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Is There a Simple Way to“Identify’Insulin-Resistant Individuals at
Increased Risk of Cardiovascular Disease?
Tracey McLaughlin, MD>*, Gerald Reaven, MD?, Fahim Abbasi, MD?,

Cindy Lamendola, MSN?, Mohammed Saad, MD®, David Waters, MD*,
Joel Simon, MD, and Ronald M. Krauss MD¢

.. The goal of this study was to evaluate the ability of various routine measures of lipopro-
tein metabolism to identify patients who were insulin resistant and dyslipidemic, and
therefore, at increased risk of cardiovascular disease. For this purpose, insulin resistance
was quantified by determining the steady-state plasma glucose concentration during the
insulin suppression test in 449 apparently healthy patients. The low-density lipoprotein
(LDL) particle diameter and subclass phenotype were measured by gradient gel electro-
phoresis in 1,135 patients. Pearson’s correlation coefficients and receiver-operating char-

acteristic curves were used to evaluate measures of lipoprotein metabolism as potential
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for p?édfctmg insulin resistance and LDL phe-
notype was 3.5 mg/dl; a value that identified insulin-resistant patients with a sensitivity
- and specificity comparable to the criteria currently proposed to diagnose the metabolic
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Insulin resistance and a related lipid abnormality, small,
dense, low-density lipoprotein (LDL) cholesterol, are asso-
ciated with an increased risk of cardiovascular disease.!-6
The triglyceride (TG)/high-density lipoprotein (HDL) cho-
lesterol ratio, which is often elevated in insulin-resistant
patients, has also been shown to predict cardiovascular
events independently.”® The present analysis was initiated
to test the hypothesis that the TG/HDL cholesterol concen-
tration ratio, in addition to its link to increased cardiovas-
cular disease risk, would provide a simple and useful ap-
proach to identify insulin-resistant patients, as well as the
presence of small, dense LDL particles. To address this
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issue, we combined data available to the investigators from
Stanford University School of Medicine (insulin resistance),
Lawrence Berkeley National Laboratory (LDL particle di-
ameter and phenotype), and the Universities of California at
San Francisco and Los Angeles (LDL particle diameter and

phenotype).

" Methods t

The experimentai subjects were healthy patients who had

.- volunteered for a variety of clinical studies in response to

advertisements in local newspapers. Three study popula-
tions were included in the analyses. The Stanford popula-

‘tion consisted of 449 healthy volunteers recruited from

communities in the vicinity of Palo Alto, California, who
were on an ad-lib diet; the San Francisco/Los Angeles
population consisted of 456 patients recruited by clinics at
the University of California, San Francisco, and thé Uni-
versity of California, Los Angeles, who were also on an-
ad-lib diet; and the Berkeley population included 689 sub-<
jects sampled after 3 to 6 weeks on a defined weight-stable
diet containing (as a percentage of daily calories) 20% to
24% fat, 15% to 16% protein, and 60% to 65% carbohy-
drate. All 3 groups were primarily of white ancestry -
(>75%). During the initial screening visit, blood samples
were obtained from all volunteers after a 12-hour overnight
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“Table 1

Demographic and lipoprotein characteristics of three study populations
Variable : ) Stanford; San Francisco/Los Angeles; Berkeley; Defined
: Ad-Lib Diet (n = 449) Ad-Lib Diet (n = 456) - Diet* (n = 689)

Age (yrs) . 48 + 13 56 =13 42 * 11

Men/women ' : 47%153% . 49%I51% - - 89%/11%

Body mass index (kg/m?) 263 +43 275+59 ’ T 25%31

Total cholesterol (mig/dl) 189 * 35 213 +£36", R 178 = 36
Triglyceride (mg/dl) ! 120271 118 = 64 o . 135 102

HDL cholesterol (mg/dl) . 50+ 13 5516 . . 41+ 10

LDL cholesterol (mg/dl) 115 = 30 134 + 34 111 = 31

Non-HDL cholesterol (mg/dl) 139 + 37 160 + 40 ‘137 £ 36

Data presented as mean = SD.

