Insulin Resistance and Fat Patterning with Aging: Relationship
to Metabolic Risk Factors for Cardiovascular Disease

William T. Cefalu, Sandra Werbel, Audrey D. Bell-Farrow, James G. Terry, Zhong Q. Wang,
Emmanuel C. Opara, Timothy Morgan, William H. Hinson, and John R. Crouse Ili

Both insulin resistance and abdominal fat patterning are related to aging, and have been related to cardiovascular disease
(CVD) risk factors such as dyslipidemia and hypertension. However, previous studies have not used direct methods to quantify
the independent strength of the association of each of these two putative primary factors with metabolic outcomes. We
quantified overall obesity by the body mass index (BMI) and used a previously validated magnetic resonance imaging (MRI)
method to quantify abdominal fat in 63 healthy nondiabetic individuals aged 22 to 83 years. We also measured the glucose and
insulin response to an oral glucose tolerance test and the insulin sensitivity ([S;] by modified minimal model analysis}. Body fat
patterning was evaluated by the waist to hip ratio (WHR) and by MRI, which allowed direct measurement of subcutaneous
(SCF) and intraabdominal (IAF) fat depots at the umbilicus in these subjects. These independent parameters were related to
risk factors for CVD (blood pressure, lipids, and lipoproteins) and to plasma concentrations of free fatty acids (FFAs). Measures
of overall obesity (BMI), total fat [TF], and/or SCF measured at the abdomen by MRI), glucose/insulin metabolism and S, and
central fat patterning (WHR or IAF measured by MRI) were correlated with mean arterial pressure (MAP), triglyceride {TG), and
high-density lipoprotein cholesterol (HDL-C) levels in univariate analysis and after controlling for age and gender. An index of
central fat patterning (WHR) added to the informativeness of the insulin area under the curve (IAUC) in explaining 24% of the
variability in plasma TG concentration, but measures of overall obesity were not independently related. Both the BMI and TF
contributed to the IAUC in explaining 32% to 34% of the variability in MAP, but central fat patterning was not independently
related. No index of overall obesity, fat patterning, glucose/insulin metabolism, and/or S,, was independently related to the
plasma concentration of HDL-C after controlling for any one of the other two. Direct measurement of glucose/insulin
metabolism and S, as well as fat patterning, provides information on their relative associations with CVD risk factors. The
measures of glucose/insulin metabolism and S; were more consistently related to dyslipidemia and hypertension than were
the overall obesity and fat patterning in this healthy population.

Copyright © 1998 by W.B. Saunders Company

NSULIN RESISTANCE is a characteristic feature of the
aging process.2 However, recent evidence suggests that
body fat distribution, particularly central obesity, rather than
aging per se is the major clinical factor contributing to the
insulin resistance observed with age.># In addition, we recently
quantified glucose/insulin metabolism and insulin sensitivity
(Sp and measured specific abdominal fat depots by magnetic
resonance imaging (MRI) in a normal, healthy population to
evaluate the association of S; with fat distribution and the
association of both of these with age.’ These data showed strong
correlations of S; with intraabdominal fat (IAF) and of IAF with
age in the group as a whole and in men and women separately.
Specifically, the data demonstrated that IAF is a major clinical
parameter contributing to the insulin resistance of aging: IAF
accounted for over 50% of the variance in Sy, whereas age per se
was not associated with Sy, in this population of healthy,
weight-stable individuals.

