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Abstract
Objective—Endothelial function and carotid intima media thickness (cIMT) were investigated in
a cohort of 54 healthy adults without known cardiovascular disease.

Methods—Pulse wave amplitude was determined with peripheral arterial tonometry (PAT) to
obtain the reactive hyperemia (RH)-PAT ratio. Ultrasound was used to determine cIMT.

Results—cIMT and RH-PAT were significantly associated (rho = −0.35, P = 0.02) in univariate
analysis. RH-PAT was significantly associated with age, triglycerides, fasting glucose, HDL,
WHR, waist circumference and VAT. cIMT was associated with age, smoking history, fasting
glucose, systolic blood pressure, diastolic blood pressure and LDL. In multivariate regression
analyses, triglyceride level (P = 0.04) remained a significant determinant of RH-PAT whereas
systolic blood pressure (P = 0.02) and smoking pack-year history (P = 0.046) were significant
determinants of cIMT.

Conclusion—Determinants of cIMT and RH-PAT were different, dominated by triglyceride and
abdominal adiposity measures for RH-PAT but traditional risk factors including blood pressure,
glucose, smoking and LDL for cIMT.
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Introduction
Endothelial dysfunction and carotid intima media thickness (cIMT) are both surrogate
markers of atherosclerotic disease. Both have been shown to predict future CVD events 12.
However, a careful investigation of the early cardiovascular risk markers underlying these
two processes, measured simultaneously in a healthy cohort of patients without known
CVD, has not been performed.

Digital peripheral arterial tonometry (PAT) to assess pulse wave amplitude (PWA), is
emerging as a clinical tool to measure peripheral vasodilator response 3, an indicator of
endothelial function. PAT correlates with flow mediated vasodilation (FMD), a method that
has been validated for evaluating endothelial function 4. Carotid intima media thickness
(cIMT), a measure of structural abnormalities, is another indicator of early atherosclerotic
changes. Similar to measures of endothelial function, cIMT has also been related to
traditional CVD risk factors 5. The aim of the present study was to simultaneously evaluate
determinants of endothelial dysfunction as measured by PAT and cIMT in a cohort of
healthy adults.

Methods and Procedures
Fifty-four male and female subjects, ages 18–65, were recruited from July 2008 to October
2009. The subjects were healthy, asymptomatic of CVD, without a history of acute or
chronic disease including current CVD and/or diabetes mellitus. The study was approved by
the Massachusetts General Hospital (MGH) institutional review committee and subjects
provided written informed consent. Prior data relating neck circumference to cIMT were
published in this group 6, however, no data on RH-PAT or the relationship of RH-PAT to
cIMT have been published.

Body Composition
Weight and anthropometric measurements were determined using standard methodologies.
To assess abdominal visceral and subcutaneous adipose tissue area (VAT and SAT,
respectively), a cross-sectional abdominal CT scan at the level of the L4 pedicle was
performed 6.

Carotid Intima Media Thickness
Measurement of cIMT was performed as previously described 6. The intima media thickness
over the length of the left and right segment is reported as an average of the two
measurements.

Endothelial Function
Digital pulse wave amplitude was measured with a PAT device placed on the tip of each
index finger (Endo-PAT2000, Itamar Medical, Caesarea, Israel). Endothelial function was
measured via a reactive hyperemia (RH)-PAT ratio. An RH-PAT protocol consists of a 5
minute baseline measurement, after which a blood pressure cuff on the test arm was inflated
to 60 mmHg above baseline systolic blood pressure or at least 200 mmHg for 5 minutes.
Occlusion of pulsatile arterial flow was confirmed by the reduction of the PAT tracing to
zero. After 5 minutes, the cuff was deflated and the PAT tracing was recorded for a further 5
minutes. The ratio of the PAT signal after cuff release compared with baseline was
calculated through a computer algorithm automatically normalizing for baseline signal and
indexed to the contra lateral arm. The calculated ratio reflects the RH-PAT. As per prior
testing protocols with the Endo-PAT device 7, subjects were not required to be fasting.
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Biochemical Indices
Biochemical indices were measured using standard methodology.

Statistical Analysis
Comparison of variables was made using Student’s t-test for continuous variables and the
Chi-square test for noncontinuous variables. Continuous variables were tested for normality
of distribution by using the Shapiro-Wilk test and examination of the histogram distribution.
Because RH-PAT results were not normally distributed, Spearman correlation coefficients
(rho) were assessed in univariate analyses comparing RH-PAT and cardiovascular risk
parameters. Pearson correlation coefficients (r) were assessed in univariate analyses
comparing cIMT and other covariates. Separate multivariate regression analyses were
performed using standard least squares to determine the association of statistically
significant outcomes in the univariate analyses. Gender was included in each model.
Statistical significance was defined as P value of less than 0.05. Statistical analyses were
performed using SAS JMP statistics software (SAS Institute Inc., Cary, NC).