* Bucaloric diet with 20% to 24% fat, 15% to 16% protein, and 60% to 65% carbohydrate,

Table 2
Correlation with steady-state plasma glucose concentration: fasting

insulin and lipoprotein concentrations

Variable r p Value
Insulin* o 0.60 . . <0.001
Triglyceride/HDL cholesterol* 060 . <0.001
Triglyceride* 0.57 <0.001
Cholesterol/HDL cholesterol 043 <0.001
HDL cholesterol* -0.40 <0.001
Non~HDL cholesterol 0.35 <0.001
LDL cholesterol -0.18 <0.001

* Log transformed.

fast. All participants were in good general health, with
fasting plasma glucose concentrations <126 mg/dl and nor-
mal liver and kidney function, who were not taking any drug
known to affect carbohydrate or lipid metabolism. The
institutional review boards at all sites approved the respec-
tive studies, and all subjects gave written, informed consent.
Insulin-mediated .glucose disposal was quantified by a
modification® of the insulin suppression test.!®!! In brief,
after an overnight fast, octreotide was administered at 25
pmg/hour in a solution containing 2.5% - (weight/volume)
human serum albumin by an infusion pump to suppress
endogenous insulin secretion. Simultaneously, insulin and
glucose were infused at 25 mU/m*/min and at 240 mg/m?

- min, respectively. Blood was sampled at 10-minute inter-
vals from 150 to 180 minutes, and then averaged to obtain
the steady-state plasma glucose and insulin concentrations

. achieved during the infusion. Because the steady-state
plasma insulin concentrations were comparable in all pa-
tients qualitatively and quantitatively, and the glucose infu-
sion rate “was identical, the magnitude of the resultant
steady-state plasma glucose concentration provided a spe-
cific and quantitative measure of insulin-mediated glucose
disposal; the greater the concentration, the more insulin
resistant the patient. Subjects were considered insulin resis-
tant or insulin sensitive if their steady-state plasma glucose

concentrations were in the top or bottom tertile, respec-

tively, of the distribution of these values as described in a
population of 490 healthy patients.!2

Fasting plasma insulin concentrations were measured by
radioimmunoassay.!? Lipid and lipoprotein concentrations
were measured by previously described methods.614-19 The
LDL peak particle diameter was determined by nondenatur-
ing gradient gel electrophoresis, and the LDL subclass phe-
notype B was determined from gradient gel electrophoresis
by previously published criteria.i7-19 .

Because of non-normal distributions, insulin, TG, HDL

cholesterol, and the TG/HDL cholesterol ratio were log
transformed for tests of statistical significance. The results
are presented as the mean (of the non—log-transformed val-
ues) * SD. Pearson’s correlations were performed on po-
tential markers (lipid and lipoprotein concentrations) of
insulin resistance and LDL particle diameter. Stepwise mul-
tiple linear regression analysis was conducted with all lipid
and lipoprotein markers, as well as age and body mass
index, as predictors of insulin resistance and LDL particle
diameter. Comparison of the predictive ability was done
using receiver-operating characteristic curves for each
marker with respect to (1) identification of insulin resistance
and (2) LDL-phenotype B. The optimal cutpoint was deter-
mined for the TG/HDL cholesterol ratio with respect to

predicting insulin resistance or LDL phenotype B using -

maximization of M, with the following formula: M = ws
+ (1 = w) X p, where w is the prevalence of disease
(insulin resistance or LDL phenotype B) in the study sam-
ple, s is the sensitivity, and p is the specificity. For purposes
of comparison, we also determined the ability of the criteria
proposed by the Adult Treatment Panel III for the diagnosis
of the metabolic syndrome?' to identify insulin resistance,
as defined above. Because we did not have waist circum-
ference measurements for most of our subjects we substi-

