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Abstract

This study aimed to clarify whether high-risk premenopausal women have less atherogenic levels of markers of endothelial dysfunction,
oxidation, thrombosis and inflammation, and adipokines than high-risk men of the same age. Thus, we studied levels of these markers and
their determinants in 207 men and women aged 18 to 39 years with dyslipidemia and a family history of premature coronary heart disease.
Women had favorable levels of E and P selectins, tumor necrosis factor o, tissue plasminogen activator, plasminogen activator inhibitor 1,
thrombomodulin, thiobarbituric acid reactive substances, and adiponectin compared with men, but had higher levels of high-sensitivity
C-reactive protein and leptin (all P < .05) and no difference in the L-arginine/asymmetric dimethyl arginine (ADMA) ratio. This ratio was
higher among nonusers of hormonal contraception than among users (P = .02). In multivariate analyses, levels of intercellular adhesion
molecule 1 and E selectin were associated with cigarette smoking and dietary sucrose (both P < .05), whereas the L-arginine/ADMA ratio
was paradoxically associated with smoking (P < .05). Of 17 novel risk markers, 11 were associated with body mass index after adjustment
for age, sex, smoking, and percentage of dietary energy from sucrose (regression coefficients, 0.14-0.62; all P < .05). In conclusion, the
findings underscore the female advantage regarding determinants of novel risk markers in young adults at risk of coronary heart disease,
although some endothelial dysfunction markers (cellular adhesion molecules, L-arginine/ADMA ratio) were not more favorable in women
compared with men. Lifestyle factors including body mass index, dietary sucrose, smoking, and hormones were associated with levels of the
markers independent of sex with body mass index being the most prominent factor.
© 2007 Elsevier Inc. All rights reserved.

1. Introduction [CRP] and proinflammatory cytokines), and measures of
endothelial dysfunction or injury (soluble endothelial cell
adhesion molecules). In addition, there is a preponderance
of basic and clinical evidence that supports the role of
oxidative processes in atherogenesis. Elevated levels of
asymmetric dimethyl arginine (ADMA), an endogenous
inhibitor of endothelial nitric oxide synthase, have been
considered to be a possible marker of endothelial dysfunc-
tion and atherosclerosis [3]. Several of these risk markers
have been linked to the risk of atherosclerotic disease [4-11],
and aggregate in families with CHD [12-15]. Finally,
adipocyte-secreted hormones, including adiponectin and
leptin, are thought to link obesity with insulin resistance
and increased risk of CHD [16,17].

Premature CHD conveys a considerable increase in the
risk of the disease in the relatives of index cases. This
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The classic risk factors may not account for all of the
increased coronary heart disease (CHD) risk of individuals
with a hereditary predisposition to atherosclerosis [1]. For
example, endothelial dysfunction has been demonstrated in
the arteries of young adults whose only identifiable vascular
risk factor was a strong family history of CHD [2].
Furthermore, a number of novel pathways for vascular
disease have emerged, and laboratory parameters that
putatively reflect these mechanisms have been investigated.
These include markers of prothrombotic state (thrombomo-
dulin, tissue plasminogen activator antigen [tPAag], plas-
minogen activator inhibitor 1 [PAI-1], and von Willebrand
factor), low-grade chronic inflammation (C-reactive protein
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disease. By damaging or activating the vascular endotheli-
um, hyperlipidemia and smoking may initiate the athero-
sclerotic process as early as the second or third decade [18],
and have been shown to predict 20-year rates of death from
CHD in men aged 18 to 39 years [19]. Although
premenopausal women have a substantially lower risk
compared with men, men and women with genetic and
lipid risk factors are a prime target for lifestyle interventions
aimed at reducing the risk of CHD [20]. In the current study,
we studied a wide range of novel risk factors in subjects
aged 18 to 39 years with a high risk of CHD due to
dyslipidemia and a family history of premature CHD or
hyperlipidemia. We firstly asked whether some or all of
these factors were more favorable in women than in men
and secondly sought to understand the potential of lifestyle
change to modify these factors by studying their determi-
nants. The determinants of novel risk factors that we studied
included age, diet, smoking, and body mass index (BMI).

