Subject Characteristics.

NHW males MA males and NHW females NHW males MA females MA males
and females females
n 13 13 7 6 7 6
Age,y 24.84 + 1.49 27.00 £ 2.00 236+18 263+2.5 28.14 + 2.88 25.67 £ 2.94
Height, m 1.76 + 0.02 1.68 + 0.02' 1.70 £ 0.02* 1.83 +0.02* 1.64 + 0.02° 1.74 £ 0.01”
Weight, kg 71.23 £ 3.30 65.48 +2.34 63.25 + 3.04° 80.55 + 3.37° 60.81 + 2.90° 70.92 + 2.41
BMI, kg/m’ 22.80 +0.58 23.04 £ 0.69 21,724 0.72 24.05 + 0.65 22,63 + 1.09 23.53+0.86
% Body fat 20.10+2.14 21.67 £2.67 24.13 £ 2.46 15.40 £ 2.67° 26.83 + 3.96 15.65 + 1,27
AVF, cm’ 43,74 + 7.26 38.29 + 4.90 29.41 + 7.55° 58.07 + 7.55° 29.97 + 6.99° 4799 + 7.55
ASF, cm’ 14538 + 17.81 174,72 £ 24.96 134 + 31.84 156,52+ 31.84  200.23 +29.48  144.96 + 31.84
SSF, cm’ 76.53 £ 9.78 86.22 + 12.50 745741672  7851+1672 96,87+ 1548 73.81 + 16,72
DSF, cm’ 68.85 + 8.86 85.72 + 12,35 59.69+15.62  7801+1563 98221+ 1447 71.15 1 15.63
VO,max
mL/kg/min 4457143 44.84 +2.33 41.84+1.58 47,75+ 1.84 40.23 + 3,07 5022 +2.11°
mL/kg FFM/min 55.77+0.88 56.86 + 1.42 55214137 56.42 1,09 54.64 £ 1.76 5945+ 1.90
L/min 3.18 £0.19 294 +0.19 2.64 £0.13% 3.82 +0.09° 2.42 +0.15% 3.54+0.12°

Mean + SEM; AVF = abdominal visceral fat; ASF = abdominal subcutaneous fat; SSF = superficial subcutaneous fat; DSF = deep
subcutaneous fat; ' p<0.05 vs. MA males and females; 2 p<0.05 vs. NHW malcs; 3 p<0.05 vs. MA females; 4 p<0.05 vs. MA males
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TABLE 2. Estimates of insulin sensitivity.

NHW

n=13 n=13
Fasting glucose, mmol/L 422+0.22 4.70 £0.19
Fasting insulin, pmol/L 29.86 + 4.86 44.84 +6.14
HOMA-IR 091 +0.15 1.53 +0.22!
QUICKI 0.41 £0.02 0.37 £ 0.01
Mean + SEM; ' p<0.05 vs. NHW
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Figure 1. Circulating TNFa. sTNFR1 and sTNFR2 among Mexican American and Non-
Hispanic White Men and Women.
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CHAPTERSS

Whole Body Insulin Sensitivity, LDL Particle Size and Oxidized LDL in Overweight,

Nondiabetic Men

ABSTRACT

Insulin resistance is often accompanied by elevated plasma triglyceride (TG) and a
preponderance of small, dense low-density lipoprotein (LDL) particles. However, it remains
unclear whether or not insulin resistance is related to LDL particle size, independent of
plasma TG. Therefore, we sought to determine the strength of the relationships among these
variables in a group of overweight, nondiabetic men (N=34, BMI 25-35 kg/m?, 50-75y), and
to also examine the possible relation between insulin sensitivity and oxidized LDL. Insulin
sensitivity (Si) was assessed by the frequently sampled insulin-augmented glucose tolerance
test (FSIGTT), LDL size by nuclear magnetic resonance spectroscopy (NMR) and oxidized
LDL (oxLDL) by ELISA. We also examined the strength of the relationships between these
lipid variables and estimates of insulin sensitivity using calculated indices based on fasting
insulin and glucose concentrations. Si was significantly associated with total TG (= -0.61,
P<0.001), VLDL-TG (= -0.60, P<0.001), total cholesterol (= -0.39, P<0.05) and LDL size
(r=0.41, P<0.05). LDL size was also significantly associated with TG (»=-0.73, P<0.001),
VLDL-TG (r=-0.73, P<0.001), total cholesterol (= -0.37, P<0.05) and HDL cholesterol
(~=0.65, P<0.001). Si was a significant predictor of LDL size when analyzed by stepwise

regression analysis with age and BMI (R2=0.17). However, when TG and HDL-C were
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added to the model, Si was no longer a significant predictor of LDL size. After controlling
for age and body fatness, Si was significantly associated with oxLDL (r= -0.38, P<0.05).
These data suggest that the relation between insulin sensitivity and LDL size is largely
mediated by plasma TG, and that Si is weakly related to oxLDL in overweight, nondiabetic

men.

INTRODUCTION

Several lines of evidence suggest that insulin resistance may be the primary defect in
the clustering of risk factors (obesity, hypertension, dyslipidemia) associated with the
Metabolic Syndrome [Reaven, 1995 #2262; DeFronzo, 1991 #2848]. These metabolic
abnormalities are associated with an increased risk for atherogenesis, although the
mechanisms explaining these co-morbitities are not entirely clear. Whole-body insulin
resistance is associated with increases in plasma non-esterified fatty acids (NEFA).
Elevations in plasma NEFA increase hepatic synthesis of triglyceride-rich particles, primarily
very low density lipoprotein (VLDL). Initially, via exchange of cholesterol ester for VLDL
triglyceride, LDL and HDL particles become triglyceride enriched, but later have substantial
amounts of TG removed by the action of hepatic triglyceride lipase, resulting in higher
circulating concentrations of small dense LDL and HDL particles.

Small, dense LDL particles appear to be more atherogenic than larger, less dense
LDL particles (1, 2), and individuals with a predominance of plasma small, dense LDL
(pattern B lipoprotein phenotype) carry a three-fold higher risk for coronary heart disease
(CHD) as compared to those with a predominance of large LDL particles (pattern A

phenotype)(1). An elevated LDL particle number, often recognized by high apoprotein B
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concentrations, has also been linked to an increased CHD risk (3, 4). Small, dense LDL
particles are cleared from plasma at a slower rate compared to larger LDL particles (5), and
appear more susceptible to oxidative damage and accumulation in the artery wall. It has
recently been suggested that circulating oxidized LDL may be a marker for coronary heart
disease risk (6, 7). Individuals with the Pattern B phenotype are typically more insulin
resistant and hyperinsulinemic compared to those with the pattern A phenotype (8, 9).

