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Usefulness of Increased Skin Cholesterol to Identify Individuals at
Increased Cardiovascular Risk (from the Predictor of Advanced

Subclinical Atherosclerosis Study)

James H. Stein, MDa,*, Wendy S. Tzou, MDb, Jeanne M. DeCara, MDc, Alan T. Hirsch, MDe,
Emile R. Mohler III, MDb, Pamela Ouyang, MBBSf, Gregory L. Pearce, MSg, and

Michael H. Davidson, MDd

In patients with symptomatic coronary heart disease, skin cholesterol (SC) content is
associated with the presence and extent of coronary artery disease; however, its relation to
subclinical arterial disease in asymptomatic patients is unknown. The purpose of this study
was to determine the relations between SC and carotid intima–media thickness (CIMT) in
asymptomatic subjects across a wide range of cardiovascular risk. SC was measured using
a noninvasive assay. CIMT and carotid plaque presence were determined by high-resolu-
tion B-mode ultrasound. Associations among SC, CIMT, carotid plaque presence, and
cardiovascular risk factors were evaluated by multivariable logistic regression analyses. SC
and CIMT were measured in 565 asymptomatic subjects (57 � 10 years of age, 38%
women) from 6 sites in North America. The mean Framingham 10-year cardiovascular risk
was 8.4 � 7.2%. A 10-U increase in SC was associated with a 12% increase in the odds of
having increased CIMT (p � 0.006) and a 15% increase in carotid plaque presence (p �
0.002). Odds ratios (95% confidence intervals) associated with SC >110 U were 2.19 (1.25
to 3.85, p � 0.006) for increased CIMT and 2.89 (1.61 to 5.19, p <0.001) for carotid plaque
presence. In conclusion, SC identified the presence of advanced subclinical atherosclerosis. The
relations among increasing SC, increasing CIMT, and carotid plaque presence were consistent
across all levels of cardiovascular risk and were independent of cardiovascular risk factors. SC
may be a useful test for cardiovascular risk prediction. © 2008 Elsevier Inc. All rights

reserved. (Am J Cardiol 2008;101:986–991)
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pproximately 11% of the body’s total cholesterol content
s in the skin.1 Because skin cholesterol (SC) content is
ssociated with deposition of cholesterol in the coronary
rteries and aorta, it has been suggested that quantifying SC
ontent may be a useful technique for identifying patients
ith atherosclerotic arterial disease.2,3 Using a noninvasive

ssay that measures cholesterol content within the stratum
orneum, SC has been associated with the presence and
xtent of angiographic coronary artery disease4,5 and the
resence of myocardial ischemia3 in patients with positive
tress test results. In asymptomatic patients, there is an
ssociation between SC and coronary artery calcium6 and
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irculating inflammatory markers7 and with carotid intima–
edia thickness (CIMT).8 These findings suggest that SC
ay be a marker of subclinical atherosclerosis. Because SC

an be measured noninvasively using a point-of-care test,
C content could become a useful office tool for assessing
ardiovascular risk, if it is shown to identify the presence of
ubclinical atherosclerosis. The purpose of this study was to
etermine the relation between SC content and common
arotid artery CIMT in asymptomatic subjects across a wide
ange of cardiovascular risk.

ethods

his was a multicenter study performed at 6 centers in the
nited States. This study was approved by the institutional
uman subjects review board at each participating institu-
ion. All subjects provided informed consent before enroll-
ent. Subjects were 40 to 80 years old. Exclusion criteria

ncluded known coronary artery disease, peripheral arterial
isease, cerebrovascular disease, current use of cholesterol-
owering medications, hepatitis, pregnancy, or skin disease
n either hand. Enrollment was stratified by site with a goal
f recruiting �33% women and �25% African-Americans.
ubject entry also was stratified by predefined tertiles of low
�5%), intermediate (5% to 20% ), or high (�20%) risk of
ardiovascular disease.9 Patients with type 2 diabetes mel-

