INFORMATION TO USERS

This manuscript has been reproduced from the microfilm master. UMI
films the text directly from the original or copy submitted. Thus, some
thesis and dissertation copies are in typewriter face, while others may be
from any type of computer printer.
The quality of this reproduction is dependent upon the quality of the
copy submitted. Broken or indistinct print, colored or poor quality
illustrations and photographs, print bleedthrough, substandard margins,
and improper alignment can adversely affect reproduction.
In the unlikely event that the author did not send UMI a complete
manuscript and there are missing pages, these will be noted.

Also, if

unauthorized copyright material had to be removed, a note will indicate
the deletion.
Oversize materials (e.g., maps, drawings, charts) are reproduced by
sectioning the original, begiiming at the upper left-hand comer and
continuing from left to right in equal sections with small overlaps. Each
original is also photographed in one exposure and is included in reduced
form at the back of the book.
Photographs included in the original manuscript have been reproduced
xerographically in this copy. Higher quality 6" x 9" black and white
photographic prints are available for any photographs or illustrations
appearing in this copy for an additional charge. Contact UMI directly to
order.

UMI
A Bell & Howell Information Company
300 North Zed) Road, Ann Aibor MI 48106-1346 USA
313/761-4700 800/521-0600

THE RELATIONSHIP BETWEEN BODY COMPOSITION AND INDICATORS OF
HYPERINSULDMEMIA AND INSULIN RESISTANCE IN ZUNI ADOLESCENTS

by
Alicia Kathleen Stewart

A Thesis Submitted to the Faculty of the
DEPARTMENT OF ANTHROPOLOGY
In Partial Fulfillment of the Requirements
For the Degree of
MASTER OF ARTS
In the Graduate College
THE UNIVERSITY OF ARIZONA

1997

UMI Number: 1384549

UMI Microform 1384549
Copyright 1997, by UMI Company. All rights reserved.
This microform edition is protected against unauthorized
copying under Title 17, United States Code.

UMI

300 North Zeeb Road
Ann Arbor, MI 48103

2

STATEMENT BY AUTHOR
This thesis has been submitted in partial fulfillment of requirements for an
advanced degree at The University of Arizona and is deposited in the University Library to
be made available to borrowers under rules of the Library.
Bri,ef quotations from this thesis are allowable without special permission,
provided that accurate acknowledgment of source is made. Requests for permission for
extended quotation from or reproduction of this manuscript in whole or in part may be
granted by the head of the major department or the Dean of the Graduate College when in
his or her judgment the proposed use of the material is in the interests of scholarship. In
all other instances, however, permission must be obtained from the author.

APPROVAL BY THESIS DIRECTOR

3

ACKNOWLEDGEMENTS

I would like to thank Dr. Nicolette Teufel and aioid)ers of the Zuni Diabetes
Prevention Project for allowing me to share the biomedical data collected fix>m Zuni. 1
also wish to acknowledge the participation of the Zuni school district and Zuni high school
students, and to thank them for their cooperation in the Diabetes Prevention Project.

4

TABLE OF CONTENTS

LIST OF TABLES

6

LIST OF FIGURES

7

ABSTRACT

8

INTRODUCTION

9

HYPERINSUUNEMIA, INSULIN RESISTANCE, AND NIDDM

12

Predictors of NIDDM

14

Insulin Resistance

17

Genetic and Environmental Aspects

21

Effects of Sex, Age, and Race

25

OBESITY AND BODY FAT DISTRIBUTION

29

Genetic and Environmental Aspects

30

Predicting NIDDM from Body Size Measurements

33

Obesity and Fat E>istribution in Determining Metabolic Abnormalities

36

Body Fat Distribution and Glucose Metabolism

39

Abdominal Obesity and Possible Mechanisms for Insulin Resistance

42

BMI, WHR, and Waist Circumference: Which Is Best for Determining
Risk?

43

Sex Differences in Body Size Measurements

51

Body Size Measurements and Age

52

Further Considerations

54

MATERIALS AND METHODS

57

5

TABLE OF CONTENTS CONTINUED

Subjects

57

Materials

58

Statistical Analysis

60

RESULTS

61

DISCUSSION

74

CONCLUSION

84

APPENDIX A

87

APPENDIX B

88

REFERENCES

91

6

LIST OF TABLES

TABLE 1, Zuni adolescent anthropometric characteristics and NHANES
comparisons

62

TABLE 2, Pearson's corrdation coefficients and significance levels for
anthropometric variables in male and fismale Zuni adolescents

63

TABLE 3, Linear r^ression analysis of morpbdogical variables with insulin and
^cose levels in Zuni adolescents

66

TABLE 4, Linear r^ression analysis of waist circumference versus hip
in male and female Zuni adolescents drcumference

68

TABLE 5, Sec di£ferences for fasting and 30-niinute post-prandial plasma insulin
and ghicose levels

71

TABLE 6, Linear r^ression analysis of insulin and ghicose levels in Zuni
adolescents

72

LIST OF FIGURES

FIGURE 1, Rdationship between waist and hip circumference in Zuni
adolescents

8

ABSTRACT

The reiadonships among obesity, body fat distribution, and insulin and glucose
levels (festing and 30-niinute post prandial) were examined in Zuni Indian adolescents.
Males showed a significantly higher mean lean body mass (LBM), mean waist-to-hip ratio
(WHR), and mean waist circumference, but a significantly lower mean percent body fat
and 30-minute insulin level than did females. Males followed a pattern of abdominal fat
distribution while the female pattern was more gluteo-femoral. Increasing mean fasting
insulin levels were significantly related to increasing mean fasting glucose levels in both
males and females, indicating the presence of insulin resistance in these adolescents. While
males and females exhibited a similar correlation between insulin and glucose, females
secreted more insulin in response to a glucose load. This study suggests that waist
circumference is a preferred method of assessing risk for hyperinsulinemia and possibly
insulin resistance than WHR in these adolescents.
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INTRODUCTION

Non-insulin dependent diabetes mellitus (NIDDM) has been a growing health
problem since the early 1960's and has become increasingly widespread among Native
Americans (Ritenbaugh and Goodby, 1989). The Zuni Indians of New Mexico, like many
other Native American tribes, recently have been experiencing an increase in the incidence
of NIDDM. This epidemiological pattern has been attributed to a change in lifestyle in the
past few decades. Before Westernization, Native Americans were physically active and
had diets consisting of complex carbohydrates, fiber, lean meat, with moderate amounts of
fat and few refined carbohydrates (Ritenbaugh and Goodby, 1989; Frisancho, 1993). By
the mid 1900's, with the confinement of the reservation system and exposure to nontraditional food, many Native Americans had become sedentary, consuming diets high in
fat and sugar. This change in lifestyle has caused marked increases in obesity, NIDDM,
and heart disease (Ritenbaugh and Goodby, 1989; Frisancho, 1993). In 1982, NIDDM
was the second leading clinical impression for outpatient visits to Indian Health Service
facilities in patients over 15 years (Ghodes, 1986).
The prevalence of NIDDM shows populational differences. Native Americans,
Micronesians and Polynesians, and Australian Aborigines, for example, exhibit high
prevalences of NIDDM. In 1962, James Neel introduced the "thrifty genotype"
hypothesis to explain populational differences in the acquisition of NIDDM. He proposed
that the stressful situations caused by feast and famine cycles in prehistoric hunter-gatherer
populations could have provided the basis for natural selection acting upon some
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metabolic process in an individual. Selection would favor a thrifty gene which allowed an
individual to maximize the feast periods by the efficient conversion of excess energy into
stored body fat for use as a supplemental energy source during times when food was
scarce. Since fat cells are capable of accumulating and releasing energy reserves
repeatedly throughout a lifetime, the ability to rapidly store energy as fat for later use
would be beneficial. This ability can be accomplished by producing an abundance of
insulin in response to glucose. However, in times of food abundance and reduced physical
activity, those individuals who possess the thrifty gene would overproduce insulin in
response to the great amounts of refined carbohydrates entering their systems, causing
hyperinsulinemia, a risk factor for insulin resistance and NIDDM.
Risk factors for diabetes include obesity, abdominal body fat distribution,
hyperinsulinemia, insulin resistance, a parental history of diabetes, a diet high in fat and
refined carbohydrates, and a sedentary lifestyle. "Risk factors" are statistically associated
with the development of disease, and although not necessarily meaning a cause/effect
relationship, such factors might help in understanding the development of disease
(Bjomtorp, 1988a).
Although NIDDM is a disorder normally seen in adults, related risk factors appear
as early as childhood. Pima Indian adults with diabetes have reported significantly less
leisure physical activity during the teenage years (Kriska et al., 1993). Longitudinal
studies have indicated that over 80% of obese adults were also obese as adolescents
(Dietz, 1991). In the offspring of diabetic parents, the presence of impaired glucose
disposal could be documented more than a decade before they developed diabetes
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(Warram at al., 1990). Insulin resistance and hyperinsulinemia can be detected in children,
adolescents, and young adults, years before the onset of impaired glucose tolerance (IGT)
and NIDDM (Zimmet, 1993).
It is important to concentrate prevention efforts in children and adolescents
because risk factors begin to appear in these age groups. Studies in adolescents are
particularly important because adolescence is characterized by changes in diet, weight,
physical activity, and other likely contributors to hyperinsulinemia (Folsom et al., 1996).
Studies of obesity in adolescence are helpful by offering the opportunity to elucidate
metabolic defects that occur early in the natural history of obesity (Caprio et al., 1995)
Examining obesity in adolescence is free from the long-term effects of lifestyle conditions,
such as smoking, chronic alcohol consumption, and uncontrollable stress, which are
known to influence fat distribution and its metabolic correlates.
If risk factors for NIDDM can be identified during adolescence, prevention can
begin early. By examining specific variables such as obesity and body fat distribution in
adolescents, the relative role of risk factors can be identified.
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HYPERINSULINEMIA, INSULIN RESISTANCE, AND NIDDM

Non-insulin dependent diabetes mellitus (NIDDM) results from an imbalance
between insulin sensitivity and insulin secretion (DeFronzo et al., 1992). This disorder is
also known as type II diabetes or adult-onset diabetes, since NIDDM generally appears
later in life. The delayed presentation is attributed to pancreatic P-cell failure, increased
hepatic glucose production, and peripheral insulin resistance (Haffiier et al., 1995),
although some cases of NIDDM without insulin resistance have been reported (Baneiji et
al., 1995). The earliest detectable metabolic breakdown associated with NIDDM is a
decline in the body's ability to respond to insulin (DeFronzo et al., 1992). This
insensitivity can be compensated for by an over-production of insulin in the pancreas,
resulting in hyperinsulinemia (Reaven, 1988). Over time, the pancreatic P-cells fail to
maintain this high level of insulin secretion. Insulin secretion drops and impaired glucose
tolerance (IGT) results. Eventually, these abnormalities in glucose homeostasis may lead
to NIDDM.
Insulin, a hormone released from the pancreas, targets muscle, adipose tissue, and
the liver. This hormone stimulates glycogenesis and lipogenesis while inhibiting
gluconeogenesis, glycogenolysis, and lipolysis (Appendix A). The primary effect of insulin
is the promotion of energy storage and simultaneously, the inhibition of storage fiiei
expenditure. Skeletal muscle is the main site of glucose disposal (Bonadonna, 1993).
After being taken up by muscle cells, glucose is either oxidized or is stored as glycogen.
Muscle glycogen synthesis is impaired in NIDDM.
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In muscle, insulin accelerates glucose disposal, while in the liver, insulin restricts
glucose release (gluconeogenesis), and in adipose tissue, insulin inhibits free fatty acid
(FFA) mobilization (lipolysis). Individuals with NIDDM are resistant to insulin
suppression of plasma FFA concentration which leads to increased hepatic glucose
production (Reaven, 1988), further exacerbating the situation. Insulin resistance is present
in the liver and in peripheral tissues in NTDDM. Insulin resistance in the liver causes it to
release an inordinate amount of glucose, while insulin resistance in the muscle results in
diminished glucose uptake, ultimately resulting in hyperglycemia (Bonadonna, 1993).
Initially, hyperglycemia may be mediated hyperinsulinemia, but hyperinsulinemia for
prolonged periods of time is detrimental, and may resuh in IGT or NIDDM.
There are two prevailing models which explain the development of NIDDM. Saad
et al. (1991) proposed a two-step model. The first step involves the transition from
normal to impaired glucose tolerance, for which insulin resistance is the main determinant.
The second and later step is the worsening from impaired glucose tolerance to NIDDM, in
which P-cell dysfunction plays a critical role. Inadequate 3-cell response is evidenced by
the failure to increase post-glucose load insulin concentrations in the face of increasing
fasting insulin levels. The causes of this dysfianction are unknown, but they may include
the effects of prolonged hyperglycemia or glucose toxicity (Saad et al., 1991; Lillioja et
al., 1993). Saad's insulin resistance/pancreatic exhaustion model has been supported by
several other studies (Haffiier et al., 1990; Warram et a!., 1990). According to these
studies, the primary defect is in peripheral tissue response to insulin and glucose, and not
the pancreatic P-cell (Warram et al., 1990). Therefore, 3-cell exhaustion occurs after a
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period of hyperinsulinemia and insulin resistance. It is important to note that not all
individuals with insulin resistance or IGT develop NIDDM. Some individuals are able to
maintain high levels of insulin secretion for long periods (Saad et al., 1991).
The second model suggests that P-cell dysfunction is the primary defect in
NIDDM rather than insulin insensitivity (O'Rahilly et al., 1986; Chen et al., 1995). This
model has less support but nonetheless, must be considered. Haffher et al. (1995)
provided evidence that decreased insulin secretion predicted the development of NIDDM
in subjects with normal glucose tolerance and proposed that both deficient insulin
secretion and insulin resistance occur as precursors of NIDDM. A recent study has
proposed two genetically discrete forms of NIDDM: one in which the primary
abnormality is insulin resistance, following the model proposed by Saad, and one which is
insulin sensitive, and the primary abnormality is decreased insulin secretion fi-om the P-cell
(Baneiji et al., 1995).

