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A Common Variation in the Caveolin 1 Gene
Is Associated with High Serum Triglycerides
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Gustavo Mora-Garcı́a, MD, PhD,1 Doris Gómez-Camargo, MSc, PhD,1
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Abstract

Background: The caveolin 1 (CAV1) gene has been associated with metabolic traits in animal models and
human cohorts. Recently, a prevalent variant in CAV1 has been found to be related to metabolic syndrome in
Hispanics living in North America. Since Hispanics represent an admixed population at high risk for cardio-
vascular diseases, in this study a Latin American population with a similar genetic background was assessed.
Objective: To analyze a genetic association between CAV1 and metabolic traits in an admixed Latin American
population.
Methods: A cross-sectional study was carried out with adults from the Colombian Caribbean Coast, selected in
urban clusters and work places through a stratified sampling to include diverse ages and socioeconomic groups.
Blood pressure and waist circumference were registered. Serum concentrations of glucose, triglycerides, and high-
density lipoprotein cholesterol were measured from an 8-hr fasting whole-blood sample. Two previously analyzed
CAV1 single nucleotide polymorphisms were genotyped (rs926198 and rs11773845). A logistic regression model
was applied to estimate the associations. An admixture adjustment was performed through a Bayesian model.
Results: A total of 605 subjects were included. rs11773845 was associated with hypertriglyceridemia [odds
ratio (OR) = 1.33, p = 0.001] and the metabolic syndrome (OR = 1.53, p = 0.02). When admixture adjustment
was performed these genetic associations preserved their statistical significance. There were no significant
associations between rs926198 and metabolic traits.
Conclusions: The CAV1 variation rs11773845 was found to be consistently associated with high serum tri-
glycerides and the metabolic syndrome. This is the first report of a relationship between CAV1 variants and
serum triglycerides in Latin America.

Keywords: caveolin 1, metabolic syndrome X, hypertriglyceridemia, genetic association study, Latin America

Introduction

Caveolin 1 is a *22 kDa protein located in plasma
membrane invaginations known as caveolae, particular

types of cholesterol-rich domains referred to as lipid rafts.1

Caveolin 1 is encoded by a 36.4 kb gene (CAV1) located in
chromosome 7 (7q31.1) containing three exons of 30, 165,

and 342 bp, respectively, and two introns that accounts for
more than 97% of its total length.2–4

Caveolin 1 assembles in dimeric and oligomeric structures that
function as scaffolds to shape the caveolae; therefore, this protein
has been designated a molecular marker of this structure.5,6

Caveolae are present in many cellular types, but its
presence is notably higher in adipocytes where caveolar
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invaginations represent more than 50% of the external sur-
face.7 In fat cells caveolae and caveolin 1 have been found
to be co-localized with the insulin receptor, and they interact
with insulin receptor-substrate 1 as an enhancing factor.8

Furthermore, caveolin 1 and Adiponectin Receptor 1 (Adi-
por1) shape a signalosome that is associated with insulin
sensitivity, lipids, and glucose homeostasis.8–11

In vitro studies have shown that caveolin 1/caveola is
associated with lipid bodies, which are the most abundant
structures where triacylglycerol molecules are stored in
adipocytes.12–14 CAV1 knockout mice develop severe li-
podystrophy, and they remain lean after systematic expo-
sition to high-fat diets, in addition to showing energetic
metabolism disorders such as insulin resistance and
hypertriglyceridemia.15–17

In human populations, genetic variations in CAV1 have
been associated with metabolic disorders and related mor-
bidities (e.g., cardiovascular diseases).18–21 In particular, the
rs3807989 single nucleotide polymorphism (SNP) has been
associated to high serum low-density lipoprotein cholesterol
(LDL-C), total serum cholesterol, insulin resistance, and
diabetes.20,22,23 In addition, rs926198 and rs11773845 SNPs
(a proxy for rs3807989) were related with insulin resistance,
high blood pressure, diabetes, and metabolic syndrome in
populations with European and Hispanic ancestry.19,20

Since the common variant rs926198 located in CAV1 has
been associated with increased risk for metabolic disorders
in Hispanic groups,19,20 it is plausible that this genetic ex-
position could be a contributor to the current increase of
metabolic disorder incidence in Latin American popula-
tions, a recently admixed population with a similar genetic
background.24 In fact, the metabolic syndrome prevalence
has continuously increased from 20% and 21% in 200825 to
25% in 201126 and between 27.5% and 34.1% in 2016.27,28

This acceleration in the frequency of metabolic alterations
has triggered morbidity and mortality caused by cardio-
vascular diseases, which represent the leading disability and
death among adults.29

In this regard, we have previously found insights about an
association between CAV1, metabolic traits, and the meta-
bolic syndrome in a sample from Latin America; however,
these findings await further confirmation.30,31 This work was
aimed to determine the association between variants in
CAV1 and metabolic traits in an admixed Latin American
population.