Reaven et al® and Laakso’ have recently reviewed the
extensive literature that describes associations between plasma
concentrations of insulin and glucose, indices of S;, and other
risk factors for cardiovascular disease (CVD) such as hyperten-
sion and dyslipidemia. Despres® and Matsuzawa et al® have
similarly reviewed the associations of fat patterning with these
same CVD risk factors. However, these putative primary
variables (glucose/insulin metabolism, Sy, and central fat pattern-
ing) are correlated with one another,>1%-14 and several investiga-
tors have evaluated the associations for measures of both
glucose/insulin metabolism and Sy and fat patterning with these
CVD risk factors. But these previous studies tend to be
characterized by indirect measures of both glucose metabolism
and fat patterning (eg, plasma concentrations of glucose and
insulin, insulin area under the curve [TAUC], glucose area under
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the curve [GAUC], skinfold ratios, and waist to hip ratio
[WHR]),'>? by direct measures of glucose metabolism (fre-
quently sampled intravenous glucose tolerance test and steady-
state plasma glucose levels) but indirect measures of fat
patterning,”’*" or by direct measures of fat patterning (com-
puted tomography or MRI to quantify IAF) and indirect
measures of glucose metabolism.283! The relative influence of
both S; and fat patterning when quantified by direct measure-
ment of both is unknown. For this reason, we evaluated the
associations of S; as measured by the frequently sampled
intravenous glucose tolerance test> and fat patterning as
measured by a validated MRI method** with lipids and lipopro-
teins, blood pressure, and lipoprotein(a) [Lp(a)] in a healthy
population chosen for a wide age range but with a fixed level of
obesity.

SUBJECTS AND METHODS

The study population has been described previously,® and consisted
of 63 healthy individuals aged 23 to 83 years (18 men and 45 women).
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Participants provided written informed consent and were interviewed
for demographic data and information documenting eligibility. All
subjects were fully ambulatory and normally active and took no
medications known to affect glucose metabolism, blood pressure, or
lipids. Only healthy individuals were admitted to the study as docu-
mented by history, electrocardiogram, complete blood cell count,
routine blood and urine chemistry, and thyroid function tests. An equal
number of subjects in each decade were chosen with greater than 125%
and less than 125% ideal body weight (1953 Metropolitan Life Table).
This selection strategy yielded a participant population that was, on
average, moderately obese (body mass index [BMI], 29 * 5 kg/m?).

Quantification of Obesity and Fat Patterning

The BMI was calculated as body weight in kilograms divided by
height in meters squared. The WHR was measured as the ratio of the
minimal circumference of the abdomen to the circumference of the
buttocks at the maximal gluteal protuberance.?*

The fat mass at the umbilicus was quantified using a previously
validated MRI technique® first described by Seidell et al.3% The imaging
parameters were as follows: TI = 300 milliseconds, TR = 833
milliseconds, and TE = 30 milliseconds. A 256 X 256 image matrix
was acquired with two signals averaged. The field of view varied with
individual patient size. According to the MRI protocol, the inversion
recovery time is selected so that the expected signal for muscle tissue
will be at zero crossing, thus producing no signal. Since the spin-lattice
time of muscle is much longer than that of adipose tissue, the fat signal
recovers substantially with a relatively long signal.

After obtaining longitudinal and cross-sectional scout images from
each participant, the umbilicus was located and a set of four 10-mm
thick slices were obtained, with the third slice positioned at the
umbilicus (third lumbar vertebra) and 5 mm between slices. This section
was used to quantify fat areas. This single slice at the umbilicus is
highly correlated with the mean of all four slices (r = 985, N = 158,
data not shown.??)

Oral Glucose Tolerance Test

Glucose tolerance was determined for all subjects using a 75-g oral
glucose tolerance test (World Health Organization criteria) performed
after a 12-hour fast. Blood samples for determination of glucose and
insulin were taken before and 30, 60, 120, and 180 minutes after glucose
ingestion. Plasma glucose levels were measured by a glucose oxidase
method (Beckman Instruments, Brea, CA), and insulin concentrations
were measured by radioimmunoassay (Incstar, Stillwater, MN) as
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previously described.’ Subjects demonstrating a diabetic response
according to World Health Organization criteria were excluded from
further study.