An association between whole-body insulin sensitivity and LDL particle size has
been shown in some studies (8, 10-13) but not all (14-17). Howard et al. (18) found a
significant relation between insulin sensitivity and LDL size among nondiabetic men and
women. Mykkanen et al. (11) found an association between insulin resistance and the
preponderance of small, dense LDL particles in nomoglycmic middle-aged men. However,
others have reported that neither fasting insulin concentrations nor insulin sensitivity were
related to LDL size independently of circulating plasma TG and HDL cholesterol levels (12,
17). It remains unclear, then, whether or not insulin resistance results in higher circulating
concentrations of small, dense LDL particles, independent of elevated plasma TG. If plasma
TG rather than insulin sensitivity were found to be more predictive of small dense LDL
concentrations, this finding would be of substantial clinical relevance given the convenience
of TG measurement compared to the difficulty in obtaining measures of insulin sensitivity in
clinical practice.

The possibility also exists that insulin resistance directly contributes to the oxidative
modification of LDL. After adjusting for age, gender, BMI and WHR, Carantoni M et al.
(19) found that the steady-state plasma glucose (SSPG) concentration, and plasma glucose

and insulin responses to oral glucose remained significantly correlated with oxLDL.
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Carantoni M et al. (19) reported a significant and independent correlation between insulin
resistance and compensatory hyperinsulinemia and the amount of poxLDL in nondiabetic
patients. Previous studies have suggested that a preponderance of small, dense LDL particles
is related to increased oxidized LDL in obesity and individuals with T2DM (9, 20, 21).
Obesity and insulin resistance are strong risk factors in the development of both
T2DM and atherosclerosis, yet there is a paucity of data regarding the relationship between
insulin sensitivity, LDL size, and oxLDL in overweight individuals. Therefore, the purpose
of this study was to determine whether, or not, insulin sensitivity, as determined by the
FSIGTT, is related to LDL particle size and circulating oxidized LDL. independent of total
plasma triglycerides in overweight, nondiabetic males. Given the difficulty in measuring
insulin sensitivity in clinical practice, we further sought to determine the strength of the
relations among LDL particle size, oxLDL and several different surrogate estimates of
insulin sensitivity that depend on only a single fasting measurement of plasma glucose and

insulin.

METHODS
Subjects. Male subjects aged 50-75 y with a body mass index (BMI) between 25-35 kg/m’
and elevated BP (systolic BP 130-160 mmHg and/or diastolic BP 85-99 mmHg) and fasting
blood glucose less than 110 mg/dl were recruited for this study from the surrounding
community. Only subjects who were sedentary or minimally physically active (< two 30-
minute aerobic exercise sessions per week) were included. Individuals were excluded if they
reported or were observed to have any of the following: overt cardiovascular, metabolic, or

pulmonary disease or use of any medications known to affect any of the dependent variables
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in this study. This study was approved by the Human Research Committee at Colorado State

University. All subjects provided written informed consent prior to participation.

Anthropometric Measurements. Body weight was determined to the nearest 0.1 kg using a
balance scale (Detecto, Webb City, MO) and height (cm) (without shoes) was measured
using a wall-mounted stadiometer. Skinfold thickness measurements (mm) were obtained at
eight sites (chest, abdomen, triceps, suprailiac, midaxillary, subscapular, thigh, and medial
calf) using calipers (Lange, Cambridge Scientific Industries, Cambridge, MD). Waist
circumference was measured (cm) at the level of the umbilicus using a Gulick II measuring
tape (Country Technology, Gays Mills, WI). The percentage of body fat, absolute fat mass
and fat-free mass was measured in all subjects using dual-energy x-ray absorptiometry
(DEXA) using software version 4.5¢ (Model DPX-IQ Lunar Corp., Madison, WI). Medium
length scans (20 min) were used for all subjects except for those with an anteriorposterior

thickness >27 cm for whom the slow (40 min) speed was used.

Insulin sensitivity. An insulin-augmented frequently sampled intravenous glucose tolerance
test (FSIGT) was administered with the subjects in the supine position following an
overnight, 12-hour fast, and after a 30-minute relaxation period. An intravenous (IV)
catheter was placed in each antecubital vein, one for the administration of insulin and
glucose, and one for collecting blood samples. Two blood samples were obtained at time (t)
= -10, -5 minutes, with these two samples used for determination of the mean baseline insulin
and glucose concentrations. A bolus of glucose (0.3g/kg in a of 50% dextrose solution) was

infused over a 90 second period at t=0. At t = 20 minutes, a bolus of insulin (0.03 U/kg) was
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injected. Blood samples were obtained att =2, 3, 4, 5, 6, 8, 10, 12, 14, 16, 18, 22, 25, 30,
40, 50, 60, 70, 80, 90, 100, 120, 140, 160, and 180 minutes and immediately centrifuged at
4°C and analyzed for glucose concentrations by the glucose oxidase method using a glucose
autoanalyzer (Yellow Springs Instruments, Yellow Springs, Ohio). A sample of plasma was
stored at —20°C for later determination of insulin concentrations by the ELISA method
(Diagnostic Systems Laboratories, Inc., Webster, TX). The MINMOD program (version 3.0,
R. Bergman, University of Southern California) was used for determination of insulin
sensitivity (Si). This model uses measurements of plasma glucose and insulin concentrations
over the 3-h period to deduce in vivo whole-body insulin sensitivity (22). Whole-body
insulin sensitivity was also estimated with fasting insulin, homeostatic model assessment of

insulin resistance (HOMA-IR), the quantitative insulin sensitivity index (QUICKI) (23-25).

Biochemical assays. Following an overnight fast, blood was obtained from an indwelling IV
catheter into tubes containing EDTA. Samples were inverted, and then centrifuged to obtain
plasma, which was then stored at —70° C until analysis. Plasma lipid and lipoprotein profiles
and characteristics were determined from plasma samples using nuclear magnetic resonance
(NMR) spectroscopy (LipoMed, Inc., Raleigh, NC). This method is based on the principle
that when plasma is exposed to the NMR magnet, the methyl group protons of each of the
four types of lipids (phospholipid, cholesterol, cholesterol ester, and TG) in the lipoproteins
together emit a bulk NMR signal. The unique signal produced by the various lipoprotein
particles of differing diameters (based on the phospholipid shell) contribute to this bulk
signal, analgous to the sound produced by simultaneously ringing numerous bells of differing