Predictors of NIDDM

Fasting hyperinsulinemia, insulin resistance, low insulin secretion, and a parental
history of diabetes are considered to be predictors of NIDDM (Haffher et al., 1990;
Warram et al., 1990; Lillioja et al., 1993; Pettitt et al., 1993, Zimmet, 1993; McCance et
al., 1994b; Haffher et al., 1995; Nagi et al., 1995; Haffher et al., 1996a; Haffher et al.,
1996b). Hyperinsulinemia and insulin resistance are also associated with dyslipidemia.

15

elevated blood pressure, atherosclerosis, and increased incidence of coronary heart disease
(Jiang et al., 1993; Raitakari et al., 1995; Jiang et a!., 1995; Colman et al., 1995; Folsom et
al., 1996). Susceptibility to these metabolic disorders appears even during childhood and
adolescence (Pettitt et al., 1993; Jiang et al., 1993; McCance et al., 1994b; Raitakari et al.,
1995; Jiang et al., 1995; Folsom et al., 1996; Bao et al., 1996). For instance, high fasting
insulin levels measured in children and adolescents predict the development of
hypertriglyceridemia, high blood pressure, and high lipoprotein levels, independent of
obesity (Jiang et al., 1993; Raitakari et al., 1995; Jiang et al., 1995). In predicting
susceptibility to NIDDM in children, fasting insulin is a significant predictor of diabetes,
but it is unclear whether or not this is independent of obesity (Pettitt et al., 1993;
McCance et al., 1994b). Future NIDDM and IGT may be predicted in children by way of
observed hyperinsulinemia and insulin resistance (King et al., 1990; McCance et al.,
1994b). NIDDM has been found to occur in Native American children in Manitoba under
15 years of age (Dean et al., 1992), and the frequency of IGT has been reported to vary
from 11.5% to 74% in other obese children (Molnar, 1990).
High fasting glucose levels have also been associated with increased risk for
developing NIDDM (Haffher et al., 1990). Fasting glucose and insulin concentrations
remain significantly associated with the incidence of NIDDM, even when adjustments for
covariates such as sex, age, and body size measures are made (Haffher et al., 1990). The
values for plasma glucose levels two hours after a glucose load are typically used for
diagnosing diabetes. However, McCance et al. (1994a) have recently found that fasting
plasma glucose concentrations alone may be acceptable alternatives. World Health
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Organization (WHO) criteria indicate that fasting plasma glucose levels over 140 mg/dl or
two-hour post-load glucose levels over 200 mg/dl are diagnostic of diabetes. IGT occurs
at fasting glucose levels under 140 mg/dl but between 160-220 mg/dl for two-hour postload glucose levels (WHO, 1985).
Low insulin secretion is also an important predictor of diabetes in high-risk
populations for NIDDM that are characterized by insulin resistance (Lillioja et al., 1993;
Haffher et al., 1996a). One method used to assess insulin secretion is the ratio of 30minute insulin change to 30-minute glucose change (Al3o/AG?o) during an oral glucose
tolerance test (HafRier et al., 1996b). This ratio has been shown to correlate closely with
the acute insulin response to an IV glucose tolerance test (Phillips et al., 1994). In a seven
year study in Mexican Americans, decreased insulin secretion (as assessed by a low AIjo
/AG30) as

well as increased insulin resistance (as assessed by fasting insulin) predicted the

development of NTDDM in individuals with normal glucose tolerance (Haffher et al.,
1995). Subjects with low AI30/AG30 but high fasting insulin had a NIDDM incidence of
33% over seven years compared with 2.4% for subjects with low fasting insulin and high
AI30/AG30 (Haffher

et al., 1995). Lillioja et al. (1993) found similar results; however, only

when the acute insulin response was considered together with the degree of obesity or
insulin resistance did it significantly predict NIDDM. This ratio as a measure of insulin
secretion has only been used for adults to date. Whether or not low insulin secretion can
predict the development of NTDDM in adolescents and children is unknown. Other
studies have indicated that an initial low early insulin response to glucose is not a
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prerequisite for the development of diabetes (Lundgren et al., 1990). Obesity and body fat
distribution affect insulin levels and insulin resistance, and have been shown to be related
to NIDDM in a number of cases (Haffher et al., 1987; Bjomtorp, 1988b; Bjomtorp,
1991b; Pouliot et al., 1994; Ludvik et al., 1995), and may be the confounding factors
which account for these discrepancies.

Insulin Resistance

Insulin resistance is defined as a situation in which a normal amount of insulin
produces a subnormal biological response (Kahn, 1986), leading to compensatory
hyperinsulinemia (Reaven, 1988; Rett et al., 1992). This defect is independent of obesity
or diabetes, and is tissue-specific, involving mostly skeletal muscle and adipose tissues
(Rett et al., 1992; Lillioja et al., 1993; Baneiji et al., 1995; Caprio et al., 1995). It is
present in the majority of patients with IGT or NIDDM, and in approximately 25% of
nonobese individuals with normal glucose tolerance (Reaven, 1988). Evidence suggests
that insulin resistance has a genetic component (Haffher et al., 1990; Warram et al., 1990;
Zimmet, 1993; McCance et al., 1994b), and may be inherited (Haffher et al., 1990;
Warram et al, 1990; Folsom et al., 1996). Insulin resistance is incomplete, resulting in not
a loss, but a reduction of function (Rett et al., 1992).
Initially, deterioration of glucose tolerance can be prevented in cases of insulin
resistance by chronic hyperinsulinemia (Reaven, 1988). When this hyperinsulinemia can
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no longer be achieved, gross decompensation of glucose homeostasis occurs. The ability
of the pancreas to modify the rate of insulin secretion enables individuals with varying
degrees of insulin resistance to maintain normal glucose tolerance (Reaven, 1988).
Although this compensatory mechanism may help prevent the expression of NIDDM, at
least for some time, insulin resistance and hyperinsulinemia are not benign.
Hyperinsulinemia is the state in which the plasma insulin is higher than that
expected for a given plasma glucose concentration (Zimmet, 1993). Hyperinsulinemia in
the presence of normoglycemia usually reflects insulin resistance (Haffiier et al., 1990;
Saad et al., 1991; Pettitt et al., 1993) and typically precedes the IGT associated with
NIDDM. Although it has been generally accepted that hyperinsulinemia is a common
result of insulin resistance, several studies in humans and animals have indicated that
sustained hyperinsulinemia may actually lead to insulin resistance (Marangou et al., 1986;
Hansen and Bodkin, 1986). A study which looked at the metabolic consequences of
prolonged hyperinsulinemia found that 20 hours of sustained exogenous hyperinsulinemia
at levels matching those observed in insulin resistant states leads to a decrease in insulin
action (Marangou et al., 1986). This study proposed that the site of decreased insulin
action after the prolonged hyperinsulinemia was in the muscle at the postbinding level. In
other words, the events responsible for decreased insulin action occur after the insulin has
bound to the insulin receptor.
The cause of insulin resistance remains elusive, but most likely is due to a target
tissue defect in insulin action, at the intracellular or extracellular level (Zimmet, 1993).
Peripheral tissue insulin resistance yields rising plasma glucose levels. The pancreas
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responds by increasing circulating insulin concentrations. This rise causes a
downregulation of insulin receptors and exacerbates tissue insensitivity to insulin (Zimmet,
1993). Marangou et al. (1986) showed that modest sustained hyperinsulinemia could lead
to decreased insulin action in the presence of normal monocyte insulin-receptor binding
and normal pancreatic insulin secretion. The authors believe that this defect in insulin
action probably lies at the post-receptor level. After some period of time, this chronic
hyperinsulinemia may cause the pancreatic p-cells to deteriorate, resulting in decreased
insulin secretion.
IGT and NIDDM are not the only abnormalities resulting from increased
hyperinsulinemia and insulin resistance. The higher FFA circulation associated with
hyperinsulinemia and insulin resistance may lead to increased production of very-lowdensity lipoproteins (VLDL) from the liver, resulting in higher levels of triglycerides
(DeFronzo and Ferrannini, 1991). Hyperinsulinemia or insulin resistance may also raise
blood pressure by increasing the activity of the sympathetic nervous system or by
promoting the renal reabsorption of sodium (DeFronzo et al., 1975; Rowe et al., 1981).

Fasting plasma insulin levels have commonly been used to assess insulin resistance
(Laakso, 1993; Pettitt et al., 1993; Folsom et al., 1996). Pettitt et al. (1993) found that in
children, fasting hyperinsulinemia in the presence of normoglycemia indicates insulin
resistance. This measure is more accurate in nondiabetic subjects than NIDDM patients or
individuals with IGT since the latter exhibit decreased insulin secretion (Laakso, 1993;
Ludvik et al., 1995). Among individuals with normal glucose tolerance, fasting insulin has

a moderately high correlation with insulin resistance measured by the euglycemic clamp
(Laakso, 1993; Folsom et al., 1996). Insulin resistance can also be assessed as the twohour post load plasma insulin level (Bouchard, 1995). Fasting insulin concentrations as
measured by the repeat oral glucose tolerance test are significantly and positively
correlated with 30-minute, 60-minute, and 120-minute insulin concentrations (Nagi et al.,
1995). While fasting insulin levels were found to be predictive of diabetes, 30-minute and
60-minute insulin levels were not. In fact, Laakso (1993) found that the fasting insulin
level was the best marker of insulin resistance to be used in population studies. It must be
noted, however, that knowledge of an individual's plasma insulin response to oral glucose
provides only an approximation of how insulin acts in that individual. At least 50 percent
of this action remains unexplained (Laakso, 1993).
Increased fasting insulin levels with increasing fasting glucose levels suggests the
development of insulin resistance in young Papua New Guineans (King et al., 1990). In
children, increased insulin secretion is more closely associated with insulin resistance than
low insulin secretion or a late response (King et al., 1990; Pettitt et al., 1993). This
finding is contradictory to what is often found in adults. Fasting insulin was found to be
negatively correlated with insulin responses (Nagi et al., 1995; Haffher et al., 1996b).
Insulin response is often measured as 30-minute insulin levels (Chen et al., 1995) or
Ainsulin/Aglucose (Haffher et al., 1996b).
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Genetic and Environmental Aspects

Hyperinsulinemia, insulin resistance and NIDDM are the products of both genetic
and environmental influences. Although no specific genetic marker for NIDDM has been
identified, the distribution of fasting insulin levels and measures of in vivo insulin action
suggest the effects of a single major gene (Schumacher et al., 1992). There is a good deal
of evidence for linkage in families. For example, a Swedish study involving 766 54-yearold men showed that those with a positive family history of diabetes had a 2.4-fold higher
risk of developing diabetes than those without such a history (Ohlson et al., 1988).
Studies in the Pima Indians of Arizona have also demonstrated a marked interaction
between obesity and parental inheritance of diabetes (Knowler et al., 1981). Bouchard
(1995) has found in his review of genetic aspects underlying NIDDM and other
manifestations of insulin resistance and hyperinsulinemia, that insulin metabolism is
influenced by genetic differences to a rather moderate extent, while NIDDM itself has a
heritability level of 90%. Haffiier et al. (1990) have determined from analyzing a number
of studies that insulin resistance itself may be inherited in Pima Indians, Mexican
Americans, and Caucasians.
Indirect evidence for an underlying genetic component for NIDDM stems from
populational differences. The prevalence of NIDDM is the highest in Native Americans,
Micronesians, Polynesians, and Australian Aborigines. Wise et al. (1976) found that
NIDDM was approximately 10 times more prevalent in urban Southern Australian
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Aborigines than in Caucasians living in the same urban areas. Studies from admixed
individuals also suggest a genetic component. For example, the age-sex standardized
prevalence of diabetes in Aborigines from eastern New South Wales (with 60% Caucasian
admixture) was only 7.8% while the prevalence was 15.6% from an area in central New
South Wales where the amount of admixture with Caucasians was much less (Williams et
al., 1987).
Studies from the Pacific offer even better evidence for genetic differences in the
likelihood of developing NIDDM. Genetic, linguistic and archaeological data indicate that
there are two distinct populations living in the Pacific: the Austronesian speakers and the
non-Austronesian speakers. The non-Austronesian speakers colonized the Pacific first,
and inhabit the Highlands of New Guinea and the islands of Melanesia. The Austronesian
speakers came in a different migration (with a different gene pool) and now inhabit
Micronesia and Polynesia. There is a much greater degree of admixture among the
Austronesian speakers and non-Austronesian speakers who inhabit the islands on the
border of Melanesia, Micronesia, and Polynesia. One study examined six Pacific
populations: Papua New Guinea highlands. New Caledonia, Fiji, Wallis Island, Western
Samoa, and Kiribati. The study showed a gradient of proportional non-Austronesian and
Austronesian genetic admixture across the Pacific, and an increasing prevalence of
NIDDM as the populations went from 100% non-Austronesian (in the New Guinea
highlands) to 100% Austronesian (in Western Samoa) (King et al., 1984). Another study
showed that in New Caledonia, a Melanesian island, none of the Melanesian men had
diabetes while 3 .9% of the women had diabetes. In the individuals on the island who were
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part Polynesian, 6.7% of the males had diabetes while 7.2% of the females had diabetes
(Zimmet et al., 1982). The effect of admixture on other populations at risk for NIDDM
have shown similar results. For example. Native Americans with Caucasian admixture
have a lower prevalence of diabetes than those with no admixture (Bennett and Stem,
1991).
These studies provide strong evidence that populational differences in NIDDM
have an underlying genetic component, but environmental influences play a role in the
etiology of NIDDM as well. Both diet and physical activity are strongly related to
hyperinsulinemia, insulin resistance and NIDDM (Grimditch et al., 1988; Reaven, 1988;
van Amelsvoort et al., 1988; Molnar and Porszasz, 1990; Kriska et al., 1993; Mayer et al.,
1993; Folsom et al., 1996). Fasting plasma insulin levels showed a significant negative
correlation with exercise duration and physical activity in a study of obese children
(Molnar and Porszasz, 1990). This study also showed that hyperinsulinemia may reduce
physical fitness (as measured by physical working capacity and exercise duration during a
treadmill physical fitness test) by altering the fuel homeostasis. Current physical activity in
the Pima Indians has been shown to be inversely related to glucose intolerance (Kriska et
al., 1993). This study indicated that physical activity has a protective role beyond that
accounted for by differences in obesity and fat patterning. Folsom et al. (1996) found in a
study characterizing the seven-year changes in fasting insulin and glucose concentrations
in 3095 young adults that insulin, but not glucose, was associated significantly with the
average level of physical activity.
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The composition of food intake can have an impact on the development of insulin
resistance. Diets high in simple sugars (fructose or glucose), especially when combined
with high levels of fat, can cause hyperinsulinemia and insulin resistance (Grimditch et al .,
1988; Reaven, 1988; van Amelsvoort et al., 1988; Mayer et al., 1993). High intake of
total dietary fat is positively related to relative fasting hyperinsulinemia in nondiabetic
women (Mayer et al., 1993). Total and saturated fat seem to decrease the fluidity of cell
membranes, the number and binding of insulin receptors, and the rate of insulin-stimulated
glucose transport; polyunsaturated fat increases these same processes. Short term
alterations of carbohydrate content and starvation can also change fasting insulin
concentrations (Folsom et al., 1996). A diet high in fiber and complex carbohydrates,
however, may improve glucose tolerance (Grimditch et al., 1988). O'Dea (1991) found
that Australian Aborigines who maintained a low fat, high fiber diet exhibited less insulin
resistance than those without such a diet. A study conducted with Papua New Guinean
children showed that those children living in a periurban area had higher glucose and
insulin levels thaii the children living in an urban area (King et al., 1990). Since these
communities have not had the opportunity to develop genetic differences, the difference in
insulin levels in the two groups of children are attributed to differences in nutritional
habits, although the exact nature of the children's diets was not investigated.
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Effects of Sex, Age, and Race