Materials and Methods

A cross-sectional study was carried out in Cartagena de
Indias, a city of nearly 1 million inhabitants on the Co-
lombian Caribbean Coast.32 Most of the genetics and phe-
notypic features of the current population are consequence
of an intense admixture process that occurred throughout
Latin America between the 16th and 19th centuries during
Spain’s colonial period. According to previous reports, three
majoritarian ancestral groups converged in contemporary
urban areas: (1) European (60%), (2) African (30%), and (3)
Amerindian (10%).33

For this study, nonsibling adults (18–80 years) living in
urban areas were included. To identify possible consan-
guinity within the subjects, those individuals with similar
surnames were contacted by telephone to discard family
relations; hence, first and second-degree siblings were ex-

cluded, preserving only one of the subjects for analysis.
Individuals with primary endocrine alterations or previous
diagnosis of genetic disease were excluded. Subjects with a
personal history of surgical treatment for obesity, pregnant
women, and breastfeeding mothers were also excluded. All
subjects were asked to participate, and their written in-
formed consent was required, following Universidad de
Cartagena Ethics Committee recommendations.

Sample size and study power were calculated using the
browser program Genetic Power Calculator (http://zzz.bwh
.harvard.edu/gpc/cc2.html).34,35 As parameters, an outcome
(metabolic syndrome) prevalence at 33%,36 25% minor
allele frequency (MAF), complete linkage disequilibrium
(D¢ = 1), and a 5% alpha coefficient were assumed. Thus, a
total sample of 605 subjects was set as the minimum size
necessary to achieve 80% power to discriminate genetic
associations with a 1.35/1.6 (heterozygote/homozygote) odds
ratio (OR).

The study sample was selected through two selection
strategies as follows: (1) multistage cluster random sampling
and (2) convenience sampling. For the multistage cluster
random sampling, city maps were obtained from the local
Urban Planning Office. As a first stage, city blocks were
identified as primary stage units (PSU) and randomly se-
lected. In a second stage, a group of researchers identified the
PSU on the field, and three households were randomly chosen
as targets by making a count of the houses, starting at the
northern corner and taking three random numbers per block
when a complete counting was finished. If at least one adult
was present, a list of all the adults was made, and one adult per
dwelling was invited to a medical consultation within the next
week. This approach has been previously applied by the au-
thors in studies with Caribbean populations.36,37

Since men and groups of employees have been less likely
to be included by the cluster sampling method in this pop-
ulation,38 a second strategy was added to reduce selection
bias. Hence, a convenience sampling was carried out in
workplaces where socioeconomically mixed populations are
commonly found, following the methods previously applied
in Cartagena de Indias.31 Employees were selected from
seven work places as follows: (1) a management office, (2) a
civil construction company, (3) an industrial production
corporation, (4) a security services company, (5) two teaching/
learning institutions, and (6) nonprofit humanitarian organi-
zation for elderly people and children. Finally, 25% of the total
sample was selected with this method.

For both strategies, sample selection was stratified ac-
cording to the general population age-range distribution as
has been described by the Departamento Administrativo
Nacional de Estadı́stica (National Bureau of Demography
and Statistics) and the Departamento Administrativo Dis-
trital de Salud—Cartagena (local Public Health Office).32,39

The expected distribution is represented in Supplementary
Table S1 (Supplementary Data are available online at www
.liebertpub.com/met).

Selected subjects were enrolled by a physician and un-
derwent a medical examination that focused on socio-
demographic variables and a personal history of metabolic
disorders. Anthropometric parameters (height, weight, waist
circumference, and hip perimeter) were measured following
the International Diabetes Federation guideline, and the
blood pressure was recorded by the auscultatory method.40,41

A whole-blood sample was collected under 8-hr fasting
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conditions to measure the serum concentrations of glucose,
triglycerides, and high-density lipoprotein cholesterol (HDL-
C), while an aliquot was stored for further genetic analyses.
Metabolic syndrome was defined according to Joint Interim
Statement criteria.42 Body mass index (BMI), waist-to-hip
ratio (WHR), and waist-to-height ratio (WHtR) were also
calculated. Body adiposity index (BAI) was determined with
the hip perimeter and height values, as was proposed by
Bergman et al. (i.e., BAI = [hip/height1.5] - 18).43

For the genotyping assay, a haplotype of six common
variants that covers 80% of CAV1 genomic region (rs926198,
rs11773845, rs3779512, rs10270569, rs7804372, and rs1049337)
was identified through Haploview 4.2 software (Broad In-
stitute, Cambridge, MA), using data from CEU populations of
the HapMap project (MAF ‡0.25, r2 ‡ 0.8). Within these
variants, rs926198 and rs11773845 were found to be previ-
ously related with metabolic traits and cardiovascular disease
and have been identified as a proxy for rs3807989 (D¢ = 1,
r2 = 1), another SNP with clinical relevance.19,20,44 Hence,
both SNPs (rs926198 and rs11773845) were used in further
association analysis.

