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Abstract

Context and objective—We examined whether a prevalent caveolin-1 gene (CAV1) variant, 

previously related to insulin resistance, is associated with metabolic syndrome (MetS).

Patients and methods—We included subjects genotyped for the CAV1 variant rs926198 from 

two cohorts: 735 Caucasians from the HyperPATH multicenter study, and 810 Hispanic 

participants from the HTN-IR cohort.

Results—Minor allele carriers from HyperPATH cohort (57% of subjects) had higher 

Framingham risk scores, higher odds of diabetes (10.7% vs 5.7%, p=0.016), insulin resistance 

(44.3% vs 35.1%, p=0.022), low HDL (49.3% vs 39.6%, p=0.018) and MetS (33% vs 20.5%, 

p<0.001) but similar BMI. Consistently, minor allele carriers exhibited higher odds of MetS, even 

when adjusted for confounders and relatedness (OR 2.83 (1.73–4.63), p<0.001). The association 

with MetS was replicated in the Hispanic cohort HTN-IR (OR 1.61, [1.06–2.44], p=0.025). 

Exploratory analyses suggest that MetS risk is modified by a CAV1 variant - BMI status 

interaction, whereby the minor allele carrier status strongly predicted MetS (OR 3.86 [2.05–7.27], 

p<0.001) and diabetes (OR 2.27 [1.07–4.78], p=0.03) in non-obese, but not in obese subjects. In 

addition, we observed a familial aggregation for MetS diagnosis in minor allele carriers.

Conclusion—The prevalent CAV1 gene variant rs926198 is associated with MetS in separate 

Caucasian and Hispanic cohorts. These findings appear to be driven by an interaction between the 

genetic marker and obesity status, suggesting that the CAV1 variant may improve risk profiling in 

non-obese subjects. Additional studies are needed to confirm the clinical implications of our 

results.
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1. INTRODUCTION

The metabolic syndrome (MetS) is a composite of central obesity, hyperglycemia/insulin 

resistance (IR), dyslipidemia and hypertension that is highly prevalent worldwide [2]. MetS 

is also associated with all-cause mortality, myocardial infarction, and stroke in subjects with 

and without diabetes [3]. Interestingly, current evidence shows that metabolically unhealthy 

normal-weight individuals have similar mortality and cardiovascular disease risk compared 

with metabolically unhealthy overweight or obese persons [4, 5]. These prospective 

observations suggest that individual cardiometabolic risk should involve more in-depth 

considerations than body-mass index (BMI) alone.

Our group has previously described that variations in the CAV1 gene were associated with 

IR in hypertensive humans, consistent with our bench studies that demonstrated that CAV1 
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deficiency in mice leads to abnormal glucose metabolism and hyperinsulinemia [6–8]. 

CAV1, the main component of plasma membrane caveolae, has been widely studied in 

cardiovascular and kidney tissues for its critical role in signal transduction and trafficking, 

and also for its interplay with steroid receptors and ion channel activation [6]. In adipose 

tissue, caveolae are typically abundant, occupying up to 30% of the surface area, and have 

been shown to regulate adipocyte differentiation, transport and lipid droplet formation [9]. 

Of note, CAV1 knockout mice display abnormal glucose tolerance, hypertension and 

dyslipidemia despite a lean body habitus. Also, humans with undetectable CAV1 expression 

due to severe CAV1 gene (CAV1) mutations display a lipodystrophic phenotype associated 

with insulin resistance, acanthosis nigricans, diabetes mellitus, and hypertriglyceridemia, 

suggesting that CAV1-related metabolic disorders may be secondary to adipocyte 

dysfunction rather than to increased fat mass [9–11].

In the present study, we tested the hypothesis that a prevalent CAV1 variant is associated 

with MetS. We investigated this hypothesis in a large Caucasian cohort with subsequent 

replication in a Hispanic cohort; in contrast to our previous report [6], the current analysis 

included not only hypertensives, but also normotensives and diabetics. We further 

performed exploratory analyses to investigate the role of this CAV1 variant in (1) predicting 

MetS in non-obese individuals and (2) in familial aggregation for MetS diagnosis.