itus were considered to be at high risk.9
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987Preventive Cardiology/Skin Cholesterol and Atherosclerosis
SC was measured noninvasively using Prevu*POC
PreMD, Inc., Toronto, Ontario, Canada).10 After cleaning
ith alcohol, a foam well template was affixed to the hy-
othenar eminence of the right palm, and a solution con-
aining a synthetic digitonin–copolymer–horseradish per-
xidase conjugate was applied. After a 1-minute incubation,
he area was blotted and an indicator solution containing a
orseradish peroxidase substrate was applied in the well and
o positive and negative controls. SC levels were quantified
ased on color change as measured by a hand-held spectro-
hotometer (MD22 Spectrophotometer, X-Rite, Inc., Grand
apids, Michigan). The resulting change in hue was re-
orted in units. The test uses a detector reagent (digitonin/
orseradish peroxidase–conjugated copolymer) to bind cho-
esterol. Each operator participated in a live demonstration
f the Prevu*POC test and reviewed the training and certi-
cation procedures. For certification, each operator had to
easure SC on the right and left palms of 3 volunteers, and

he results were sent to the sponsor for verification. Oper-
tors were certified if the coefficient of variation between
esults of the left and right palms for each volunteer was
20% and the average of all 6 results was �120 U. Coef-

cients of variation for SC assays by a single operator
aking 6 measurements on the palms of 20 volunteers with

ormal (n � 10, mean SC 96 U) and high SC levels
imulated with high concentration detector (n � 10, mean
C 166 U) were 11% and 7%, respectively. The coefficient
f variation for repeat testing with 3 different kit lots in 10
olunteers with normal SC values was 10%. Mean SC
alues for the left and right hands of volunteers were not
ignificantly different (p � 0.92) and had a coefficient of
ariation of 9%.10

All sonographers were trained and certified to perform
he imaging protocol by a central core laboratory (Univer-
ity of Wisconsin Atherosclerosis Imaging Research Pro-
ram, Madison, Wisconsin). The protocol for evaluating
IMT was modified from the Atherosclerosis Risk In Com-
unities (ARIC) study.11,12 Digital images of the far walls

f the distal 1 cm of the common carotid artery from 3
ngles of interrogation and of the bifurcation were obtained
sing high-resolution B-mode ultrasound. Ultrasound im-
ges were shipped to the core laboratory on digital media
or central analysis. The core laboratory was blinded to SC
nd all laboratory measurements. Two experienced readers
easured the mean far wall CIMT of the common carotid

rtery in triplicate from each angle for a total of 6 segments
18 measurements) per subject (Access Point 2004, Freel-
nd Systems, Westfield, Indiana). Mean CIMT was consid-
red to be increased if it was �75th percentile for age,
ender, and race in the ARIC study, based on published
omograms and regression modeling.12,13 Carotid plaque
as defined as a focal area of echogenic carotid wall thick-

ning that encroached on the arterial lumen, with a minimal
ntimal plus medial thickness �1.2 mm.14 Approximately
0% of subjects from each site had repeat carotid ultra-
onography performed �1 day apart. Sixty pairs of dupli-
ate scans were measured by readers who were blinded to
heir previous measurements. Mean � SD absolute differ-
nces in CIMT between scans for readers 1 and 2 were

.011 � 0.012 and 0.041 � 0.031 mm, respectively. Their
oefficients of variation were 1.0% and 3.5%. Assessment
f plaque presence was 97% reproducible for the 2 readers.

Blood samples were obtained by venipuncture after subjects
ad fasted for �12 hours. All laboratory tests were performed
t Orion Laboratory (Seymour, Connecticut). Fasting plasma
lucose, serum total cholesterol, triglycerides, and high-density
ipoprotein cholesterol were measured using standard enzy-
atic assays and low-density lipoprotein cholesterol was cal-

ulated using the Friedewald equation.15 C-reactive protein
as measured using a high-sensitivity assay (high-sensitivity
-reactive protein, extended range assay, Dade Behring, Deer-
eld, Illinois), and lipoprotein-associated phospholipase A2
as measured using the PLAC test (Diadexus, Inc., South San
rancisco, California).