size and shape. This composite signal then undergoes deconvolution using linear least—
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squares regression analysis to separate the lipoprotein subclasses based on prior knowledge
of the methyl signal frequency and shape emitted by individual lipoprotein subclasses. The
plasma concentration of each lipoprotein subclass is then calculated based on knowledge
about the known relationship between signal amplitude and subclass concentration (26, 27).
To perform these calculations, software is used which contains a reference library of subclass
spectra obtained by isolating lipoprotein particle size ranges from fasting plasma of
normolipidemic and dyslipidemic subjects using ultracentrifugation and agarose gel filtration
chromatography (27). This process allows the simultaneous measurement of 15 lipoprotein
subclasses including VLDL-TG (V1-V6), LDL-C (IDL, L1-L3), HDL-C (H1-HS) and
chylomicrons. HDL, corresponds to the sum of H4 and HS, HDL; is the sum of H1, H2, and
H3. Based on comparisons with the lipoproteins separated by flotation uitracentrifugation,
“small” LDL corresponds to L1 and “large” LDL refers to the sum of L2 and L3 (26, 27).
Individual lipoprotein lipid concentrations are then calculated based on the average measured
lipid values for each of the lipoproteins, based on values previously determined from
spectrophotometric analysis of lipids from reference samples (26). Total plasma cholesterol,
triacylglycerol, LDL-cholesterol, and HDL-cholesterol concentrations are then determined by
summing the lipid concentrations of the various subclasses. Values were expressed in mmol/l
of cholesterol (LDL-C and HDL-C) and triacylglycerol (VLDL-TG). Strong correlations
between NMR and chemical analysis for VLDL-TG, LDL-C, and HDL-C have been reported
(r=0.98, 0.91, and 0.93 respectively) (26). LDL and HDL subclass distributions between
NMR and gradient gel electrophoresis (GGE) also correlate well (26). Average particle size
(diameter, nm) of VLDL, LDL, and HDL, and concentration (particle number) of the LDL

particles (nmol/L) were also determined. Reference standards for VLDL and LDL subclass
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diameters for the NMR method are based upon electron microscopy and for HDL by
polyacrylamide GGE (27). Correlations between NMR and GGE for LDL and HDL particle
size have been reported to be 0.7-0.9 and 0.88 (26), respectively. LDL subclass diameters
obtained with the NMR method are ~5nm smaller than those obtained using GGE, but are in
agreement with electron microscopy data and calculations based upon LDL chemical
composition (27). Coefficients of variation using the NMR procedure have been reported to
be 1.5-2.9% for standard lipid panel variables, 1.8% for LDL particle concentration, and
about 0.5% for average LDL and HDL particle size (27). A more detailed treatment of the
use of NMR for measuring plasma lipid and lipoprotein concentrations and lipoprotein
particle size has been described previously (26-28).

Oxidized LDL was measured by ELISA (Mercodia, Uppsala, Sweden). This method
is based on the direct sandwich technique in which two monoclonal antibodies are directed
against separate antigenic determinants raised against copper-oxidized human LDL. The
antibodies are directed against a conformational epitope in the apoB-100 moiety of LDL that
is generated as a consequence of the condensation of lysine residues of apoB-100 with

aldehydes (29).

Statistical analysis. Pearson product-moment correlations and partial correlation
coefficients were utilized to determine relationships between variables. Multipie stepwise
regression analyses were also performed to determine how well metabolic variables predict

LDL size and oxidized LDL. Data were analyzed with SPSS for Windows 10.0 statistical

software (SPSS, Inc.) and are expressed as the mean + SEM.
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RESULTS

Subject characteristics for the 36 men are shown in Table 1. Simple and partial
correlations were used to determine the relationship between insulin sensitivity (Si as
determined from the FSIGTT), LDL size and oxLDL (Table 2). As shown in Figure 1, LDL
size was significantly associated with Si (r=0.41, p=0.01), total triglyceride (r=-0.73,
p<0.001), VLDL triglyceride (r=-0.73, p<0.001), total choleste_rol (r=-0.37, p=0.026), and
HDL cholesterol (r=0.65, p<0.001). After adjusting for age, % body fat and abdominal
skinfold, these associations remained statistically significant. Oxidized LDL was
significantly associated with LDL cholesterol (r=0.34, p=0.04), and with Si (r=-0.38,
p=0.039) after adjusting for age, % body fat and abdominal skinfold, and approached
significance with fasting insulin (r=0.33, p=0.079). LDL size was not significantly
associated with oxLDL (Figure 1).

Fasting glucose and insulin concentrations were used to calculate two different
estimates of insulin sensitivity. Insulin sensitivity determined by HOMA was significantly
associated with Si (r= -0.53. p< 0.005) as was QUICKI (r= 0.70. p<0.001). Table 3 shows
that QUICKI was significantly associated with LDL size (r=0.42, p=0.011), with the
correlation coefficient for this relationship similar to that of Si and LDL size. QUICKI was
also related to serum TG (r= -0.55, p<0.001). Fasting insulin (r=-0.30, p=0.079) and
HOMA-IR (r=-0.28, p=0.10) were not significantly associated with LDL size. Neither
HOMA or QUICKI were associated with oxLDL.

Stepwise regression was performed to determine whether or not estimates of insulin
resistance could predict LDL size independently of other covariates (total TG, VLDL-TG.

HDL-C, age, BMI). Table 4 shows that Si alone accounted for 22% of the variance in LDL
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size. while total triglyceride alone accounted for almost 60% of the variance in LDL size.
Together, total triglyceride and HDL cholesterol accounted for more than 65% of the
variance in LDL size. Neither Si nor QUICKI remained in the model explaining the variance

in LDL size when plasma TG was included in the regression analysis.

DISCUSSION

The major findings in this study are: 1.) insulin sensitivity and LDL particle size are
significantly correlated in this group of overweight/obese, nondiabetic men. but the ability of
this particular index of insulin sensitivity to explain the variance in LDL particle size is
apparently mediated, to a large extent. by total plasma TG; 2.) the Quick Index, an estimate
of insulin sensitivity based on fasting glucose and insulin concentrations obtained from a
single sample of blood, is as strongly correlated with LDL particle size as is the much more
labor intensive and expensive frequently sampled glucose tolerance test; 3.) insulin
sensitivity is only weakly correlated with plasma oxidized LDL concentrations in middle-
aged and older overweight, nondiabetic men.