Few studies have concentrated on male and female differences in hyperinsulinemia
and insulin resistance. WHO data for over 150,000 individuals from 75 communities and
32 countries indicated that the ratio of prevalence of diabetes in men versus women varied
markedly between populations with little discernible trend, although IGT was generally
more common in women (King and Rewers, 1993). Another WHO study showed that in
some countries the prevalence of NTDDM was higher in men than in women while in
others this trend was reversed; in the United States, the rates were found to be equal for
both sexes (WHO, 1985).
Studies of adults rarely differentiate between the sexes when assessing insulin and
glucose levels since results tend to be similar (Laakso, 1993). This pattern is interesting
since body composition varies considerably between males and females, and obesity as
well as abdominal fat accumulation (seen particularly in males) is related to
hyperinsulinemia. In children, females tend to have higher insulin levels than males (King
et al., 1990; Pettitt et al., 1993). The reason insulin levels show sex differences in children
rather than in adults remains unclear.
Insulin concentration varies with age (Pettitt et al., 1993; Jiang et al., 1993). A
marked and consistent increase of plasma insulin levels occurs in early adolescence. On
average, the insulin level sharply increases with age from a mean of approximately 7
|j.M/ml at eight years of age to a peak of 12 |j.M/ml at thirteen years of age in both
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Caucasian and African American males and females. Insulin level declines until about 17
years followed by a plateau with little variation during the ages of 18 to 26 (Jiang et al.,
1993). Puberty affects insulin levels and insulin resistance (Caprio et al., 1993; Caprio et
al., 1994). Puberty is normally associated with a decline in tissue sensitivity to insulin
which is compensated for by an increase in insulin secretion (Caprio et al., 1993). Insulinstimulated glucose metabolism was found to be reduced by 40% in healthy adolescents
versus adults (Caprio et al., 1994). Also, fasting insulin tends to peak near the pubertal
grov^h spurt (fiang et al., 1993).
Through adulthood, insulin levels tend to increase with age (Colman et al., 1995;
Folsom et al., 1996). Folsom et al. (1996) found that mean fasting insulin increased 1025% over a seven-year period in nondiabetic African American and Caucasian men and
women, while mean fasting glucose increased 7-10%. Another study found that fasting
insulin levels increased by approximately 40% over seven decades in men and 50% over
seven decades in women (Colman et al., 1995). Fasting glucose levels increased by only
8% and 6%, respectively. These trends may be related to the concomitant rise in total
obesity, abdominal obesity, and decline in physical activity (Colman et al., 1995; Folsom et
al., 1996). In fact, Colman et al. (1995) suggest that insulin levels actually decline with
age after total and regional adiposity and glucose levels are taken into account.

Certain populations exhibit a greater risk for developing NIDDM than others, even
after adjustment for overall and centralized adiposity. Those populations at risk include
Native Americans, Micronesians, Polynesians, Australian Aborigines, African Americans,
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Asian Indians, and Mexican Americans (Haffher, 1987; Zimmet et al., 1990; O'Dea, 1991;
King and Rewers, 1993; Pettitt et al., 1993; Haffiier et al., 1995; HafRier et al., 1996a).
These populations also tend to exhibit greater hyperinsulinemia and insulin resistance, with
populational differences evident as early as childhood (Svec et al., 1992; Haffher et al.,
1995). In European populations, age-standardized prevalence of NIDDM varied from 3
to 10% (King and Rewers, 1993). Certain Arab, migrant Asian Indian, Chinese, and
Mexican American populations were at higher risk with prevalences of 14-20%. The
highest prevalences were found in Nauruans (41%) and the Pima Indians (50%) (King and
Rewers, 1993). IGT did not necessarily follow the same trend. The prevalence of IGT
was low (<3%) in some Chinese, Native American, and Pacific Island populations, and
was highest in female Muslim Asian Indians in Tanzania (32%) and in urban male
Micronesians in Kiribati (28%) (King and Rewers, 1993).
Prevalence rates are difficult to interpret and can only be considered valid if based
on serial systematic diagnostic studies (World Health Organization, 1985). For example,
WHO data indicated that the Pima Indians only had a 26% prevalence of NIDDM in their
community while Nauruans had a 24% prevalence and Mexican Americans had a 17%
prevalence. Haffher et al. (1996a) showed that African Americans and Mexican
Americans have a two- to threefold excess risk of developing NIDDM compared with
Caucasians. African Americans and Mexican Americans also exhibited higher acute
insulin response, probably due to increased insulin resistance. Pima Indian adults and
children with normal glucose tolerance were found to have higher postprandial glucose
and insulin concentrations than Caucasians of similar percent ideal body weight.
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suggesting increased hyperinsulinemia and insulin resistance in this group (Abbott and
Foley, 1987; Pettitt et al., 1993). Contradictory results were found by Bogardus et al.
(1988), whose study indicated that the insulin action in Native Americans of the
Southwest is about half that in Caucasians at similar degrees of obesity, suggesting a
population specific defect in insulin action in the Native Americans.
The populational differences in the aforementioned studies can generally be
attributed to underlying genetic differences. However, there are several confounding
factors such as diet, physical activity, and socioeconomic status which may account for
some of these differences. Often, a researcher will make a statement about a population's
risk for developing diabetes without taking into account cultural differences which may
contribute to that population's risk. This omission is especially apparent when comparing
populations of varying or diverse socioeconomic status.
Caution must also be taken when using the term "race" to identify populations at
risk for NIDDM. The boundaries of racial categories are socially constructed and are
oflen without genetic basis. In the literature, race is often used to represent some discrete
genetic group, and becomes a proxy for populations. In order to be consistent with terms
used in the current literature, racial categories are used in this paper, but are meant to
represent genetic groups rather than social groups.
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OBESITY AND BODY FAT DISTRIBUTION

Both obesity and body fat distribution are known to be associated with
hyperinsulinemia, insulin resistance, cardiovascular risk, and NIDDM (Haflftier et al.,
1987; Bjomtorp, 1988b; Bjomtorp, 1991b; Pouliot et al., 1994; Ludvik et al., 1995).
Common measurements of obesity include body mass index (BMI), skinfold thickness,
(triceps and subscapular are the most common skinfold sites used) and percent body fat
(by bioelectrical impedance or hydrostatic weighing). BMI is assessed as kg/m^. This
index provides a ratio of weight relative to height. Typically, an individual with a BMI
greater than 30 can be classified as obese (Mueller at al., 1984; Hodge and Zimmet, 1994).
Although this index is typically used to assess obesity, it actually measures overweight.
Individuals can also be defined as obese when the sum of the skinfold thicknesses is above
the age- and sex-specific SS"* percentile of the sum of triceps and subscapular skinfold
thicknesses (Frisancho, 1993).
Body fat distribution can be assessed by the waist-to-hip ratio (WHR), computed
tomography (a measurement of visceral adipose tissue), or the subscapular-to-triceps
skinfold ratio. A high WHR, a high subscapular-to-triceps skinfold ratio, and a high
visceral adipose tissue volume indicate central fat distribution (Haffher et al., 1987;
Lemieux et al., 1993). There is much debate as to which of these assessments of body fat
distribution is best for determining risk for NIDDM.
Obesity is a condition of excess body fat which occurs when an individual's caloric
intake exceeds his or her energy expenditure. There are two recognized types of obesity
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identified by fat distribution. Central obesity, also referred to as android obesity, upper
body obesity, or abdominal obesity, is characterized by a relatively greater accumulation of
body fat around the trunk than on the extremities. Peripheral obesity, also referred to as
gynecoid obesity, gluteo-femoral obesity, or lower body obesity, is characterized by a
relatively greater accumulation of body fat around the hips and the gluteal area. Peripheral
obesity is more prevalent in women whereas central obesity is more characteristic of men
(Frisancho, 1993).

Genetic and Environmental Aspects

Research conducted over the last decade strongly suggests that obesity and body
fat distribution have an underlying genetic component (Bouchard et al., 1990; Selby et al.,
Stunkard et al., 1990; Ferrell, 1993; Cardon et al., 1994; Abate and Garg, 1995; Borecki
et al., 1995). A Danish study found that the relation of the weight and the BMI class of
adopted children and their biological parents was greater than that observed among
adopted children and their foster parents (Stunkard et al., 1986). A Swedish study
involving twins showed similar results. The parent-offspring correlation for BMI was
greater for monozygotic male twins reared apart or together (r=0.70, 0.74) than for
dizygotic male twins raised apart and raised together (r=0.15, 0 33) (Stunkard et al.,
1990). Another twin study in Quebec found that correlations of the sums of skinfolds and
fat mass for monozygotic twins are nearly twice as high as those for dizygotic twins
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(Bouchard et al., 1990). Other experimental studies have provided conclusive evidence
indicating the role of genetic factors in fat gain and fat distribution (Poehlman et al., 1986;
Bouchard et al., 1990; Selby et al., 1990; Cardon et al., 1994; Abate and Garg, 1995).
Bouchard et al. (1990) concluded from a twin study examining responses to long-term
overfeeding that the intrapair similarity in the adaptation to long-term overfeeding as well
as variations in weight gain and fat distribution among the pairs of twins are genetically
influenced.
The major genes coding for obesity and regional fat distribution have not yet been
identified conclusively. Evidence from the Quebec family study suggested the presence of
a major gene effect underlying phenotypic body fat distribution, however tests on
transmission probabilities did not substantiate the segregation of a Mendelian gene
(Borecki et al., 1995). A study of Cuban children and adolescents suggests that fat
patterning is predominantly determined by genetic factors, explaining why fat patterning
changes vary little with age (Selby et al., 1990). In contrast, other studies have found fat
patterning to change throughout life (Mueller et al., 1984; Mueller, 1991; Sangi et al.,
1992; Rolland-Cachera, 1993; Kotani et al., 1994; Colman et al., 1995; Folsom et al.,
1996; Wang and Bachrach, 1996). Ferrell (1993) also concluded that although obesity
seems to have a strong genetic component as evidenced by its aggregation in families, it
does not seem to segregate as a simple Mendelian trait.

Environment plays a role in the development of obesity. Smoking, alcohol
consumption, psychosocial stress, minimal physical activity, high intake of sucrose and fat.
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and an aging imbalance of sex hormones have all been reported to be associated with an
increased waist-to-hip ratio (WHR) or increased visceral fat accumulation (Bjomtorp,
1988b; Bjomtorp, 1991a; Matsuzawa et al., 1995). Socioeconomic status has been
associated with obesity in a number of studies (Kohrs et al., 1979; Rose and Marmot,
1981; Bjomtorp, 1988a, Georges et al., 1993). In these cases, the frequency of obesity
tends to be higher at the lower socioeconomic level. One such study showed that for both
sexes in all Hispanic ethnic groups except Puerto Rican men subcutaneous fat became
more centrally distributed as socioeconomic status declined (Georges et al., 1993).
Another study showed that variability in skinfold thicknesses in males is curvilinearly
associated with socioeconomic status but is inversely associated with socioeconomic
status in females (Gam et al., 1979). The results of this study indicate that as
socioeconomic status for males increases, they become fatter, but women of higher
socioeconomic status tend to be thinner. This variation suggests that cultural values play a
role in the expression of obesity.
Bjomtorp has proposed that the association among behavioral and socioeconomic
variables and body fat distribution may be due to a series of physiological responses to
psychosocial stress, most prominently chronic stimulation of the adrenal-cortical system
which is known to affect body fat distribution (Bjomtorp, 1988a, Bjomtorp, 1988b,
Georges et al., 1993, Brindley, 1995). In particular, Bjomtorp (1988a) suggests that an
increased WHR is followed by increased activity in both the sympatho-adrenal and the
pituitary-adrenal axes. This in tum might be due to poor coping with environmental
stress. An increased WHR might be a secondary consequence of chronic arousal of the
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adrenal-cortical system through the effects of adrenal corticosteroids on abdominal
adipose tissue metabolism. Laboratory experiments in humans have shown that responses
to stress in both the sympatho-adrenal and the pituitary-adrenal axes lead to an increase in
Cortisol levels and adrenal androgens (Bjomtorp, 1988a). Increased levels of these
hormones are known to be associated with visceral accumulation of body fat (Bjomtorp,
1988b; Bjomtorp, 1991a; Brindley, 1995). Cortisol also acts antagonistically to insulin by
increasing gluconeogenesis in the liver, lipolysis in adipose tissue, and proteolysis in
muscle. Proteolysis involves mobilizing amino acids from muscle protein to provide
precursors for liver gluconeogenesis.
Research shows that elevated secretion of Cortisol and/or testosterone induces
insulin resistance in muscle (Bjomtorp, 1991a). Cortisol, in the presence of high insulin
concentrations, can promote the deposition of energy and lead to obesity (Brindley, 1995).
Increased triglyceride storage, adipocyte hypertrophy, and increased lipolysis which are
seen in the early stages of NIDDM also may be due to a disturbance in the
androgen/estrogen balance (Krotkiewski, 1994). Thus hormonal activity seems to be
involved in directly influencing insulin resistance and also indirectly influencing it by
influencing fat deposition.

