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Abstract
Background—Gender divergence on the impact of multiple cardiovascular (CV) risk factors on
the femoral artery intima-media thickness (IMT) has not studied in a biracial (black-white)
community based asymptomatic young adults.

Methods—Femoral IMT was measured by B-mode ultrasonography in 1080 individuals (aged
24- 43 years; 71%white, 43% male) enrolled in the Bogalusa Heart Study.

Results—Femoral IMT showed a gender difference (males > females, p= 0.001), but no racial
difference. In a multivariate model, age, cigarette smoking, systolic blood pressure and total to
HDL cholesterol ratio related independently, in that order, to IMT in females; age and LDL
cholesterol in males. In females, mean IMT increased with increasing number of risk factors
defined as values above the age- race- and gender- specific 75th percentile of systolic blood
pressure, waist circumference, total to HDL cholesterol ratio and insulin along with positive
smoking status (p for trend = 0.001), with respective mean IMT (mm) values of 0.61, 0.65, 0.72,
and 0.77, for 0, 1-2, 3 and 4-5 risk factors. There was no such significant trend in males.

Conclusions—Although males vs females had thicker IMT, the observed increasing trend of
femoral IMT with increasing number of risk factors in asymptomatic young females suggests that
females may be relatively more susceptible to the burden of multiple risk factors.
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Introduction
Peripheral arterial disease (PAD) is a clinical manifestation of atherosclerosis that causes
significant morbidity and mortality from cardiovascular (CV) diseases.1 PAD is common in
older adults, mostly asymptomatic, but is associated with clinically manifest CV diseases 2.
In general the prevalence of PAD is over 10% in individuals aged more than 60 years old 3.
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Specifically, the prevalence of lower extremity PAD based on ankle-brachial index is
approximately 10% to 20% of community dwelling individuals aged 65 and older.4 Males in
general are considered to have more PAD than females.2,3 Although PAD is a leading cause
of death and disability, it is under recognized and under-treated 3 especially in women in
general medical practice.5

Epidemiologic studies such as the Framingham study have emphasized the importance of
multiple risk factors profile in the prediction and prevention of CV diseases.6 Although the
clinical manifestations of CV diseases occur during and after middle age, autopsy studies in
youth have shown that CV risk factors are related to the early stages of coronary
atherosclerosis7,8 Importantly, the extent of atherosclerosis increases markedly with multiple
risk factors.9,17 It has also been shown that coronary artery disease risk factors are also
associated with PAD.10,15 Carotid and femoral artery intima-media thickness (IMT) are
considered surrogate indicators of atherosclerotic coronary and peripheral vascular diseases
in middle-aged and older adults.11-14

Manifestations of PAD in relation to CV risk factors have been studied by ultrasound -
assessed carotid and femoral artery IMT mainly in middle-aged and older adults.10-12

However, little is known on the impact of multiple CV risk factors on the femoral IMT in
young adults by gender. The present study investigated whether gender influences the
impact of multiple CV risk factors on the femoral artery IMT in the Bogalusa Heart Study
cohort.

Methods
Study Subjects

As part of the adult survey, 1080 subjects, aged 24-43 years (71% white, 43% male) residing
in the semi-rural biracial (65% white, 35% black) community of Bogalusa, Louisiana were
examined in 2001-2002. Tulane University Health Sciences Center Institutional Review
Board approved the study. Informed consent was obtained from all participants.

General Examination
Trained field observers followed standardized protocols as described previously.16,18

Duplicate measurements of height to the nearest 0.1 cm and weight to the nearest 0.1 kg
were made and the mean values were used to calculate body mass index (BMI= weight in
kilograms divided by the square of the height in meters, wt/ ht2) as a measure of overall
adiposity. Mean values of waist circumference measured in triplicate were used as an
indicator of visceral fatness. Measurements of right upper arm length and circumference
were used for proper blood pressure cuff size selection. Two randomly assigned observers
measured blood pressure (3 measurements each) using the right arm of subjects, seated and
relaxed. Systolic and diastolic blood pressure levels were recorded as the first and fifth
korotkoff phases using mercury sphygmomanometers. Blood pressure levels were reported
as the mean of 6 replicate measurements. Information on smoking status (yes/no) was
obtained as part of a medical / health habit questionnaire. Individuals were considered
smokers if they reported current use of cigarettes or having stopped smoking within the past
year.