Results
Fifty-four subjects enrolled in the study; RH-PAT data were obtained in 46 participants.
Demographic, metabolic and body composition parameters are shown for all subjects in
Table 1. RH-PAT and cIMT did not differ significantly among men and women. Twelve
participants were active smokers during the study, but neither cIMT (0.73 ± 0.04 mm vs.
0.70 ± 0.02 mm, P = 0.45) nor RH-PAT (1.6 ± 0.2 vs. 1.9 ± 0.1, P = 0.15) differed
significantly among current vs. non-smokers. Five participants (9 %) reported currently
taking lipid lowering therapy and 10 participants (19 %) reported current antihypertensive
use. Carotid IMT was not significantly different among the participants receiving vs. not
receiving lipid lowering therapy (0.76 ± 0.07 vs. 0.70 ± 0.02 mm, P = 0.40) or
antihypertensive medications (0.78 ± 0.05 vs. 0.69 ± 0.02 mm, P = 0.07). Similarly, RH-
PAT was not different among the participants with respect to use of lipid lowering therapy
(1.5 ± 0.28 vs. 1.9 ± 0.09, P = 0.24) or antihypertensive medications (1.9 ± 0.19 vs. 1.8 ±
0.09, P = 0.80).

Relationship of RH-PAT, cIMT and Cardiometabolic risk parameters
In univariate analysis among all subjects RH-PAT and average cIMT were significantly
related (rho = −0.35, P = 0.02). RH-PAT was negatively associated with age, fasting
glucose, triglycerides (Supplementary Figure 1), WHR, waist and neck circumference, as
well as VAT area, and trended toward significance with BMI. RH-PAT was positively
associated with HDL-cholesterol (Table 2). cIMT was also related to several
cardiometabolic risk factors, however the pattern or risk factors associated with cIMT was
distinct from that of RH-PAT. cIMT was positively associated with age, pack years
smoking, systolic and diastolic blood pressure, fasting glucose, hemoglobin A1C, LDL-
cholesterol, and neck circumference. cIMT was negatively associated with HDL-cholesterol
(Table 2).

Multiple Regression Analysis of RH-PAT and Average cIMT
Multiple regression analysis was performed among the entire cohort for RH-PAT including
variables that met statistical significance in univariate analysis of RH-PAT. Total R2 for the
whole model was 0.49, the parameter estimates (β) and P values from the model are shown
in Table 2. Triglyceride level was found to have a significant negative association with RH-
PAT in the model controlling for age, gender, HDL-cholesterol, triglycerides, fasting
glucose, average cIMT, VAT, WHR, waist circumference and neck circumference.
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Triglyceride level was the only factor that remained significantly associated with RH-PAT
in the model, accounting simultaneously for other risk factors.

Multiple regression analysis was performed among the entire cohort for cIMT including
variables that met statistical significance in univariate analysis of cIMT. Total R2 was 0.52,
the parameter estimates (β) and P values from the model are shown in Table 2. In this
analysis, pack-year smoking history and systolic blood pressure were significant predictors
of cIMT controlling for age, gender, diastolic blood pressure, hemoglobin A1C, HDL- and
LDL-cholesterol, fasting glucose, and neck circumference.

Discussion
In this study we simultaneously examined associations between cardiometabolic risk factors
and two markers of subclinical atherosclerosis, endothelial function and cIMT. We
investigated several known risk factors for heart disease and identified significant factors
that are independently associated with cIMT and endothelial dysfunction as measured by
RH-PAT. Pulse wave amplitude to assess endothelial function is a relatively new,
noninvasive technique to measure this marker of CVD. Few studies have explored
associations of CVD risk factors with RH-PAT 4, 8, 9.

In the present study, in multivariate regression analysis controlling for several
cardiovascular risk factors, only triglyceride level was independently associated with RH-
PAT. In the Framingham Cohort Study, triglyceride level was correlated with RH-PAT in
univariate analysis. However, this relationship was not present in multivariate analysis
controlling for traditional CVD risk factors 8. Several studies have evaluated triglycerides,
exploring the effect of chronic or transient elevations of triglyceride levels on the
endothelium and have found that both states are associated with endothelial
dysfunction 10, 11, although results are not consistent 12. Triglycerides or triglyceride-rich
proteins may activate the expression of pro-inflammatory molecules such as NF-κB and
CREB 13. In addition, hypertriglyceridemia has been linked with higher plasma levels of
asymmetric dimethylarginine (ADMA), which decreases nitric oxide production and has
been found to be related to decreased endothelial function 10.