Predicting NIDDM from Anthropometric Measurements

Being able to predict future development of NIDDM by measuring one or more
body size indices would have important implications in prevention. Several studies have

identified various anthropometric measurements which are highly associated with future
occurrences of NIDDM or cardiovascular disease, as well as a wide variety of metabolic
aberrations. Total as well as central obesity are associated with high rates of NIDDM as
well as high triglyceride levels, low high-density lipoprotein levels, and low sex hormone
binding globulin (Haflfher et al., 1987; Lundgren et al., 1989; Haffher et al., 1990; Schmidt
et al., 1992; Haffher et al., 1992; Lillioja et al., 1993; Andersson et al., 1994). Haffher et
al. (1990), for instance, reports that in a study in Mexican American adults, subjects who
became diabetic were older and had greater overall adiposity as well as more central
adiposity than their leaner counterparts. A longitudinal study in Swedish women showed
similar resuhs (Lundgren et al., 1989). This study suggested that central distribution of
body fat and total amount of body fat were both important risk factors for diabetes, and
that the effects of each are cumulative. Wame et al. (1995) found in a longitudinal study
of Pima Indians that fat distribution added little to the predictive ability of BMI alone.
Adjusted for age and sex, BMI has been found to be a significant predictor of diabetes
(Nagi et al., 1995), but only in subjects with normal glucose tolerance, suggesting that
obesity may no longer be an important risk factor for subsequent diabetes after IGT has
been established. A contrasting study showed, however, that diabetics did differ ft-om
nondiabetics in the relative distribution of body fat (Mueller et al., 1984).
Whether it is measures of fat distribution or of overall obesity that are important in
determining NIDDM risk, anthropometric indices which measure both factors should be
examined. A study which assessed a variety of measurements in 738 Mexican American
adults who participated in the San Antonio Heart Study found that WHR and subscapular-
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to-triceps skinfold ratio were both associated with high rates of NIDDM (Haffher et al.,
1987). In a review of multipopulational data, Bjomtorp (1988b) suggested that an
increased WHR can predict both cardiovascular disease and NTDDM in men and women.
He proposed that abdominal obesity is more closely associated with NIDDM than
cardiovascular disease while an increased WHR, indicating a central distribution of body
fat, without obesity may be more closely linked to cardiovascular disease.
A study comparing anthropometric variables as predictors of NIDDM in Pima
Indians suggested that BMI, waist circumference, and waist-to-thigh ratio significantly
predicted NIDDM in men, while BMI, waist circumference, thigh circumference, weight,
and percent body fat significantly predicted NIDDM in women (Wame et al., 1995). The
highest incidence rate ratios (for one standard deviation of a variable) were waist-to-thigh
ratio in men and percent body fat in women, while stepwise analysis indicated that waistto-thigh ratio was the most significant predictor in men while BMI was the most
significant predictor in women. Haffher et al. (1991) found that central adiposity was
more strongly associated with NIDDM incidence in women than men, although the
authors admit that there was room for error in their conclusions due to a small male
sample size.
All of the aforementioned studies have been conducted with aduhs. Predicting the
development of NIDDM in adolescents or children is more difficult, especially since the
excessive fatness associated with NIDDM appears to be acquired after the achievement of
physical maturity (Mueller et al., 1984). One study which looked at obesity and body fat
distribution in Mexican Americans fi^om adolescence through adulthood offered evidence
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that individuals who eventually became diabetic were indeed heavier in late adolescence
(age 18) (Mueller et al., 1984).
Since anthropometric measurements correlate with hyperinsulinemia and insulin
resistance as measured by high fasting insulin levels, the question arises as to which is the
primary risk factor leading to NIDDM. Warram et al. (1990) found that insulin resistance
was a more significant predictor of NIDDM than obesity. In addition, decreased early
insulin response during an oral glucose tolerance test has preceded the development of
visceral adiposity in Japanese Americans (Boyko et al., 1996). These findings indicate that
the decreased insulin response is the primary defect leading to NIDDM.

Obesity and Fat Distribution in Determining Metabolic Abnormalities

General health risk factors associated with obesity include elevation of very lowdensity lipoprotein (VLDL), triglycerides and low-density lipoprotein cholesterol (LDL),
low concentrations of high-density lipoprotein cholesterol (HDL), increased hepatic
release of glucose, increased risk for developing hypertension, and increased risk of
developing NIDDM (Sangi and Mueller, 1991; Frisancho, 1993). Recent studies have
suggested that the presence of abdominal obesity is most important in determining these
risk factors rather than obesity alone (Bjomtorp, 1988a; Bjomtorp, 1988b; Peiris et al.,
1988; Borecki et al., 1995, Matsuzawa et al., 1995). For instance, Borecki et al. (1995)
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showed regional fat distribution to be related to higher risks of cardiovascular morbidity
and mortality, independent of general obesity.
In general, abdominal obesity has been found to be associated with
hyperinsulinemia, glucose intolerance, insulin resistance, high triglyceride levels, high
levels of LDL and uric acid, low HDL cholesterol levels, and a greater risk for
hypertension, dyslipidemia, NEDDM, coronary heart disease (Haffher et al., 1987;
Bjomtorp, 1988a; Bjomtorp, 1988b; Lemieux et al., 1993; Rolland-Cachera, 1993;
Martinez et al., 1994; Matsuzawa et al., 1995). Visceral obesity has been found to be
present in almost 90% of patients with heart disease (Matsuzawa et al., 1995).
Is it obesity in general or abdominal body fat distribution which is related to
metabolic risk factors? A study of Swedish women suggested that both abdominal body
fat and total body fat are important risk factors for NIDDM, ischaemic heart disease, and
impaired glucose tolerance (Lundgren et al., 1989). Bjomtorp (1988a) proposed, on the
other hand, that while abdominal obesity (as measured by WHR) is statistically associated
with cardiovascular disease and NIDDM independent of obesity (as measured by BMI),
obesity independent of WHR shows considerably weaker associations with cardiovascular
disease. Even in non-obese subjects, visceral fat area has been found to correlate with
metabolic risk factors (Matsuzawa et al., 1995). These results indicate that there may be
different body size measurements related to different metabolic abnormalities. It is
possible that risk for NIDDM involves both overall obesity and increased abdominal fat
while risk for cardiovascular disease may be linked solely to a central distribution of body
fat (Bjomtorp, 1988b).
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The development of body fat distribution patterns in childhood remains to be
explored and the appropriate index and relations of body fat distribution to metabolic risk
factors in children and adolescents is not clear (Sangi and Mueller, 1991). Sangi and
Mueller discovered that when looking at measurements of body size and mass, which are
associated with a variety of risk factors in adults, the relation of these measurements to
risk factors in children did not necessarily show the same pattern. Some investigators
have reported no significant relation between body fat distribution and indicators of
cardiovascular disease in adolescents (Stallones et al., 1982; Becque et al., 1986). One
such study found that systolic blood pressure in adolescents was more related to body
weight than body fatness in Afiican American and Caucasian males and females (Stallones
et al., 1982), indicating that fat patterning may be less important in predicting
cardiovascular risk factors in adolescents than in adults. However, another study
demonstrated that obese children with predominantly abdominal fat mass (as measured by
WHR) showed a risk profile for cardiovascular disease that was less favorable than those
children with predominantly gluteo-femoral fat distribution (Zwiauer et al., 1992).
One study of central adiposity and its metabolic correlates in obese adolescent girls
indicated that abdominal body fat was indeed related to health deterrents (Caprio et al.,
1995). To determine whether risk factors in obese adolescents were linked to specific fat
deposition, this study measured visceral, subcutaneous, and gluteo-femoral fat volumes by
magnetic resonance imaging (MRI) in 14 obese adolescent girls (13.2 ± 0.7 years). These
girls showed insulin resistance with major defects in oxidative and nonoxidative glucose
metabolism, hyperinsulinemia in both the fasting and post-load states, and impaired
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suppression of FFA concentrations in response to insulin. Results also showed significant
relationships between the amount of visceral fat and both insulin sensitivity and insulin
secretion, suggesting that even at a young age, it is the degree of a girl's visceral obesity,
not subcutaneous fat mass, that is the most important determinant of glucose metabolism.
This pattern or trend can then be linked with metabolic aberrations later in life.

Body Fat Distribution and Glucose Metabolism

Increased insulin and glucose levels as well as insulin resistance have been
associated with abdominal body fat distribution in a number of studies (Kissebah et al .,
1982; Evans et al., 1984; Haffher et al., 1987; Peiris et al., 1988; Lundgren et al., 1989;
Haflfher et al., 1990; Kissebah, 1991; Kriska et al., 1993; Baneiji et al., 1995; Colman et
al., 1995; Caprio et al., 1995). While obese people in general show increased insulin
secretion and decreased insulin sensitivity as compared to nonobese, those with abdominal
obesity show even greater decreases in insulin sensitivity (Peiris et al., 1988; Kissebah,
1991). Insulin hypersecretion may not be adequate to compensate the degree of insulin
resistance in abdominal obesity (Kissebah, 1991). Peiris et al. (1988) showed that in
women with abdominal and peripheral obesity, diminished insulin sensitivity can be
overcome by portal vein hyperinsulinemia. This study also indicated that while lower body
obesity influences peripheral serum insulin levels and insulin sensitivity, upper body obesity
is characterized by even greater degrees of hyperinsulinemia and peripheral insulin
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insensitivity as well as a reduction in maximal insulin responsiveness. These results, along
with those from similar studies (Colman et al., 1995; Lemieux et al., 1996a), suggest that
obesity is related to increased insulin secretion while upper body obesity is associated with
a decreased hepatic clearance of insulin resulting in greater insulin resistance, along with a
moderate amount of increased insulin secretion.
A study involving changes in body fat and visceral adipose tissue in women over a
seven-year period showed that changes in fasting insulin levels as well as changes in
indices of plasma glucose-insulin homeostasis were significantly associated with changes in
visceral adipose tissue, even after controlling for changes in body fat mass (Haffher et al.,
1991). Evans et al. (1984) showed in a study of healthy, premenopausal women a
progressive diminution of glucose tolerance and a rise in plasma insulin levels with an
increase in abdominal body fat distribution (as measured by WHR), independent of the
degree of obesity. A 12-year population study of women indicated that those with high
initial amounts of abdominal fat (as measured by WHR) increased their fasting glucose
concentrations over time. This study also found that an increase in WHR was not
significantly correlated with an increase in fasting glucose concentration, just the initial
WHR, suggesting that prevention measures should begin early in an individual's life.
Plasma glucose levels are also related to body fat distribution (Sparrow et al.,
1986; Baneiji et al., 1995; Lemieux et al., 1996a). Women with large increases in visceral
adipose tissue over a seven year period also showed significant increases in fasting and
post-prandial glucose levels (Lemieux et al., 1996a). In a study of Afiican American men,
Baneiji et al. (1995) showed that insulin-mediated glucose uptake was highly inversely
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correlated with intra-abdominal adipose tissue and not with total adiposity. Individuals
with greater amounts of abdominal fat also had greater plasma insulin and glucose rise
after a glucose load than lean individuals (Sparrow et al., 1986; Baneiji et al., 1995).
Baneiji et al. also discovered in this study that the degree of insulin resistance is highly
correlated with an increase in intra-abdominal adipose tissue suggesting that insulin
resistance in NIDDM is an acquired abnormality secondary to an increase in visceral
adipose tissue.
Body fat distribution is likely to influence glucose homeostasis regardless of age.
One study involving men ages 19-73 suggested that insulin sensitivity and glucose
tolerance were affected by body fat distribution rather than age or overall obesity (Coon et
al., 1992). A study which looked at adolescent girls showed that visceral fat was highly
correlated with basal insulin secretion, stimulated insulin secretion, and insulin resistance
while subcutaneous fat and pelvic fat were not (Caprio et al., 1995). Obese adolescent
girls did show insulin resistance, fasting hyperinsulinemia, and increased insulin secretion
in response to glucose, so it is likely that obesity per se does have some effect on glucose
metabolism, although those with greater levels of visceral fat showed even higher fasting
and glucose-stimulated insulin concentrations, similar to what is found in adults.
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Abdominal Obesity and Possible Mechanisms for Insulin Resistance

The association of abdominal body fat distribution with elevated insulin and
glucose concentrations may be the result of an increased concentration of free fatty acids
(FFA) released into the portal vein by abdominal adipose tissue (Bjomtorp, 1988b;
Bjomtorp, 1991a; Caprio et al., 1995). The enlarged abdominal adipocytes associated
with abdominal obesity (Kissebah et al., 1982) have a much higher lipolytic rate than
gluteal fat cells (Evans et al., 1984), and may therefore release increased quantities of
FFA. Adiposity in the gluteo-femoral region is accompanied by an increased number of
normal-sized fat cells which exhibit impaired lipolysis in response to andrenergic
stimulation (Kissebah et al., 1982; Evans et al., 1984). Increased FFA concentrations may
inhibit hepatic insulin clearance and stimulate hepatic gluconeogenesis, resulting in the
observed hyperinsulinemia and hyperglycemia (Bjomtorp, 1991a; Caprio et al., 1995;
Colman et al., 1995; Wame et al., 1995) along with enhancing lipid synthesis (Matsuzawa
et al., 1995). Large adipocytes themselves are also known to exhibit insulin resistance,
adding yet another connection between abdominal obesity and insulin resistance (Salans et
al., 1968).
It is also possible that the hepatic and peripheral defects in insulin sensitivity may
be due to the increased androgenic activity characteristic of this form of obesity (Peiris et
al., 1987), which affects insulin extraction and sensitivity. High levels of Cortisol and
testosterone and low concentrations of sex hormone binding globulin (SHBG), which is a
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carrier protein for transporting testosterone (Krotkiewski, 1994), induce insulin resistance
in muscle (Bjomtorp, 1991a; Andersson et al., 1994). In addition, Cortisol increases
hepatic gluconeogenesis (Bjomtorp, 1991a). As previously mentioned, Cortisol is a
steroid hormone which can be released in response to prolonged stress, indicating stress as
a potential risk factor for insulin resistance and hyperglycemia. Hyperinsulinemia itself can
increase androgen production by the ovary (Barbieri et al., 1986). Haffher et al. (1991)
suggest that in premenopausal women, hyperinsulinemia may be the cause rather than the
result of androgenization. Abdominal obesity is also characterized by a higher percentage
of fast twitch muscle fibers which characteristically possess fewer insulin receptors and are
therefore less responsive to insulin (Krotkiewski and Bjomtorp, 1986; Peiris et al., 1988).
It may also be possible that insulin resistance precedes obesity, in particular,
visceral fat accumulation (Boyko et al., 1996). A study in Japanese American men found
that low insulin secretion along with high fasting insulin predicted intra-abdominal fat
accumulation (Boyko et al., 1996). In this case, low insulin secretion or insulin resistance
may be able to predict weight gain.