The primary analysis was to determine if SC levels could
dentify patients with CIMT �75th percentile for age, gen-
er, and race based on projections from the ARIC study.12,13

nadjusted logistic regression models were created and
hen adjusted for traditional cardiovascular disease risk fac-
ors, the Framingham risk score (FRS), and emerging risk
actors (high-sensitivity C-reactive protein, lipoprotein-as-
ociated phospholipase A2). Response variables were CIMT
75th percentile and carotid plaque presence. First, SC was

reated as a continuous variable with an odds ratio (OR) and
5% confidence intervals (CIs) calculated for each 10-U
ncrease in SC. Second, the relation was assessed with
djustment for the FRS and cardiovascular risk factors.
orward stepwise regression models (entry criterion of
�0.05) were used to select the set of variables (Table 1)

hat best characterized CIMT �75th percentile. Models then
ere stratified by cardiovascular risk (low �5%, intermediate
% to 20%, and high �20% or type 2 diabetes mellitus). Areas
nder the receiver operating characteristic curves (with 95%
Is) for the prediction of increased CIMT were calculated for
ach risk factor. Similar analyses were performed for the out-
ome variable of carotid plaque presence.

able 1
ubject characteristics (n � 565)

ge (yrs) 57 � 10
omen 215 (38%)
hite 429 (66%)
ypertension 260 (46%)
iabetes mellitus 98 (17%)
urrent smoker 145 (26%)
ramingham cardiovascular risk (%) 8.4 � 7.2
otal cholesterol (mg/dl) 200 � 41
ow-density lipoprotein cholesterol (mg/dl) 127 � 36
igh-density lipoprotein cholesterol (mg/dl) 53 � 16
riglycerides (mg/dl) 134 � 99
ystolic blood pressure (mm Hg) 131 � 18
iastolic blood pressure (mm Hg) 78 � 11
igh-sensitivity C-reactive protein (mg/L) 2.7 (1.7–4.6)
ipoprotein-associated phospholipase A2 (ng/ml) 148 � 48
C (U) 90.6 � 21.6
ean CIMT (mm) 0.758 � 0.154
IMT �75th percentile 201 (36%)
arotid plaque presence 300 (53%)

Continuous values are presented as mean � SD, except high-sensitivity
-reactive protein, which is presented as median (interquartile range).
ategorical values are presented as number of patients (percentage).
Based on previous research,5 SC also was analyzed as a
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ategorical variable with low (�80 U), intermediate (80 to
10 U), and high (�110 U) levels. SC �80 U is considered
ow because 80 U is the theoretical lower limit of detection
f the test.10 This was based on measurements of substrate
lone on different palms and adding 2 SDs to the mean
alue obtained. The upper cutpoint (�110 U) identifies
pproximately the top quartile of healthy subjects based on
revious studies.5 All analyses were performed with SAS
.1 (SAS Institute, Cary, North Carolina) using an alpha
alue equal to 0.05 to establish statistical significance. The
rojected sample of 600 subjects was estimated based on the
bility to detect an OR for CIMT �75th percentile of �1.85
or subjects with high SC with 80% power.

esults

n total 650 subjects were recruited. Twelve subjects were
xcluded before data analysis (6 did not have blood drawn,
had missing lipid values, 2 were on cholesterol-lowering
edications, 3 did not have complete CIMT studies). Also,

ata from 73 subjects were excluded because of operator
rror in measuring SC (Appendix 1). Therefore, SC, CIMT,
nd laboratory data were analyzed in 565 subjects (Table 1).
ean FRS was 8.4 � 7.2% (37% low risk, 39% interme-

iate risk, 24% high risk). Mean SC was 90.6 � 21.6 U.
here were 196 subjects (35%) with SC �80 U, 282 (50%)
ith SC 80 to 110 U, and 87 (15%) with SC �110 U. There
as no significant association between SC and age (r �
.03, p � 0.46) or gender (men vs women 90 � 22 vs 92 �
2 U, p � 0.18). Neither high-sensitivity C-reactive protein
r � �0.06, p � 0.17) nor lipoprotein-associated phospho-
ipase A (r � 0.07, p � 0.10) was strongly associated with

able 2
ssociations with carotid intima–media thickness for skin cholesterol, lip

ariable Overall Low R
(n � 1r Value p Value

r Value

C 0.03 0.47 �0.03
otal cholesterol 0.07 0.11 0.16
ow-density lipoprotein cholesterol 0.12 0.004 0.15
igh-density lipoprotein cholesterol �0.16 �0.001 0.05
ystolic blood pressure 0.27 �0.001 0.12
iastolic blood pressure 0.08 0.07 0.01

AUC � area under the receiver operating characteristic curve.