S

Sy was determined using the frequently sampled intravenous glucose
tolerance test (minimal model®?) with a modification using exogenous
insulin administration.¢*7 Studies were initiated in the morning after an
overnight fast. Two 18-gauge intravenous catheters were placed in each
forearm and kept patent by a controlled flow of saline. Each line was
equipped with a three-way stopcock. One line was used for intravenous
administration of test substances, and the other for blood samples.
Blood samples of 1 mL for insulin and glucose were drawn from the line
at —15 minutes, —5 minutes, and immediately (0 minutes) before the
glucose solution was injected. Glucose (300 mg/kg) was injected
intravenously and the line was flushed with saline solution at 0 minutes.
Blood samples of 1 mL were drawn at 2, 3, 4, 5, 8, 10, 12, 14, 16, 18,
and 20 minutes. Regular insulin (Humulin Regular; Eli Lilly, Indianapo-
lis, IN) was injected as an intravenous bolus of 0.03 U/kg at 20 minutes.
Blood sampling continued at 22, 24, 28, 32, 40, 45, 50, 60, 70, 80, 90,
100, 110, 120, 140, 160, and 180 minutes. Samples were centrifuged
immediately, and the plasma was placed on ice. Glucose determinations
were made immediately after centrifugation using the glucose oxidase
method on a Beckman Glucose Analyzer (intraassay coefficient of
variation, 2%). Insulin was assayed within 1 week from frozen plasma
by radioimmunoassay (Incstar; intraassay coefficient of variation, <5%).
At each time point, glucose and insulin were determined in duplicate. Sy
and glucose effectiveness were determined from the minimal model as
previously described.

Plasma Concentrations of Lipids and Lipoproteins

Plasma concentrations of lipids and lipoproteins were evaluated in
the Lipid Analytic Laboratory at Bowman Gray School of Medicine.
This laboratory has been standardized according to the Centers for
Disease Control, and Lipid Research Clinics methods were used.?® After
measuring total cholesterol (TC) and triglyceride (TG) levels in the
whole plasma, the apolipoprotein B-containing lipoproteins were
precipitated with heparin manganese and the supernatant high-density
lipoprotein cholesterol (HDL-C) level was measured. Low-density
lipoprotein cholesterol (LDL-C) was estimated by the Friedewald
formula as previously described.* The range of TG levels for this study
was 40 to 433 mg/dL. The Lp(a) level was measured with the Macra
enzyme-linked immunoassay (Strategic Diagnostics, Newark, DE). The

Table 1. Baseline Characteristics

Men (n = 18) Women {(n = 45) All Subjects
Characteristic Mean = SD Range Mean * SD Range Mean + SD Range P
Age (yr) 49 = 17 25-83 54 x 18 22-83 53 = 18 22-83 32
Weight (kg) 92 +17 72-132 79 = 16 46-119 83 =17 46-132 .01
MAP {(mm Hg) 99 + 10 84-117 97 =10 75-117 98 + 10 75-117 39
TC (mg/dL) 184 =+ 30 139-251 200 + 37 136-298 196 = 35 136-298 .10
TG (mg/dL) 157 = 82 64-372 143 = 77 40-433 147 = 78 40-433 .55
LDL-C {mg/dL) 112 = 31 65-183 121 = 34 73-224 119 = 33 65-224 .36
HDL-C {mg/dL)} 40 + 10 24-64 51+ 13 28-89 48 = 13 24-89 <.01
Lp{a} {(mg/dL} 22+9 1-121 141 1-45 16.5 = 18 1-121 .29
Glucose {mg/dL) 88.7 = 135 70-122 81.2 = 11.2 62-122 83.3*+ 123 62-122 .06
BMI 285 20-40 29+ 6 18-45 295 18-45 .63
WHR .94 + .08 .81-1.13 .90 + .10 .69-1.05 91+.10 .69-1.13 11
TF {cm32) 422 = 163 252-813 509 = 169 183-933 485 *+ 171 183-933 .07
1AF {cm?) 108 + b2 40-214 114 + 56 22-279 113 = 54 22-279 73
SCF {cm?) 292 = 121 163-688 396 = 147 134-834 367 = 147 136-834 .01
GAUC 1,447 * 446 708-2,328 1,433 * 264 871-2,021 1,437 + 323 708-2,328 .90
IAUC 621 + 558 99-2,241 685 = 318 216-1,651 667 = 397 99-2,241 .65
S, 43+ 3.5 .2-12 4.1+ 23 .2-11.3 4.2 2.7 2-12 91
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assay procedure was performed as described by the manufacturer using
10 pL plasma that had been stored at —80°C and was not previously
thawed. Intraassay and interassay coefficients of variation were each
less than 7%. Samples were assayed in duplicate. Lp(a) concentrations
less than 1 mg/dL were considered to be 1 mg/dL, whereas those greater
than 80 mg/dL. were diluted and repeated as recommended by manufac-
turer.

