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eNOS and Caveolin-1 Gene Polymorphisms
Interaction and Intima Media Thickness: A Proof
of Concept Study in ESRD Patients
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BACKGROUND

Caveolae are a prominent microdomain in endothelial cells and
appropriate localization in caveolae is fundamental for endothelial
nitric oxide synthase (eNOS) activity. Since the Glu298Asp variant

in the eNOS gene alters caveolar localization of the corresponding
enzyme, we tested the interaction between this variant and the
rs4730751 polymorphism of the caveolin-1 (CAV-7) gene as related to
arterial remodeling in end-stage renal disease (ESRD) patients.

METHODS

One hundred and thirty-three ethnically homogeneous ESRD
patients underwent carotid ultrasonographic studies to measure
intima-media thickness (IMT) and carotid cross-sectional area
(CSA). Genotyping was performed by high-throughput allelic
discrimination assays on real-time PCR.

RESULTS
Arterial remodeling was associated to the number of G alleles of
CAV-1 polymorphism, GG homozygotes displaying an IMT and a CSA

Severe arterial disease is a major feature of end-stage renal
disease (ESRD) and coherent lines of evidence implicate dis-
turbed regulation of the nitric oxide (NO) system in cardio-
vascular damage in this condition.! Both, environmental risk
factors like accumulation of the endogenous inhibitor of NO
synthase (NOS), asymmetric dimethyl arginine (ADMA),?
and genetic factors such as gene variants in the endothe-
lial NOS (eNOS) gene concur in determining the severity of
this disorder in this population.>* As to the genetic compo-
nent, we reported that the Glu298Asp eNOS polymorphism
(rs1799983) is associated with intima-media thickness (IMT)?3
and wall to lumen ratio and that this gene variant interacts
with ADMA to explain the variability in arterial remodeling
in ESRD.*
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that were, respectively, 16% and 21% higher than those in patients
without therisk allele (P < 0.012). In multiple linear regression
analyses including the CAV-1 and the eNOS polymorphisms and
adjusting for classical risk factors and risk factors peculiar to ESRD
both polymorphisms were independent correlates of IMT (CAV-1:
B=0.20,P=0.01;eNOS B=0.25,P=0.001) and CSA (CAV-T: B =0.20,
P=0.01:eNOS B=0.13, P=0.09). Furthermore, strong interactions
emerged between the two polymorphisms for explaining the
variability in IMT (P=0.001) and in CSA (P=0.038) in these patients.

CONCLUSION

Overall these findings form preliminary evidence that disturbed
interaction between CAV-1 and eNOS may be of relevance for arterial
disease in ESRD and perhaps in other human diseases.

Keywords: blood pressure; cardiovascular risk; caveolin-1;end-stage
renal disease; endothelial nitric oxide synthase; genetics; hypertension
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Caveolae are a prominent microdomain in endothelial cells
wherein fundamental cell signaling mechanisms are gener-
ated and/or transduced and it is precisely at this site that NOS
(eNOS) achieves maximal activity.” Caveolin-1 (CAV-1) is
a main structural component of this microdomain which is
characterized by a strong biological interaction with eNOS.
CAV-1 null aortas show a marked increase in acetylcholine
induced vasorelaxation even at extremely low concentrations
of acetylcholine, indicating that CAV-1 serves to constitutively
inhibit eNOS activity.® Within caveolae, CAV-1 is in close
proximity to cell membrane receptors for fibrotic mediators
such as transforming growth factor-,” a factor strongly impli-
cated in atherosclerosis.® Furthermore, the in vitro observation
that the eNOS gene variant (Glu298Asp), which we associated
to arterial disease in ESRD, also alters caveolar localization
of the eNOS gene and its functional link with CAV-1° high-
lights the potential relevance of the CAV-1-eNOS interac-
tion in arterial disease in these patients. In this regard, it is of
outmost interest that the rs4730751 polymorphism in CAV-1
gene predicts allograft loss in ESRD patients submitted to
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renal transplantation,!? a phenomenon attributable to vascular
proliferation and fibrosis triggered by this SNP. Because this
polymorphism appears to be a most likely player in arterial
disease, as a proof of the relevance of the CAV-1-eNOS inter-
action in man, we tested the relationship between the CAV-1
polymorphism and arterial remodeling in ESRD patients and
analyzed the genetic interaction between this SNP and the
Glu298Asp eNOS variant in the same set of patients where we
originally described the association between the Glu298Asp
genotype and arterial disease. To account for the relatively
low sample size, the study results were validated by a boot-
strap resampling technique whereby the reproducibility of the
relationships between CAV-1/eNOS and the severity of carotid
atherosclerosis was investigated in 1,000 random samples
extracted from the original study population.