2. METHODS

2.1 HyperPATH protocol (Caucasian cohort)

Participants were selected from the HyperPATH Cohort, a protocol that controls for factors 

that influence the renin-angiotensin-aldosterone-system (RAAS). A total of 735 Caucasian 

adults with available genotype were included in the analysis. All participants were studied 

under a common protocol in Clinical Research Centers located at Brigham and Women’s 

Hospital (Boston, MA), University of Utah Medical Center (Salt Lake City, UT), Vanderbilt 

University Medical Center (Nashville, TN), Hospital Broussais (Paris, France), and San 

Salvatore Hospital (Rome, Italy). HTN was defined as described previously [12]. Type 2 

diabetes mellitus and prediabetes were defined as per American Diabetes Association 

criteria [13]. IR estimation was calculated by HOMA-IR and IR as a categorical variable 

considering the upper quartile of HOMA-IR in the HyperPATH Cohort (HOMA-IR ≥2.8). 

As previously published by our group and following World Health Organization 

suggestions, to be diagnosed with MetS a participant needed to have diabetes, prediabetes or 

IR plus ≥2 of the following characteristics: 1) HTN, 2) dyslipidemia (triglyceride 

measurement ≥150 mg/dL or high-density lipoprotein <35 mg/dL in men and <39 mg/dL in 

women), or 3) BMI ≥30 kg/m2 and/or waist: hip ratio >0.9 in men, >0.85 in women [12, 14]. 

Sensitivity analysis using the harmonized MetS criteria was also performed [15]. 

Participants were also classified as “metabolically unhealthy normal-weight” if they 

presented MetS with a BMI in the 20–27 kg/m2 range as proposed in non-Asian subjects 

[16, 17].

Framingham risk score and laboratory analyses were performed using standardized and 

validated methods, as previously described [12].
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2.2 The HTN-IR Cohort and Study Protocol (Hispanic cohort)

Hispanic subjects with available genotype (810 participants) were analyzed from the 

Mexican-American Hypertension-Insulin Resistance (HTN-IR) cohort and recruited through 

the Hypertension Clinic at Los Angeles County, University of Southern California Medical 

Center or the Clinical Research Center at the University of California [18]. The criteria for 

MetS diagnosis were the same as outlined above for Caucasian subjects. For the definition 

of IR as a categorical variable, we used the upper HOMA quartile in this cohort (HOMA-IR 

≥4.9).

2.3 Genotype, quality control, and expression profile analysis

In the current study, we used rs926198 as the only candidate variant to be explored using a 

dominant model. This SNP was chosen based on our previous work where we analyzed 

eleven HapMap variants of the CAV1 gene, in relation to IR [6]. The dominant model 

analysis (grouping heterozygous and minor allele homozygous as minor allele carriers) was 

selected based on the frequency of the minor allele in our population, and on the similarity 

of the phenotype displayed by the minor allele carriers subgroups with the trait of interest. 

DNA was genotyped using the Sequenom platform, with a completion rate of greater than 

95% and adequate quality control. The genotype and allele frequencies were in Hardy-

Weinberg equilibrium (HWE) in both cohorts: HyperPATH 65.8% for major allele T and 

34.2% for minor allele C, p=0.62; HTN-IR: 81.4% for major allele T and 18.6% for minor 

allele C, p=0.42.

In the case where rs926198 was not available in a specific subject, as a proxy we used the 

CAV1 variant rs917664 within the HyperPATH cohort, which is in perfect linkage 

disequilibrium (r2=1) in both HapMap and 1000 Genomes datasets.

We evaluated rs926198 as an expression quantitative trait locus (eQTL) for CAV1 gene 

expression, by using two shared resources that provide information on specific gene 

expression by variant: the GENEVAR (GENe Expression VARiation) and the Genotype-

Tissue Expression (GTEx) databases [19]. For this specific analysis we assessed rs926198-

associated CAV1 expression in lymphoblastoid cell lines; in addition, the analysis in 

GENEVAR was performed in HapMap subjects by race of interest [6, 20]

2.4 Statistical analysis

Data and results are presented as mean ± SD and percentages for categorical variables. 