Insulin resistance is associated with elevations in plasma NEFAs, which stimulate the
hepatic synthesis of triglyceride-rich VLDL particles. Circulating VLDL exchanges
triglyceride for LDL/HDL cholesterol esters via the action of cholesterol ester transfer
protein. Hepatic lipase cleaves triglyceride-rich LDL and HDL particles. producing small,
dense lipoproteins. Additionally, insulin promotes the degradation of LDL through
interaction with the LDL receptor. Some have suggested that larger LDL particles are
preferentially cleared by insulin-stimulated LDL receptor endocytosis (34). while small.

dense LDL particles remain longer in circulation (35-38). Our results show that there was,
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indeed, a strong relationship between Si and both total triglyceride and VLDL-triglycende.
As one might expect, we also found a significant relationship between LDL size and both
total triglyceride and VLDL-triglyceride. These data support those reported by Rainwater et
al. (35) and Ambrosch et al. (13) who showed that LDL size was strongly associated with
plasma TG and VLDL-TG concentrations. However, total plasma triglyceride concentration
was the strongest determinant of LDL particle size, explaining 58% of the variance in LDL
particle size. VLDL triglyceride and HDL cholesterol were slightly weaker, explaining 50
and 39% of the variance in LDL size, respectively. When analyzed by stepwise regression
with age and BMLI, Si accounted for 22% of the variance in LDL particle size. However, only
TG concentration emerged as an independent predictor when added to the multivariate model
(17). These findings are in agreement with those reported by Mykkanen et al. (11) and Festa
et al. (12) who found that whole-body glucose uptake and Si were not independently
associated with LDL size after controlling for VLDL-TG and HDL cholesterol. Ambrosch
et al. (13) reported that although both TG and insulin sensitivity were associated with LDL
size in young, nondiabetic subjects, only TG was a significant determinant of LDL size.
Slyper AH et al. (17) did not find a significant correlation between LDL size and Si among
healthy, nondiabetic males.

The fact that Si did not remain an independent predictor of LDL size when fasting
plasma TGs were included in the multivariate model, should not detract from the role of
insulin resistance in contributing to smaller, denser LDL particles. As discussed above,
insulin resistance is strongly related to elevations in plasma TGs, which in turn contributes to

the formation of small, dense LDL particles. However, these findings do suggest that in
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clinical practice, the measurement of plasma TG is more important in predicting LDL size
than the measurement of insulin sensitivity.

The FSIGTT is relatively cost and time prohibitive for estimating insulin sensitivity
in large-scale studies and in the clinical setting. Therefore, we sought to determine whether
various estimates of insulin sensitivity that rely solely on fasting blood samples were
associated with LDL size and oxidized LDL. Of the additional surrogate measures of insulin
sensitivity analyzed, the QUICKI was significantly associated with LDL particle size, with
the strength of the association similar to that of Si and LDL size. As was true of the latter
relationship, when TG were entered into the model, QUICKI was no longer a significant
independent predictor of LDL size.

Several lines of evidence also suggest that insulin resistance may directly affect the
production of oxLDL. Physiological hyperinsulinemia is associated with decreases in plasma
vitamin E as well as increases in H>O» production (36, 37). Quinones-Galvan et al. (31)
reported that acute in vivo insulin administration increased the susceptibility of LDL
cholesterol to both copper-induced and cell-mediated oxidation. Carantoni and colleagues
(19) reported that insulin resistance was associated with increased serum levels of partially
oxidized LDL in nondiabetic men and women. Individuals with type 2 diabetes mellitus
exhibit increased free radical production, which is also associated with hyperglycemia (38).
Also, the susceptibility of LDL to oxidation may be higher with increasing levels of total and
abdominal adiposity (39), well known concomitants of insulin resistance.

While insulin resistance may contribute to increased levels of oxLDL, the reverse
may also be true. Chavakis et al. (40) recently showed that oxLDL induced

dephosphorylation and subsequent inactivation of Akt, a key signaling intermediate involved
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in insulin-stimulated glucose transport (Cho et al., 2001). Previous studies have reported that
defects in Akt activity are associated with increases in the production of the sphingolipid,
ceramide. Interestingly, oxXLDL has been shown to increase the cellular ceramide content
through the activation of acid sphingomyelinase (45, 46).

[n our study sample, we found a weak. but significant inverse relation between Si and
oxLDL, after partialling out the effects of age and body fatness. There was only a trend for
plasma insulin concentrations to be related to oxLDL. The lack of a stronger relationship
should not discount the possible importance of the relation between insulin sensitivity and
oxLDL. A stronger relation may have been masked by the lack of substantial heterogeneity
in our study sample—all men were overweight or obese, and none exhibited type 2 diabetes.
It is possible that had our sample included lean individuals as well as those with diabetes. a
wider range of Si values and average LDL sizes would have resulted in a stronger relation.
Note that previous studies have utilized NMR and alanine methods to quantify oxidized LDL
in circulation, while we utilized an ELISA technique which recognizes antigenic
determinants on oxidized apoprotein B. While total LDL cholesterol was positively
associated with oxLLDL in our study sample, it is unclear why we did not find oxLDL to be
related to LDL size, as has been previously reported by Carantoni et al. (21).

In summary, the results of the current study suggest that among middie-aged and
older, overweight, nondiabetic men. the relationship between insulin sensitivity and LDL
particle size is highly dependent on plasma triglyceride and HDL cholesterol concentrations.
Furthermore, an estimate of insulin sensitivity. the QUICKI, which has more clinical utility

because it relies a single fasting blood sample, is as strongly correlated to LDL size as the
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more burdensome FSIGTT. Finally, insulin sensitivity is modestly associated with oxidized

LDL.
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TABLE 1. Clinical and Metabolic Characteristics

Variable N =36
Age,y 59.2 = 1.1 (50-75)
Weight, kg 91.8 £2.1 (70.7-123.9)
BMI. kgxm? 29.4 £ 0.5 (24.8-39.1)
% Fat 28.1+0.7 (14.3-37.8)
WHR 0.985 £ 0.005 (0.87-1.07)
Si x 104 (mUx ml-!x min-1) 2.07 £0.23 (0.21-5.63)
Sg x 102 (min-1) 0.0193 £ 0.013 (0.0037-0.400)
AIR (pmolxml-1 xmin-1) 472.5 £ 33.9 (97.2-951.1)
Fasting insulin, pmolx I-1 62.33 £ 9.38 (16.20-62.33)
Fasting glucose, mmolx |- 5.33+£0.07 (4.51-6.19)
Total triglycerides, mmolx | -1 1.66 + 0.12 (0.58-3.35)
Total cholesterol, mmolx 1 -1 5.08 £0.12 (3.52-6.38)
LDL cholesterol, mmolx 1 -1 342+0.11 (1.84-4.62)
HDL cholesterol. mmolx 1 -1 0.88 + 0.03 (0.60-1.51)
LDL size. nm 20.26 £ 0.13 (19.0-21.7)
Oxidized LDL, U/L 51.15+£2.31 (10.14-83.46)
VLDL triglyceride. mmolx | -1 1.28 £0.12 (0.21-3.00)
Mean = SEM (range)
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TABLE 2. Relationship between LDL size, oxidized LDL and anthropometric and
metabolic variables.