METHODS

The protocol conformed to the local ethical guidelines of our
institution and was approved by the ethical committee of the
“Azienda Ospedaliera Bianchi Melacrino Morelli” Informed
consent was obtained from each participant.

Patients. One hundred thirty-three (79 men and 54 women,
all Caucasians) dialysis patients (87 on hemodialysis and 46
on chronic ambulatory peritoneal dialysis) who had been on
regular dialysis treatment for at least 6 months (duration of
regular dialysis treatment: median 47 months, interquartile
range: 18-115 months) and who were free of overt infections
(fever, infected vascular access or peritonitis, or exit site infec-
tion) were recruited for the study. Hemodialysis patients were
being treated three times weekly with standard bicarbonate
dialysis (in mmol/I: Na 138, HCO, 5, K 1.5, Ca 1.25, Mg 0.75)
either with Cuprophan or semisynthetic membranes. The
average urea fractional urea clearance (Kt/V) in these patients
was 1.29 + 0.29. The remaining 46 patients were on chronic
ambulatory peritoneal dialysis (weekly Kt/V 1.66 + 0.33). All
hemodialysis patients were virtually anuric (24-h urine vol-
ume <200 ml/day), whereas a minority of chronic ambulatory
peritoneal dialysis patients (n = 6) had a 24-h diuresis >200 ml/
day. Nineteen patients were diabetics and 66 were habitual
smokers (22 + 18 cigarettes/day). Seventy-seven patients were
on antihypertensive treatment (51 on monotherapy with angi-
otensin-converting enzyme inhibitors, angiotensin-1 antago-
nists, calcium-channel blockers, a- and p-blockers and the
remaining 26 on double or triple therapy with various com-
binations of these drugs). Sixty-six patients were on treatment
with erythropoietin.

Carotid ultrasonography. In all patients, ultrasonographic
studies on common carotid arteries (CCA) were performed
bilaterally by a single observer (EA.B.) who was blinded as
to the clinical and biochemical data.!' All studies were per-
formed with a Hewlett Packard Sonos 1500 (Palo Alto, CA)
using a 7.5-MHz high resolution probe. IMT was defined as a
low-level echo gray band that does not project into the arterial
lumen and was measured during end-diastole as the distance
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from the leading edge of the second echogenic line of the far
walls of the distal segment of the CCA, the carotid bifurca-
tion, and the initial tract of internal carotid artery on both
sides. Measurements were performed 0.5, 1, and 2cm below
and above the bifurcation (six measurements on each side) and
the average measurement was taken as the IMT.!! The cross-
sectional area (CSA) of the CCA was measured bilaterally
2cm below the bifurcation during end-diastole.!? The number
of atherosclerotic plaques (either as faint gray echoes (soft
plaques) or bright white echoes (calcified plaque) protrud-
ing into the lumen)!3 detected in the bulbar area (from 2cm
below to 2 cm above the bifurcation) of the carotid arteries was
recorded on both sides and summed up. The IMT and internal
diameter of the CCA measurements were always performed in
plaque-free arterial segments. Repeated studies in 105 dialysis
patients by a blinded observer in our laboratory showed that
the IMT and the internal diameter of the CCA represent reli-
able measurements because their coefficient of variation was
5.5 and 3.2%, respectively. In our laboratory abnormal IMT is
defined as IMT >0.82 mm. This value corresponds to the aver-
age value + 2 s.d. in a group of 70 healthy Italian normotensive
volunteers (age 52 + 14 years).!

Laboratory measurements. For hemodialysis patients fasting
blood sampling was performed during the midweek nondialy-
sis day and for chronic ambulatory peritoneal dialysis patients
at empty abdomen. Serum cholesterol, albumin, calcium and
phosphate, and hemoglobin measurements were made using
standard methods in the routine clinical laboratory. The
C-reactive protein was measured by using a commercially
available kit (Behring, Scoppito, L' Aquila, Italy). Plasma homo-
cysteine and ADMA were determined as previously reported.