In contrast to RH-PAT, systolic blood pressure and pack-year smoking history remained
significant predictors of cIMT in multivariate regression modeling in the present study.
Large studies have evaluated the association of cardiovascular risk factors with cIMT 14.
Hypertension and smoking have been associated with cIMT and atherosclerosis 15, but risk
factors have not been simultaneously compared to RH-PAT and cIMT in prior studies.

Strengths of our study include the simultaneous assessment of two markers of subclinical
atherosclerosis and their association with traditional cardiovascular risk factors in a healthy
cohort without known cardiovascular disease. We demonstrated that although cIMT and
RH-PAT are correlated with each other to a modest degree, very distinct patterns of risk
association were seen comparing the two indices. This observation has implications for the
pathophysiology of atherosclerotic disease, suggesting that hypertriglyceridemia may relate
most strongly to functional vasodilatory properties assessed in a specific and increasingly
commonly used test of endothelial function, whereas smoking and blood pressure more
strongly influence the development of atherosclerotic plaque. In addition, we demonstrate
strong relationships of measures of central adiposity to RH-PAT. However, these
associations were no longer statistically significant in multivariate regression testing,
suggesting that the relationship demonstrated in univariate analysis was a function of
hypertriglyceridemia associated with abdominal fat accumulation. These results also have
implications for the choice of noninvasive tests to investigate early subclinical
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cardiovascular disease. Our data demonstrate that in such patients, cIMT will reflect more
traditional risk factors, but will be insensitive to triglyceride-related changes in endothelial
function. Conversely, RH-PAT, as assessed by the Endo-PAT method is more modestly
associated with traditional risk factors that contribute to development of atherosclerotic
plaque, but highly associated with hypertriglyceridemia. The cross-sectional design of this
study is a limitation, however, and causality cannot be determined from this design.

Conclusion
To our knowledge, this is the first study to simultaneously assess cIMT and RH-PAT in a
cohort of asymptomatic adults. We found a relationship between cIMT and RH-PAT, two
surrogate markers of subclinical atherosclerosis. Both of these markers were significantly
associated with several cardiovascular risk factors although in unique patterns. These
findings suggest that abnormalities of endothelial function and cIMT are likely two distinct
processes in the development of atherosclerosis.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Table 1

Characteristics of the study subjects

Mean ± SEM (n = 54) Range

Demographics

 Age (years) 49 ± 1 25–63

 Gender [n (%)]

  Male 26 (48)

  Female 28 (52)

 Race [n (%)]

  White 27 (50)

  Black 27 (50)

  American Indian/Alaska Native 0 (0)

  More than one race 0 (0)

 Lifetime smoking (pack-years) 8.7 ± 2.7 0–103.5

Metabolic Parameters

 Systolic Blood Pressure (mmHg) 119 ± 2 95–143

 Diastolic Blood Pressure (mmHg) 76 ± 1 42–100

 Fasting Glucose (mg/dl) 86 ± 1 68–112

 2-h Glucose (mg/dl) 109 ± 5 43–234

 Fasting Insulin (μU/ml) 3.4 ± 0.4 0.1–15.4

 Hgb A1C (%) 5.6 ± 0.07 4.7–6.7

 Total Cholesterol (mg/dl) 174 ± 4 120–260

 HDL-Cholesterol (mg/dl) 53 ± 2 25–90

 LDL-Cholesterol (mg/dl) 105 ± 4 40–173

 Triglycerides (mg/dl) 82 ± 5 28–186

 C-reactive protein (mg/L) 3.40 ± 0.81 0.04–27.7

 Endothelial function (RH-PAT) 1.8 ± 0.08 1.1–3.4

 cIMT 0.70 ± 0.02 0.45–1.10

Body Composition Parameters

 BMI (kg/m2) 28.2 ± 0.7 19.5–42.5

 WHR 0.91 ± 0.01 0.72–1.07

 SAT area (cm2) 285 ± 20 59–711

 VAT area (cm2) 111 ± 10 9–294

 Iliac waist (cm) 97 ± 1.9 69–131

 Neck circumference (cm) 38.1 ± 0.5 29.9–44.8

Data reported as mean ± standard error of the mean (SEM) or percentage. HDL, high-density lipoprotein; LDL, low-density lipoprotein; cIMT,
carotid intima media thickness; BMI, body mass index; WHR, waist to hip ratio; SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue;
RH-PAT, reactive hyperemia-peripheral arterial tonometry.
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