BMI, WHR, and Waist Circumference: Which Is Best for Determining Risk?

BMl is commonly used as an indicator of obesity in epidemiological studies,
especially in adults (Hodge and Zimmet, 1994). BMI reflects both adiposity and lean body
mass (LBM), and therefore is actually a measure of overweight. It is highly correlated
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with weight, skinfold thickness and percent body fat (HaSher et al., 1987). BMI does not
distinguish fat body mass from LBM, but it does include internal fat which, as previously
mentioned, is associated with a number of metabolic risk factors (Rolland-Cachera, 1993).
This measurement is useful because collection is simple, and interobserver variation is low
in contrast to other measures such as skinfold thickness (Cole, 1991). Advocates of BMI
as an indicator of adiposity argue that despite limitations, the advantage of using a single
index throughout life is sufficient to justify BMI as an indicator of fatness at all ages (Cole,
1991). Cole argues, for example, that changes in BMI during childhood and adolescence
parallel the pattern of adipose tissue development.
Wang and Bachrach (1996) suggest that since variables which affect BMI (such as
frame size or relative leg length) are influenced by age, gender, and ethnicity, the
relationship between BMI and adiposity may be expected to vary from population to
population. In general, BMI as a measure of adiposity in adults is accepted while in
children its usefulness is more controversial. Colman et al. (1995) suggest that the use of
BMI as a measure of adiposity is questionable in age-related studies because it is an
insensitive indicator of differences in body composition. A similar BMI in adults and
children or adolescents does not reflect a similar level of adiposity or muscularity because
of large age-related differences in fat and fat-free mass (Mazariegos et al., 1994; Colman
et al., 1995). Since fat and lean tissue are being deposited simultaneously during midpuberty, BMI is not a specific indicator of adiposity at this stage of pubertal development,
particularly in boys (Lohman, 1992). Even in adults, metabolically detrimental changes in
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body fat distribution over time may occur without a parallel change in BMI (Boyko et al.,
1996).

The waist-to-hip ratio (WHR) measures both waist and hip circumferences. This
ratio is meant to indicate body fat distribution. The abdominal circumference includes
both visceral and subcutaneous fat, and has been correlated with the ratio of intra- to
extra-abdominal fat, as determined by computed tomography (Ashwell et al., 1985;
Haffher et al., 1987). This ratio may be a better predictor of metabolic derangements than
WHR, but because of the expense and radiation exposure, this technique is not commonly
used (Ashwell et al., 1985). Those with a high WHR tend to have upper body obesity
while those with a low WHR tend to have lower body obesity, although lean individuals
may also have a high or low WHR. This measure is known to be affected by certain
psychological and social factors such as stress or cigarette smoking (Kohrs et al., 1979;
Rose and Marmot, 1981; Bjomtorp, 1988a; Bjomtorp, 1988b; Selby et al., 1990; Boyko
et al., 1996), but may also have a strong genetic component (Cardon et al., 1994).
Several studies have indicated that WHR is the best measure for assessing fat
distribution, and thus can be used to assess risk for NIDDM and cardiovascular disease
(Evans et al., 1984; Haflftier et al., 1987; Peiris et al., 1988; Haffher et al., 1992), although
this supposition has recently been challenged (Bjomtorp, 1988b; Spiegelman et al., 1992;
Kalker et al., 1993; Casey et al., 1994; Ilyes et al., 1994; Martinez et al., 1994; Caprio et
al., 1995; Lemieux et al., 1996b). In a study involving 1965 Mexican Americans from the
San Antonio Heart Study, Haffrier et al. (1992) compared WHR and BMI with regard to
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their ability to predict risk factors for NIDDM. The data suggests that WHR is a better
single screening measure for NIDDM than BMI in both men and women. Another study
showed, however, that BMI is as good a predictor of glucose levels and blood pressure as
is any other measure of body fat (Spiegelman et al., 1992). It should be noted though that
these two studies are looking at different effects of BMI and other measures of body fat.
Peiris et al. (1988) suggested that WHR is a strong predictor of insulin resistance,
hyperinsulinemia, and glucose intolerance, which indirectly suggests that WHR is a good
measure of body fat distribution since body fat distribution is a strong predictor of insulin
resistance and hyperinsulinemia. An increasing WHR in premenopausal women was
accompanied by progressively increasing fasting insulin levels and fasting plasma
triglyceride concentrations (Evans et al., 1984). Evans et al. also found that WHR
correlates with more complex procedures for assessing body fat tomography, including
multiple skinfold thickness measurements and computed tomographic scans, and thus
proposes that this measurement is equally as effective in predicting changes in glucose and
insulin homeostasis.
Although many studies promote WHR as an index to assess body fat distribution,
other studies indicate that WHR does not always work as an indicator of body fat
distribution. Bjomtorp (1988b) mentions that although a high WHR may be linked to
cardiovascular disease or abdominal obesity, it remains to be established to what extent an
increased WHR in lean men and women indicates fat distribution. Also, a low hip
circumference may be the cause of a high WHR, (Bjomtorp, 1988b). indicating that WHR

A1
is a complex measure which is influenced by other factors besides regional adipose tissue
distribution (Lemieux et al., 1996b).
The aforementioned studies have been performed with adults. The ability to
measure body fat distribution by WHR in adolescent girls and boys is questionable.
Changes in WHR are associated with age and sexual maturation in both girls and boys
(Martinez et al., 1994). In obese girls, visceral fat, but not WHR was significantly
correlated with fasting insulin levels, stimulated insulin secretion, and insulin resistance
(Caprio et al., 1995). In a study of 69 obese children, ages 3-16 years, no correlations
between percentage overweight and WHR could be found (Kalker et al., 1993). These
authors suggest that while WHR is related to cardiovascular risk factors in adults,
correlations of WHR with body fat and risk factors were low in childhood, becoming
higher in adolescence. Only after the onset of puberty does WHR start to be an indicator
ofbody fat distribution and risk factors (Kalker et al., 1993; Martinez et al., 1994).
Results from a Hungarian study suggest that the use of WHR to differentiate body fat
distribution does not help in the adolescent period, possibly because of somatic changes of
puberty (Ilyes et al., 1994). Similarly, Casey et al. (1994) found that the adult waist-to-hip
diameter ratio (a proxy for WHR) begins to become evident only once the individual
reaches the age of his or her pubertal growth spurt. These studies provide conclusive
evidence that measurements used to assess risk for adults cannot always be used for
children and adolescents.
Skinfold measurements have commonly been used to assess obesity and body fat
distribution. However, several studies have proposed that these indices measure a
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different dimension of fat distribution than circumference indices (Selby et al., 1990).
Data from one study of Mexican Americans suggests that the WHR and the subscapularto-triceps skinfold ratio (STR) are relatively independent of each other and may reflect
different aspects of regional body fat distribution (Haffiier et al., 1987). STR actually
measures central adiposity on the upper trunk (Haffiier et al., 1987). Skinfolds reflect
subcutaneous fat which may be less metabolically active than visceral fat, and therefore
less of a risk factor. Another study which examined genetic and environmental
correlations between measures of obesity (BMI, WHR, and STR) in monozygotic and
dizygotic elderly male twins found that the WHR and STR indexes do not assess the same
dimensions of fat patterning (Cardon et al., 1994). In addition, Rolland-Cachera (1993)
discovered that skinfold measurements and the WHR provide different measures of body
composition, and thus may be related to different risk factors. Others have indicated a
considerable lack of correspondence among many of the measures commonly used to
identify the obese (Himes et al., 1991), although circumferences proved to be more
reliable for assessing fat distribution than skinfolds (Mueller and Malina, 1987; Mueller et
al., 1991).
Which index is best for determining body fat distribution and/or risk? A study by
Mueller et al. (1991) looked at multivariate associations between risk factor levels and
anthropometric variables in Mexican American adults. They found that the simplest and
most reliable index of body fat distribution for both sexes is the waist-to-thigh
circumference ratio (WTR) rather than the more commonly used WHR. Sangi and
Mueller (1991) have found that in adolescents as well, the WTR is the preferred method
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of body fat distribution over the WHR. The WTR may also be a strong predictor of
NIDDM (Lillioja et al., 1993). In Pima Indians, WTR alone was selected as the most
statistically significant predictor of NIDDM among men while BMI alone was the most
statistically significant predictor among women (Wame et al., 1995).
Hip circumference has also been offered as a possible measure that is associated
with cardiovascular risk factors. In adolescents, hip circumference was consistently
positively associated with cardiovascular risk factors in girls and sexually immature boys
(Sangi and Mueller, 1991). This finding is different fi^om those found in adults where hip
circumference is considered to be a lower risk variable (Mueller et al., 1991).
Recently, waist circumference has been suggested as the best measure of
abdominal adipose tissue accumulation and related risk in men and women. In a study of
720 adults, Colman et al. (1995) found that an increased waist circumference reflected an
accumulation of intra-abdominal fat. Results ft^om one important study indicated that the
waist circumference and the sagittal diameter (a measurement which can be obtained fi^om
the image of the abdomen generated in computed tomography) are better correlates of
abdominal visceral tissue than the WHR (Pouliot et al., 1994). Increases of these values
were more consistently associated with increases in fasting and postglucose insulin levels
than were increases in the WHR, especially in women. This study also found that the
WHR was less strongly correlated with total body fat mass than the waist circumference
or sagittal diameter. In contrast to the waist and sagittal diameter measurements, WHR
assesses regional adipose tissue distribution that is partly independent fi-om total adiposity
(Pouliot et al., 1994). Therefore lean and obese individuals may have similar WHR values.
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especially in women. Measurements of waist circumference or sagittal diameter, on the
other hand, are strongly associated with the level of abdominal visceral adipose tissue in
both sexes (Pouliot et al., 1994). Pouliot et al. showed that in women, the waist
circumference tended to be more closely related to the metabolic variables than the WHR
whereas such differences were not apparent in men. In a study involving 22 African
American men with NIDDM, Baneiji et al. (1995) found that both the WHR and the waist
circumference were inversely correlated with insulin-mediated glucose disposal, and were
also both correlated with the total intra-abdominal adipose tissue volume. The reason that
WHR shows a correlation in this study may be the limitation of the sample to only men
who had already been diagnosed with NIDDM. A study by Lemieux et al. (1996b) admits
that although the relations of anthropometric variables to visceral adipose tissue
accumulation are age-specific, waist circumference is still likely to be a better
anthropometric correlate of visceral adipose tissue than WHR. In addition, threshold
values of waist circumference corresponding to critical amounts of visceral adipose tissue
do not appear to be influenced by degree of obesity or sex (Lemieux et al., 1996b).
Lemieux et al. proposed that over 90% of the variation in waist circumference could be
explained by body fat mass, abdominal subcutaneous fat, and abdominal visceral adipose
tissue accumulation, suggesting that waist circumference alone is not a specific predictor
of visceral adipose tissue accumulation but is a good indicator of both the degree of
obesity and the accumulation of visceral adipose tissue (Pouliot et al., 1994). Mueller et
al. (1991) found that in women, waist circumference and BMl independently explained
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variation in risk factors. Both of these measures include visceral fat which is associated
with the risk factor levels in Mueller's study.

Sex DifTerences in Body Size Measurements

Women, in general, have a greater percentage of body fat and less lean body mass
than men (Pouliot et al., 1994; Lemieux et al., 1996b). BMI may be similar in men and
women for this reason, since this measure includes both body fat and lean body mass.
Women tend to deposit fat gluteo-femorally, whereas men tend to deposit fat abdominally
(Lemieux et al., 1993; Pouliot et al., 1994). Consequently, waist circumference and WHR
tends to be higher for men than women given the same amount of body fat, while hip
circumferences tend to be larger in women (Haffher et al., 1987; Bjomtorp, 1988b).
Pouliot et al. (1994) found that in a study of 70 women and 81 men, women were
substantially more obese as a group than men, but men had significantly higher mean waist
circumferences and mean WHRs. This study also showed that for a given waist
circumference, women and men had similar levels of visceral fat, although women had
consistently higher body fat masses. Since the men had average waist circumferences that
were higher than hose for the women, the men in this study had more visceral fat than the
women. This observation has been supported by other studies as well (Bjomtorp, 1988a,
Bjomtorp, 1988b; Lemieux et al., 1993). Bjomtorp (1988b) noted that the WHR was
smaller in women than in men, and was probably due to two factors. First, men have

about 20% to 30% of their total body fat in the visceral compartment irrespective of their
obesity, while women do not seem to accumulate visceral fat until a moderate level of
obesity is reached (Bjomtorp, 1988a; Bjomtorp, 1988b; Lemieux et al., 1993). Second,
women tend to have wider hip circumferences due to a wider pelvis and a larger gluteofemoral fat depot. These studies indicate that although women tend to display higher
amounts of total body fat, men still have significantly higher values of abdominal visceral
adipose tissue. Lemieux et al. (1993) suggest that women can accumulate higher amounts
of total body fat mass before reaching amounts of visceral adipose tissue that are similar to
amounts in men.