Univariate analyses were performed using a Chi-square test and an unpaired Student’s t test. 

Observed and expected values for allele frequencies to evaluate HWE were compared with a 

Chi-square test. The odds of MetS were compared by genotype, using a mixed effects 

logistic regression model. Covariates in the model were used as fixed effects and were 

chosen based on their clinical importance. Age, gender, site of study and BMI were 

included. We used a random effects model to account for participant relatedness. Secondary 

analyses were performed and included the analyses for the different components that cluster 

in MetS to test the robustness of our primary outcome and to evaluate potential differences 

of each trait. Furthermore, because of the described effect of low CAV1 on metabolic 

disorders despite a lean phenotype we evaluated the interaction of the CAV1 variant with the 
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BMI status. Sensitivity analyses also included evaluating the outcome with a second 

definition for MetS (Harmonized criteria) and incorporating HOMA-IR as a covariate in the 

model, thus assessing if the association between the CAV1 variant and MetS was beyond the 

described effect on IR. Bootstrapping with 1000 iterations was selected to corroborate the 

performance of regression models and possible influence of non-normality and outliers.

We explored whether familial aggregation exceeded chance aggregation in minor allele 

carriers compared to homozygous for the major allele using 348 subjects (142 sibships) from 

the HyperPATH cohort using a Chi-square analysis as previously described [21]. Next, the 

ratio of the observed-to-expected concordance of MetS by genotype was adjusted for 

confounders and relatedness in a mixed model logistic regression. We replicated our 

findings using the HTN-IR cohort; associations between MetS and the CAV1 variant were 

analyzed with the same covariates and family aggregation used in HyperPATH. Analyses 

were performed using STATA 11 and SAS 9.2. A p-value <0.05 was considered significant.

3. RESULTS

3.1 HyperPATH study population (Caucasian cohort)

Cohort characteristics of the 735 subjects analyzed are: age 45.1 ± 10.4 years, BMI 27.2 ± 

4.2 kg/m2, 45% female, 67% HTN, 9% diabetes, and 30% MetS. The rs926198 minor allele 

carrier status (CT/CC) was observed in 57% of participants versus 43% who were 

homozygous for the major allele (TT), consistent with this cohort being in HWE. The 

observed allele and genotype frequencies are similar to those reported in HapMap for 

Caucasians [6].

3.2 Clinical and biochemical characteristics by CAV1 genotype in HyperPATH

Compared to major allele homozygotes, minor allele carriers of the CAV1 variant had 

similar age, gender and HTN prevalence, but increased IR. Moreover, CAV1 minor allele 

carriers also had a higher 10-year CV risk by Framingham score, and higher prevalence of 

diabetes, dyslipidemia and MetS (Table 1). Of note, the higher cardiometabolic risk profile 

of the CAV1 minor allele carriers was not explained by differences in BMI between groups 

(p=0.247).

3.3 Role of CAV1 genotype in MetS status and related disorders in HyperPATH

The association between MetS status, our primary outcome, and the presence of at least one 

minor allele was highly significant, even when adjusting for participant relatedness and 

known risk factors for MetS such as male gender, older age, and increased BMI (OR 2.83 

[1.73–4.73], p<0.001, Table 2). Sensitivity analysis, including HOMA-IR as a covariate, did 

not modify the association between the CAV1 variant and MetS (adjusted OR 2.70 [1.59–

4.61], p<0.001), suggesting that the effect extends beyond IR. Moreover, we confirmed that 

the CAV1 minor allele carrier status predicted higher odds for MetS using the new 

harmonized criteria definition in 582 subjects (OR 1.92 [1.25–2.91], p=0.003)

We also determined whether the presence of the rs926198 minor allele was associated with 

specific traits that are used to define MetS. We observed that minor allele carriers of the 
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CAV1 variant rs926198 also had higher odds for diabetes, IR and low HDL in both crude 

and adjusted models (Table 2). Notably, we observed no association of the CAV1 genotype 

with HTN or obesity, with a non-significant trend for triglyceride levels (Table 2).