‘tuted a body mass index of =25.0 kg/m® for women and

=29.0 kg/m? for men, values that provided the same prev-
alence of the metabolic syndrome in the Third National
Health and Nutrition Examination Survey population as did
the use of the waist circumference.® Analyses were per-
formed using Statistical Analysis Systems, version 8.0 (SAS
Institute, Cary, North Carolina) and, for comiparison of the
area under the receiver-operating characteristic curves,
STATA, version 8.2 (College Station, Texas). '
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Table 3

Relation between lipoprotein variables and low-density lipoprotein peak pérticle diameter

Lipoprotein Variable . -

San Francisco/Los Angeles Ad-Lib Diet

Berkeley Defined Diet

Particle Diameter p Value Particle Diameter p Value

TG/HDL cholesterol* -0.77 <0.0001 ~0.77 <0.0001

Triglyceride* R —~0.73 <0.0001 -0.72 <0,0001

HDL cholesterol ¥ ) 0.59 <0.0001 , 0.60 <0.0001

Cholesterol/HDL cholesterol ..~ . - . -0.58 <0.0001 -0.63 <0.0001

Non-HDL cholesterol -0.30 ©<0.0001 = .. - —-034 <0.0001
LDL cholesterol : —~0.06 NS , -0.01 - NS
- ; .

* Log transformed;”
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Figure 1. Receiver-operating characteristic curves of the TG/HDL cholesterol (HDL-C) ratio, triglyceride, cholesterol/HDL cholesterol ratio, and HDL

cholesterol concentrations for prediction of insulin resistance in the (A) Stanford population, LDL phenotype B in (B} San Francisco/Los Angeles ad-lib diet

population, and (C) Berkeley defined diet population.

Results

L]

Table 1 lists the demographic and metabolic characteristics
of the 3 study populations; age, gender, and body mass
index were relatively comparable, with the exception that
the Berkeley group on the defined diet was predominantly
men.

The fasting plasma insulin concentration is considered a
useful surrogate estimate of insulin action.!222 Table 2 com-
pares the relation between.a specific measure of insulin-
mediated glucose disposal (steady-state plasma glucose
concentration) and fasting plasma insulin concentration, as
well as between the steady-state plasma glucose concentra-
tion and various aspects of lipoprotein metabolism. The r
values are ranked in order of the magnitude of the relation.
It was clear that the correlation between the degree of
insulin resistance and the TG/HDL cholesterol concentra-
tion ratio was equal to that between the degree of insulin

resistance and the fasting insulin concentrations. The cor- -

relation between TG and insulin resistance was nearly as
strong. Furthermore, the relations between these 2 markers
and the steady-state plasma glucose concentration were sub-

stantially closer than any of the other measures of lipopro-
tein metabolism. -

Table 3 presents the relation between lipoprotein vari-
ables and LDL peak particle diameter. As in Table 2, the
lipoprotein variables are listed in order of the magnitude of
their relation with the LDL peak particle diameter. These
data are similar to those seen in Table 2, in that the TG/HDL
cholesterol concentration ratio was most closely related to
the LDL peak particle diameter, followed by the relation
between the plasma TG concentration and the LDL particle
peak diameter. As with the measure of insulin resistance,
the LDL particle peak diameter and HDL cholesterol and
the cholesterol/HDL cholesterol concentration ratio were

. moderately reléted and the non-HDL cholesterol and LDL

cholesterol concentrations were most weakly related to the

LDL peak particle diameter. .
Stepwise linear regression analysis was performed to

further evaluate the relation between the various mea-

sures of lipoprotein metabolism and insulin resistance
and LDL particle diameter. The TG/HDL cholesterol
ratio entered the model first when applied to all 3 study
populations, and was the only significant (p <0.001)
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Table 4
Areas under receiver-operating characteristic curves (c values) and Y5% confidence intervals
Lipoprotein Variable Stanford ’ San Francisco/Los Angeles Berkeley

