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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
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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.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

The metabolic syndrome (MetS) is a composite of central
obesity, hyperglycemia/insulin resistance (IR), dyslipid-
emia and hypertension that is highly prevalent worldwide
[1]. MetS is also associated with all-cause mortality,
myocardial infarction, and stroke in subjects with and
without diabetes [2]. Interestingly, current evidence
shows that metabolically unhealthy normal-weight indi-
viduals have similar mortality and cardiovascular disease
risk compared with metabolically unhealthy overweight
or obese persons [3,4]. These prospective observations
suggest that individual cardiometabolic risk should in-
volve 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 deficiency in mice leads to abnormal glucose metabo-
lism and hyperinsulinemia [5–7]. 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 [5]. 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 forma-
tion [8]. 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 resis-
tance, acanthosis nigricans, diabetes mellitus, and hypertri-
glyceridemia, suggesting that CAV1-related metabolic
disorders may be secondary to adipocyte dysfunction rather
than to increased fat mass [8–10].

In the present study, we tested the hypothesis that a
prevalent CAV1 variant is associated with MetS. We investi-
gated this hypothesis in a large Caucasian cohort with
subsequent replication in a Hispanic cohort; in contrast to
our previous report [5], the current analysis included not
only hypertensives, but also normotensives and dia-
betics. 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 aggre-
gation 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 com-
mon 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 [11]. Type 2
diabetes mellitus and prediabetes were defined as per
American Diabetes Association criteria [12]. 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 [11,13]. Sensitivity analysis using the
harmonized MetS criteria was also performed [14]. Partici-
pants 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 [15,16].

Framingham risk score and laboratory analyses were
performed using standardized and validated methods, as
previously described [11].

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 [17]. The criteria for MetS
diagnosis were the same as outlined above for Caucasian
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