Genotyping of the Cav-1 and eNOS gene polymorphisms.
Genomic DNA was extracted from peripheral blood leukocytes
by salting-out technique.!® The participants were genotyped
for a common single-nucleotide polymorphism (G-894-T) on
exon 7 of eNOS gene on chromosome 7. This polymorphism,
described under identification number rs1799983, was studied
bythevalidated TagMan SNP Genotyping Assay C_3219460_20.
Genotyping of the Cav-1 rs4730751 polymorphism on intron 1
of the gene on chromosome 7 was determined by the validated
TagMan SNP Genotyping Assay C_2972987_10. SNPs geno-
typing was performed by ABI PRISM 7900HT according to the
manufacturer’s recommendations (Applied Biosystems, Foster
City, CA). The assays mix (including unlabeled PCR prim-
ers, FAM, and VIC dye-labeled TagMan MGB probes) was
designed and provided by Applied Biosystems. The reaction
system contained 1-5ng of genomic DNA, 12.5 ul of TagMan
Universal PCR Master Mix, 2x no AmpErase UNG, 1,25l 40
x assay mix and was adjusted with H,O for a total volume of
25 ul. Alleles were scored using the allelic discrimination soft-
ware Sequence Detection System v2.2 (Applied Biosystems). A
random 5% of samples were independently repeated to con-
firm genotyping results. The genotype results for these samples
were completely consistent.
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Table 1| Main clinical an biochemical characteristics of the study population

TT(n=16)
Age (years) 61+17
Male sex, n (%) 9 (56%)
Diabetics, n (%) 1(6.3%)
Smokers, n (%) 5(31.3%)
On antihypertensive therapy n (%) 7 (44%)
On treatment with EPO, n (%) 9 (46.3%)
With previous CV events, n (%) 6(37.5%)
Systolic pressure (mm Hg) 134+17
Diastolic pressure (mm Hg) 73+10
Heart rate (beats/min) 85+9
Hemoglobin (g/1) 96 +22
Albumin (g/1) 40+6
Calcium x phosphate (mmol%/I2) 46+15
Cholesterol (mg/dl) 218+55
ADMA (umol/I) 4.6 (3.4-5.1)
CRP (mg/I) 6.4(3.8-13.1)

Homocysteine (umol/1) 20.5(14.6-27.8)

Caveolin polymorphism

GT (n=55) GG(n=62) Pfor trend
60+15 60+ 16 0.93
30(55%) 40 (65%) 0.34
10(18.2%) 8(12.9%) 0.88
25 (45.5%) 36 (58.1%) 0.04
36 (66%) 34 (55%) 0.93
28 (51.0%) 29 (47.0%) 0.48
31 (56.4%) 30 (48.4%) 0.83
137 +£21 136 +21 0.76
76+12 76+12 0.50
84+9 82+16 0.34
102+19 108 =20 0.02
38+6 38+6 0.47
44+13 44+14 0.63
209+48 212+60 0.86
4.0(3.2-5.1) 4.0 (3.1-5.1) 0.44
7.4(3.4-17.9) 9.2(3.5-26.4) 0.28
26.4(20.2-49.0) 32.2(22.3-42.6) 0.07

ADMA, asymmetric dimethyl arginine; CRP, C-reactive protein; CV, cardiovascular; EPO, erythropoietin.

Statistical analysis. Data are expressed as mean + s.d. or s.e.,
median (interquartile range), or as percent frequency, as
appropriate. Groups comparisons were made by P for trend.
The relationship between CAV-1-eNOS genotypes (defined
according to a codominant model) and the severity of carotid
atherosclerosis (as estimated by IMT, CSA and total number of
atherosclerotic plaques) was analyzed by univariate and mul-
tivariate regression analyses. For multivariate modeling, we
consider the following variables: CAV-1 and eNOS genotypes
as well as a series of traditional risk factors (age, sex, smok-
ing, cardiovascular comorbidities, diabetes, cholesterol, systo-
lic pressure, and antihypertensive treatment), factors peculiar
to ESRD (hemoglobin, albumin, calcium phosphate product)
and emerging risk factors (C-reactive protein, homocysteine,
and ADMA). The interaction analysis between caveolin and
eNOS genes for explaining the severity of atherosclerosis was
analyzed by adding into the multivariate models the CAV-1-
eNOS polymorphisms interaction term. Into the final models,
we included all variables that were related (with P < 0.15) to
the exposure (CAV-1 and eNOS genotypes and their interac-
tion term) or to the study outcomes (IMT and CSA). By this
strategy, we constructed models of adequate statistical power
(at least 10 patients for each variable into the models). The
estimated increase in the severity of carotid atherosclerosis
associated to 1 G allele increase of the CAV-1 gene was cal-
culated by linearly combining the regression coefficients (see
Appendix for mathematical details). To validate the independ-
ent relationships of CAV-1, eNOS and their interaction term
with indicators of carotid atherosclerosis (IMT and CSA) a
bootstrap resampling technique of 1,000 samples (extracted
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randomly from the original sample) was performed.'® Data are
expressed as regression coefficients (b), standardized regres-
sion coeflicients (B) and P values. All calculations were done
by a standard statistical package (STATA for Windows version
9.0, College Station, TX).