Laboratory Analysis
Subjects were instructed to fast for 12 hours and the compliance was determined by
interviewing on the morning examination. Serum cholesterol and triglycerides levels were
assayed using an enzymatic procedure on the Hitachi 902 automatic Analyzer (Roche
Diagnostics, Indianapolis, IN). Serum lipoprotein cholesterol levels were analyzed by a
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combination of heparin-calcium precipitation and agar-agarose gel electrophoresis
procedures.19 The laboratory has been monitored for precision and accuracy by the Lipid
Standardization and Surveillance Program of the Center for Disease Control and Prevention
(Atlanta, Georgia). A commercial radioimmunoassay kit was used for measuring plasma
immunoreactive insulin levels (Phadebas insulin kit; Pharmacia Diagnostics, Piscataway,
NJ). Plasma glucose levels were measured as part of a multiple chemistry profile (SMA20)
by a glucose oxidase method.

Femoral Ultrasonography
Trained sonographers performed B-mode ultrasound examinations with a Toshiba Sonolayer
SSH160A (Toshiba Medical, Tokyo, Japan) equipped with a 7.5-MHz linear array
transducer on subjects in the supine position. Images of maximum far wall IMTs were
recorded at left common femoral artery according to previously developed protocols as for
carotid vessels in the Atherosclerosis Risk in Communities Study.20 Images were recorded
on super VHS tapes and read by certified readers from the Vascular Ultrasound Research
Laboratory using a semiautomatic ultrasound image processing program developed by the
California Institute of Technology Jet Propulsion Laboratory (Pasadena California)
according to strict protocols.20,21 Duplicate measurements on 69 subjects showed
correlation coefficients of 0.63, p = 0.0001.

Statistical Analyses
All statistical analyses were performed using SPSS system version 12.0 for Windows. All p
values were 2 tailed. Femoral artery IMT measurements, triglycerides, insulin and glucose
were log transformed to reduce skewness. Differences between groups’ means were
assessed using independent t–test or ANOVA as appropriate. After assessing the interaction
between gender and risk factors, analysis was performed stratified by gender.

Analysis of covariance controlling for age was used to assess the gender differences in IMT
and CV risk factor variables. Post hoc tests used the Sidak method for multiple comparisons
when appropriate. Partial Pearson correlation coefficients were used to assess the bivariate
relation between IMT and risk factor variables, controlling for age and race. Chi-squire test
was used for categorical variables to assess the gender differences.

Stepwise linear regression methods were used to assess the independent relation between
risk factor variables and femoral IMT using significance levels to enter 0.05 and to stay
within 0.10. Multiple regression analysis was performed stratified by gender. Independent
variables included age, race, BMI, waist circumference, systolic and diastolic blood
pressure, LDL cholesterol, HDL cholesterol, total cholesterol to HDL cholesterol ratio, log
triglycerides, log insulin and cigarette smoking (yes or no).

The effect of multiple risk factors on IMT of femoral artery was examined by comparing the
mean IMT values of individuals with 0, 1or 2, 3, and 4 or more risk factors in males and
females. Risk factors included cigarette smoking, and adverse levels of total cholesterol to
HDL cholesterol ratio, insulin level, waist circumference and systolic blood pressure. The
adverse levels were defined as age-, race-, gender- specific values above the 75th percentiles
for the study group. Linear trend tests were used to assess the impact of multiple risk factors
on IMT of femoral artery.

Results
The mean levels of anthropometric, hemodynamic and metabolic variables in the study
cohort by race and gender are listed in Table 1. BMI was higher in black females than white
females, while waist circumference was higher in white males than white females. Males vs
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females and blacks vs whites displayed higher systolic and diastolic blood pressure, LDL
cholesterol, total cholesterol to HDL cholesterol ratio and glucose. Females vs males and
blacks vs whites had lower triglycerides. White males vs white females and white males vs
black males showed lower HDL cholesterol. There was no significant difference in age,
insulin and smoking status. Mean and selected percentiles of femoral artery IMT by race and
gender are presented in Table 2. Age-adjusted femoral IMT showed gender difference
(males > females, p = 0.001) only among whites and no race difference in both genders.
Partial correlations between CV risk variables and femoral IMT (adjusted for age and race)
are listed in Table 3. In general, bivariate correlations are greater in females. In females,
IMT was significantly and positively associated with BMI, waist circumference, systolic
blood pressure, diastolic blood pressure, LDL cholesterol, total cholesterol to HDL
cholesterol ratio and triglycerides. In females IMT was inversely correlated with HDL
cholesterol. The magnitude of correlation was relatively higher between blood pressure and
IMT. Only systolic blood pressure and LDL cholesterol were correlated with IMT in males.
Most CV risk factor variables were significantly correlated with femoral IMT in females,
with the exception of insulin and glucose. Insulin and glucose were not significantly
associated with IMT in either males or females.