Free Fatty Acids

Plasma free fatty acid (FFA) levels were determined spectrophotomet-
rically (Wako Kit #990-75401; Wako Pure Chemical Industries, Rich-
mond, VA). Samples were frozen at —70°C until analysis.

Mean Arterial Pressure

Mean arterial pressure (MAP) was determined on all subjects. Three
readings were taken over a 15-minute period after the subject had rested
for 15 minutes in the sitting position. These readings were averaged for
analysis. MAP was determined as one third pulse pressure.

Statistical Analysis

Comparison of baseline characteristics between men and women was
performed using a r test. Pearson product-moment correlations were
used to assess the correlation between measures, and all-possible-subset
multiple regression analysis was used to select and test the best model
with factors that had a significant independent effect.

RESULTS

Table 1 presents demographic characteristics and descriptive
statistics for the 63 individuals who volunteered for this study.
The mean age of the participants was 53 years (range, 22 to 83).
The BMI of the men and women was similar and had a similar
range in accordance with our selection strategies. Women had
more subcutaneous fat (SCF) than men; cross-sectional total fat
(TF) at the umbilicus was nonsignificantly greater in women
versus men, and the WHR was nonsignificantly higher in men
versus women. The women had higher plasma concentrations of
HDL-C than the men. Other major risk factors including MAP,
plasma TG and LDL-C, IAF, GAUC, IAUC, and S, were similar
between men and women.

Figure 1 shows the mean values for MAP, HDL-C, and IAF at
each quartile of Sy; Fig 2 similarly identifies the mean values for
MAP, HDL-C, and S; at each quartile of IAF. A graded response
of risk factors to both Sy and IAF is demonstrated.

Table 2 presents unadjusted correlations for the measures of
obesity (BMI and MRI-determined TF and SCF), central fat
patterning (anthropometrically ascertained WHR and MRI-
determined IAF), and glucose/insulin metabolism (GAUC and
TAUC) and S; with MAP and plasma TC, LDL-C, HDL-C, TG,
Lp(a), and FFA. For the group as a whole, only age was
significantly correlated with LDL-C. Indices of obesity (most
consistently BMI), central fat patterning (both WHR and TAF),
and glucose/insulin metabolism and S; were related to MAP and
to plasma TG and HDL-C. The GAUC was inversely related to
Lp(a), and the IAUC was related to plasma FFA concentrations.
For men, the indices of glucose/insulin metabolism and S; were
related to MAP and plasma TG and HDL-C. Indices of overall
obesity (BMI and TF) were additionally related to plasma TG,
while central fat patterning (both WHR and IAF) was addition-
ally related only to HDL-C. In women, indices of glucose/
insulin metabolism and Sy were also related to blood pressure
and, to a lesser extent, plasma TG and HDL-C. In addition, the
indices of overall obesity (BMI and MRI-derived TF and SCF)
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Fig 1. Mean MAP (A), IAF (B}, and HDL-C (C} at each quartile of S,
(X 10-4-min-1.pU-". mL}).

were related to MAP and the BMI was strongly correlated with
TC. Both the MRI-derived TAF and, to a lesser extent, the
GAUC were related to Lp(a), whereas the IAUC was related to
plasma FFA.

After controlling for age and gender, the indices of overall
obesity, glucose/insulin metabolism and S;, and central fat
patterning (MRI-derived IAF) remained correlated with MAP
in the group as a whole (Table 3). Age- and gender-adjusted
measures of glucose/insulin metabolism and Sy remained strongly
associated with TG and HDL-C, whereas obesity and central fat
patterning were less consistently correlated with lipids. In men,
the previously observed uncorrected correlations were essen-
tially unchanged; in women, age correction reduced the strength
of association of the GAUC and plasma TG.
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Table 2. Unadjusted Correlations (P < .05)