Ad-Lib Diet Ad-Lib Diet Defined Diet
Triglyceride/HDL cholesterol 0.84* (0.80-0.88) 0.94%" (0.92-0.96) 0.91*" (0.89-0.93)
Triglyceride . 0.83* (0.79-0.87) 0.92* (0.90-0.95) 0.90* (0.88-0.92)
Cholesterol/HDL cholesterol 0.76 (0.72-0.80) 0.82 (0.79-0.88) 0.87 (0.84-0.89)
HDL cholesterol 0.72 (0.67-0.77) 0.83 (0.78-0.87) 0.78 (0.74-0.81)

* p <0.001 compared with ¢ value for cholesterol/HDL cholesterol and HDL cholesterol.

*p <0.001 compared with ¢ value for triglycerides.

Table 5

Serisitivity and specificity of triglyceride/HDL cholesterol concentration ratio =3.5 for identifying insulin resistance (Stanford) and small dense
LDL phenotype (San Francisco/Los Angeles and Berkeley) compared with Adult Treatment Parel 111 criteria for identifying insulin resistance in

Stanford population

Variable Predicted Sensitivity (%) Specificity (%) . PPV (%) - NPV (%)

Insulin resistance (Stanford criteria) 47 88 66 . 7

Small, dense LDL phenotype (San 79 85 82 83
Francisco/Los Angeles ad-lib diety. R '

Small, dense LDL phenotype (Berkeley 71 91 ‘ B 88 78
defined diet)* '

Metabolic syndrome (Adult Treatment 46 92 A 75 77

Panel 11 criteria)

* No analysis by gender because small number of women in population.
NPV = negative predictive value; PPV = positive predictive value, '

independent predictor of insulin resistance and the LDL
particle diameter. ‘
The ability of the 4 lipoprotein variables that were most
closely related to the steady-state plasma glucose concen-
tration and LDL peak particle diameter to predict insulin
resistance and LDL phenotype B were evaluated by
receiver-operating characteristic curve analysis. These re-
. sults are shown in Figure 1, and the ¢ values for these 4
variables are shown in Table 4. In line with the Pearson
correlations shown in Tables 2 and 3, the areas (c) under the
- receiver-operating characteristic curves were greatest for
the TG/HDL cholesterol concentration ratio and TG con-
centration in the Stanford population, and the c values for
the markers were significantly - greater statistically than
those for the cholesterol/HDL cholesterol concentration ra-
tio and HDL cholesterol. The receiver-operating character-
istic curves were essentially identical in the San Francisco/
Los Angeles and Berkeley populations, with the TG/HDL
cholesterol ratio a significantly better predictor statistically
than the next best marker, plasma TG, in these 2 groups (p
= (.04 and p = 0.009, respectively). The areas under the ‘
receiver-operating characteristic curves were significantly
lower statistically for the cholesterol/HDL cholesterol and .
HDL cholesterol concentration in the San Francisco/Los
Angeles and Berkeley populations. For all 3 populations
and for all markers, the comparison of the area under the
receiver-operating characteristic curves by gender revealed
no statistically significant differences. A
On the basis of these data and the previous observation
that the plasma TG and HDL cholesterol concentrations are

independently related to insulin resistance,!s the TG/HDL
cholesterol concentration ratio was deemed to be preferable
to TG alone as the best predictor of insulin resistance and
LDL phenotype B, and a ratio of 3.5 was determined to be
the most useful cutpoint. The sensitivity, specificity, and
positive and negative predictive power of the TG/HDL
cholesterol ratio as a predictor of insulin resistance and LDL
phenotype B are shown in Table 5. For the sake of com-
parison, the Adult Treatment Panel I1I criteria for the met-

~abolic syndrome were applied as a predictor of insulin

resistance. The results in Table 5 showed that the TG/HDL
cholesterol ratio is comparable to the Adult Treatment Panel
III criteria in predicting insulin resistance, and even better in
predicting the LDL phenotype B in 2 separate populations
who were on different diets. The positive likelihood TG/
HDL cholesterol ratio for the Stanford, San Francisco/Los
Angeles, and Berkeley populations was 3.9, 9.3, and 8.1,
respectively.