SNPs were genotyped through quantitative polymerase
chain reaction (PCR) using specific TaqMan probes (Thermo
Fisher Scientific, Inc., Waltham, MA). Allelic discrimination
was automatically performed with end point fluorescent data,
which were analyzed through StepOne Real-Time PCR Soft-
ware (Thermo Fisher Scientific, Inc.).

For statistical procedures, sociodemographic data and per-
sonal and family antecedents, as well as anthropometric
measures and serum concentrations, were described using the
main tendency and frequency values. When appropriate, mean
values were compared through Student’s t test, while fre-
quencies were compared with w2 or Fisher’s exact test. Allelic
and genotypic frequencies were determined by direct count-
ing, and linkage disequilibrium was estimated using Arlequin
3.545 and represented as a heat map with R 3.4.2 using the
LDheatmap package.46 The Hardy–Weinberg Equilibrium
was assessed through Fis values with Genetix 4.05 software.

To estimate associations between continuous traits and
genotype distributions, a Kruskal–Wallis or analysis of
variance was performed, while relationships with categori-
cal outcomes were analyzed through a w2 test. In addition,
recessive and dominant models were assessed using null-
hypothesis tests, as has been described elsewhere.47

Additive models for genotype–phenotype associations were
evaluated through logistic regression, where risk alleles were
equal to the unit (risk allele = 1), while anthropometric alter-
ations and metabolic disorders were interpreted as categorical
outcomes. This regression model was fitted by age, sex, personal
history of diabetes, and BMI. These procedures were performed
with R version 3.2.1. and PredictABEL 1.2-2 package.48,49

Based on Bonferroni’s correction for multiple testing, P values
<0.025 were considered statistically significant.

Associations were adjusted by genetic stratification as-
suming a three-hybrid substructure (k = 3), using a Bayesian
approach (Markov Chain Monte Carlo, or MCMC) with
100,000 replications through STRAT version 1.1 for DOS/
Windows.50 The three-hybrid admixture pattern employed
was based on previous reports from Cartagena de Indias where
Ancestry Informative Markers (AIMs) and Y-Chromosome
were used to describe local genetic substructure and ancestry
distribution.33,51–53 In this study a total of 17 Y-Chromosome
Short Tandem Repeats (Y-STR; AmpFLSTR� Yfiler� PCR

Amplification Kit; Thermo Fisher Scientific, Inc.) were used
to confirm the admixture in sampled males (data not shown).

Finally, a haplotype analysis for those metabolic outcomes
found to be associated with CAV1 SNPs was performed.
Haplotype frequencies were determined, and associations
were estimated using a generalized linear regression em-
ploying the haplo.stats package for R 3.4.2 software.54

Results

A total of 605 subjects were included (59.6% men) at an
average 44.7 – 17.7 years old. Age ranges were distributed ac-
cording to the population pyramid39: (1) 18–29 years = 24.9%,
(2) 30–39 years = 21.1%, (3) 40–49 years = 16.2%, (4) 50–59
years = 14.9%, (5) 60–69 years = 12.1%, (6) 70–79 years = 6.7%,
and (7) 80 or more years = 4.1%. The sample socioeconomic
distribution was also similar to those proportions described in the
general population pyramid (Table 1).39 Estimated income was
registered using the national chart of socioeconomic stratifica-
tion; thus, 74.6% (n = 451) met the criteria to be included in the
low-income group (i.e., strata 1 and 2), 19.0% (n = 115) were
included in the middle-income group (i.e., strata 3 and 4), and
2.8% (n = 17) were included in the high-income group (i.e., strata
5 and 6), while 3.7% (n = 22) did have not enough data to be
classified in an economic group.