Predictor variables of IMT of femoral artery by gender are listed in Table 4. In both males
and females, age was the major contributor to the explained variance of IMT followed by
cigarette smoking, systolic blood pressure and total cholesterol to HDL cholesterol ratio, in
that order in females; LDL cholesterol in males. The independent variables listed explained
9% in females vs 5% in males of the variability in femoral IMT.

The effect of multiple risk factors on IMT of femoral artery in males vs females is shown in
Figure 1. There was no significant increasing trend of IMT seen with increasing number of
risk factors in males; in contrast, for females mean IMT increased with increasing number of
risk factors defined as values above the age-, race-, and gender- specific 75th percentile of
systolic blood pressure, waist circumference, total cholesterol to HDL cholesterol ratio and
insulin along with cigarette smoking (p for trend = 0.001).

Discussion
The present study shows significant gender divergence on the impact of multiple CV risk
factors on the femoral IMT in asymptomatic healthy younger adults. Age, cigarette smoking,
systolic blood pressure and total cholesterol to HDL cholesterol ratio are independent
predictors of the femoral artery IMT in females; whereas age and LDL cholesterol only are
predictors of IMT in males. Further, females with multiple CV risk factors displayed
increased IMT of femoral artery in contrast to males, although greater overall thickness of
femoral arteries was noted in males. These observed associations in females, within a large
sample of community-based cohort, free from the selection bias of a patient population, are
indicative of the burden of multiple CV risk factors on the early stages of atherosclerosis in
extra coronary arteries and, by inference, coronary arteries. The noninvasive
ultrasonographic evaluation of femoral IMT in this study expands earlier autopsy findings
from the Bogalusa Heart Study and the Pathobiological Determinants of Atherosclerosis in
Youth Study, showing a strong association between traditional CV risk factors and early
phases of atherosclerosis in young adults.8,9 Young females had a greater extent of fatty
streaks in the abdominal aorta than males but the same extent of raised lesions.8 Females
and males had a similar extent of fatty streaks in the right coronary artery, but females had
much less extensive raised lesions.8 In these studies, aorta and coronary artery lesions
lagged in severity in females than males. It needs to be determined if the observed
increasing trend of IMT with greater number of risk factors in the premenopausal setting, is
the stage for greater clinical atherosclerotic events in post menopausal females.
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The observed independent associations of age, cigarette smoking, systolic blood pressure
and total cholesterol to HDL cholesterol ratio with IMT in females are in expected directions
and consistent with previous findings made primarily in middle-aged and older
populations.22 Of particular interest, the measured risk factors in multivariate analysis
contributed relatively more in the variance of IMT in females compared to males (9% vs
5%). This suggests variations in susceptibility to IMT of femoral artery and to the extent of
atherosclerosis in lower extremities between males and females as affected by risk factors in
general. The observed increasing trend of IMT with increasing number of CV risk factors in
females indicates that females may be more susceptible than males to vascular changes
related to risk factors even though cardiac events are greater in males at a younger age.

The findings of this study that the femoral IMT increased considerably in asymptomatic,
younger female adults with multiple CV risk factors support the concept of the importance
of multivariate risk profile and the attendant accelerated atherosclerosis systemically.
Multiple risk factors are established for its clinical manifestations in middle-aged and older
populations as enunciated by the Framingham Study.6 The traditional CV risk factors
evaluated in this study related to metabolic syndrome, with the exception of cigarette
smoking which are found at the high risk group are patho-physiologically related and coexist
frequently in youth.23 The multiple risk factors included smoking which also has an effect
on atherosclerotic disease. The observed deleterious impact of multiple risk factors on the
femoral IMT in females parallel the earlier autopsy results showing marked increases in the
extent of coronary atherosclerosis in young subjects with increasing number of risk factors
but with a lag in severity in females.9

In bivariate analysis, triglycerides was associated with femoral IMT in females. Findings
from the other studies suggest an association between triglycerides and carotid IMT in
women but not in men, 24 although some inconsistent association has been reported.25 It is
known that diabetes greatly accelerates peripheral vascular disease and the significant
correlation of risk factors associated with metabolic syndrome such as obesity, systolic
blood pressure, total cholesterol to HDL cholesterol ratio, and triglycerides with IMT in this
study of young female adults can be a subtle predictor of future disease at this site. Despite
the less severity of atherosclerosis in females, the trend of acceleration of IMT related to
multiple risk factors is greater in females.