Discussion

The present study was initiated in an effort to find a simple
approach to identify apparently healthy patients who were -
insulin resistant and at an increased risk of cardiovascular
disease and other clinical syndromes related to this defect in
insulin action. The results presented support the view that a
plasma TG/HDL cholesterol concentration ratio =3.5 may
well provide such information. »

Perhaps the most surprising finding was the observation
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that the TG/HDL cholesterol ratio was as closely associated
with the specific measure of insulin- mediated glucose dis-
posal as was the fastmg plasma insulin concentration——a
surrogate estimate of insulin action that has been widely
used to study the relation between insulin resistance and
~ various clinical syndromes. Mathematic manipulations of
fasting plasma glucose and insulin concentrations, aimed at
providing a better estimate of insulin sensitivity, such as
Homeostasis Model - Assessment  of Insulin ~Resistance
(HOMA-IR) and Quantitative Insulin Sensitivity Check In-
dex (QUICKI), provide values for insulin resistance that are
essentially identical to the information gained by simply

measuring the fasting plasma insulin concentration.!223 The

conclusion that the TG/HDL cholesterol concentration ratio
provides an estimate of insulin sensitivity that is as uséfil as
-any other surrogate estimate: ‘used for this purpose depends
on the specificity of the method used to quantify TRsulin-

“mediated glucose d1sposal The insulin suppression test-has -

been validated and used for 30 years,'®-12 and it has pro-
vided considerable information concerning the relation be-
tween insulin resistance and human disease.2324 It also is
highly correlated (r >0.9) with measurements of insulin-
mediated glucose disposal by the euglycemic, hyperinsu-
linemic clamp technique.’? Thus, it seems reasonable to
conclude that the greater the TG/HDL cholesterol concen-
tration ratio, the more insulin resistant the patient, and that
this value provides an estimate of insulin sensitivity that is
as accurate as the fasting plasma insulin concentration and
the other surrogate estimates that use measures of fasting
plasma glucose and insulin concentration to assess insulin
action.

In addition to being as useful a surrogate estimate of
insulin sensitivity as is the fasting plasma insulin concen-
tration, the TG/HDL cholésterol concentration ratio has
other advantages. At the simplest level, measures of plasma
lipid concentrations are standardized .to a much greater
~ degree than are assays of fasting plasma insulin concentra-

tion, so the possibility of finding a specific numeric value
that would have clinical utility throughout the country is
much greater in the case of the TG/HDL cholesterol ratio.
Of greater significance is the TG/HDL cholesterol concen-
tration ratio not only provides an estimate of insulin resis-
tance, but also identifies patients who have an atherogenic

lipoprotein profile that puts them at increased cardiovascu-

lar disease risk.

The lipoprotein phenotype that characterlzes insulin-re-
sistant/hyperinsulinemic patients consists of a high plasma
TG and low HDL cholesterol concentration, smaller and
denser LDL. particles, and an increase in the postprandial
-accumulation of remnant lipoproteins.2 In addition to being
associated with insulin resistance, this lipoprotein pheno-
type is also associated with increased cardiovascular dis-
ease. Although plasma-TG and HDL cholesterol concentra-

tions are routinely measured, this is not the case for the LDL

particle diameter or postprandial remnant concentrations.