Parameter MAP TC TG LDL-C HDL-C Lp(a) FFA
All subjects
Age .31 (.01) .42 (.0006) .29 (.02)
BMI .30 (.02) .25 (.05} —.26 (.04)
TF .38 (.0025) .26 (.04) .26 (.04)
SCF .24 (.06) .34 {.0066)
IAF .43 (.0004) .30 (.02)
WHR .31 (.013) .40 (.001) —.39 (0.0015)
GAUC .35 (.005) .39 (.002) —.30 (.002)
IAUC .37 (.003) .36 (.004) .33 (.009)
S, —.42 {.000) —.33(.009) .35 (.005}
Men (P < .10}
Age
BMI .69 (.002) —.414.09)
TF .62 (.008)
SCF
IAF —.51(.03)
WHR —.60 {.008}
GAUC .42 (.08} .43 (.07} .54 (.02} —.51(.03)
IAUC 48 (.04) .58 (.01) —.53 (.02)
S —.63{.005) —.62 (.006) .55 (.02)
Women (P < .10)
Age .36 (.01} .51 {.0003}) .31(.04) .34 {.02)
BMI .33 (.02} .51 {.0003) —.27 (.07}
TF .41 (.004) .25 (.10}
SCF .30 (.04)
IAF .48 (.001) .38 (.01} -.38(.01)
WHR .32 {.03) .31{.04) .41 (.005) —.29 (.06}
GAUC .33(.02) .29 (.05) —.27 (.08)
1AUC .35{.02) .32 {.03)
S —-.32{.02) .33 (.02)

NOTE. Correlations are presented with Pvalue for test of association in parentheses when the correlation was significant at the .05 level overall

or atthe .1 level for men and women separately.

Multivariable regression analysis for the dependent variable
MAP identified a four-component model that included the
significant independent predictors BMI and TAUC (age and
gender were forced into all models) that explained 34% of the
variance in blood pressure. In this model, age (partial > = .18,
P < .001), BMI (partial 2 = .10, P < .02), and IAUC (partial
r2 = .08, P < .03) were significantly associated with MAP,
whereas gender did not reach significance. One other such
four-component model could be identified that contained the
cross-sectional TF area by MRI in addition to the JAUC and
explained 32% of the variance in MAP. The MRI-derived TF
(partial r2 = .09, P < .03), TAUC (partial > = .08, P < .03),
age (partial 72 = .11, P < .01), and gender (partial #* = .07,
P < .05) were all significantly associated with MAP in this
model. Thus, the best models that could be constructed for MAP
contained an index of overall obesity and one of insulin
metabolism, but not an index of central fat patterning.

For plasma TG as the dependent variable, only one model
could be identified that contained two independent variables in
a model with age and gender. This model was constructed from
the TAUC and WHR in addition to age and gender and explained
24% of the variability in plasma TG. The IAUC (partial
2= .09, P<.02) and WHR (partial r?> = .08, P < .03) ac-
counted for the majority of variance in the TG concentration,
whereas age and gender each explained less than 2% of the
variability in TG. No index of overall obesity entered the
models tested after controlling for the TAUC and WHR.

For plasma HDL-C as the dependent variable, although the
BMI, WHR, and S; were significant predictors in models that
included age and gender, no variable added significantly to the
predictive power of any other. Models that included either the
WHR or S; were most informative, explaining approximately
29% of the variation in HDL-C. In one of these models, WHR
(partial 2 = .17, P < .01), gender (partial 2 = .08, P < .03),
and age (partial 72 = .07, P < .04) all contributed significantly
to the variation in HDL-C. In the other model, gender and S;
(partial 2 = .15, P < .01 for each predictor) contributed equally
to the variation in HDL-C and age was not significant.

Interactive effects between indices of obesity, central fat
patterning, and glucose/insulin metabolism were not statisti-
cally significant for any of these models.

DISCUSSION

Interrelationships between CVD risk factors have been
previously described, and a number of risk factors have been
grouped under the common appellation of “syndrome X”
including hypertension, dyslipidemia, insulin resistance, and
abdominal obesity.® Two of the most important and possibly
primary components of this syndrome, namely decreased Sy and
central fat patterning, have each been related to CVD risk
factors.5® However, our group® and others®!3 have previously
noted strong correlations between fat patterning and S;. In a
recent population-based sample of 380 white subjects, the waist
circumference, BMI, maximal aerobic capacity, and oral contra-
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ceptive use were the most import determinants of S1.*® Qur
previous analysis focused on healthy individuals of varying
ages chosen for a predetermined range of BMI over each age
group.’ In that analysis, we observed a strong association of
central fat patterning (MRI-derived IAF at the umbilicus) with
Sy, as well as an association of IAF with age, but only a limited
association of Sy with age.