LDL size Oxidized LDL

Variable r Partial r* r Partial r*
Si x 104 (mUx ml-1x min-1) 0.414' 0.446' -0.304 -0.379'
Sg x 102 (min-1) 0.026 0.069 -0.293 -0.310
AIRg (pmo[xm]-l xmilrl) -0.047 0.007 -0.169 -0.130
Fasting insulin, pmolx ]-1 -0.296 -0.270 0.157 0.326
Fasting glucose, mmolx 1-1 -0.212 -0.268 0.001 0.065
Total triglycerides, mmolx 1 -1 -0.728" -0.721" 0.125 0.226
Total cholesterol, mmolx 1 -1 -0.371! -0.428' 0.247 0.190
LDL cholesterol, mmolx 1 -1 -0.216 -0.298 0.343" 0.269
HDL cholesterol, mmolx 1 -1 0.648' 0.690" -0.003 0.052
VLDL triglyceride. mmolx | -1 -0.731" -0.727' 0.099 0.207

Values are expressed in terms of Pearson’s r-coefficients. ' p<0.05; *Adjusting for age (y),
% body fat, abdominal skinfold (mm).
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TABLE 3. Correlations between LDL size/oxidized LDL and surrogate measures of
insulin sensitivity

Fasting insulin HOMA-IR QUICKI

LDL size

Pearson’sr -0.296 -0.279 0.421

P-value 0.790 0.100 0.011
Oxidized LDL

Pearson’sr 0.157 0.146 -0.204

P-value 0.369 0.404 0.240
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TABLE 4. Stepwise regression: contributions to the variance of LDL particle size

Variable B SE(B) P R2
Model 1

Si 0.232 0.062 001 0.223
Model 2

Total TG -0.009 0.001 .001 0.584
Model 3

Total TG -0.008 0.002 .001

HDL cholesterol 0.046 0.013 .001 0.656

Independent variables that were tested for entry in the regression models were: Model 1: age.
BMLI, Si; Model 2: age, BMI, Si, total plasma triglyceride; Model 3: age. BMI, Si. total
plasma triglyceride, HDL cholesterol.
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Figure 1. Correlation coefficients for variables associated with LDL size and oxidized
LDL.
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CHAPTER 6

Overall Conclusions

The development of T2DM and other conditions associated with the Metabolic
Syndrome stems from a combination of acquired. environmental and genetic factors.
Peripheral insulin resistance is an early defect that appears to explain many of the untoward
sequelae associated with these diseases. Several lines of evidence suggest that excessive
lipid accumulation in nonadipocytes results in impairments in specific insulin signaling
pathways (glucose transport, glycogen synthesis). Lipotoxicity stemming from high lipid
availability (obesity, dyslipidemia, dietary fat) and low lipid oxidation (physical inactivity,
skeletal muscle fiber type) may be a unifying hypothesis incorporating established and
potential risk factors in the etiology of insulin resistance, T2DM and the Metabolic
Syndrome. Inflammatory cytokines are also associated with the many risk factors related to
the Metabolic Syndrome, and have been implicated in the progression of these diseases.
Hence, the dysregulation of homeorhetic mechanisms determining the balance between lipid
availability and lipid disposal in nonadipocytes is a salient feature in the appearance of
peripheral insulin resistance in humans. The studies provided herein were designed to
evaluate the relationships between some of the major modifiable risk factors and insulin

sensitivity in humans.

Study 1 Specific Aims: To determine whether differences in insulin sensitivity exist

between nonobese. nondiabetic Mexican American and Non-Hispanic White males and
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females after accounting for level of cardiorespiratory fitness, regional fat distribution and
dietary intake. A corollary aim was to determine whether differences between the two
groups exist in the content of proteins involved in insulin-stimulated glucose transport
(insulin receptor, phosphatidylinositol 3-kinase, Akt, GLUT4).

Hypotheses: After accounting for level of cardiorespiratory fitness, regional fat distribution,
and dietary intake, no differences in insulin sensitivity between the two groups will be
evident. Furthermore, no differences in insulin signaling proteins will be apparent between
the two groups.

Primary findings: Our findings suggest that differences in insulin sensitivity between
nonobese, nondiabetic MA and NHW persist after accounting for effects of acute and chronic
exercise, abdominal fat patterning, and skeletal muscle protein levels of key insulin signaling
intermediates. However, after adjusting for differences in intake of the fatty acids palmitate
and palmitoleate, the ethnic differences in insulin sensitivity were attenuated and no longer
significant. These data suggest that greater dietary intake of these fatty acids among MA
may contribute to their lower insulin sensitivity.

Future directions: While we have accounted for the potential effects of various lifestyle
factors in determining differences in insulin sensitivity, it would be of particular interest to
examine whether or not the present findings would be similar among a more heterogeneous
group (in terms of body fat distribution, cardiorespiratory fitness, etc.). We found that
dietary intake of certain fatty acids was related to insulin sensitivity in this group of
individuals; however, we did not determine the proportions of individual fatty acids in

plasma. Furthermore, since our data suggest that skeletal muscle protein levels do not differ
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between groups, it would be advisable to examine possible differences in the insulin-

stimulated activity of these signaling intermediates.

Study 2 Specific Aims: To determine whether. or not, differences in the tumor necrosis
(TNF)-alpha system (TNFa, soluble TNF receptor 1 and 2) exist between Mexican American
and Non-Hispanic White males and females. Furthermore. we sought to determine the
strength of the relationships between the TNF-a system. estimates of insulin sensitivity and
abdominal fat patterning within these groups.

Hypotheses: Nonobese, nondiabetic Mexican American and Non-Hispanic White subjects
will exhibit similar levels of circulating TNFa, soluble TNF receptor 1. and soluble TNF
receptor 2. TNFa and its two soluble receptors will be associated with estimates of insulin
sensitivity and abdominal visceral fat.

Primary findings: The data indicate that although circulating levels of TNFa and sTNFR2
are different between nonobese, nondiabetic Mexican Americans and NHW, they do not
appear to account for the observed differences in insulin sensitivity.

Future directions: While our data suggest that the TNF system does not function as an
endocrine hormone, we did not evaluate the potential local effect of this cytokine. It has yet
to be determined whether or not skeletal muscle expression of TNFa differs between these
two groups. Furthermore, the role of the soluble TNF receptors in various models of insulin

resistance has yet to be firmly elucidated.