3.4 Replication Cohort (Hispanic cohort)

We then tried to replicate our finding in the HTN-IR Cohort of 810 Hispanic adults, with 

MetS status as the primary outcome and adjusted for the same covariates. The HTN-IR 

cohort has the following characteristics: age 39.3 ± 15.1 years, BMI 29.1 ± 5.6 kg/m2, 59% 

female, 24% HTN, 15% diabetes, and 24% had MetS. Prevalence of minor allele carriers 

was 33%, consistent with the HapMap genotype frequency for Mexican ancestry in Los 

Angeles. Consistent with our Caucasian cohort, minor allele carriers of rs926198 CAV1 

displayed higher odds for MetS in the adjusted model (OR 1.61, [1.06–2.44], p=0.025). We 

again observed no differences in BMI by genotype suggesting that the described metabolic 

abnormalities are not related to body mass. Baseline characteristics of the subjects are 

reported in Supplementary Table 1.

Fisher’s combined P value for the two ethnically different cohorts showed that the presence 

of a minor allele in the rs926198 variant was strongly associated with an increased risk of 

MetS (p<0.0001).

3.5 Expression profile by CAV1 genotype

We assessed whether the variant rs926198 can be explained by altered CAV1 gene 

expression. Available expression profile (additive model) for the CAV1 gene in 

lymphoblastoid cell lines showed a significant negative association with the number of 

rs926198 minor alleles in HapMap Caucasians (CEU) (rho=−0.194, p=0.04), i.e. the lowest 

expression level was in minor allele homozygotes (CC) and the highest - in major allele 

homozygotes (TT). Consistent with the above-shown association the CC genotype was also 

associated with lower CAV1 expression in the HapMap Hispanic (MEX) population (rho=

−0.307, p=0.04). These results were confirmed in lymphocytes from the GTEx database, 

where the minor rs926198 allele was associated with lower CAV1 expression levels 

(p=0.03).

3.6 Exploratory analyses in Caucasians for the role of CAV1 genotype in non-obese 
subjects and familial aggregation of MetS

Since we observed a significantly higher prevalence of MetS in minor allele carriers versus 

major allele homozygotes despite similar BMI (Table 1), and since minor allele carrier 

status did not predict higher risk of obesity, we explored the effect of obesity status on MetS 

by genotype. This analysis confirmed a significant interaction between genotype and BMI 

when categorized by obesity status (p=0.03 for interaction). Further we evaluated the ability 

of the CAV1 genotype to predict MetS in obese (BMI≥30 kg/m2, 200 subjects, MetS 

prevalence 62%) versus non-obese individuals (BMI<30 kg/m2, 535 subjects, MetS 

prevalence 18%). In the non-obese group, the minor allele carrier status improved the 

predictive capacity of the variant, showing a 4-fold odds ratio for MetS even when 

controlling for confounders (Table 3). The association between the CAV1 variant and MetS 

remained significant in non-obese subjects even when including HOMA-IR as a covariate, 
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thus supporting the notion that the association of rs926198 with MetS cannot be explained 

by IR alone. Moreover, subjects with the risk allele had 4-fold higher odds to be classified as 

metabolically unhealthy normal-weight (adjusted OR 4.30 [1.34–13.84], p=0.01). 

Consistently, the adjusted prevalence of diabetes among the non-obese was two-fold higher 

in minor allele carriers of rs926198 when compared to major allele homozygotes (OR 2.27 

[1.07–4.78], p=0.03, Table 3).

The observed concordance for MetS diagnosis was 3-fold higher in minor allele carriers 

indicating familial aggregation for the association of the trait of interest and the risk allele 

herein reported (Figure 1). The observed discordance for MetS status by genotype was 

similar to that expected randomly, as observed in Figure 1. Further, in an adjusted mixed 

model weighted by number of members in the family, concordant siblings with MetS 

diagnosis had 5-fold higher odds of carrying the CAV1 minor allele compared to discordant 

siblings (OR 5.57 [1.20–25.82], p=0.028).