To determine whether fat patterning or S; was more important
for explaining the variability in other CVD risk factors (lipids
and lipoproteins and blood pressure), several investigators have
attempted to relate both to CVD risk factors in the same
population.'3-33 When indirect measures of both glucose metabo-
lism (plasma insulin, IAUC, and GAUC) and fat patterning
(WHR and skinfold ratios) were used, some investigators found
both to be related to lipids and/or blood pressure.!%!71° Weinsier
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et al?® found a stronger association of fat patterning, as
compared with blood insulin, with blood pressure. Ward et al'®
found independent relations for indices of both central fat
patterning (WHR) and glucose metabolism (serum insulin) with
plasma TG, but a stronger association of insulin with plasma
HDL-C, whereas Soler et al!’ found the WHR to be associated
with plasma HDL-C and TG after adjustment for insulin
concentration, but the converse was not true.

When investigators have used a combination of direct
measures of glucose metabolism (eg, glucose uptake by eugly-
cemic clamp or S; by frequently sampled intravenous glucose
tolerance test) and indirect measures of fat patterning (eg, WHR
and x-ray absorptiometry), it has been the general experience
that compared with fat patterning, S; was more strongly
correlated with blood pressure or left ventricular hypertro-
phy, 222527 a5 well as lipids.21-2426 Mykkanen et al? attempted to
ascertain the primary determinants of lipids in men and women:
in men, the BMI was the primary determinant of plasma
HDL-C, whereas S; was the main determinant in women, and S;
was similarly the main determinant of plasma TG in both men
and women.

When direct measures of central fat patterning (eg, IAF
determined by computed tomography or MRI) were combined
with indirect measures of glucose/insulin metabolism (eg,
GAUC, IAUC, or plasma insulin), Johnson et al*® and Boyko et
al*® both found plasma insulin to be more strongly correlated
with blood pressure than directly measured IAF, whereas Peiris
et al®! found the opposite. On the other hand, Peiris et al*' and
Ferland et al*® both evaluated associations of lipids with directly
measured IAF and with insulin. Both studies found that IAF, a
directly measured index of central fat patterning, was most
strongly associated with lipids,?®?! although Ferland et al?®®
found an independent association of both IAF and the insulin
level with the plasma TG concentration. To the best of our
knowledge, there have been no previous investigations of the
independent association of indices of fat patterning that include
directly quantified JAF and directly quantified S; with outcome
variables such as blood pressure and plasma concentrations of
lipids and lipoproteins.

In the current analysis, we were able to observe strong
univariate correlations of measures of overall obesity (BMI and
MRI-derived TF and SCF), central fat patterning (WHR and
MRI-derived IAF), and glucose metabolism with blood pres-
sure and plasma HDL-C and TG, in agreement with other
investigators. After controlling for age and gender, these
putative primary risk factors remained associated with MAP
and with plasma HDL-C and TG. In multivariable models that
included age and gender, indices of overall obesity (either BMI
or MRI-derived TF at the umbilicus) and the TAUC were
independently associated with blood pressure, with these mod-
els explaining 32% to 34% of the variation in MAP. The WHR
and IAF, as measures of central fat patterning, were not
independently related to MAP after controlling for the BMI,
MRI-derived TF, or IAUC.