2. Subjects and methods

First-degree relatives (siblings or adult offsprings) aged
18 to 39 years of patients admitted to the cardiology ward at
the Ulleval University Hospital, Oslo, Norway, with pre-
mature CHD were screened for dyslipidemia. The screening
program was approved by the regional ethics committee and
has been described previously [21,22]. Other subjects were
referred by their primary physician or had participated in
other cardiovascular screening programs. Subjects were
eligible for the current study if they had a fasting total
cholesterol level of 4.5 mmol/L or higher with 1 or more of
the following lipid abnormalities: a level of triglycerides
greater than 1.5 mmol/L, high-density lipoprotein cholester-
ol (HDL-C) level of less than 1.0 mmol/L for men or less
than 1.2 mmol/L for women, or lipoprotein (a) level above
the 75th percentile; and a family history of premature CHD
defined as having at least 1 first- or second-degree relative
with premature CHD (men <60 years or women <65 years)
and/or a documented family history of hyperlipidemia. In all,
207 men and women took part in the study, of whom 197 had
relatives with premature CHD with or without hyperlipid-
emia, and 10 had only family members with hyperlipidemia.
Individuals with a history of any cardiovascular disease,
DNA-confirmed familial hypercholesterolemia, diabetes,
uncontrolled blood pressure level of 160/100 mm Hg or
higher on 2 or more measurements, or pharmacologically
treated hyperlipidemia were excluded. Six subjects were
taking antihypertensive medications. Of the 32 female
subjects, 10 were taking hormonal contraception.

At the initial visit, the study physician obtained the
medical history, recorded all medications including hormonal
contraception for women, and performed a physical exam-
ination. Blood pressure and pulse rate were measured after
the subject had rested quietly for 5 minutes. Measurements of
height and weight (using a digital scale) were performed, and
BMI (in kg/m?) was calculated. Waist circumference was

measured midway between the lower rib margin and the iliac
crest at the end of a normal expiration. Hip girth was
measured at the maximum circumference of the buttocks. Use
of tobacco (number of cigarettes smoked per day and/or
amount of snuff used per week) was recorded, and cigarette
smoking or nonsmoking was verified with a microcarbon
monoxide meter (Micro Medical, Rochester, Kent, UK).

Subjects completed a previously validated food frequen-
cy questionnaire [23]. The questionnaire surveyed the
respondents’ consumption of 190 food items that were
selected based on Norwegian dietary patterns obtained in
previous dietary studies. The subjects indicated the number
of portions consumed and their frequency of consumption of
the food items. The dietitian checked the questionnaire to
correct or clarify missing questions and double marks and to
specify portion sizes, as needed. The questionnaire was read
optically, and we computed the daily intakes of nutrients
and foods using a food database and a software system
developed at the Section for Dietary Research at the
University of Oslo [23]. Physical activity was assessed by
a questionnaire regarding the frequency of walking, hiking,
cycling, gymnastics, swimming, dancing, and other activi-
ties [24].

2.1. Laboratory measurements

Subjects fasted and had not smoked cigarettes or ingested
vitamins during the previous 12 hours. Blood samples were
drawn in the morning between 8:00 and 10:00 AM.Citrated
and EDTA blood samples were collected and stored on ice
until platelet-poor plasma was obtained within 30 minutes by
centrifugation at 2000g for 20 minutes. Serum was prepared
within 1 hour. All samples were kept frozen at —70°C for
batch analysis of the variables except for serum lipoproteins
and glucose, which were analyzed by conventional enzymat-
ic methods. Vascular cell adhesion molecule 1 (VCAM-1),
intercellular adhesion molecule 1 (ICAM-1), E selectin, P
selectin (measured in citrated plasma), tumor necrosis factor
o, and interleukin 6 were analyzed with commercial enzyme-
linked immunosorbent assay (ELISA) methods (R&D
System, Abingdon, Oxon, UK), and high-sensitivity CRP
was determined by immunoturbidimetric methods (Cobas
Integra, F. Hoffmann-La Roche, Basel, Switzerland).