~ However, the results of the present study have confirmed a

403

previous report of the existence of a strong relation between
the TG/HDL cholesterol ratio and LDL peak diameter,?’
and the results in Table 5 indicate that a TG/HDL choles-
terol concentration ratio =3.5 predicts the presence of the
small dense LDL phenotype (LDL phenotype B) with high
sensitivity and specificity. Thus, by measuring plasma TG
and HDL cholesterol concentrations, and calculating their
ratio, it is possible to gain insight into 3 of the 4 changes in
lipoprotein metabolism that increase cardlovascu]ar disease
risk in insulin-resistant panents

Although the TG/HDL cholesterol ratio is a significant
predictor of insulin resistance, the actual value of this ratio
that would be most useful to identify insulin-resistant pa-
tients is not as stralghtforward as 1t is for the LDL pheno—
posal vary continuously throughout the population,!2 so an
objective way to classify a patient as either insulin resistant
or insulin sensitive is not available. However, we have
shown in prospective studies that the tertile of the general
population with the greatest steady-state plasma glucose
concentrations is at significantly greater risk of developing
a variety of adverse outcomes, including cardiovascular
disease.?6:27 Using this operational definition of insulin re-
sistance, we found that a TG/HDL cholesterol concentration
ratio =3.5 identified insulin-resistant patients with a reason-
able degree of sensitivity and specificity.

Finally, because the plasma TG concentration performs’
almost as well as does the TG/HDL. cholesterol concentra-
tion ratio in identifying insulin-resistant patients with
smaller and denser LDL particles, it could be arguéd that its
measurement offers an even simpler way to identify patients’
at increased cardiovascular risk. However, neither its rela-
tion to insulin nor the LDL particle diameter was as strong
as that of the TG/HDL cholesterol ratio, and, in the case of
the LDL phenotype (Table 4), the difference was statisti-
cally significant. Furthermore, when placed in the stepwise
linear regression model, with either the steady-state plasma -
glucose concentration or the LDL particle diameter, the -
TG/HDL cholesterol ratio always entered first. Finally, be-,
cause TG and HDL cholesterol were independently related
to insulin resistance,!¢ the TG/HDL cholesterol ratio also
appears to offer a more physiologically relevant choice,
with a solitary high plasma TG convention more likely to
result from abnormalities unrelated to insulin resistance.
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Acknowledgment: We acknowledge the assistance of Pa-

tricia Blanche, BS, Laura Holl, BA, and Joseph Orr, BA, in
performing the lipid and lipoprotein analyses. :

- 1. Miller GJ, Miller NE. Plasma high-density-lipoprotein concentration

and development of ischaemic heart disease. Lancer 1975;1:16~19.

2. Carlson LA, Bottiger LE, Ahfeldt PE. Risk factors for myocardial
infarction in the Stockholm prospective study: a 14-year follow-up
focusing on the role of plasma triglycerides and cholesterol. Acta Med
Scand 1979;206:351-360. :



404

The American Jaumal‘of Cardiology (www.AJConline.org)

. Castelli WP, Garrison RJ, Wilson PWF, Abbott RO, Kalonsdian S,

Kannel WB. Incidence of coronary heart disease and lipoprotein cho-
lesterol levels: the Framingham Study. JAMA 1986;256:2385-2387.
Hokanson JE, Austin MA. Plasma triglyceride level in a risk factor for
cardiovascular disease independent of high-density lipoprotein choles-
terol- level: a meta-analysis of population-based prospecuve studies.
J Cardiovasc Risk 1996;3:213-219. )

. Austin MA, Breslow JL, Hennekens CH, Buring JE, Willett WS

Krauss RM. Low-density lipoprotein subclass patterns and risk of
myocardial infarction, JAMA 1988;260:1917-1921.

. Reaven GM, Chen YD-I, Jeppesen J, Maheux P, Krauss RM. Insuhn

resistance and hyperinsulinemia in individuals with small, dense, low
density lipoprotein particles. J Clin Invest 1993;92:141-146,

. Jeppesen 1, Hein HO, Suadicani P, Gyntelberg F. Relation of high

TG-low HDL cholesterol and LDL cholesterol to the incidence of
ischemic heart disease. An 8-year follow-up in the Copenhagen Male
Study. Arterioscler Thromb Vasc Biol 1997;1114~1120;

. Gaziano JM, Hennekens CH, O’Donnell CJ, Breslow JL, Buring JE.