4. DISCUSSION

Herein we confirm our primary hypothesis that the CAV1 variant rs926198 is associated 

with MetS in both Caucasians and Hispanics. Moreover, we show that CAV1 genetic 

variation is associated with diabetes, low HDL, cardiovascular risk as assessed by the 

Framingham score, and lower CAV1 expression. Further analyses suggest that non-obese 

minor allele carriers of the rs926198 variant display a particularly increased risk of 

developing MetS compared to their major allele homozygous counterparts. Thus, the 

rs926198 minor allele carrier status may be a valuable marker for several cardiometabolic 

risk factors for non-obese individuals–a group that, up to this point, has been extremely 

difficult to identify early as “at risk” for MetS.

Our group previously reported that CAV1 variants were associated with IR in two 

hypertensive, non-diabetic, ethnically different cohorts [6]. Herein we took the next logical 

step–to evaluate if the CAV1 polymorphism was associated with MetS in a phenotypically 

diverse and larger Caucasian cohort (including not only hypertensive but also normotensive 

and diabetic subjects), as well as in a much larger replication Hispanic cohort. Our 

hypothesis has important clinical implications; it is well known that MetS is a stronger 

predictor of CV disorders and mortality, as compared to IR or obesity status alone [22, 23]. 

In this study we report the novel finding that rs926198 strongly predicts MetS in both 

Caucasian and Hispanic adult subjects. Analyses of the individual components of MetS 

confirmed that rs926198 variant is not only related to IR, as previously described by us [6], 

but also to diabetes and dyslipidemia, particularly low HDL cholesterol. We first analyzed 

Caucasian subjects and showed that minor allele carriers had roughly 3-fold higher odds for 

MetS even when adjusted for confounders and relatedness. Next, we confirmed increased 

odds for MetS by genotype in a Hispanic cohort. From a clinical perspective, MetS has been 

validated as a single entity in all age groups, races and both genders, thus becoming an 

accessible tool to estimate cardiometabolic risk [24]. To date, information concerning the 

CAV1 gene and MetS is scarce, and is mainly based on animal studies [10, 25]. Of note, a 

particular region in chromosome 7 close to the CAV1 gene has been linked to both glucose 

and lipid factors but not increased adiposity in Asians, being the most associated region to 
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both metabolic traits [26]. Also, linkage analysis showed that a region close to 7q.31 where 

CAV1 is located was related to metabolic syndrome [27]. Mechanistically, plasma 

membrane caveolae are active participants in signal transduction and interplay with several 

receptors and ion channels, thus highlighting the key role of CAV1 in several metabolic 

pathways [28, 29]. A potential role for CAV1 dysfunction in cardiometabolic disorders is 

supported by the described phenotypes of the CAV1-deficient mice (which exhibit IR, 

dyslipidemia and hypertension), as well as by those observed in humans with severe, non-

sense CAV1 mutations (diabetes, IR and dyslipidemia) [10, 30, 31].

The observed increased risk for diabetes in Caucasian minor allele carriers could be 

attributed to the crucial role played by caveolae not only in insulin signaling (direct binding 

to the insulin receptor), but also in glucose homeostasis given that CAV1 has been reported 

to regulate glucose transporter-4 levels and mitochondrial function in adipose tissue [28, 

32]. The relationship between diabetes and CAV1 deficiency has been studied mainly in 

animal models; thus, our novel finding in humans requires future validation [30, 33]. The 

reasons underlying the apparent higher odds for MetS and diabetes in Caucasian vs. 

Hispanic carriers of the CAV1 variant are unclear, and future studies are needed to explore 

whether this difference is due to variations in allele frequency/race/ethnicity or to 

dissimilarities in the cohort characteristics [34].

The association between the CAV1 variant and dyslipidemia is supported by genome-wide 

studies showing association of CAV1 gene proximal regions to low HDL and high 

triglycerides in two ethnically different cohorts [26, 35, 36]. Additionally, CAV1 KO mice 

display alterations in lipid composition (triglycerides, LDL and HDL), lending further 

support to a role for CAV1 in the complex regulation of lipoprotein metabolism and 

cholesterol efflux [8]. Despite preliminary findings in rodents, we did not find an association 

between the CAV1 variant and HTN in humans. The reason for this discrepancy is not clear; 

however, the elevated blood pressure and vascular dysfunction phenotypes described in 

CAV1 deficient rodent models were only present during a short term high sodium diet 

intervention, and thus they may reflect a salt-sensitive response [6, 37, 38].