Determinations of von Willebrand factor, thrombomodu-
lin, and tPAag were done in citrated plasma using ELISA
methods (Asserachrom Stago Diagnostica, Asnieres,
France, and TintElize tPA, Biopool, Umea, Sweden,
respectively) as was PAI-1 activity (Spectrolyse PL, Bio-
pool). Serum thiobarbituric acid reactive substances
(TBARS) were analyzed by a colorimetric method previ-
ously described with minor modifications [25]. Oxidized
low-density lipoprotein cholesterol (LDL-C) level was
determined in EDTA plasma using an ELISA method
(Mercodia, Uppsala, Sweden). The interassay coefficients
of variation (CVs) were 5.2% for VCAM-1, 4.8% for
ICAM-1, 5.3% for E selectin, 7.2% for P selectin, 8.5% for
tumor necrosis factor o, 10.7% for interleukin 6, less than
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5% for CRP, 8.0% for von Willebrand factor, 7.6% for
thrombomodulin, 3.5% for tPAag, 4.4% for PAI-1, 12.7%
for TBARS, and 7.7% for oxidized LDL-C. L-Arginine and
ADMA levels were measured in EDTA plasma by high-
performance liquid chromatography and precolumn deriva-
tization with o-phthaldialdehyde (Sigma Chemicals, St
Louis, MO) as previously described in detail [26] with a
CV of less than 5%. The serum levels of adiponectin and
leptin were measured with radioimmunoassay kits from
Linco Research (St Charles, MO) with CVs of 10% for
both variables.

2.2. Statistical analysis

Baseline characteristics of men and women as well as
those women using or not using hormonal contraception
were compared using a y” test for categorical variables
and 2-tailed unpaired ¢ tests for continuous variables.
Variables that were markedly skewed including triglycerides,
VCAM-1, ICAM-1, thrombomodulin, CRP, interleukin 6,
tumor necrosis factor o, and leptin were log transformed to
allow for parametric analysis. Multiple logistic regression
was used to estimate the association between the use or
nonuse of hormonal contraception and the levels of novel
risk factors with adjustment for age and BMI.

Dietary and lifestyle variables were tested for their
relation to levels of risk markers based on previous data
[27] and biological plausibility. These were physical
activity, total fat, saturated fat, sucrose, and alcohol (all in
percentage of daily energy), fiber (g/4.184 kJ of dietary
energy), fruit and vegetables (g/4.184 kJ of dietary energy),
and vitamin C (g/d). In simple regression analyses, only
sucrose and fiber were related to novel marker levels. These
2 variables were highly correlated (R = 0.4, P <.0001), and
only sucrose was statistically significantly related to novel
markers in multivariate models. Stepwise linear regression
models were used to determine the independent association
of age, sex, BMI, cigarettes smoked per day, mean blood
pressure, and dietary sucrose with novel risk factors. Mean
blood pressure was only weakly related to a number of the
novel risk markers and was not included in the final
models. The same analyses were performed for levels of
total cholesterol and triglycerides, as a comparison with
novel risk factors. Four women and 7 men did not complete
the dietary data, and mean values were substituted. The
results did not differ when these subjects were excluded
(data not shown). A 2-tailed P value of .05 or less was
considered statistically significant. Statistical analyses were
performed using Statview 10 software (Abacus concepts,
Berkeley, CA).

3. Results

The eligibility criteria required subjects to have an
elevated cholesterol level; thus, women and men had similar
total cholesterol levels, but as expected, women had lower
triglycerides and higher HDL-C levels (Table 1). More

women than men smoked (Table 1). Dietary intake of men
and women differed only in regard to total energy, alcohol,
and fiber, but not in regard to fatty acid, protein, and
carbohydrate composition (Table 1). Almost all (94.6%) of
the participants performed 1 or more of the queried physical
activities at least once a week.

Women had lower levels of selectins, tumor necrosis
factor o, tPAag, PAI-1, thrombomodulin, TBARS, and
L-arginine than men. Levels of CRP, leptin, and adiponectin
were higher in women (Table 2). These differences
remained statistically significant in the multivariate analysis
(Table 3). The levels of cell adhesion molecules, interleukin
6, von Willebrand factor, oxidized LDL-C, ADMA and the
L-arginine/ADMA ratio did not differ between the sexes
(Tables 2 and 3). Women who were taking hormonal
contraception (47% of all) had lower levels of interleukin
6 and PAI-1; higher levels of adiponectin and a tendency to
lower tPAag and leptin levels; and higher ADMA levels
than women not taking hormonal contraception (Table 2).
After adjustment for age and BMI, only the difference in
levels of PAI-1 and the L-arginine/ADMA ratio between
users and nonusers of hormonal contraception remained
statistically significant (P = .03 and P = .02, respectively).