Body Size Measurements and Age

Most measurements of body size and fat distribution were first established for
adults, and thus their applicability to children and adolescents is questionable, especially
since body composition varies during growth (Rolland-Cachera, 1993). The proportion of
body fat changes substantially during the early years of life. During adolescence, age
variations appear in LBM, fat free mass, fat body mass, percent body fat, and body fat
distribution (Mueller et al., 1984; Mueller, 1991; Rolland-Cachera, 1993; Colman et al.,
1995; Wang and Bachrach, 1996). The LBM increases sharply until the age of 19 years in
boys while it stops increasing and starts declining at 15 years in girls. Conversely, body
fat increases until 17 years in girls, but decreases after 13 years in boys (Rolland-Cachera,
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1993; Wang and Bachrach, 1996). Waist circumference and WHR increase over an
individual's lifetime (Folsom et al., 1996), being lowest during adolescence and highest at
ages 40-50 in both sexes (Mueller et al., 1984; Martinez et al., 1994). Waist and hip
circumferences both seem to increase throughout childhood and adolescence, although
these changes occur at different rates between males and females (Martinez et al., 1994).
Boys begin to accumulate relatively more fat on the trunk and experience a reduction in
the subcutaneous fat of the extremities during adolescence while girls experience a
substantial increase in hip circumference (Martinez et al., 1994). Mueller et al. (1984)
found that body fat distribution changes begin to appear during adolescence in males, but
in females the changes seem to start only after age 20. In fact, the excessive fatness
associated with NIDDM appears to be acquired after the achievement of physical maturity
(Mueller et al., 1984).
Casey et al. (1994) found that among both sexes, the waist-to-hip diameter ratio
decreased while BMIs increased with age from childhood to 18 years, then both increased
from 18 years to 30 years (Mueller et al., 1984). This study was able to conclude that the
adult waist-to-hip diameter ratio becomes evident by the year of the pubertal growth spurt
in height. Kalker et al. (1993) found similar results. They discovered that correlations of
WHR with body fat and risk factors were low in childhood, becoming higher in
adolescence. Sangi and Mueller (1991) determined that overall obesity rather than body
fat distribution in adolescents was more closely associated with risk factor levels. A study
in Pima Indian children found that relative weight is the best predictor of NIDDM
(McCance et al., 1994b). Hip circumference in adolescence has also been positively
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correlated with cardiovascular risk variables, whereas this finding tends to be considered a
lower risk variable in aduhs (Mueller et al., 1991).
Aging is associated with increased levels of total adiposity as well as abdominal
adiposity (Colman et al., 1995). A preference for visceral fat deposition is also found with
increasing age (Kotani et al., 1994). Older subjects have also been found to have more
visceral adipose tissue than younger adults for a given waist circumference or WHR
(Lemieux et al., 1996b). This pattern may be related to the increasing risk for developing
cardiovascular disease or NIDDM in older individuals. Zwiauer et al. (1992)
demonstrated that cardiovascular risk factors in obese children are related to obesity and
body fat distribution. Those with predominantly abdominal fat showed a less favorable
risk profile than those with gluteo-femoral fat distribution. This conclusion suggests that
abdominal fat may in fact assist in determining risk for cardiovascular disease later in life.

Further Considerations

Since there are populational differences in obesity and body fat distribution, ethnic
background should be taken into account when assessing body fat measurements and risk
factors. Native Americans tend to have high amounts of body fat (Kriska et al., 1993),
particularly in the abdominal region (Gilbert et al., 1992). In comparison with Caucasian
children, Pima Indian children were found to have higher fasting insulin and glucose
concentrations, which are associated with a larger mean abdominal adipocyte size (Abbott
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and Foley, 1987). African Americans and Mexican Americans (whose ancestry includes
some Caucasian and some Native American genes) have been found to be more
overweight (Haffher et al., 1996a) than Caucasians, and Mexican Americans show more
abdominal adiposity (Mueller et al., 1984; Haffher et al., 1986). However, it is interesting
to note that in adolescents, the prevalence of overweight and fatness appears to be no
greater than that found in the general population of the United States (Mueller et al.,
1984). Only in adulthood do Mexican Americans begin to exhibit higher levels of
overweight compared to the rest of the population. In a study of Caucasian, African
American, Mexican American, and Asian American children, Wang and Bachrach (1996)
found that among females, there were more African Americans and fewer Asians and
Caucasians in the highest quartile of BMI, while among males there were fewer Asians
and African Americans and more Mexican Americans in the highest quartile. They
suggest that ability of BMI to rank adiposity is likely to be related to ethnic differences in
body composition and relative leg length.

Physical activity is an important factor affecting risk for NIDDM and heart disease.
Physical activity influences insulin levels and insulin resistance, and can reduce insulin
response to glucose and/or increase insulin sensitivity to glucose in spite of the degree of
obesity (O'Dea et al., 1980; Rupp, 1992). Therefore, obese subjects who are physically
active will be less at risk than their obese counterparts who are sedentary. Physical
activity is also related to a decrease in BMI, WTR, and the central distribution of fat,
particularly in males (Kriska et al., 1993). Despres et al. (1991) found that an exercise
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training program could reduce the amount of abdominal fat in a given individual.
Similarly, long-term aerobic exercise training has been associated with not only enhanced
insulin sensitivity, but also a lower WHR (Pratley et al., 1995). This would then be related
to reduced risk for metabolic complications. Lemieux et al (1996a) found that women
who had lost visceral adipose tissue over a 7-year time period were as likely to improve
their glucose and insulin homeostasis as women who gained visceral adipose tissue were
to deteriorate their metabolic profile. Therefore, if exercise can reduce visceral fat, even
without reducing body fat mass or subcutaneous fat, its effects will be beneficial.
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MATERIALS AND METHODS

Subjects
The Zuni Diabetes Prevention Program (1993-1997) is a part of a larger,
community-based intervention project directed toward the primary prevention of NIDDM
in Zuni high school students. Assessment of project impact on NIDDM risk factors
occurred in year 1, year 3, and year 4 of the intervention. This thesis is an analysis of the
anthropometric and insulin-glucose data collected in the year 1 assessment. In this year,
assessment participants included 69 female and 83 male volunteers, ages 16-19 (with a
mean age of 17.3 years), attending the two high schools in Zuni, New Mexico: Zuni High
School and Twin Buttes High School. Zuni Pueblo lies on the 407,247 acre Zuni Indian
Reservation in Northwestern New Mexico. Most of the less than 10,000 Zuni Indians on
the reservation live within a 10 mile radius of the residential-commercial center. The
unemployment rate in Zuni is high, and 40% of the families live below the poverty line
(US Census Bureau, 1990).
Anthropometric and blood chemistry assessment variables for this data set included
height, weight, BMI, waist circumference, hip circumference, WHR, percent body fat, lean
body mass, fasting plasma insulin levels, 30-minute plasma insulin levels, fasting plasma
glucose levels, and 30-minute plasma glucose levels. Few individuals participated in all
measurements. Because of the small sample size, subjects were included in the study who
were missing various measurements. This inclusion is undoubtedly an im.portant source of
error, but was done in order to keep sample sizes significant. Subsequently, the sample
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size differs for the analyses of each variable. No subjects had been diagnosed with type I
or type II diabetes, and all subjects were at least half Zuni as assessed by a questionnaire
(Appendix B).

Materials
Assessment participants were provided a questionnaire recording date of birth,
percent Zuni or Native American heritage, and number of family members with diabetes
(Appendix B). Many subjects answered "unsure" to the question about family history of
diabetes, and subsequently, family history of diabetes was not considered in this analysis.
Anthropometric measurements included height, weight, waist circumference, and hip
circumference. Skinfolds were not measured for two reasons: (1) a proportion of Zuni
youth have an accumulation of adipose tissue that is too great to be measured by
conventional calipers and (2) prior experience with such measurements at Zuni shows
them to be unacceptable to most individuals. Height was measured without shoes to the
nearest millimeter using a GPM anthropometer. Weight was measured to the nearest 0.2
kg without shoes in light indoor clothing using a balance beam scale, calibrated weekly
with standard weights. Waist and hip circumferences were measured over light clothing
using a steel tape and were recorded to the nearest millimeter. Measurements were made
during the mid-morning by trained personnel, and followed standard procedures as
outlined at the Arlie Anthropometric Standardization conference (Lohman et al., 1988).
Total body fat, percent body fat, lean body mass, total body water, and percent
total body water were estimated using bioelectrical impedance (BIA). Resistance and
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reactance were measured with the Valhalla 1990 model BIA, using the standard 50KHz
and 800 uamp signal and tetrapolar electrode arrangement with surface electrodes placed
on the right wrist and hand and right ankle and foot as described by Lukaski et al (1986).
A hydrostatic weighing substudy was conducted to assess the applicability of the standard
equations for converting resistance and reactance to percent body fat. The results of this
substudy were not available at the time of this analysis and percent body fat estimates are
based on standard conversion factors.
The collection of blood samples required the participant to arrive at school an hour
before the usual start of school in a fasted state (10 hour overnight fast). A fasting blood
sample was then drawn by venipuncture. Each subject then drank a 75 gm glucose load
(Glucola) in 5 minutes. Thirty minutes after finishing the Glucola, a second 10 ml blood
sample was drawn by venipuncture. Blood samples were held on ice, then centrifiiged for
15 minutes. The serum was poured off" into high quality plastic screw-topped tubes, and
kept at -20°C for no more than 5 days before shipment to Tucson on dry ice. In Tucson,
the samples were held in a -80°C Revco freezer until assayed. Insulin was measured in
|iM/ml while glucose was measured in mg/dl.
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Statistical Analysis
Student's t-tests were used to determine sex differences for the variables studied.
Pearson correlation coefficients were used to quantify the interrelationships between
variables. Linear regression analysis was then used to determine significance levels and to
assess a linear model. All statistical analyses were performed with ST AT A (Stata
Corporation, College Station, Texas).
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RESULTS

According to data from the second National Health and Nutrition Examination
Survey (NHANES II) conducted from February 1976 through February 1980, the average
weight for 17 year olds in the United States was 66.7±11.5 kg for males and 59.6±I 1.4 kg
for females (Table 1). Table 1 shows that the average weight for male Zuni adolescents
(average age 17 years) was 70.9±18.9 kg and that the average weight for female Zuni
adolescents (average age 17 years) was 63.2±17.7 kg. The average height for 17 year
olds across the United States was 175.1±7.1 cm for males and 163 .5±5.7 cm for females
(Table 1). The average height for Zuni adolescents was 168.9±6,4 for males and
156.7±6.3 for females. The BMI (kg/m^) for 17 year olds in the United States was
21.7±3.2 for males and 22.3±4.6 for females (Table 1). In Zuni adolescents, BMI was
24.6±5.4 for males and 25.2±5.7 for females. Zuni adolescents, in comparison to other
adolescents in the U.S. were significantly shorter and had significantly higher BMIs,
although weight was not significantly different between Zuni adolescents and other
adolescents in the U.S.
Means, standard deviations, and significance differences by sex for the
anthropometric variables collected from Zuni adolescents are found in Table 1. Malefemale differences for mean height, waist circumference, percent body fat, and lean body
mass were highly statistically significant (p<.001). Females had higher percentages of
body fat than males (27.9% versus 16.8% respectively), while males were taller (168.9 cm
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versus 156.7 cm), had greater amounts of lean body mass (57.5 kg versus 42.1 kg) and
had greater waist circumferences (88.4 cm versus 80.0 cm). Statistically significant
differences were seen between the sexes in the waist-to-hip ratio (p<.01). Males had an
average WHR of .91 while females had an average WHR of .87. There was a significant
difference in weight (p<.05) between males and females. Females weighed an average of
63.2 kg while males weighed an average of 70.9 kg.

Table I:
Zuni adolescent anthropometric characteristics and NHANES comparisons
Means and standard deviations; Student's t-test p-valiies for male-female differences
Female
height (cm)
weight (kg)
waist (cm)
hip (cm)
BMI (kg/m^)
WHR
% body fat
LBM (kg)

156.7±6.3
163.515.7
63.2±17,7
59.6±11.4
80.0±12.5
93.4±14.6
25.2±5.7
22.3±4.6
.87±.12
27.9±6.9
42.1±6.9

n
68
134
69
134
69
69
68
132
69
50
50

Male
168.9±6.4
175.1±7.1
70.9118.9
66.7111.5
88.4115.6
96.8110.0
24.615.4
21.713.2
.911.07
16,8+8.5
57.519.4

n
81
173
81
173
78
79
80
173
78
72
72

p-value
>.001
.011
.001
098
.486
.009
>001
>001

* NHANES values in boldface print

In both males and females, most of the anthropometric variables show a high
positive correlation (Table 2).
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Table 2:
Pearson's correlation coefficients and significance levels for anthropometric variables in
male and female Zuni adolescents

waist
hip
WHR

%body fat
BMI
LBM

*=

.OJ <p<. 05;

** = p <. OOOJ

Waist and hip circumference are embedded in the WHR. Inferences from these
correlation coefficients cannot be made.

For males, all correlations were highly statistically significant (p<.0001). For
females, all correlations except those involving WHR were highly statistically significant
(p<.0001 ). Although the other variables in females besides WHR showed highly
statistically significant positive correlations with each other (p<.0001 ), the correlations
themselves were not as high as those found in males (Table 2). Waist circumference and
BMI appeared to be the variables that correlated most strongly with all other variables in
males and females. Waist circumference was most strongly correlated with BMI and hip
circumference in both males (r=.96 and r=.94, respectively) and females (r=.75 and r=.78,
respectively).
BMI, often used as an index of obesity, was most strongly correlated with percent
body fat in females (r=.84; p<.0001) and with waist circumference in males (r=.96;
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p<.0001). BMI is an index that accounts for both fat mass and lean body mass, and
accordingly, showed similar correlations with percent body fat (another index of obesity)
and LBM in both males and females (r=.86 and r=.91 for males; r=.84 and r=.83 for
females, respectively). This finding indicates percent body fat and LBM are weighted to
similar extents in BMI.
Lean body mass is significantly positively associated (p<.0001) with all variables
except WHR in females. LBM, although not a measurement of body fat in itself, is very
closely related to other measurements of body fat and body weight. In fact, the
correlation between LBM and percent body fat is fairly high for both males (r=.74) and
females (r=.77). Although the correlation between LBM and percent body fat in males
and females is not as high as some of the other correlations, it is still statistically significant
(p<.0001).