In a model that explained 24% of the variation in TG levels,
central fat patterning (WHR) and the IAUC were independently
related to plasma TG after controlling for age and gender.
Measures of overall obesity (BMI and MRI-derived TF and
SCF) were not independently important predictors of the TG
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Table 3. Age/Gender-Adjusted Correlations (P < .05)

CEFALU ET AL

Parameter MAP TC TG LDL-C HDL-C Lp(a} FFA
All subjects
BMI 42 (.001) .32 (.01) —.28 (.03)
TF .41 (.001) .28 (.03) —.25 (.05)
SCF .35 (.006)
1AF .34 (.008) —.29 (.02)
WHR .36 (.007) —.41(.001)
GAUC .26 (.04) .34 (.007) —.29 (.03)
IAUC .40 (.001) .37 (.003) ~.28 (.03) .33 (.009)
S —.43 (.000) .33 (.01) .39 (.002}
Age-adjusted by men (P < .10}
BMI .70 (.002) —.45 {.07)
TF .62 (.01}
SCF
IAF —.44 (.09)
WHR —.60 (.01)
GAUC .49 (.05) .70 (.002) —.57 (.02}
IAUC .51 (.04) .58 (.015) —.54 (.02)
S -.61(.009) —.64 (.006) .55 {.02)
Age-adjusted by women (P < .10)
BMI .46 (.002)
TF .42 (.005) .29 (.06)
SCF .36 (.02) .26 (.08}
IAF 37 (.02) .28 (.07) —.25 (.09) —.37 {.02)
WHR .35 (.02} —.37 (.02}
GAUC .26 (.09} —.26 {.10)
IAUC .36 (.02) .32 (.04)
S ~.36 (.02) .33 (.03)

NOTE. Correlations are presented with Pvalue for test of association in parentheses when the correlation was significant at the .05 level overall

or at the .1 level for men and women separately.

concentration after controlling for the WHR or IAUC. Overall
obesity (BMI and MRI-derived TF), central fat patterning
(WHR and MRI-derived IAF), the IAUC, and S; were associ-
ated with plasma HDL-C after controlling for age and gender,
but none of these putative primary risk factors added to the
strength of any other. However, models that contained age and
gender, along with either the WHR or S, were most informa-
tive, each explaining 29% of the variation in HDL-C.

Haffner et al*! have previously observed a positive but weak
association of Lp(a) and S;. In the current analysis, we similarly
observed an inverse association between Lp(a) and the GAUC
after controlling for age and gender. No association was
observed between indices of fat patterning or obesity and Lp(a)
in the population as a whole; however, Lp(a) was inversely
associated with IAF in women.

One of the most important metabolic effects of insulin is to
suppress the plasma FFA concentration.? Accordingly, we
observed that the IAUC was related to plasma FFA, explaining
11% of the variation in FFA after controlling for age and gender.
Measures of obesity and fat patterning were not significantly
associated with FFA.

It is not possible to draw conclusions about the underlying
pathogenesis of effects on CVD risk factors from these data. It is
generally believed that obesity, particularly central fat pattern-
ing, modulates the association of decreased Sy, elevated blood
pressure, and dyslipidemia in syndrome X.5% 1t could be argued
that central obesity leads to insulin resistance as a result of the

relative increased sensitivity of centrally deposited IAF to
sympathetic lipolytic activity and subsequent release of FFAs
that inhibit glucose uptake, primarily in muscle,* inhibit insulin
uptake in liver,* and stimulate insulin secretion by the pancre-
atic islets of Langerhans.* Thus, insulin resistance is postulated
to result in part from central fat deposition, but it has also been
argued that muscle insulin resistance may be the initiating factor
ultimately resulting in accumulation of fat in the central area.
Regardless, glucose/insulin metabolism may be more directly
linked to CVD risk factors. Therefore, compared with central fat
depots, indices of glucosefinsulin metabolism and/or S; may
appear to be more strongly related to CVD risk factors. In this
analysis, after controlling for age and gender, the IAUC was the
most informative predictor of plasma TG, although the WHR
entered the best subset regression model. Similarly, models with
an age- and gender-adjusted IAUC along with either the BMI or
MRI-derived TF as an index of overall obesity were the most
informative predictors of MAP. The S; and WHR were similarly
associated with HDL-C after controlling for age and gender.

The present study is limited by the relatively small number of
male participants. However, the use of precise, validated
measures of obesity/fat distribution and glucose metabolism are
among its strengths. The use of healthy participants with a broad
range of age and obesity are also its strengths. Of interest for
larger epidemiologic trials, the more easily measured IAUC,
BMI, and WHR were as consistently related to outcome
variables as S;or MRI-derived IAF.
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