Systolic blood pressure is consistently related to IMT independent of age in previous
studies.24 In this study, although males had thicker IMT than females, interestingly, systolic
blood pressure is not the predictor of femoral IMT in males. In females, smoking, systolic
blood pressure and total cholesterol to HDL cholesterol ratio are significant in predicting
IMT of femoral artery. This implies that in females, hemodynamic factors such as shear
stress and atherogenic burden from increased total cholesterol to HDL cholesterol ratio are
determinants of subclinical atherosclerosis. It has been shown that females especially white
females are more closely related with unfavorable arterial hemodynamics and related arterial
stenosis.26 Such changes is noted in this study may relate to hemodynamic effects on arterial
structure changes including endothelial and IMT changes related to smaller diameter vessels
in women.

Further, studies showed smoking is associated with IMT, particularly with carotid IMT and
PAD, as well as with coronary artery disease in males and females.24 Smoking was
associated with more extensive fatty streaks and raised lesions in the abdominal aorta but the
effect of smoking was similar in males and females.8 Although there are conflicting results
regarding the effect of smoking on IMT in women, results are consistent in males in this
regard.27 However, results from the present study indicate that smoking is a significant
predictor of femoral IMT in females not in males. The pathophysiology of this association is
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not clear as there is no significant difference in cigarette smoking status in males and
females in this study.

Studies suggest that gender difference in atherosclerosis differ in vascular sites; greater in
coronary vessels than in other vascular beds 28,29 remarkably, the differences in the aorta
and the arteries of the lower extremities are virtually absent.28 But our study shows that
there is a significant gender difference on the impact of multiple CV risk factors on femoral
IMT, a surrogate indicator of lower extremity atherosclerosis. The different mechanism (s)
underlying the observed male-female divergence on the impact of multiple CV risk factors
on femoral IMT remain to be established. Gender specific hemodynamic and metabolic
characteristics likely contribute to the observed divergences. Further, genetic and
socioeconomic factors may also play a role in this regard.30

Atherosclerosis is a gradually progressive phenomenon and single measurements of CV risk
factors with IMT may not truly reflect an individual's past exposure to risk factors.24 Studies
of IMT at one site like the femoral may only reflect symptoms from local atherosclerosis
rather than generalized atherosclerosis. The changes may not reflect the end event from the
extensive atherothrombotic process such as occurs to produce clinical coronary artery
disease or of more proximal abdominal aorta-iliac-femoral changes. Yet, ultrasonography of
the femoral arteries is practical and provides a noninvasive and relatively inexpensive
method to assess systemic atherosclerosis.

Compared with the carotid artery, the femoral artery is more difficult to examine because of
the location, especially in obese subjects. Having measurement of only one femoral arterial
site is a limitation of the current study. Lack of power analysis to specifically show the
differences on the impact of the CV risk factors on femoral IMT in asymptomatic males and
females is another limitation of the current study. Furthermore, specific power analysis was
not performed to examine whether the risk factors have similar or differential impact on
IMT.

In conclusion, the impact of CV risk factors on femoral IMT, a surrogate measure of
atherosclerosis was found to be greater in females. Although males vs females had thicker
IMT, the observed increasing trend of femoral IMT with increasing number of risk factors in
asymptomatic younger female adults suggests that females are relatively more susceptible to
the atherosclerotic effect of risk factors including effects of diabetes. These results indicate
that gender should be considered in CV risk profiling.
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Figure 1.
The effect of multiple risk factors on intima-media thickness (IMT) of femoral artery in
males and females. A highly significant trend of increasing thickness is shown with greater
number of risk factors in females. No such trend of increasing thickness is shown in males.
Risk factors included were total cholesterol to HDL cholesterol ratio, waist circumference,
systolic blood pressure, insulin level (>75th percentile specific for age, race, gender) and
smoking. HDL, high density lipoprotein. Bar represents standard error of mean.
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Table 3

Partial correlation coefficients between intima-media thickness of femoral artery and cardiovascular risk factor
variables in study cohort by gender

Male* Female*

BMI 0.01 0.12b

Waist -0.002 0.14c

Systolic BP 0.10a 0.19c

Diastolic BP 0.07 0.15c

LDL cholesterol 0.09a 0.08a

HDL cholesterol -0.004 - 0.10a

Triglycerides 0.02 0.13b

Total cholesterol /HDL cholesterol 0.04 0.13b

Insulin - 0.02 0.02

Glucose -0.04 -0.02

BP, blood pressure, BMI, body mass index; LDL, low density lipoprotein.

HDL, high density lipoprotein.

*
Adjusted for age and race.

a
p <0.05

b
p < 0.01

c
p < 0.001.
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