RESULTS

Both CAV-1 (TT: 12%; GT: 41%; GG: 47%) and eNOS (TT:
12%; GT: 43%; GG: 45%) genotypic distributions did not devi-
ate from Hardy-Weinberg equilibrium (y? = 0.49, P = 0.48 and
X% = 1.60, P = 0.20, respectively). The demographic and clinical
characteristics of patients stratified according to CAV-1 poly-
morphism are presented in Table 1. GG homozygotes for this
polymorphism had higher hemoglobin and were more fre-
quently smokers as compared to those with other genotypes.
No differences were observed as for the remaining demo-
graphic, clinical or biochemical data. A descriptive analysis
according to eNOS polymorphism was reported elsewhere.’

CAV-1 polymorphism and carotid ultrasonography

IMT (1.04 + 0.24 mm) was above the upper limit of the corre-
sponding normal range in 114 (86%) ESRD patients. CSA was
on average 12.2 + 3.5mm?. On univariate analysis, the number
of G alleles of CAV-1 polymorphism was unrelated to the total
number of atherosclerotic plaques (P = NS).

On the other hand, IMT and CSA increased according to
the number of risk alleles (G allele) of CAV-I polymorphism
(Figure 1), so that patients with the GG genotype had an
IMT and a CSA that were 16% and 21% higher than those of
patients without the risk allele, respectively (Figure 1). The
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number of T alleles of the eNOS polymorphism was strongly
related with IMT (P = 0.005) and tended to correlate with CSA
(P = 0.14). In multiple linear regression models including the
CAV-1 and the eNOS polymorphisms and adjusting for all
risk factors listed in Table 1, both polymorphisms resulted to
be independent correlates of IMT (CAV-1: 5 = 0.20, P = 0.01;
eNOS B = 0.25, P = 0.001)) and CSA (CAV-I: f = 0.20, P =
0.01: eNOS 8 = 0.13, P = 0.09) and bootstrapping validation
showed that these links were highly consistent (IMT-CAV-1I:
B = 0.20; IMT-eNOS 8 = 0.24; CSA-CAV-1: 8 = 0.19: CSA-
eNOS 8 =0.13).

CAV-1,eNOS polymorphisms, and carotid ultrasonography:
interaction analysis

On crude analysis, eNOS polymorphism modified the relation-
ship between the number of CAV-1 risk alleles and IMT. Indeed,
the presence of the risk allele of the CAV-1 gene was associated

IMT (mm) Cross-sectional area (mm?)
14 18
P=0.014 P=0.012
1.3 16
1.2
14
11
12
1.0
0.9 10
0.8 8
TT GT GG TT GT GG

Caveolin polymorphism Caveolin polymorphism
Figure 1 | Relationships between genotypes of caveolin-1 polymorphism
(codominant model) and intima-media thickness and cross-sectional area.
Data are mean and s.d. Comparisons were made by P for trend. IMT, intima-
media thickness.

Caveolin-1 and Atherosclerosis in Dialysis

with a more marked increase in IMT in patients with the TT
eNOS genotype as compared to that observed in patients with
TG and GG genotypes (P for interaction = 0.018) (Table 2 and
Figure 2). The interaction between the two polymorphisms
for explaining the IMT was even stronger (P = 0.001) after
data adjustment for traditional and nontraditional risk factors
(Table 2, last column) and remained meaningful also after boot-
strapping validation (Figure 2). On crude analysis, eNOS poly-
morphism modifies the CAV-1-CSA link (Figure 2) but this
effect was not statistically significant (P = 0.23). However, after
data adjustment for all risk factors listed in Table 2, an interac-
tion between the two polymorphisms emerged for explaining
the variability in CSA (P = 0.038). The estimated change in CSA
for each increase in T allele number was 2.6 + 0.5mm? in TT,
1.5 £ 0.5mm? in TG, and 0.4 + 0.5mm? in GG eNOS genotype
patients (P for interaction = 0.038) (Figure 2) and again this rela-
tionship maintained after bootstrapping validation (Figure 2).