In multiple regression analyses, E selectin, tumor
necrosis factor o, interleukin 6, CRP, tPAag, PAI-1, von
Willebrand factor, oxidized LDL-C, ADMA, L-arginine/
ADMA, adiponectin, and leptin levels were related to BMI
after adjustment for age, sex, cigarettes smoked per day, and

Table 1
Participant characteristics
Variable Men Women P
(n=142) (n=65)
Age, y (SD) 31 (5) 30 (5) NS
BMI, kg/m* (SD) 27.7(3.8) 269(5.7) NS
Waist circumference, cm (SD) 98 (10) 85 (13) <.0001
Hip circumference, cm (SD) 104 (7) 103 (10) NS
Daily cigarette smoker 34% 55% .003
Systolic BP, mm Hg (SD) 121 (12) 114 (12) .0005
Diastolic BP, mm Hg (SD) 78 (10) 73 (11) .002
Heart rate, beats/min (SD) 68 (12) 73 (9) .002
Total cholesterol, mmol/L (SD) 6.2 (1.0) 6.1 (1.0) NS
HDL-C, mmol/L (SD) 1.1(022) 14 (04)  <.0001
Triglycerides, mmol/L (SD) 2.2 (1.7) 1.7 (1.2) .03
Apolipoprotein B, g/L (SD) 1.3 (0.2) 1.3(0.2) NS
Dietary intake
Energy (kJ) (SD) 11.07 (3.95) 8.84 (2.56)  .0001
Total fat, % of energy (SD) 32.6 (5.3) 33.0 (5.0) NS
Saturated fat, % (SD) 125(53) 12.8(22) NS
Monounsaturated fat, % (SD) 4.8 (0.8) 4.8 (0.7) NS
Polyunsaturated fat, % (SD) 3.1(1.0) 3.1(0.8) NS
Protein, % (SD) 15.0 (2.3) 14.8 (2.6) NS
Carbohydrate, % (SD) 488 (5.8) 502(62) NS
Sucrose, % (SD) 10.3 (5.7) 122 (9.0) NS
Alcohol, % (SD) 3.1 (2.8) 15(1.8)  <.0001
Cholesterol, mg/4.184 kJ (SD) 116 (31) 116 (30) NS
Fruit/vegetables, g/4.184 kI (SD) 173 (112) 181 (74) NS
Fiber, g/4.184 KJ (SD) 8.9 (2.6) 9.8 (2.8) .04

NS indicates not significant.
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Table 2
Levels of novel risk factors

Men (n = 142) Women (n = 65) P Nonusers of HC (n = 34) Users of HC (n = 31) P

E selectin (ng/mL) 58.2 (23.6) 41.0 (22.4) <.0001 42.9 (23.5) 39.0 (21.2) NS
P selectin (ng/mL) 39.8 (12.2) 31.5(9.9) <.0001 32.6 (10.1) 30.3 9.7) NS
VCAM-1 (ng/mL) 369 (315, 457) 351 (298, 428) NS 352 (299, 428) 345 (294, 423) NS
ICAM-1 (ng/mL) 252 (211, 287) 264 (221, 301) NS 266 (222, 314) 251 (221, 288) NS
Tumor necrosis factor « (pg/mL) 2.2 (1.3, 3.5) 1.9 (1.0, 2.7) .04 2.1 (1.3,2.7) 1.9 (0.9, 2.9) NS
Interleukin 6 (pg/mL) 1.6 (1.2, 2.4) 1.9 (1.3, 3.1) NS 2.3 (1.5,3.3) 1.7 (1.1, 4.7) .04
High-sensitivity CRP (mg/L) 1.40 (0.78, 2.65) 2.35 (0.96, 5.73) .005 2.07 (0.74, 5.66) 2.74 (1.04, 5.89) NS
tPAag (ng/mL) 8.3 (2.7) 5.6 (3.0) <.0001 6.3 (3.0) 4.9 (2.7) .06
PAI-1 (U/L) 15.1 (8.7) 11.2 (8.0) .003 14.1 (9.3) 8.2 (4.7) .003
Thrombomodulin (ng/mL) 40.5 (34.3, 48.5) 36.2 (28.8, 44.1) .02 39.6 (30.0, 45.5) 35.5(27.9, 41.8) NS
von Willebrand factor (%) 133 (38) 136 (42) NS 132 (43) 140 (43) NS
Oxidized LDL-C (U/L) 63.1 (18.5) 65.1 (20.1) NS 69.5 (19.4) 60.3 (20.1) NS
TBARS (umol/L) 1.38 (0.51) 1.15 (0.39) .001 1.21 (0.33) 1.08 (0.44) NS
ADMA (umol/L) 1.54 (0.58) 1.39 (0.63) NS 1.25 (0.62) 1.55 (0.62) .06
L-Arginine (umol/L) 84 (13) 76 (15) .0002 78 (13) 73 (17) NS
L-Arginine/ADMA 62 (27) 68 (38) NS 81 (45) 53 (21) .004
Adiponectin (ng/mL) 6993 (2626) 9992 (3770) <.0001 8867 (4010) 11226 (3101) .01
Leptin (pmol/L) 517 (338) 1316 (827) <.0001 1500 (982) 1115 (563) .06