Regular or occasional alcohol consumption was found in
64.6% (n = 391), and 18.5% (n = 112) of subjects were iden-
tified as active smokers. Regarding family records, partici-
pants were asked about metabolic and cardiovascular diseases
among known siblings within the last two generations. In this
way, 21.5% (n = 130) reported at least one dyslipidemia an-
tecedent (i.e., high serum cholesterol, triglycerides, and/or
LDL-C), 54.2% (n = 328) had at least one known sibling with
a clinical history of hypertension, 32.2% (n = 195) had family
record for type 2 diabetes mellitus, and 39.8% (n = 241) re-
ported at least one positive record of cardiovascular diseases
defined as coronary artery disease, cardiac arrest, or stroke.

Considering that some common treatments might influence
body weight and fat distribution, personal history was focused
on the pharmacologic record for metabolic traits. In this sense,
the sampled subjects were taking medications for the following:
18.7% (n = 114) for dyslipidemia, 26.0% (n = 159) for high
blood pressure, and 14.9% for diabetes. For dyslipidemia, lov-
astatin was the most reported drug (n = 42), followed by ator-
vastatin (n = 16) and low-lipid diet (n = 9). It is noteworthy that
among those patients with previous diagnosis of dyslipidemia
(n = 114), a total of 22 (19.2%) did not remember any detail of
their medication (i.e., drug name, doses, and year/date of initi-
ation), and 15 subjects within this group (13.1%) were untreated.
For high blood pressure, losartan was found as the most frequent
drug (n = 72), while hydrochlorothiazide was the second most
used (n = 21), and amlodipine was the third (n = 19). Mono-
therapy was found in 79 subjects, double therapy in 39 subjects,
and triple-drug (or more) therapy was found in 18 subjects.
Regarding diabetes, metformin was found to be first-line drug in
a total of 36 subjects, while 19 patients were on an insulin-based
therapy. In this group, monotherapy was found in 19 subjects,
and 15 patients were under a multidrug treatment.

Anthropometric and continuous metabolic traits

As described under the methods, anthropometric variables
and blood pressure were measured. The mean value for
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weight was 72.5 – 14.8 kg, while the values for height, waist
circumference, and hip perimeter were 166 – 9.4, 93.5 – 11.2,
and 102.0 – 10.0 cm, respectively. Blood pressure on average
was 114.7 – 16.9 mmHg (systolic) and 75.9 – 10.6 mmHg
(diastolic). Similarly, averages for BMI, WHR, WHtR, and
BAI were 26.3 – 4.62 kg/m2, 0.92 – 0.07, 56.7 – 7.7, and 30.1 –
6.1 cm/m1.5, respectively (Table 1).

The average value for glycemia was 94.3 – 30.0 mg/dL, for
cholesterolemia was 189.2– 55.3 mg/dL, the median for trigly-
ceridemia was 137.6 mg/dL insulin resistance (105.4–185.6),
and the mean for HDL-C was 46.3 – 15.2 mg/dL (Table 1).

Frequencies of subjects with overweight and obesity were
41.5% (n = 251) and 18.0% (n = 109), respectively, while
abdominal obesity was found in 71.7% (n = 434) of the
sampled patients. From the total sample, high-serum glucose
was found in 31.7% (n = 192), hypercholesterolemia in
30.9% (n = 187), hypertriglyceridemia in 41.5% (n = 251),
hypertension in 29.1% (n = 176), and low-HDL-C in 45.8%
(n = 277) (Table 2). Metabolic syndrome was found in

39.7% (n = 240) (Table 2). Within subjects with metabolic
syndrome, 63.3% (n = 153) met three criteria, 29.5% (n = 72)
met four criteria, and 7.0% (n = 17) met all five criteria.

Association between CAV1 and metabolic disorders

When the genotype analysis was performed, it was found
that the MAF (allele C) for rs926198 was 30.4%, with a
genotype distribution of 10.1% and 40.8% for CC and CT,
respectively (Fis = 0.03, p = 0.19). For rs11773845, MAF
(allele C) was equal to 43.5%, with a genotype distribution
of 20.7% and 45.6% for CC and AC (Fis = 0.07, p = 0.047).

Mean and median values for continuous traits were com-
pared according to genotype distributions, while dominant
and recessive models were assessed. The waist-to-hip ratio
was found to be different among rs926198 genotypes ( p = 0.01)
and marginally reduced in the CC+CT model ( p = 0.05). In ad-
dition, rs926198 CC+CT model showed higher systolic and di-
astolic blood pressure than in the TT group ( p = 0.02). There

Table 1. Sociodemographic, Anthropometric, and Metabolic Variables

Men Women Total P

n (%) 361 (59.6) 244 (41.4) 605 (100)
Age (years) 40.1 – 15.4 48.5 – 16.1 44.7 – 17.7 5.58E-10a