Fastmg triglycerides, high-density lipoprotein, and risk of myocardial
infarction. Circulation 1997;96:2520-2525.

. Péi D, Jones CNO, Bhargava R, Chen Y-DI, Reaven GM. Evaluation

“of octreotide to assess insulin-mediated glucose disposal by the insulin

10.

suppression test. Diabetologia 1994;37:843-845. v
Shen, S-W, Reaven GM, Farquhar JW. Comparison of impedance to
insulin-mediated glucose uptake in normal and diabetic subjects,
J Clin Invest 1970;49:2151-2160.

. Greenfield MS, Doberne L, Kraemer FB, Tobey TA, Reaven GM.

Assessment of insulin resistance with the insulin suppression test and
the euglycemic clamp. Diabetes 1981;30:387-392.

. Yeni-Komshian H, Carantoni M, Abbasi F, Reaven GM. Rel'ationship

between several surrogate estimates of insulin resistance and quanti-
fication of insulin-mediated glucose dlsposal in 490 healthy, nondia-
betic volunteers, Diabetes Care 2000;23:171-175.

. Hales CN, Randle PJ. Immunoassay of insulin with insulin-antibody

precipitate. Biochem J 1963;88:137--146.

. Cheal KL, Abbasi F, Lamendola C, McLaughlin T, Reaven GM, Ford

ES. Relationship to insulin resistance of the Adult Treatment Panel 111

16.

17.

20.

2L

2.
23,
24,

25.

27.

diagnostic criteria for identification. of .the metabolic syndrome.
Diaberes 2004;53:1195-1200,

- Olefsky JM, Farquhar JW, Reaven GM. Reappraisal of the role of

insulin in hypertriglyceridemia. Am J Med 1974;57:551-560.

Laws A, Reaven GM. Evidence for an independent relationship be-
tween insulin resistance and fasting plasma HDL-cholesterol, triglyc- -
eride and insulin concentrations, J Int Med 1992;231:25-30.

Krauss RM, and Dreon DM. Low-density-lipoprotein subclasses and
response o a low- fat diet in healthy men. Am J Clin Nutr 1995:62:
4785-487S. ' :

. Dreon DM, Fernstrom HA, Williams PT, Krauss RM. Reduced I.DL -

particle size in children consuming a very-low-fat diet is related to
parental LDL-subclass patterns. Am J Clin Nutr 2000;71:1611-1616. .

. Dreon DM, Fernstrom HA, Williams PT, Krauss RM. LDL subclags

patterns and lipoprotein response to a low-fat, high-carbohydrate diet
in - women. Arterioscler Thromb Vasc Biol 1997;17:707-714.
Woodward M. Epidemiology Study Design and Data Analysis. Boca
Raton, Florida: Chapman & Hall/CRC Press, 1999. ) )
NCEP Expert Panel. Executive surnmary of the Third Report of the
National Cholesterol Education Program (NCEP) ‘Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in
Adults (Adult Treatment Pane] 111). JAMA 2002;285:2846--2897.
Laakso M. How good a marker is insulin level for insulin resxstance"
Am J Epidemiol 1992;137:959-965.

Reaven GM. Role of insulin resistance in human disease. Diabetes
1988;37:1595-1607.

Reaven GM. The insulin resistance syndrome Curr Atheroscler Rep
2003;5:364--371.

Dobiasova M, Frohlich J. The plasma parameter log (T G/HDL C) as
an atherogenic index: correlation with lipoprotein particle size and
esterification rate in apoB-lipoprotein-depleted plasma (FER(HDL)).
Clin Biochem 2001;34:583-588.

. Yip J, Facchinj FS, Reaven GM. Resistarice to insulin-mediated glu-

cose disposal as a predictor of cardiovascular disease. J Clin Endocri-
nol Metab 1998;83:2773-2776. -

Facchini FS, Hua N, Abbasi F, Reaven GM. Insulin resistance as a
predictor of age-related diseases. J Clin Endocrinol Metab 2001;86:
3574-3578. : -