Values are expressed as mean (SD) or median (interquartile range). Values of some variables were missing for 1 to 6 subjects. HC indicates hormonal
contraception; hs-CRP, high-sensitivity CRP.

dietary sucrose (Table 3). Levels of E selectin and ICAM-1
were independently related to the number of cigarettes
smoked per day; furthermore, tPAag level was related to
dietary sucrose. Sex, BMI, smoking, and dietary sucrose
contributed significantly to the variance in E selectin level;
in contrast, none of the variables were associated with the
level of VCAM-1 (Table 3). The number of cigarettes
smoked per day was positively associated with L-arginine/
ADMA levels and inversely with leptin levels (Table 3). The
variance in leptin level was otherwise accounted for by BMI

and sex. Altogether, the amount of variance that could be
explained for each novel factor varied from none for
VCAM-1 to 72.6% for leptin.

To further clarify the relationship between novel risk
factors and sex, standardized linear regression coefficients
between novel risk factors and HDL-C level were calculated
(Table 4). Tumor necrosis factor «, tPAag, PAI-1, thrombo-
modulin, ADMA, and adiponectin remained associated with
HDL-C after adjustment for sex in addition to the
adjustment for age, BMI, and smoking. On the other

Table 3
Standardized multivariate linear regression coefficients adjusted for age, sex, BMI, cigarettes smoked per day, and percentage of dietary energy from sucrose
Age Sex* BMI Cigarettes per day Dietary sucrose R* (%) 95% CI

Total cholesterol 0.18%* - 0.20%* - - 8.4 2.5-16.8

Triglycerides 0.17* 0.18%* 0.36%** - 0.13* 22.6 12.3-27.1

Novel factors
E selectin - 0.36%** 0.33%** 0.19%* 0.21%* 28.9 19.0-39.7
P selectin - 0.33%** - - - 5.6 1.1-13.4
VCAM-1 - - - - - -
ICAM-1 - - - 0.35%** 0.13* 14.9 7.1-25.0
Tumor necrosis factor o 0.15* 0.19%%* - - 5.6 1.1-13.4
Interleukin 6 - - 0.25%* - - 8.9 2.9-17.7
Hs-CRP - —0.26%%* 0.43%** — - 23.9 14.2-34.6
tPAag 0.15% 0.39%** 0.41%** - 0.13* 38.8 27.9-48.7
PAI-1 - 0.17* 0.53%** - - 33.1 23.0-44.8
Thrombomodulin - 0.17* - - - 2.9 0.1-9.1
von Willebrand factor - - 0.16* - - 2.6 0.05-8.5
Oxidized LDL 0.23%* - 0.14* - - 6.7 1.6-14.7
TBARS — 0.22%%* — — - 5.0 0.7-11.2
ADMA - - 0.22%%* - - 4.1 0.4-10.8
L-arginine/ADMA 0.17* - —0.26%%* 0.17* - 11.0 4.1-20.1
Adiponectin —0.16* —0.39%** —0.24** - - 28.5 17.9-38.7
Leptin - —0.64%** 0.627%** —0.08* - 72.6 65.1-78.1

CI indicates confidence interval.
% Female = 0, male = 1.
* P <.05.
# P < 0l.
#kk Po< 0001,
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Table 4
Association of HDL-C with the novel risk markers

Standardized regression coefficient

Age, BMI, Age, BMI,
and smoking smoking, and sex
Adjusted P Adjusted P
E selectin —0.20 004 —
P selectin -0.23 .003 -
VCAM-1 - -
ICAM-1