Study 3 Specific Aims: To determine whether estimates of whole-body insulin sensitivity

are associated with LDL size and oxidized LDL in a group of overweight, nondiabetic men.
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Furthermore, we sought to determine whether, or not, insulin sensitivity is an independent
predictor of LDL size after accounting for very-low density lipoprotein-triglyceride. Finally,
we examined the relationship between LDL size and oxidized LDL in this population at an
increased risk for cardiovascular disease.

Hypotheses: Estimates of insulin sensitivity will significantly correlate with both LDL size
and oxidized LDL. After accounting for VLDL-TG, insulin sensitivity will not be an
independent predictor of LDL size. LDL size will be inversely related to oxidized LDL.
Primary findings: Our data suggest that the relationship between insulin sensitivity and
LDL size is largely mediated by plasma VLDL-TG. Furthermore, insulin sensitivity
estimated by the FSIGT is weakly related to oxLDL in overweight, nondiabetic men.

Future directions: There remains a paucity of data describing the relationship between
insulin sensitivity and modified LDL in humans. While small, dense LDL particles are more
susceptible to oxidation, a clear association between LDL size and oxidized LDL has yet to
be firmly established. Circulating oxidized LDL has been associated with total oxidized
LDL; however, the subendothelial accumulation of oxidized LDL presumably confers a
greater risk for CVD. This association may be clouded by data that have suggested that
oxidized LDL activates ceramide and TNF-a production. Furthermore, oxidized LDL can
function as a ligand for PPARy. The antidiabetic thiazoledinedions (TZD). synthetic PPARy
ligands, have been shown to decrease the oxidation of LDL. an effect that is associated with
the TZD tocopherol moiety allowing it to function as an antioxidant. Whether elevated
oxidized LDL occurs secondary to insulin resistance, or induces insulin resistance remains to

be elucidated.
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INFORMED CONSENT
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COLORADO STATE UNIVERSITY
INFORMED CONSENT TO PARTICIPATE IN A RESEARCH PROJECT

TITLE OF PROJECT: Exercise and Insulin Sensitivity in Mexican Americans
NAME OF PRINCIPAL INVESTIGATOR: Chris Melby, Dr.P.H., Professor

NAME OF CO-INVESTIGATORS: Richard Ho, M.S., Kevin Davy, Ph.D., Matt
Hickey, Ph.D.

CONTACT NAME AND PHONE NUMBER FOR QUESTIONS/PROBLEMS: Chris
Melby; 970-491-6736

SPONSOR OF PROJECT: National Institutes of Health, Colorado Agricultural
Experiment Station

This consent form may contain words that you do not understand. Please ask Chris
Meilby or the study staff to explain any words or information that you do not clearly
understand.

PURPOSE OF THE RESEARCH: The research described in this form is to see how
physical fitness is related to insulin sensitivity. Insulin sensitivity is a measure of
how well the hormone insulin causes sugar to go from your blood into your cells.
We aiso want to look at how specific skeletal muscle proteins are related to physical
fitness. We want to learn how these molecules may link fitness to insulin sensitivity.

PROCEDURES/METHODS TO BE USED: If you agree to take part in this study, we
will ask you to fill out a form about your health. We will look at the form. [If you don't
have any health problems like the ones listed below, we will ask you to start the next
part of the research. You must be between the ages of 18-40. You cannot participate
in the study for any of the following reasons: heart problems, high blood pressure,
asthma, bleeding disorder, pregnancy, oral contraceptive use, tobacco use, diabetes
mellitus, history of any eating disorders, history of menstrual cycle irregularities, a
history of hypo- or hyperthyroidism, and use of any medications that could influence
insulin sensitivity. In addition, you must have no physical problems that would keep
you from doing an exercise test. You must be weight stable (+ 2.5 kg) for the
previous six months. If you meet the qualifications for participation based on the
questions we ask you, you will be involved in a series of up to five visits, which will
take place in Room 216 of the Gifford Building, the Human Peformance/Clinical
Research Lab of the Moby Complex, Hartshorn Student Health Center and Poudre
Valley Hospital.

Screening Questionnaires- We will ask you questions about your medical history and
personal health habits. Time and Schedule: 30 minutes total.
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Pregnancy test- All women in the study will be asked to take a pregnancy test. We
want to make sure that you are not pregnant. If the pregnancy test is positive, you
will not be able to participate in this study. Itis important that you do not become
pregnant during the course of the study. This will disqualify you from being in the
study. Time and Schedule: 10 minutes prior to your entry into the study.

Screening tests for high blood pressure and diabetes- Following a 12-h fast (no food
or beverages except water) you will have your blood pressure taken using normal

procedures while you sit quietly in a comfortable chair. You will then have a small
amount of blood taken from your fingertip (one drop). From this we will measure your
blood sugar levels. If your blood pressure is greater than 140/90 or your blood sugar
level higher than 126 mg/di, you will not be able to participate in the study. Time: 20
minutes.

Diet, Physical Activity and Depression Questionnaires- In order to see what kinds of
food you eat (fat, protein, carbohydrate, fiber, fruits and vegetables), you will be asked

to write down everything you eat and drink (with the exception of water) over a 4-day
period of time. You will also be asked questions about your participation in specific
physical activities. Additionally, you will be asked to choose specific statements that
best describe the way you have been feeling in the past week. Time: 45 minutes

Ethnicity Questionnaire- You will be asked to complete a questionnaire about your
ethnic background. 5 min.

Page_1 of 4 Subject initials Date

Resting and Exercise Test- Following a 12-h fast (no food or beverages except water),
the amount of calories you burn at rest will be determined. You will lay quietly in a bed
while you breathe into a respiratory canopy or a mouthpiece for 30 minutes. You will
then take a treadmill exercise test while you breathe into a hose so that samples of
your breath will be collected. You will have a brief warm-up period walking on the
treadmill, and then will have to jog at the same speed throughout the test. Every
minute, the treadmill incline will become more difficult (steep) until you can no longer
jog at that speed. Your heart rate will be watched using a heart rate monitor, and your
blood pressure will be taken at least twice during the exercise test. Time: 1 hour.

The previously described procedures will all take place in either Room 216 of the
Gifford Building or in the Human Perfornance Clinical/Research Laboratory in the
Moby Complex

Insulin Sensitivity- In order to estimate the ability of insulin to cause sugar to move
from your blood into your cells, you will have a sample of blood drawn from your arm
following a 12-h fast (no food or drink except water). For this test, a small sterile
needle will be placed in your arm and blood will be collected into two tubes. This
blood will later be analyzed for insulin and sugar levels. If these levels are not
normal, you will be able to contact a physician if you want. During this test, an
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additional tube (approximately 2 teaspoonfuls) of your biood will be drawn to analyze
the types of fat in your blood, as well as some hormones that may influence insulin
sensitivity. The total amount of blood obtained from this test will be about 4
teaspoons. Time: 20 minutes.