able 3
ssociations among skin cholesterol, increased carotid intima–media

hickness, and carotid plaque presence*

CIMT �75th
Percentile

p
Value

Carotid Plaque
Presence

p
Value

C/10 U 1.12 (1.03–1.21) 0.006 1.15 (1.06–1.26) 0.002
ntermediate vs

low SC
1.45 (0.97–2.16) 0.07 1.08 (0.74–1.57) 0.70

igh vs low SC 2.19 (1.30–3.72) 0.004 2.53 (1.46–4.40) 0.001

* ORs and 95% CIs adjusted for cardiovascular risk (low �5%, inter-
ediate 5% to 20%, and high �20% or type 2 diabetes mellitus).
2
C. In univariate analysis, SC was not correlated with s
IMT (r � 0.03, p � 0.47); however, a weak correlation
as seen in participants at intermediate risk (r � 0.12, p �
.06; Table 2). In this group of participants, the relation
etween SC and increased CIMT was stronger than for
igh-density lipoprotein cholesterol (r � 0.03, p � 0.67)
nd systolic blood pressure (r � 0.07, p � 0.28) and similar
o that of diastolic blood pressure (r � �0.11, p � 0.08).
he area under the receiver operating characteristic curve

or the ability of SC to identify patients with increased
IMT (0.560) was higher than for total cholesterol (0.505)
nd similar to low-density lipoprotein cholesterol, high-
ensity lipoprotein cholesterol, systolic blood pressure, and
iastolic blood pressure (Table 2).

Multivariate models were more informative. For each
0-U increase in SC, the unadjusted OR for CIMT �75th
ercentile was 1.12 (95% CI 1.03 to 1.21, p � 0.006), which
as not changed after adjustment for the FRS (OR 1.12,
5% CI 1.03 to 1.21, p � 0.007). For each 10-U increase in
C, the OR for carotid plaque presence was 1.13 (95% CI
.04 to 1.22, p � 0.004). Adjustment for the FRS did not
hange this relation appreciably (OR 1.15, 95% CI 1.06 to
.26, p �0.001; Table 3). Relations between SC and the 2
arkers of subclinical atherosclerosis were similar in sub-

ects at low, intermediate, and high cardiovascular risk (data
ot shown). In models that considered SC as a categorical
ariable and adjusted for cardiovascular risk factors, inter-
ediate (p � 0.02) and high (p � 0.006) levels of SC were

igure 1. Adjusted ORs (adjusted for age, gender, low-density lipoprotein
holesterol, high-density lipoprotein cholesterol, systolic and diastolic
lood pressures, glucose, smoking status) with 95% CIs for prediction of
IMT �75th percentile and carotid plaque presence by SC levels (inter-
ediate 80 to 110 U and high �110 U vs low �80 U).

blood pressure, overall and by cardiovascular risk status

Intermediate Risk
(n � 245)

High Risk
(n � 134)

AUC for CIMT �75th
Percentile (95% CI)

r Value p Value r Value p Value

0.12 0.06 0.12 0.18 0.560 (0.518–0.602)
0.13 0.04 0.03 0.72 0.505 (0.467–0.551)
0.15 0.02 0.08 0.35 0.525 (0.483–0.567)
0.03 0.67 �0.13 0.15 0.561 (0.519–0.603)
0.07 0.28 0.18 0.04 0.572 (0.530–0.613)

�0.11 0.08 0.04 0.66 0.559 (0.517–0.600)
ids, and

isk
86)

p Value

0.70
0.03
0.05
0.52
0.11
0.92
ignificant predictors of CIMT �75th percentile, and high
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989Preventive Cardiology/Skin Cholesterol and Atherosclerosis
p �0.001) SC was a significant predictor of carotid plaque
resence (Figure 1 and Table 3). Similar results were seen
hen the relations between SC and the 2 markers of sub-

linical atherosclerosis were adjusted for cardiovascular risk
ategory (Table 3).