Tumor necrosis factor «  —0.37 <.0001 —0.36 <.0001
Interleukin 6 — -

Hs-CRP - -

tPAag —0.32 <.0001 —0.18 .006
PAI-1 —0.19 .003 —0.14 .04
Thrombomodulin —0.26 .0006 —0.22 .007
von Willebrand factor - -

Oxidized LDL-C - —.16 .045
TBARS —0.17 .02 -

ADMA —0.18 .01 —0.17 .04
L-Arginine/ADMA - -

Adiponectin 0.42 <.0001 0.30 <.0001
Leptin 0.26 <.0001 -

hand, the relation of selectins, TBARS, and leptin to HDL-C
was no longer statistically significant after adjustment for
sex (Table 4).

4. Discussion

In this cross-sectional study, we explored the hypothesis
that these novel risk markers may play a role in the
markedly low incidence of CHD in premenopausal women
and examined the association of lifestyle with the novel
markers. Our main findings were that women with an
elevated risk of CHD had mostly lower and more favorable
levels of a number of novel risk markers than men,
suggesting that these markers could contribute to their
reduced risk of CHD. Levels of CRP and leptin (increased
risk) as well as of adiponectin (decreased risk), which are all
closely associated with adipose tissue, were higher in
women. Most of the novel risk markers were related to
BMI. Endothelial adhesion molecule levels (specifically E
selectin and ICAM-1) and tPAag were associated with the
percentage of dictary energy from sucrose. E selectin and
ICAM-1 levels were associated with smoking. Thus,
lifestyle factors were the main determinants of novel risk
markers in addition to sex.

4.1. Effect of sex

Premenopausal women have more favorable lipids and
blood pressure levels than men, and our study confirms that
they also seem to have more favorable levels of several
novel markers, also after adjustment for BMI, smoking, and
dietary differences. Previous studies comparing men and
women have largely been conducted in older or diseased
individuals [11,26,28,29], although sex differences have
been better studied in regard to the more established

hemostatic parameters [30]. The prevalence of smoking
among the women in our study was surprisingly high, most
likely because of their being selected from high-risk families
and the prerequisite of dyslipidemia for participation in the
study. Despite these higher rates of smoking, and after
adjustment for smoking, women had lower levels of
selectins, prothrombotic markers, and tumor necrosis factor
o, and higher levels of adiponectin. Restriction of the
analyses to smokers did not change this conclusion (data
not shown).

Because a major mechanism of the decreased risk of
CHD in women is thought to be their higher levels of HDL-
C, we examined the relation of the various novel risk factors
to the level of HDL-C both with and without adjustment for
sex (Table 4). With the exception of TBARS, novel factors
that were favorable in women (Table 2) were associated
with level of HDL-C, suggesting that the novel factors that
are associated with elevated levels of HDL-C may further
reduce women'’s risk of CHD. In the case of tumor necrosis
factor o, prothrombotic markers, ADMA, and adiponectin,
the association with HDL-C remained after adjustment for
sex, plausibly reflecting the underlying biological pathways
and a possible mechanistic basis for the findings. For
example, hypoadiponectinemia is associated with decreased
plasma lipoprotein lipase and thereby low HDL-C levels
[31], whereas tumor necrosis factor o plays a role in
triglyceride metabolism [32].

Asymmetric dimethyl arginine is a risk factor for CHD in
men; however, to our knowledge, its relation to hard end
points in women has not been studied, with the exception of
a study done in patients with end-stage renal disease [3].
The level of L-arginine was higher in men than in women in
this study as was observed previously [26], although the
L-arginine/ADMA ratio, possibly a more physiological
indicator of endothelial function [26], did not differ between
the sexes. Women who used hormonal contraception had a
less favorable L-arginine/ADMA ratio than women who
were not taking hormonal contraception, also after adjust-
ment for differences in age and BMI between the 2 groups.
In line with this, estrogen therapy does not seem to improve
the L-arginine/ADMA ratio [33].

Most of the studies showing an association between the
novel markers and the risk of atherosclerotic disease have
been performed in men [5,7,8,16,17], with the exception of
the relationship of CRP with cardiovascular disease, which is
quite well documented in women [10,34]. One of the
perplexities in understanding the role of inflammation in
CHD is the consistent finding of higher CRP levels in
women than in men despite the clearly reduced risk of CHD
in premenopausal women even when markers of insulin
resistance, including insulin and C-peptide levels, are similar
between the sexes, as in this study (data not shown). In line
with this is the observation that exogenous estrogen
increases levels of CRP [35] and may increase the risk of
CHD [36]. Likewise, although a role of leptin as a possible
cause of vascular disease has been suggested [17], women
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have higher leptin levels than men due to differential body fat
distribution, effects of sex steroids, or unknown factors [37].