DISCUSSION

In this proof-of-concept study in patients with ESRD, we asso-
ciate for the first time a polymorphism in the CAV-I gene with
intimal thickening and arterial dilatation and show a coher-
ent interaction of the same polymorphism with an established
genetic marker of arterial disease in ESRD, i.e., the Glu298Asp
variant in the eNOS gene.

From a pathology point of view, arterial disease in ESRD is pri-
marily a medial degenerative condition spread from the thoracic
aorta and central arteries to peripheral arteries, causing dila-
tion, diffuse hypertrophy, and stiffening.!” Accordingly, intimal
thickening and outward remodeling of arterial vessels, as meas-
ured by IMT and CSA in echo-color Doppler studies of carotid
arteries, are fundamental characteristics of arterial involvement
in ESRD patients.!” As opposed to plaque formation which is an
inflammation-driven process in ESRD,!3 arterial remodelingisa

Table 2| Multiple linear regression model of intima-media thickness

Crude Fully adjusted model
Units of TTeNOS TGeNOS GG eNOS TTeNOS TGeNOS GG eNOS
increase genotype genotype genotype genotype genotype genotype
Caveolin polymorphism 1Gallele 0.22 +0.04 0.11+£0.04 0.01+0.04 0.24 +0.04 0.12+0.04 0.003 £0.04
Pforinteraction=0.018 Pforinteraction =0.001
Age 1year 0.005 +0.001, P < 0.001
Gender 0=F1=M 0.02 +0.045,P=0.66
Smoking 0=no; 1=yes —0.004 +0.045,P=0.86

Systolic pressure 1mm Hg

CV comorbidities 0=no; 1=yes

Hemoglobin 1g/dl
Albumin 1g/dl
Homocysteine 1log pmol/I
ADMA 1log pmol/I
CRP 1log mg/I

Data are regression coefficients + s.e.and P values.

0.0013+0.001,P=0.12
0.035+0.04,P=0.33
—0.02+0.001,P=0.01
0.001+0.003,P=0.81
0.17 £0.07,P=0.02
0.28+0.11,P=0.01
0.07£0.04,P=0.11

ADMA, asymmetric dimethyl arginine; CRP, C-reactive protein; CV, cardiovascular; eNOS, endothelial nitric oxide synthase.
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Figure 2 | Effect modification of endothelial nitric oxide synthase (eNOS) genotypes on the crude, adjusted, and bootstrapping validated increase in intima-
media thickness (IMT) and cross-sectional area associated to 1 G allele increase of caveolin-1 polymorphism. Data are mean + s.e.

phenomenon mainly determined by reduced NO bioavailability
in these patients. Indeed intimal thickening is strongly associ-
ated both with plasma ADMA levels and with the Glu298Asp
polymorphism,? a gene variant which alters eNOS activity. The
fundamental role of reduced NO bioavailability in vascular
damage in ESRD is also highlighted by the fact that both ADMA
and the Glu298Asp variant are also strong predictors of incident
cardiovascular complications in these patients.*

The plasma membrane invaginations that form caveolae are a
critical site for modulation of eNOS activity. Indeed it is within
caveolae that eNOS attains maximal activity and interacts with
CAV-1, a 21-24kDa protein that coats the cytoplasmic surface
of caveolae. In caveolae, eNOS activation is modulated through
direct-steric inhibition of calmodulin binding with caveolin.'®
CAV-1 null aortas show a marked increase in acetylcholine-
induced vasorelaxation even at extremely low concentrations
of acetylcholine, indicating that CAV-1 serves to constitutively
inhibit eNOS activity.® Thus dissociation from its inhibitory
interaction with CAV-1 is a fundamental step for the activa-
tion of eNOS. Agonist activation (or stimulation by shear)
increases intracellular calcium and calcium-calmodulin bind-
ing, which displaces caveolin and reverses its inhibitory effect
on eNOS. In addition to this tonic inhibition, interaction with
CAV-1 contributes to eNOS concentration in caveolae. As pre-
viously alluded to, although a substantial proportion of active
eNOS resides in the peri-Golgi area, proper caveolar localiza-
tion is critical for eNOS activation and maximal activity.!?