Body weight and body fat- Your height will be measured without shoes. Body weight
will be measured on a normal scale. This will include the weight of light indoor
clothing minus shoes. Your waist and hip circumference will be measured using a
measuring tape. Your body composition (% body fat) will be measured using a
machine called a dual energy X-ray absorptiometer (DEXA) following at least a 4-h
fast (no food or drink except water). This unit uses 2 low energy X-rays to measure
the amount of body fat you have. You should know that the amount of X-ray
exposure in this procedure is very low. This amount is about 1/1000 of the normal
radiation exposure you receive yearly from what is called “background” radiation
from the environment. Put another way, the exposure from a DEXA scan is less
than the normal exposure in a flight from Denver to Chicago. This is about 1/40" the
exposure from a normal stomach X-ray you might receive at a hospital. You will be
asked to lie quietly on a bed in shorts and a T-shirt for about 15 minutes while the
scan is performed. Time: 45 min.

Muscle Biopsy- A small sample of your leg muscle will be obtained to analyze for
molecules that affect the ability of your muscle to take in and use sugar. The muscle
sample will be obtained from the vastus lateralis, which is a large muscie in your
thigh. The procedure involves numbing the skin using lidocaine. This is an
anesthetic similar to novocaine, which you may have received at the dentist. If you
are allergic to novocaine (or any local anesthetic) or have had any reaction to
novocaine from your dentist, you should notify Professor Hickey immediately and

should not participate in the biopsy procedure. After numbing the skin, a small cut
(about the width of a pencil) is made in the skin over the muscle. The biopsy is

obtained using a sterile needle. The muscle sample obtained is usually ~ ¥z the size
of an eraser on the end of a pencil. It is common to experience some mild soreness
in the muscle that lasts for about a day. You should NOT stop exercising, although
you should also not perform any unusual or intense activity for a few days. You will
be given written instructions about proper care of the cut, and a telephone contact
should you have any questions. A 12-h fast (no food or drink except water) before
the biopsy procedure is required. Time :1 hour.

The body composition test (DEXA) will be performed in the Human Performance
Clinical/Research Laboratory at the Moby Complex. The insulin sensitivity test and
muscle biopsy procedures will take place in this same facility or at the Hartshormn
Student Health Center. Because the three procedures above require you to be fasted,
it is possible that for your convenience, more than one procedure may be conducted
during the same day.

Page 2 of 4 Subject initials Date
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Computed Tomography (CT) Scan- The amount of total fat, fat around your internal
organs, and fat under the skin in the abdominal area will be measured by computed
tomography (CT scan). For this procedure, you will be asked to lie very still on a
table. An x-ray machine (the CT scanner) will rotate around you, and the table will
moved back and forth slightly making it possible to take x-rays from several angles.
Time: 1 hour. The computed tomography scan will take place at Poudre Valley
Hospital, Fort Collins, CO. We will give you specific directions.

Time Involvement: Once it has been determined that you are eligible to participate in
the study, you will be scheduled for testing sessions, with the order depending on your
schedule and the availability of the laboratory and investigators. You will attend a
minimum of 5 testing sessions (some possibly on the same day if it convenient for
you) in several locations including the Nutrition and Fitness Lab in 216 Gifford and the
Human Performance/Clinical Research Lab in Moby. You will also make a visit to
Poudre Valley Hospital. These visits will require a total of approximately 10 hours of
your time, covering a span of approximately 4-6 weeks.

Participation: The investigators have a lot experience with the above listed tests, and
take special precautions to make sure you are safe. As the study participant, you
have the option of deciding to stop participating at any point during a particular test, or
at any time in the study.

RISKS INHERENT IN THE PROCEDURES:

Blood Draw: Drawing a small sample of blood (no more than 2 teaspoons) may
cause a hematoma (bruise), slight risk of infection, local soreness, and fainting.

Blood Samples: Any time a blood needle is inserted, there is a small risk that you
may faint, experience local soreness, bruising or infection, and there is a possibility
of the vein becoming inflamed and/or painful in the hours or days after the needle

Graded Exercise Test: In people with heart problems, the maximal exercise testing
may cause fatigue, muscle strains, an irregular heartbeat (arrhythmias), and a
change in blood pressure. There is a 0.01% chance of death, and a 0.02% risk of
cardiac arrhythmias requiring hospitalization. These risks are much less in healthy
individuals.

Body composition DEXA Scan: The amount of radiation that you will receive in the
DEXA exam is less than the amount allowed by the Food and Drug Administration
(FDA) per year. The amount you will receive is equal to less than 1/20 of a chest
x-ray. The more radiation received over the course of your life, the more is the risk of
developing cancerous tumors. The radiation in this study is not expected to greatly
increase these risks, but the exact increase in such risk is not known.
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CT Scan: The amount of radiation that you will receive in the CT scan (combined
with the DEXA exam) is less than the amount permitted by the Food and Drug
Administration (FDA) per year. The amount you will receive is equal to that produced
by a dental x-ray. The more radiation received over the course of your life, the more
is the risk of developing cancerous tumors. The radiation in this study is not
expected to greatly increase these risks, but the exact increase in such risk is not
known.

Muscle Biopsies: May cause discomfort, localized soreness, bruising, infection, minor
scarring, and occasionally a person may faint from the procedure. An allergic reaction
to the numbing medicine is rare (less than 1 in 10,000).

It is important for you to recognize that several of the tests including the body
composition DEXA and CT scans should not be performed if you are pregnant. It is
important that you inform the principal investigator immediately should you become
pregnant during the study.

Page 3 of 4 Subject initials Date

It is not possible to identify all potential risks in an experimental procedure, but the
researcher(s) have taken reasonable safeguards to minimize any known and
potential, but unknown, risks.

BENEFITS: You will benefit from being informed of your individual values for dietary
intake, fitness level, energy expenditure, and insulin sensitivity. Referrals to
physicians will be made if your blood glucose leveis are outside the normal range, and
if you have an abnormal graded exercise test. You will also be paid $100 for your
participation in the study. Failure to compiete alf aspects of the study will result in less
than full payment. You will not be paid for completion of the questionnaires but will be
paid according to the following:

Resting and Exercise Test: $25
Muscle Biopsy: $25
Blood Sampling $25
DEXA and CT Scan $25
CONFIDENTIALITY:

All the data obtained for you will be kept in a separate file in a locked cabinet. Data
will be published as group data—no publication will include any data that can be
linked to you as an individual.