Furthermore, we showed that rs926198 is an eQTLfor lower CAV1 expression in both 

Caucasian and Hispanic HapMap populations. These findings, replicated in a second eQTL 

database, lend strong support to an association between lower CAV1 levels and MetS risk. 

Furthermore, our in silico analyses support a translational link with rodent KO models with 

metabolic disorders, previously described by our group.

Interestingly, the CAV1 variant was related to Mets despite no difference in BMI between 

genotypes. Of note, both the CAV1 KO animal models as well as null autosomal recessive 

mutations of the CAV1 gene in humans associate with metabolic dysfunction despite a lean 

phenotype with decreased adiposity [10, 31]. Therefore, we then explored the predictive 

value of rs926198 for MetS in non-obese subjects. Our secondary analyses revealed that 

rs926198 associated with (1) higher odds for MetS in non-obese (more than 3-fold) and in 

metabolically unhealthy normal-weight subjects (roughly 4-fold) and with (2) higher odds 

for diabetes in non-obese subjects (2-fold), despite a lower prevalence of metabolic 

disorders in these subjects. The underlying mechanism of the abnormal metabolic phenotype 
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in non-obese subjects is multifactorial and not fully elucidated, contributing to difficulties in 

screening the non-obese for MetS in clinical practice [39, 40]. Analysis of the Framingham 

Offspring study has shown that MetS diagnosis predicts long-term future CV events 

regardless of BMI category of the participants [22]. This prospective study and others 

confirm that there is no linear relationship of cardiovascular risk with BMI, thus 

highlighting the importance of individual risk profiling before severe clinical events [5, 23, 

41]. Finally, the observed concordance for MetS diagnosis in siblings was 3-fold higher in 

minor allele carriers, indicative of familial aggregation for the trait of interest. The clustering 

in families supports our results relating CAV1 as the potential mechanism for the selected 

metabolic trait. Although studies have shown a familial aggregation for MetS [35], to our 

knowledge this is the first study to perform such an analysis for a CAV1 variant.

From a clinical perspective, since current practice lacks accurate predictive tools for MetS, 

the identification of genetic markers for MetS may help provide early diagnosis and would 

allow the implementation of simpler, preventive measures. Thus, the potential use of 

rs926198 as biomarker for MetS, especially in non-obese individuals, warrants further 

investigation.

Although we describe several novel findings linking a specific CAV1 genotype to 

cardiometabolic risk factors, our report has several potential limitations. First, both human 

protocols lack longitudinal follow up. Also, despite the wide use of MetS as a cardiovascular 

risk factor, a number of overlapping definitions are being used in the current literature; thus 

in our study we included the analysis of two definitions and each of the individual traits 

clustered in the definition of MetS. While we used two available eQTL datasets to determine 

the relationship between CAV1 expression and the variant of interest, we could not measure 

CAV1 levels in the recruited subjects to confirm our in silico findings. Furthermore, the 

mechanisms that underlie the association between CAV1 gene variants and the metabolic 

syndrome have yet to be studied

4.1 CONCLUSIONS

We describe a prevalent CAV1 variant that is associated with higher odds for MetS and 

lower CAV1 expression in both Caucasian and Hispanic subjects. Notably, our exploratory 

analyses suggest that the tested CAV1 variant improves MetS and diabetes diagnosis in non-

obese subjects and with family aggregation. Therefore, prospective studies are needed to test 

if this particular genotype may improve individual risk profiling and personalized treatment.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
FAMILIAL AGGREGATION OF METABOLIC SYNDROME BY CAVEOLIN 1 

VARIANT STATUS

Ratio of observed to expected proportions of Caucasian siblings concordant for the 

diagnosis of MetS was 3-fold higher in minor allele carriers compared to major allele 

homozygous indicative of familial aggregation of the trait of interest and rs926198 CAV1 

variant status. Observed concordance of MetS by genotype differed significantly from 

expected (p<0.001). Observed discordance of siblings for MetS by genotype was similar to 

that expected suggesting it is randomly distributed.
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TABLE 1