Results of stepwise logistic regression modeling are pre-
ented in Table 4. In the model for CIMT �75th percentile,
nly age, systolic blood pressure, and gender were better
redictors than SC; however, SC remained an independent
redictor of increased CIMT after adjustment for these
arameters. The same relations were observed in the model
or predicting carotid plaque presence, with SC also selected
s the third best explanatory variable after age and systolic
lood pressure. Directions of the ORs for age and gender
ere divergent between models because the CIMT percen-

iles were based on age and gender. To evaluate how SC
ompared with other novel risk markers, logistic regression
odels were created with high-sensitivity C-reactive pro-

ein and lipoprotein-associated phospholipase A2 as predic-
or variables, with adjustment for the FRS. For each 1.0-
g/L increase in high-sensitivity C-reactive protein, the
Rs for CIMT �75th percentile and carotid plaque pres-

nce were 1.03 (95% CI 1.00 to 1.06, p � 0.03) and 0.99
95% CI 0.96 to 1.01, p � 0.25), respectively. For each
0-mg/dl increase in lipoprotein-associated phospholipase
2, the ORs for CIMT �75th percentile and carotid plaque
resence were 1.02 (95% CI 0.98 to 1.05, p � 0.42) and
.03 (95% CI 0.99 to 1.07, p � 0.13), respectively.

iscussion

hese data demonstrate that SC, as measured by a nonin-
asive assay, identified the presence of advanced subclinical
therosclerosis. A high level of SC (�110 U) was associ-
ted with nearly a 2.2-fold increase in the odds of having
IMT �75th percentile and an approximately 2.5-fold in-
rease in the odds of having carotid plaque. Associations
etween SC and advanced subclinical atherosclerosis were
trong and independent of traditional and emerging risk
actors. Relations between SC and subclinical atherosclero-
is were robust, because neither the manner in which SC
as modeled (i.e., continuous or categorical) nor the man-
er in which adjustments for traditional cardiovascular risk
ere performed (i.e., individual risk factors, FRS, cardio-

able 4
tepwise logistic regression models of predictors of increased carotid inti

CIMT �75th Per

ge/10 yrs 0.54 (0.43–0.6
iabetes mellitus 1.93 (1.19–3.1
emale gender 2.25 (1.49–3.3
igh-density lipoprotein cholesterol 0.98 (0.97–1.0
ow-density lipoprotein cholesterol/10 mg/dl
C/10 U 1.14 (1.05–1.2
moker
ystolic blood pressure/10 mm Hg 1.24 (1.11–1.3

Candidate variables for inclusion in each model were age, gender, low-d
ressure, diastolic blood pressure, diabetes mellitus, smoking, high-sensiti
ascular risk category) affected the conclusions. The area t
nder the receiver operating characteristic curve for SC was
igher than for total cholesterol and similar to other recog-
ized coronary heart disease risk factors. These analyses
mphasize that SC contributes to the explanation of vari-
bility in the outcome of CIMT �75th percentile to an
xtent similar to traditional cardiovascular risk factors;
owever, none of the markers can adequately predict risk by
hemselves. The magnitude and independence of these find-
ngs suggest that measuring SC may be a useful test to
dentify increased cardiovascular risk.

The need for simple, noninvasive tests to assist health
are professionals with cardiovascular risk stratification has
een recognized.9,16,17 However, most tests that have been
ecommended are relatively complicated and require expen-
ive instrumentation or highly trained technicians to be
erformed correctly. These alternative risk prediction meth-
ds are not widely available and/or may involve harmful
xposures such as to ionizing radiation. A noninvasive test
hat could be performed in a clinical practice setting by
ffice personnel after a brief training program, such as
easurement of SC, could be a useful clinical tool. SC

evels reflect changes that occur with aging and atheroscle-
osis.3 Cholesterol selectively accumulates in the skin of
ice with defects in cholesterol regulation, and in a recent

tudy of mice deficient in low-density lipoprotein receptors
nd apolipoprotein A1, accumulation of epidermal choles-
erol was associated with macrophage infiltration and in-
ammatory changes.18 Similar processes occur in the arte-
ial intima during the development of atherosclerosis, thus
xplaining the relation among SC, CIMT, and cardiovascu-
ar disease risk.