LIABILITY:

Because Colorado State University is a publicly-funded institution, it may have only
limited legal responsibility for injuries incurred as a result of participation in this study
under a Colorado law known as the Colorado Governmental Immunity Act (Colorado
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Revised Statutes, Section 24-10-101, et seq.). In addition, under Colorado law, you
must file any claims against the University within 180 days of the injury.

In light of these laws, you are encouraged to evaluate your own heaith and disability
insurance to determine whether you are covered for any injuries you might sustain
by participating in this research, since it may be necessary for you to rely on your
own individual coverage for any such injuries. If you sustain injuries, which you
believe were caused by Colorado State University or its employees, we advise you
to consuit an attorney.

Questions about subjects’ rights may be directed to Celia S. Walker at (970) 491-
1563.

PARTICIPATION:

Your participation in this research is voluntary. If you decide to participate in the
study, you may withdraw your consent and stop participating at any time without
penalty or loss of benefits to which you are otherwise entitled.

Your signature acknowledges that you have read the information stated and willingly
sign this consent form. Your signature also acknowledges that you have received,
on the date signed, a copy of this document containing 4_pages.

Participant name (printed)

Participant signature Date
Investigator or co-investigator Date
signature

Page 4 of 4 Subject Initials Date
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APPENDIX B:

HEALTH HISTORY QUESTIONNAIRE
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COLORADO STATE UNIVERSITY
CONFIDENTIAL HEALTH HISTORY QUESTIONNAIRE

STUDY DATE SUBJECTID #

Reviewed by (must be Pl or MD):

Current Age Height Weight

PLEASE PRINT

GENERAL MEDICAL HISTORY

YES NO
Do you have any current medical conditions? | O If Yes. please explain:

YES NO
Have you had any major ilinesses in the past? O d If Yes, please explain:

'YES NO

Have you ever been hospitalized or had surgery? O O If Yes. please explain: (include
date and type of surgery, if possible)

YES NO
Have you ever had an electrocardiogram (EKG)? O O If Yes. please explain:

(a test that measures your heart’s activity using an electrical tracing)

Are you currently taking any medications, including aspirin, hormone replacement therapy. or other over-the-

counter medications? YES[J No[] If Yes, please explain:
Medication Reason Times taken per Day Taken for how long?
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Are you currently taking any nutritional supplements, such as Ginko, St. John's Wort, or others?

YES [] NO [] If Yes. please explain:
Supplement Reason Times taken per Day Taken for how long?
Have you been diagnosed with diabetes? YES [] NO [] If Yes. please explain:
Age at diagnosis
Have you been diagnosed with a thyroid disorder? YES [] NO [] If Yes, please explain,

including any medications taken:

FAMILY HISTORY
Please indicate the current status of your immediate family members.
Age (if alive) Age of Death Cause of Death
Father
Mother

Brothers/Sisters

Do you have a family history of any of the following: (Blood relatives only, please give age at diagnosis if
possible)
YES NO Relation Age at Diagnosis

O

High blood pressure
Heart Attack

Coronary bypass surgery
Angioplasty

Stroke

Diabetes

Obesity

Other (Please list)

00000000

00O0O000a
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TOBACCO HISTORY (check any that apply) CURRENT TOBACCO USE
(if applicable)

None O # per day
Quit O (when)

Cigarette O Cigarette

Cigar | Cigar

Pipe O Pipe

Chew Tobacco [] Chew Tobacco

Snuff O Snuff

Total years of tobacco use

CARDIORESPIRATORY HISTORY

74

Presently diagnosed with heart disease?
History of heart disease?
Heart murmur?
Occasional chest pain or pressure?
Chest pain or pressure on exertion?
Heart valve problem?
Abnormal heart rhythm?
Edema (fluid build up)?
High cholesterol?
History of rheumatic fever?
Episodes of fainting?
Daily coughing?
High blood pressure?
Shortness of breath?
Atrest?
Lying down?
After 2 flights of stairs?
Asthma?
Emphysema?
Bronchitis?

History of bleeding disorders?

O0000000 O0oooooooooooog
Do0oo0oob0 0000000000003

History of problems with blood clotting?

If you checked YES to any of the above, you will be asked to clarify your response by an investigator so we
caii e sure to safely determine your ability to participate.
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MUSCULOSKELETAL HISTORY

74

Any current muscle injury or illness?

Any muscle injuries in the past?

Muscle pain at rest?

Muscle pain on exertion?

Any current bone or joint (including spinal) injuries?
Any previous bone or joint (including spinal) injuries?
Painful joints?

Swollen joints?

Edema (fluid build up)?

Pain in your legs when you walk?

O0O0O0O0O0D00o0s
000000000 D0%

If you checked YES to any of the above, you will be asked to clarify your response by an investigator so we
can be sure to safely determine your ability to participate.

NEUROLOGICAL HISTORY

»

History of seizures

Diagnosis of epilepsy

O 0 0
0 0 0%

History of fainting

GASTROINTESTINAL HISTORY

»

History of ulcers?
History of colitis?

History of chronic diarrhea?

00003
00002

History of chronic constipation?

REPRODUCTIVE HISTORY

7]

Currently pregnant?

Think you might be pregnant?

Planning on becoming pregnant in the near future?
Currently using Oral Contraceptives?

History of menstrual cycle irregularities?

oo000oog
0000003

Hysterectomy?

DIET HISTORY

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



YES NO
Have you ever dieted? O O

If YES, have you dieted within the past 12 months or are you currently on a diet?
YES NO

O a
If you have dieted within the past 12 months, please describe the diet:

a). Name (if applicable):

YES NO
b). Prescribed by a Physician/nutritionist? | O
YES NO
c). Have you lost weight? O O
d). Duration of diet
What was your weight 12 months ago?
What is your current weight?
YES NO
Have you dieted other than in the past 12 months? dJ O
If YES, please answer the following:
a). How many times have you dieted?
b). How old were you?
c). Weight loss (amount)?
YES NO
History of eating disorders? O O

You may be asked 1o complete a more detailed diet survey if you are volunteering for a research study.
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ETHNICITY QUESTIONNAIRE
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PARTICIPANT ETHNICITY IDENTIFICATION FORM

Nutrition and Metabolic Fitness Laboratory, Colorado State University

ID# Date:

1.Please identify your ethnicity: A. Mexican American F. Other Spanish
B. Mexican/Mexicano G. Caucasian
C. Puerto Rican H. Black
D. Cuban I. Asian/Pacific
E. Other Latin American Islander

2.What are your parent’s surnames? Father:
Mother:

3.What are your parent’s country of origin? Father:
Mother:

4 Please identify the ethnicity of your 4 grandparents: Father’s father::

(Use the letters from Question #1) Father’s mother:

Mother’s father:
Mother’s mother:

5.What is vour primary (first) language spoken?
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