Clinical and biochemical characteristics categorized by the CAV1 variant rs926198 in Caucasian subjects

Variable
Major Allele Homozygotes [n=315]

TT
Minor Allele Carriers [n=420]

CT/CC p-value

Gender (female) 131/315 (42%) 198/420 (47%) 0.134

Age (y) 44.2 ± 11.1 45.7 ± 9.8 0.052

Body Mass Index (kg/m2) 27.0 ± 4.2 27.3 ± 4.2 0.247

Hypertension 208/315 (66%) 291/420 (69%) 0.350

Type 2 Diabetes 18/315 (5.7%) 45/420 (10.7%) 0.016

Type 2 Diabetes/Pre-Diabetes 55/315 (17.4%) 99/420 (24%) 0.035

IR 91/259 (35.1%) 161/363 (44.3%) 0.021

Triglycerides > 150 mg/dL 91/272 (33.5%) 153/378 (40.5%) 0.060

Low HDL (< 35 or 39 mg/dl) 102/257 (39.6%) 177/359 (49.3%) 0.018

Metabolic Syndrome* 64/312 (20.5%) 149/409 (33%) <0.001

Framingham risk score 7.5 ± 7.0 8.9 ± 6.3 0.011

*
MetS if they had type 2 diabetes, IFG, IGT or HOMA>2.8 plus ≥2 criteria for dyslipidemia (triglycerides or HDL), hypertension or Obesity
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TABLE 2

Crude and adjusted odds ratios for metabolic syndrome (primary outcome) and related disorders categorized 

by the CAV1 genotype rs926198 in Caucasians

Cardiometabolic Outcome rs926198 CAV1 variant
Minor allele carriers versus major allele homozygotes

Crude OR (95% CI), p value Adjusted OR* (95% CI), p value

Metabolic syndrome† 2.35 (1.60 – 3.462), p <0.001 2.83 (1.73 – 4.63), p <0.001

Type 2 diabetes 3.01 (1.14 – 7.98), p =0.027 2.38 (1.07 – 5.32), p =0.034

Insulin resistance‡ 1.52 (1.04 – 2.20), p =0.029 1.68 (1.15 – 2.44), p =0.007

Hypertension 1.48 (0.65 – 3.36), p =0.345 1.13 (0.54 – 2.40), p =0.744

Low HDL Cholesterol 1.56 (1.07 – 2.29), p =0.022 1.73 (1.12 – 2.68), p =0.014

High Triglycerides 1.59 (0.93 – 2.73), p =0.093 1.67 (0.95 – 2.94), p =0.078

Obesity 1.12 (0.66 – 1.89), p =0.671 0.70(0.29 – 1.69), p =0.425

*
Adjusted by age, gender, body mass index and site of the study as fixed effects and relatedness as random effect.

†
MetS if they had type 2 diabetes, IFG, IGT or HOMA upper quartile ≥2 criteria for Dyslipidemia (Triglycerides > 150 mg/dl or HDL<35 mg/dL 

in men, <39 mg/dL in women), Hypertension or Obesity

‡
Criteria for IR: upper quartile of HOMA-IR in the HyperPATH Cohort (HOMA-IR ≥2.8)

Metabolism. Author manuscript; available in PMC 2016 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Baudrand et al. Page 16

TABLE 3

Adjusted odds ratio for metabolic syndrome by the CAV1 genotype rs926198 sorted by obesity status in 

Caucasians.

Category*

rs926198 CAV1 variant
Minor allele carriers versus major allele homozygous

Adjusted OR† (95% CI), p value

Metabolic syndrome
Non Obese 3.86 (2.05 – 7.27), p <0.001

Obese 1.78(0.73 – 4.33), p =0.202

*
Participants were categorized as non-obese (BMI <30 kg/m2, n=535) or obese (≥30 kg/m2, n=200). Both groups differ in their relation to MetS 

by genotype (p for interaction=0.03).

†
Adjusted by age, gender, body mass index and site of the study as fixed effects and relatedness as random effect
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