Although this study identified independent associations
etween SC levels and 2 markers of advanced subclinical
therosclerosis, it was not designed to evaluate the ability of
C levels to predict incident cardiovascular events. A lon-
itudinal study investigating the predictive power of SC
evels is in progress. Like all techniques, measurement of
C is subject to operator error. Despite standardized train-

ng, SC values from 1 operator were excluded because of
perator error (Appendix 1). When this operator’s data were
ncluded, statistically significant (p �0.05), but weaker,
ssociations between SC and the markers of advanced sub-
linical atherosclerosis still were observed. A critical step in

dia thickness and carotid plaque presence

p Value Carotid Plaque Presence p Value

�0.001 2.05 (1.66–2.53) �0.001
0.008 1.68 (1.02–2.77) 0.04

�0.001 0.68 (0.46–0.99) 0.04
0.006 NS
NS 1.07 (1.02–1.13) 0.009
0.003 1.17 (1.07–1.28) �0.001
NS 2.19 (1.41–3.41) �0.001

�0.001 1.16 (1.04–1.30) 0.008

ipoprotein cholesterol, high-density lipoprotein cholesterol, systolic blood
reactive protein, and lipoprotein-associated phospholipase A2.
ma–me

centile

7)
3)
9)
0)

4)

8)

ensity l
vity C-
he SC test process that is subject to operator variability is
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lotting, which requires the operator to remove an unbound
etector from the palm before adding the indicator. Excess
esidual indicator solution can result in falsely increased SC
evels. A simplified and standardized blotting procedure
ith the objective of eliminating the kind of operator vari-

bility seen in this study has been developed by the manu-
acturer. As with all laboratory tests, operator training re-
ains critical for obtaining accurate and reproducible

esults.
The reliability of the findings in this study is supported

y the strength of associations observed between SC and 2
arkers of advanced subclinical atherosclerosis (increased
IMT and carotid plaque presence)14,16 and the consistency
f the associations between SC and these markers across a
ide range of cardiovascular risks. Increased SC was asso-

iated with increased risk of carotid plaque and, to a lesser
xtent, CIMT, even in subjects at low and intermediate risk
ccording to traditional risk assessment. Furthermore, the
eproducibility of the carotid ultrasound outcomes used in
his study were as good as or better than that reported in the
iterature.11,19,20 In summary, SC can noninvasively identify
atients with CIMT �75th percentile and with carotid
laque, markers of advanced subclinical atherosclerosis that
redict incident cardiovascular events.

cknowledgment: Michael Evelegh, PhD, and Laila Gur-
ey, MSc (PreMD, Inc.), assisted with the design and con-
uct of this study.

ppendix 1

uring analysis of the data from the entire cohort of 650
ubjects, the effect of SC on CIMT �75th percentile and on
laque presence was found to be significantly modified by
ite. Further investigation revealed that the SC values from
site where 96 subjects were recruited were higher than the

ther participating sites. A single operator’s SC values ac-
ounted for the variance. This operator measured SC in 73
ubjects (76%) at this site. The mean SC for this operator
as 123 � 30 U compared with 104 � 26 U for the other
perator at this site and 90 � 21 U for all other subjects. An
nadjusted general linear model showed that this operator
ad significantly higher SC values than the other operator at
his site and all other operators (p �0.001 for the 2 analy-
es). Subjects for whom SC was measured by this operator
ere similar to the other operator at this site and the rest of

he study participants for all characteristics listed in Table 1,
xcept that they had slightly lower low-density lipoprotein
holesterol (p � 0.048) and lipoprotein-associated phospho-
ipase A2 (p �0.001) values. The difference in SC levels
ersisted even after adjusting for all cardiovascular risk
actors listed in Table 1 (p �0.001). These results support
he conclusion of operator error. Upon investigation, it was
iscovered that after training and certification this operator
ad not measured SC in a subject for 8 weeks, whereas other
perators measured SC within 4 weeks of training. A longer
nterval between training and research testing may have
esulted in aberrant SC results from this operator. All data

rom this operator were excluded from the primary analysis.
ppendix 2

he core laboratory for this study was the University of
isconsin Atherosclerosis Imaging Research Program,
niversity of Wisconsin School of Medicine and Public
ealth, Madison, Wisconsin (James H. Stein, MD, principal

nvestigator; Claudia E. Korcarz, DVM, RDCS; Susan E.
eschlimann, RDMS, RVT; Carol K.C. Mitchell, RDMS,
DCS, RVT; Mary Jane Washburn, RRT). The following

nstitutions (personnel) participated in this study: University
f Chicago Pritzker School of Medicine, Chicago, Illinois
Jeanne M. DeCara, MD, site principal investigator;
eorgeanne Lammertin, RDCS; Anne Ryan, RN); Univer-
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