Table 3 shows significance values fi"om a linear regression analysis of the
morphological variables with fasting and 30-minute post-load insulin and glucose levels.
This table clearly shows the significance differences in the WHR measurement and insulin
and glucose values between males and females. WHR measurements were significantly
linearly related to fasting insulin, 30-minute insulin, and fasting glucose levels in males, but
not in females (p=.033, p=.002, and p=.029 respectively in males; p=.735, p=.614, and
p=.367 respectively in females). All morphological variables except WHR in females and
percent body fat in males showed a significant positive linear relationship with both fasting
insulin and fasting glucose levels. The most significant predictors of fasting insulin in
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females were BMI (r=.64, p<.001), LBM (r=.67, p=.001), waist circumference (r=.59,
p=.OOI), and hip circumference (r=.59, p=.001). The most significant predictors of fasting
insulin in males were waist circumference (r=.44, p=.008) and hip circumference (r=.43,
p=.008). As for fasting glucose levels, the most significant predictor for both females and
males was waist circumference (r=.58, p<.001 and r=.39, p=.001, respectively).
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Table 3:
Linear regression analysis of morphological variables with insulin and glucose levels in
Zuni adolescents

Females

Males

Fasting insulin
n

r

P-value

n

r

Waist

29

Hip

P-valuc

.59

.001

36

.44

.008

29

.59

.001

36

.43

.008

WHR

29

.07

.735

36

.34

.033

BMI

28

.64

<001

35

.53

.044

LBM

21

.67

.001

34

.46

.016

% body-fat

21

.41

.062

34

.26

.257

it

r

P-value

n

r

Waist

33

.31

.076

45

.46

.001

Hip

33

.27

.135

45

.45

.002

WHR

33

.09

.614

45

.44

.002

BMI

33

.18

.309

44

.49

.045

LBM

25

.12

.114

43

.47

.003

%bochfat

25

.32

.1 17

43

.35

.066

30-minute insulin
P-value

67

Fasting glucose
n

r

P-value

n

r

Waist

35

Hip

P-value

.58

<001

46

.39

001

33

.47

.004

46

.37

.010

WHR

35

.16

.367

46

.31

.029

BMI

34

.51

.002

45

43

.052

LBM

26

.44

.025

44

.41

.014

% bodv fat

26

.46

.018

44

.28

129

n

r

P-value

n

r

Waist

34

.27

.125

46

.21

.165

Hip

34

.22

.204

46

.23

122

WHR

34

.17

.333

46

.18

.201

BMI

34

.31

.071

45

.20

583

LBM

26

.26

.194

44

.21

.132

% bodv fat

26

.10

.641

44

.18

.420

3Q-minute glucose
P-valuc

Thirty-minute insulin levels were not significantly related to any of the variables in
females, but were significantly related to all variables except percent body fat in males
(p=.066 for the correlation between percent body fat and 30-minute insulin in males). The
most significant predictor of 30-minute insulin in males was waist circumference (r=.46.
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p=.001). 30-minute glucose values showed no significant relationships with any of the
variables in either males or females.

Table 4 shows highly significant p-values (p<.0001) for the relationship between
waist circumference and hip circumference in both sexes. The coefficient of determination
(R-squared) is presented in this table to describe the amount of variation among the
observed values that can be explained by a linear relationship. Correlation coefficients (r)
for waist circumference and hip circumference are found in Table 2. The high R-squared
values indicate that 58% of the variation among the observed values of waist
circumference for females, and 88% of the variation among the observed values of waist
circumference for males is explained by its linear relationship with hip circumference.
Figure 1 shows this linear relationship. The slope for the male regression line
(slope=I .46) is over two times greater than that for the female regression line (slope=.65),
resulting in a much steeper slope. For every increment increase in hip, males are
increasing over twice as much as females in waist.

Table 4:
Linear regression analysis of waist circumference versus hip circumference in male and
female Zuni adolescents
P-value
Females:
Males:

R-squared

Slope

<.0001

.58

<0001

.88

.65
1.46
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It is possible that there is a nonlinear relationship between waist and hip in females.
Figure 1 shows that the 5 individuals with the lowest hip circumferences do not have the
lowest waist circumferences. A linear relationship may only occur in females after a
certain hip circumference is reached. If these 5 individuals are dropped and regression
analysis is run again, the slope is increased to .75, but the amount of variation in the data
explained by a linear relationship only increases to 61%.
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Figure 1: Relationship between waist and hip circumference in Zuni adolescents
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Table 5:
Sex differences for fasting and 30-niinute post-prandial plasma insulin and glucose levels
Means and standard errors: Student \s t-test p-values
Ainsulin ^ 30-minute insulin - fasting insulin
Aglucose = 30-mimite glucose - fasting glucose

fasting insulin

Female

n

Male

n

p-value

11.1±7.5

29

9.2±8.0

37

.334

124.3±70.3

33

86.9±53.5

46

.009

123.7±69.5

27

88.6±50.4

36

.023

97.7±18.1

35

98.6±23.9

47

.841

121.0139.7

34

114.9138.0

47

489

23,2±36.5

34

16.3142.7

47

446

(liU/ml)

30-minute insulin
(|aU/ml)

Ainsulin
(uU/ml)

fasting glucose
(mg/dl)

30-minute glucose
(mg/dl)

Aglucose
(mg/dl)

* Only individuals with both fasting and 30-minute levels were included in the
calcidations for Ainsulin and Aglucose.

Table 5 shows sex differences in insulin and glucose levels. Significant differences
only exist for 30-minute insulin levels and the change in insulin over the 30-minute time
period (Ainsulin). Females had slightly higher fasting insulin levels than males (11.1|iM/ml
versus 9.2|iM/ml) although the difference was not significant (p=.334). Females did have
significantly higher 30-minute insulin levels than males (p=.009). As a result, the Ainsulin
for females is also significantly greater than it is for males. There are no significant
differences in fasting glucose levels, 30-minute glucose levels, or Aglucose between males
and females (Table 5)
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Table 6:
Linear regression analysis of insulin and glucose levels in Zuni adolescents
Significance levels and correlation coefficie!'lts
fasting
insulin

30-minute
insulin

!l insulin

fasting
glucose

30-minute
glucose

!lglucose

fasting
insulin
30-minute
insulin .
!l insulin

fasting
glucose
30-minute
glucose
!l glucose

*=

p <.05;

** = p <.OJ; *** =

pS.OOJ

Fasting and 30-minute insulin and glucose are embedded in .dinsulin and .dglucose.
Inferences from these correlation coefficients cannot be made.

Table 6 shows correlation coefficients and significance levels for insulin and
glucose measurements in males and females. Higher fasting insulin levels were
significantly linearly related to higher 30-minute insulin levels (p<.Ol for males; p<.05 for
females). Females with higher fasting glucose levels had, on the average, significantly
higher 30-minute glucose levels (p<.05), but the correlation was not significant for males.
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Fasting insulin levels were positively and significantly correlated with fasting glucose
levels in both males and females (p<.OI). Thirty-minute insulin levels were only
significantly correlated with 30-minute glucose levels in males (p<.001).
The difference in insulin and glucose levels from 30-minutes to fasting is highly
influenced by the 30-minute value, particularly for insulin levels, where Ainsulin strongly
reflects 30-minute insulin level. Individuals with higher Ainsulin also had, on the average,
higher fasting insulin levels. However, Aglucose is related to lower, rather than higher
fasting glucose levels in both males and females. Furthermore, 12 females and 14 males
actually had lower 30-minute glucose levels than fasting levels. These individuals had
higher fasting glucose levels on the average, particularly in males. Conversely, those
individuals with a higher, positive Aglucose had lower fasting glucose levels.
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DISCUSSION

In general, females have greater amounts of body fat than males while males have
greater muscle mass. Female body fat distribution tends to be more gluteo-femoral while
male body fat distribution is more central. Differences between Zuni adolescent males and
females in height, weight, waist circumference, WHR, percent body fat, and LBM are
consistent with general sex influenced morphological patterns. BMI between the sexes is
not significantly different, indicating no significant difference in males and females in
regard to the amount overweight. Although females have significantly greater amounts of
body fat, males have a greater lean body mass, leading to comparable BMIs. Similar
results were found in a study of adults (Lemieux et al., 1996b). This study found that
although BMI was not significantly different between the sexes, women showed higher
amounts of body fat, a lower WHR, and a lower waist circumference.
WHR and waist circumference are significantly higher in males as compared to
females. These findings imply that the males in this study exhibit central fat distribution to
a greater extent than the females. Changes in percent body fat, lean body mass, and body
fat distribution all occur during adolescence in the transition from childhood to adulthood.
Waist and hip circumferences both increase throughout childhood and adolescence, but at
different rates for males and females (Martinez et al., 1994). At a mean age of 17.3 years,
the Zuni adolescents have already developed differences in body fat distribution, percent
body fat, and lean body mass. Since these measurements are in a state of flux until late
adolescence or early adulthood (about age 20), the patterns seen in Zuni adolescents may
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change in adulthood. Even so, obesity and body fat distribution in adolescence have been
associated with metabolic risk factors later in life such as insulin resistance, heart disease,
and NIDDM (Zwiauer et al., 1992; Kalker et al., 1993; Ilyes et al., 1994; Caprio et al.,
1995), although there is considerable debate as to whether body fat distribution in
adolescence can predict future metabolic abnormalities (Stallones et al., 1982; Becque et
al., 1986; Sangi and Mueller, 1991).
Most of the anthropometric variables studied were significantly correlated with
each other (Table 2). Individuals with higher percentages of body fat also had greater
amounts of lean body mass. A study conducted with 7514 adolescents suggests that lean
body mass as well as obesity may be correlated with various cardiovascular risk factors
(Sangi and Mueller, 1991). This increased risk may not be due to increased lean body
mass, but due to LBM's close correlation with other indices of obesity such as percent
body fat, BMI, and waist circumference. However, Sangi and Mueller also found that the
anthropometric measurements most significantly positively correlated with cardiovascular
risk factors were BMI and hip circumference, complex measures involving both lean tissue
and fat tissue. Thus, it may not be fat alone which poses a risk in adolescents. This
finding is interesting, because in adults, hip circumference has often been considered to be
a "lower risk" variable (Mueller et al., 1991).
Since BMI reflects LBM and percent body fat, the correlation in both males and
females between BMI and both of these measurements is not surprisingly significant. A
study which examined the validity of BMI as an indicator of adiposity in Caucasian,
Afiican American, Mexican American, and Asian American males and females ages 9-25
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showed that the correlation between BMI and percent body fat was only significant in
females (Wang and Bachrach, 1996), indicating that BMI may not be the best method for
assessing adiposity. However, these results varied greatly by age group and ethnic group.
As males are increasing body mass, their WHR is also increasing. In general,
males deposit fat abdominally, while females deposit fat gluteo-femorally (Lemieux et al.,
1993; Pouliot et al., 1994). As males deposit fat, their WHR will increase in a linear
fashion while this is not necessarily the case in females. Figure 1 shows the linear
relationship between waist circumference and hip circumference in males and females.
The slope for the male regression line (1.46) (Table 4), indicates that for every increment
in increase in hip, waist is increasing by an amount approximately one and one-half times
greater, resulting in an increasing WHR with increasing obesity. The slope for the female
regression line, on the other hand, is only .65. Since this value is less than 1, female waist
circumferences do not increase as quicidy as corresponding increases in hip circumference.
This pattern of fat accumulation in females accounts for the lack of correlation between
WHR and the other morphological variables.
Figure 1 indicates that for females, a curvilinear relationship might fit the
scatterplot better than the linear one shown. This figure shows that waist levels remain
fairly low with increasing hip levels until a certain point where they then increase linearly
This observation would suggest that females are depositing fat gluteo-femorally at first,
and upon reaching a certain point of obesity, begin to deposit fat abdominally. Two other
studies support this view. Bjomtorp (1988b) found that women do not accumulate
significant masses of visceral fat until a moderate level of obesity is reached. Similarly,
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Lemieux et al. (1993) found that females are protected against visceral adipose tissue
accumulation until they reach a certain amount of total body fat, above which they begin
to accumulate visceral adipose tissue at the same rate as do men. If waist circumference is
an adequate measure of visceral adipose tissue, which it is hypothesized to be, then this
trend in female fat deposition seems likely.
Although the other variables in females besides WHR showed highly statistically
significant positive correlations with each other, the correlations themselves were not as
strong as those found in males (Table 2). Waist circumference correlated very strongly
with the other variables in both males and females. This indicates that waist circumference
may be a good indicator of obesity, as measured by percent body fat or BMI. Several
recent studies have claimed that waist circumference is the best measure of abdominal fat
and related risk in men and women (Pouliot et al., 1994; Colman et al., 1995; Lemieux et
al., 1996b).
In adults, BMI, WHR, waist circumference, hip circumference, LBM, and percent
body fat have been associated with increased risk for diabetes (Haffher et al., 1987;
Haffher et al., 1990; Lundgren et al., 1990; Sangi and Mueller, 1991; Wame et al., 1995).
Since body composition and body fat distribution change during adolescence through
young adulthood, and since the excessive fatness associated with NIDDM appears to be
acquired after the achievement of physical maturity (Mueller et al., 1984), caution must be
used when making conclusions about adolescents fi'om studies performed with adults.
Currently, it is not completely clear which body size measurements are best for
determining risk for NIDDM or cardiovascular disease in adolescents. Measurements
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which measure overall obesity or visceral obesity tend to be the best. There is some
debate as to whether or not body fat distribution can tell anything about risk for NIDDM
later in life.