The Glu298Asp variant is one of the most coherent genetic
marker of high risk for coronary artery disease and myocardial
infarction?® and hypertension?! in various populations and
for arterial remodeling® and incident cardiovascular events*
in ESRD. It was shown that this variant disturbs the catalytic
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activity of eNOS but the precise biological alteration underly-
ing the high risk of this gene variant is still debated. Given the
high risk of the Glu298Asp variant and the importance of the
interaction of eNOS with CAV-1 for the location of this enzyme
in caveolae and the control of its activity, the Glu298Asp vari-
ant is suspected to be a critical factor in the CAV-1-eNOS
interaction.’ Indeed this gene variant decreases the degree of
interaction of eNOS with Cav-1, hinders location of eNOS in
caveolae and diminishes shear-dependent NOS activation.’
On the other hand, the recent discovery that a polymorphism
(rs4730751) in CAV-1 gene targeting vascular proliferation
and fibrosis coherently predicted graft failure in two separate
cohorts of ESRD patients followed-up for over 10 years after
renal transplantation!? suggests that this variant can modify the
interaction between the corresponding gene product, CAV-1,
and other proteins, particularly eNOS, an enzyme that is maxi-
mally activated only when localized in caveolae. In line with
this hypothesis, we found that ESRD patients homozygous for
the risk allele of the rs4730751 polymorphism exhibited intima
media thickening (i.e., vascular hypertrophy) as well as out-
ward arterial remodeling (enlargement in CSA). Furthermore,
the presence of the risk allele for the CAV-I polymorphism
determined a tripling in the dose-dependent increase in both
IMT and CSA in individuals homozygous for the risk allele of
the eNOS Glu298Asp variant as compared to those with other
eNOS genotypes pointing to a relevant interaction between
these two gene variants. Overall these findings form a prelimi-
nary hypothesis generating evidence that disturbed interaction
between CAV-1 and eNOS may be of relevance for arterial dis-
ease in ESRD and perhaps in other human diseases.

Our study is limited in many respects. The most obvious limi-
tation is sample size. Studies reporting false positive associations
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of gene variants and clinical end-points abound and large
sample size and confirmatory analyses in diverse populations
are recommended for testing genetic associations. In this regard,
it is important noting that a bootstrapping validation, simulat-
ing a re-sampling of 1,000 samples randomly extracted from the
original population, showed that the link between CAV-1 and
caveolin-eNOS interaction term with the severity of carotid
atherosclerosis was highly consistent. In the background knowl-
edge linking eNOS gene and arterial remodeling in ESRD, the
present study should be seen as a proof of concept analysis spe-
cifically stimulated by the recent identification of a CAV-1 gene
variant associated with vascular proliferation, fibrosis, and organ
(kidney) failure. The hypothesis we probed had a precise bio-
logical rationale based on the experimental in vitro interaction
between the GIu298Asp gene variant with CAV-1. Confirmatory
observations in other ESRD cohorts and mechanistic studies
are needed to clarify the effect modification by the Glu298Asp
gene variant to the link between the rs4730751 polymorphism
of CAV-1 gene and arterial remodeling in this population.

APPENDIX
Calculation of the estimated slope in IMT associated to CAV-1
polymorphism (1 G allele increase) across the number of T
allele (0, 1, and 2) of the eNOS genotype.

Multiple regression analysis of Caveolin 1 x eNOS interaction
term for predicting intima-media thickness (see table below).

Regression coefficients

Caveolin 1 x eNOS interaction term 0.121*
Caveolin-1 0.00279
eNOS -0.0835
Age 0.005
Gender 0.02
Smoking —-0.004
Systolic pressure 0.0013
CV comorbidities 0.035
Hemoglobin —-0.02
Albumin 0.001
Homocysteine 0.17
ADMA 0.28
CRP 0.07
*P=0.001.

CRP, C-reactive protein; CV, cardiovascular.

A significant interaction between the two polymorphisms
implies that the slope in IMT associated to Caveolin-1 poly-
morphism (1 G allele increase) must be calculated at prespeci-
fied values of the number of T alleles of the eNOS genotype by
linearly combining the corresponding regression coeflicients
derived from multiple regression analysis. Then, the estimated
slope in IMT associated to 1 G allele increase at 0, 1, and 2 T
alleles of the eNOS genotype are calculated as follows:
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-Slope in IMT associate 1 G allele increase o - o) =
0.00279 +0.121 x 0 = 0.003

-Slope in IMT associate 1 G allele increase o - 1) =
0.00279 +0.121 x 1 =0.12

-Slope in IMT associate 1 G allele increase g - 5 =
0.00279 +0.121 x 2=0.24

Disclosure: The authors declared no conflict of interest.
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