4.2. Effect of BMI

The findings underscore the pivotal role played by
adipose tissue in determining levels of many of the novel
risk factors. The close relation between several of the novel
risk markers and BMI is compatible with the adipose tissue
origin of some of these factors, including tumor necrosis
factor o, interleukin 6, leptin, and adiponectin, as previously
established [35]. Interleukin 6, a major proinflammatory
cytokine, is produced in adipocytes, as well as a variety of
other tissues. Likewise, the association of adhesion mole-
cules with BMI reflects increased expression induced by
proinflammatory cytokines. The association between BMI
and novel markers (other than leptin) was most marked in
regard to levels of tPAag and PAI-1. The significant
relationship between ADMA and BMI is in line with our
previous findings in a population of older high-risk men
[38], suggesting a relationship between obesity and endo-
thelial dysfunction. The finding of a relation between
oxidized LDL-C levels and BMI was concordant with the
relation between total cholesterol levels and BMI (and
between LDL-C level and BMI; data not shown), and leptin-
dependent low-density lipoprotein oxidation has been
suggested as a novel link between obesity and atheroscle-
rosis [39]. This link was also noted in our data set
(regression coefficient, 0.16; P = .02).

4.3. Effect of diet and smoking

Various dietary factors may attenuate the expression of
endothelial adhesion molecules, including fatty acids
derived from fish and dietary antioxidants [27]. We are
not aware of previous data linking dietary sucrose with the
novel risk markers, as observed here. The association
between some of the novel risk factors and dietary energy
from sucrose was on the order of the magnitude of the
association between triglycerides and dietary sucrose (weak
but statistically significant). An increased dietary sucrose
level may be a marker of a diet with a poor nutritional
density and was negatively correlated with fruit and
vegetables (regression coefficient, —0.23; P = .001), fiber,
and vitamin C (regression coefficient, —0.19; P = .008);
however, only sucrose was associated with the novel factors.

Several risk factors (ICAM-1, E selectin) were related to
cigarette smoking, in agreement with previous studies
[28,29]. We have previously reported that smoking cessa-
tion reduced levels of ICAM-1 in a subset of this cohort
[22], suggesting a causal relation between smoking and
ICAM-1 metabolism. In accordance with our finding of a
negative relation between smoking and leptin, short-term
cigarette smoking has been shown to reduce plasma leptin
levels [40]. The somewhat paradoxical and not easily
explainable positive relationship between smoking and
L-arginine/ADMA found in these young individuals has
been reported earlier in an elderly high-risk population [38].

4.4. Study limitations

Several limitations of our study warrant discussion. It is
clearly not possible in a cross-sectional study to attribute
causality to any of the sets of correlated variables. We did not
measure psychological and socioeconomic variables that
could influence novel risk factors. We did not measure body
fat directly, but we used BMI as a surrogate for body fat;
however, the results were similar when waist circumference
was substituted for BMI (data not shown). Almost all
participants reported some form of physical activity in our
questionnaire. Thus, we were not able to distinguish the
effect of physical activity on the novel risk markers. Some
selection bias may be present because women are more likely
to participate in the screening of relatives than men [21].

5. Conclusions

Premenopausal women have lower rates of coronary
disease than similar-aged men, even in the setting of
hyperlipidemia and positive family history of premature
CHD. The findings from the current study show that high-
risk women with dyslipidemia and a family history of
premature CHD or hyperlipidemia have favorable levels of a
variety of novel risk markers thought to play a role in the
pathogenesis of atherosclerosis and acute coronary syn-
dromes including markers of endothelial activation, pro-
thrombosis, inflammation, and adipose tissue function.
Other novel markers, including cellular adhesion molecules,
L-arginine/ADMA ratio, CRP, and leptin, did not differ
between high-risk young men and women. It remains
unknown whether these differences in novel risk markers
can account for the sex differences in the risk for clinical
cardiovascular events in these subjects. It is notable that
several of these markers are correlated with diet and
smoking, suggesting that they may be modified by life-
style interventions.
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