Fasting plasma insulin levels have commonly been used as an indirect method of
determining insulin resistance in children and adults (Laakso, 1993; Pettitt et al., 1993;
Folsom et al., 1996). Since insulin acts to drive glucose levels down, high fasting glucose
in the presence of high fasting insulin indicates insulin resistance. Fasting insulin levels
have been shown to have a high correlation with insulin resistance as measured by the
euglycemic clamp (Folsom et al., 1996). High fasting insulin levels also indicate
hyperinsulinemia which is related to insulin resistance in the presence of normoglycemia
(Haffher et al., 1990; Saad et al., 1991; Pettitt et al., 1993). High fasting insulin levels
have also been found to be predictive of diabetes (Nagi et al., 1995). In children,
increased fasting insulin levels with increased fasting glucose levels have suggested the
development of insulin resistance, a risk factor for NIDDM and cardiovascular disease
(King et al., 1990). The present study shows a significant linear relationship between
fasting insulin and fasting glucose in males and females (Table 6). This positive
relationship indicates the presence of insulin resistance in some Zuni adolescents. The
significant positive correlation between fasting insulin and 30-minute insulin (Table 6)
suggests that if an individual is hyperinsulemic and producing excessive insulin (as
evidenced by the high 30-minute insulin levels) then they also exhibit signs of insulin
resistance (high fasting insulin levels). Although females are secreting more insulin post-
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prandially than males (as indirectly assessed by significantly higher 30-minute insulin
levels), they do not exhibit additional insulin resistance since they do not have significantly
higher fasting insulin levels than males. Haffher et al. (1987) have found that individuals
with predominantly upper body obesity are more insulin resistant than equally obese
individuals with predominantly lower body obesity. This relationship might explain why
females, who have more body fat and secrete more insulin, are not more insulin resistant
than males. Zuni adolescent males have more abdominal fat than the females. Since
physical activity also affects insulin resistance and hyperinsulinemia, lifestyle factors might
affect the plasma insulin levels seen in this group of Zuni adolescents.
Adolescents in general show decreased insulin sensitivity, compensated for by
increased insulin secretion and hyperinsulinemia (Caprio et al., 1995). In children and
adolescents, decreased insulin sensitivity is more closely associated with increased insulin
secretion than low insulin secretion or a late response (King et al., 1990; Pettitt et al.,
1993). This finding is opposite to what is often found in adults. In adults, fasting insulin
has been found to be negatively correlated with insulin responses (Nagi et al., 1995;
Haffher et al., 1996b) as measured by 30-minute insulin levels (Chen et al., 1995) or
Ainsulin/Aglucose (Haffher et al., 1996b). The study in Zuni adolescents reveals that
fasting insulin levels, indicative of insulin resistance, show a significant positive correlation
with 30-minute insulin levels, indicative of insulin secretion. Zuni adolescents show
resuhs opposite of what has been found in adults. Although low insulin secretion in adults
has been linked with NIDDM and risk factors for NIDDM (Lillioja et al,, 1993; Haffher et
al., 1996a), this does not appear to be the case in adolescents. Low insulin secretion
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probably develops after a period of high insulin secretion, hyperinsulinemia, and insulin
resistance earlier in life. This finding follows the pancreatic exhaustion model proposed by
Saad et al. (1991). Low insulin secretion in adults can be measured by Ainsulin/Aglucose.
In the Zuni adolescents in the study, however, Aglucose was negative for many of the
subjects. In adults, this pattern does not seem to occur. Although this ratio may be able
to accurately assess insulin secretion in adults, it is not a good method for assessing insulin
secretion in adolescents.
High fasting glucose levels have also been associated with increased risk for
developing NIDDM (Haffher et al., 1990). Although two-hour glucose levels are typically
what are used to diagnose diabetes, McCance et al. (1994a) have recently found that
fasting plasma glucose concentrations alone may be an acceptable alternative. According
to this finding and to recommended WHO criteria, three individuals included in this study
can be diagnosed as having NIDDM based on their fasting plasma glucose levels.
However, since there were no two-hour glucose levels to confirm this, these individuals
were not dropped fi-om the study.
Males and females show similar levels of fasting insulin, fasting glucose, and 30minute glucose (Table 5). Females have significantly higher 30-minute insulin levels. This
indicates that females in this study are secreting more insulin than males post-prandially.
Since there is not a significant difference between fasting glucose and 30-minute glucose
for females versus males, females are producing more insulin after a glucose load for the
same change in glucose Lemieux et al. (1996a) found that abdominal obesity is
associated with decreased hepatic clearance of insulin whereas obesity per se was related
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to an increase in insulin secretion. This observation might explain why females, who have
lower levels of abdominal fat relative to males but a higher percentage of body fat overall,
show significantly higher 30-minute insulin levels than males in the present study.

The best predictors of fasting insulin in females were waist circumference, hip
circumference, BMl, and LBM (Table 3). In males, the best predictors of fasting insulin
were waist circumference and hip circumference, although WHR, BMI, and LBM were all
also able to significantly predict fasting insulin levels. As fasting insulin is an indirect
measure of insulin resistance, these measurements can also be used to assess insulin
resistance or risk for insulin resistance in adolescent males and females. Waist
circumference was the best predictor of fasting glucose levels in both males and females.
High fasting insulin levels as well as high fasting glucose levels are associated with insulin
resistance and related metabolic risk. In accord with these results, Colman et al. (1995)
found that in healthy men and women, waist circumference was an independent significant
predictor of fasting insulin levels. The best predictor of relative risk in males and females
seems to be waist circumference, although hip circumference, BMI and LBM are also
fairly good predictors. Several other studies have also indicated that waist circumference
may be the best means of assessing metabolic risk (Lundgren et al., 1990; Kalker et al.,
1993; Ilyes et al., 1994; Pouliot et al., 1994; Colman et al., 1995). Waist has been shown
to be highly correlated with visceral fat, which is associated with greater risk of NIDDM
and cardiovascular disease, as measured by computed tomography scans (Pouliot et al,
1994).
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Although BMI is actually an indicator of overweight, it is commonly used as an
index of obesity. A study in Mexican American adults showed that BMI was significantly
correlated with both fasting insulin and fasting glucose (Haffher et al., 1991). Folsom et
al. (1996) also showed BMI to be strongly associated with glucose levels. In children and
adolescents, the use of BMI as a measure of adiposity is controversial (Cole, 1991;
Lohman, 1992; Mazariegos et al., 1994; Colman et al., 1995) since body composition and
body fat distribution change so much during this time.
WHR is a ratio commonly used to assess body fat distribution. Individuals with
central adiposity show increased insulin resistance and are at a greater risk for developing
NIDDM and cardiovascular disease than individuals with peripheral fat distribution. A
high WHR has been associated with high fasting insulin levels, insulin resistance and
NIDDM in a number of studies involving both men and women (Evans et al., 1984;
Haffiier et al., 1987; Peiris et al., 1988; Haflfher et al., 1992; Folsom et al., 1996).
However, all of these studies involve adults. WHR is not necessarily a good predictor of
insulin resistance or future NIDDM in adolescents, especially adolescent females. Sangi
and Mueller (1991) suggest that level of obesity rather than body fat distribution is most
strongly related to metabolic risk variables. In obese girls, visceral fat, but not WHR was
significantly correlated with fasting insulin levels, stimulated insulin secretion, and insulin
resistance (Caprio et al., 1995). Although the present study had no direct way to measure
visceral fat, both waist circumference and BMI assess this type of fat, and were
significantly correlated with fasting insulin levels and stimulated insulin secretion (as
assessed by high 30-minute insulin values). Although WHR is not highly correlated with
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body fat and risk factors in childhood, the correlations become higher in adolescence, after
the onset of puberty (Kalker et al., 1993). In the present study, WHR was not
significantly related to any of the fasting or post-prandial insulin or glucose values in
females (Table 3). In males, WHR was significantly related to fasting insulin, 30-minute
insulin and fasting glucose. Although WHR may be an adequate indicator of
hyperinsulinemia and insulin resistance in males, it is not in females. Therefore, other
measurements or ratios should be considered for determining the best method for
assessing risk for NIDDM in adolescents.
Thirty-minute glucose levels are not related to any of the morphological variables
in either males or females (Table 3). Thirty-minute insulin levels are significantly related
to all of the morphological variables in males, except percent body fat, but none of the
variables in females. This finding suggests that the post-prandial hyperinsulinemia seen in
females may be the consequence of something in addition to body composition and body
fat distribution, such as diet or physical activity.
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CONCLUSION

Zuni adolescent males and females in this study showed significant differences in
percent body fat, lean body mass, waist circumference and WHR. Body fat distribution
was different between males and females, with males generally having abdominal fat
distribution and females having more gluteo-femoral fat distribution. These findings
correspond with studies of other adolescents. Although females had a greater percentage
of body fat, fasting insulin levels were similar for males and females. Fasting insulin is a
way of assessing insulin resistance. Zuni males and females showed a similar degree of
insulin resistance although body composition differed. Although females had a
significantly greater percentage of body fat than the males, which is normally related to
increased fasting insulin levels, males had more abdominal body fat, which is also related
to increased fasting insulin levels. Subsequently, males and females had similar fasting
insulin levels despite significantly different body compositions and body fat distributions.
Females had significantly higher 30-minute insulin levels than males, indicating
increased insulin secretion. However, this increased insulin secretion was not accounted
for by a corresponding linear increase in any of the morphological variables identified as
related factors. It is possible that there may be other confounding factors such as a lack of
physical activity which may be associated with these higher 30-minute insulin levels in
females.
Although WHR is often considered a risk factor for NIDDM in adults, it does not
seem to apply as well to adolescents, particularly females. Female \VHRs showed no

85

significant correlation with any of the insulin or glucose data, nor did this ratio show any
highly significant correlation with any of the other morphological measurements. Since
body fat distribution is changing through the period of adolescence, this variable is not an
accurate indicator of future risk for diabetes.
Males in this study tended to deposit fat abdominally while females tended to
deposit fat gluteo-femorally. For this reason, WHR in males could give some indication of
obesity, but not so in females. Females may begin depositing fat abdominally only after a
certain extent of obesity is reached. Males, on the other hand, show a strong linear
relationship between waist and hip, with waist increasing one and one-half times as fast as
hip.
There are no anthropometric measurements which can be measured completely
without error. For example, variation occurs in body circumference measurements
depending on the which landmarks are used, degree of obesity, and observer technique.
However, in a community where higher technological methods of assessing risk for
NIDDM are not often available or practical, these measurements offer the best
opportunity for assessing adolescent risk for developing diabetes.
The best indicator of risk for insulin resistance (evaluated indirectly by fasting
insulin levels and fasting glucose levels) in both males and females was waist
circumference. Hip circumference, BMI, and LBM were also able to predict high fasting
insulin and glucose values. Waist circumference includes visceral fat which is related to
greater risk than peripheral fat. BMI and LBM are measurements which both include
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muscle mass. Lean body mass increases with obesity, but may also be an independent
predictor of insulin resistance or NIDDM, although the mechanisms for this are unclear.
Adolescence is a period of growth and change in body composition.
Measurements which have been determined to be risk factors for diabetes in adults may
not be in children or adolescents. For example, decreased insulin secretion in adults
appears to be a risk factor while increased insulin secretion seems to be a greater risk
factor in adolescents. According to the thrifty genotype hypothesis, individuals who
secrete more insulin are able to store fat much more quickly, explaining the relation
between obesity and hyperinsulinemia. With a lifestyle of high energy intake and low
energy expenditure, the body's regulatory mechanisms yield a response of energy storage.
Energy expenditure does not match energy intake. The pancreas, constantly bombarded
with stimulants, secretes insulin to enhance energy storage. This model may explain the
observations noted for Zuni adolescents. Sufficient and perhaps excess amounts of insulin
are still produced. In contrast, in some adults, pancreatic exhaustion may have already
occurred with a lifetime of overstimulation, such that the pancreas begins to shut down
and does not produce sufficient insulin. This metabolic breakdown can result in diabetes.
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APPENDIX A:
ESects of lasuHn on Qucose MetaboEsm
ADIPOSE TISSTJE
trigfycerides

UVER

gfycogen

Glucose

FFA
(free 6tty adds)

/
/
/
/
/
(

FFA
(^ee fatty adds)

5

1) Gycotysis - Qucose breakdown
2) Gycogenesis - formation of ^cogen stores
3) Lqjogenesis - conversion of excess carbohydrates to &ts
4) Quconeogenesis - gjucose syndesis
5) Gycogenolysis - breakdown of ^cogen stores for Qucose
production (liver) or energy needs (muscle)
6) Lipolsrsis - breakdown oftrigtycerides into free fatty adds
* energy storage forms are in italics

MUSCLE

= ingiilm mediated
= inhibited by insulin
(or tn the absence
of insulin)
= stimulatory efifect
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APPENDIX B:
SAMPLE QUESTIONNAIRE

Zuni Diabetes Prevention Program
Biomedical Assessment Results
1993-1994

Participation code:
Age:

Sex:

Birth date:

% Zuni:

% Native American:

High School:

Grade:

Family History of Diabetes
Has your mother been diagnosed as having diabetes'^

No

Yes

Unsure

Has your father been diagnosed as having diabetes?

No

Yes

Unsure

Has anyone else in your family been diagnosed
as having diabetes?

No

Yes

Unsure

If your response to the question above is yes, which relatives?
(brothers, sisters, aunts, uncles, grandparents?)

The following characteristics will be measured, do not complete this part.
Anthropometric Characteristics
Date:
Weight:

kg

Height:

cm

Circumferences
Waist:
Hip:

cm
cm
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BMI (kg/m^)

WHR;

In most cases, the following information will be collected only from those students
reporting a grade level of II or 12.
Insulin/Glucose Levels
Date of Test:

Date of Analysis;
Insulin |iU/ml

Glucose mg/dl

Fasting
15 min
30 min
Reaction to test; Felt sick?

No

Yes

Actually threw-up?

No

Yes

Bioelectrical Impedance Results
Date of Test;
Total Body Fat;

Time of Test;
kg

%

Fat Free or Lean Body Mass;
Total Body Water;
Resistance Used;
Resistance Index;

am/pm

kg
liters
ohms

%

; 1 ratio of lean to fat

%
Reactance;
Phase angle;

Step Test/Recovery Heart Rate
All pulse measurements are taken for 30 seconds while standing.
Relaxed sitting pulse rate;

beats/30 seconds x 2 =

Relaxed standing pulse rate;

beats/30 seconds x 2 =

ohms
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One minute after exercise:

beats/30 seconds x 2 =

Two minutes after exercise;

beats/30 seconds x 2 =

Three minutes after exercise:

beats/30 seconds x 2 =

Total of three after exercise measurements:
Recovery Index:

(Recovery Index = 12000/totaI of three exercise measurements)
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