Weight (kg) 76.8 – 14.2 66.7 – 14.3 72.5 – 14.8 <2.2E-16a

Height (cm) 171 – 7.2 158 – 7.3 166 – 9.4 <2.2E-16a

Waist circumference (cm) 92.3 – 10.8 95.2 – 13.1 93.5 – 11.2 0.001787a

Hip perimeter (cm) 101.1 – 9.3 103.3 – 10.7 102.0 – 10.0 0.006184a

BMI (kg/m2) 26.2 – 4.15 26.6 – 5.18 26.3 – 4.62 0.3055a

Waist/hip 0.91 – 0.06 0.92 – 0.08 0.92 – 0.07 0.1496a

Waist/height 54.0 – 5.94 60.2 – 8.40 56.7 – 7.73 <2.2E-16a

BAI35 (cm/m1.5) 27.2 – 4.36 34.0 – 6.13 30.1 – 6.16 <2.2E-16a

Blood pressure (mmHg)
Systolic 113.5 – 14.8 116.3 – 19.2 114.7 – 16.9 0.0488a

Diastolic 76.6 – 10.1 75.1 – 11.2 75.9 – 10.6 0.09025a

Serum concentrations (mg/dL)
Glucose 93.9 – 27.1 94.8 – 33.5 94.3 – 30.0 0.7194a

Cholesterol 184.0 – 53.2 196.1 – 57.2 189.2 – 55.3 0.00802a

Triglycerides 140.0 (106.8–196.0) 133.9 (104.8–178.3) 137.6 (105.4–185.6) 0.09525b

HDL-C 44.1 – 12.2 49.2 – 18.0 46.3 – 15.2 0.0001022

Null hypothesis was carried out to compare groups. Continuous variables are represented as mean – standard deviation or median
(interquartile range).

at-Student test; bMann-Whitney-Wilcoxon test.
BAI, body adiposity index; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol.

Table 2. Frequency for Metabolic Traits in Sample from Colombian Caribbean

Men, % (n) Women, % (n) Total, % (n) Pa

Body weight excess
Overweight 43.8 (158) 38.1 (93) 41.5 (251)
Obesity 17.2 (62) 19.3 (47) 18.0 (109) 0.3671
Abdominal obesity 61.5 (222) 86.9 (212) 71.7 (434) 2.77E-12

Hypertension 21.3 (77) 40.6 (99) 29.1 (176) 1.04E-10
Hyperglycemia 32.4 (117) 30.7 (75) 31.7 (192) 0.7219
Hypercholesterolemia 26.6 (96) 37.3 (91) 30.9 (187) 0.005529
Hypertriglyceridemia 42.7 (154) 39.8 (97) 41.5 (251) 0.5016
Low serum HDL-C 36.8 (133) 59.0 (144) 45.8 (277) 9.24E-08
Metabolic syndrome 32.7 (118) 50.0 (122) 39.7 (240) 2.24E-05

International Joint Interim criteria were employed to define cutoff point regarding abdominal obesity, hypertension, and high serum
concentrations of glucose and triglycerides, as well as low HDL-C.34

aFisher’s exact test.
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were no other significant mean or median differences in
rs926198 or in rs11773845 (Table 3).

For rs926198 there were significant differences in high
serum triglycerides and metabolic syndrome frequencies
when TT homozygotes and the CC+CT model were com-
pared ( p < 0.05). For rs11773845, the differences in high
serum triglycerides and metabolic syndrome were also
found ( p < 0.05) (Table 4).

Additive models analyzed through logistic regression re-
vealed associations between rs11773845, hypertriglyceridemia
(OR = 1.4, p = 0.01), and metabolic syndrome (OR = 1.6,
p = 0.01). Even when subjects under drug therapy were excluded
from study sample, there was found statistically significant
association between this SNP and high serum triglicerides
(OR = 1.53, p = 0.01) (Supplementary Table S2), and metabolic
syndrome (OR = 1.54, p = 0.02) (Supplementary Table S3).
Locus rs926198 showed no significant relationships with any
metabolic disorder (Table 5).

Linkage disequilibrium and haplotype analysis

The SNPs rs926198 and rs11773845 were found to be in
linkage equilibrium (r2 = 0.24), and there was no linkage
disequilibrium between these two loci and other four gen-
otyped SNPs (Supplementary Fig. S1).

Given that high serum triglycerides and metabolic syn-
drome showed relations in the additive model, the associ-
ations with probable haplotypes were estimated. Thus,
haplotype T-C (rs926198-rs11773845) was found to be sig-
nificantly associated with hypertriglyceridemia ( p = 0.004)
and metabolic syndrome ( p = 0.006) (Table 6).

Discussion

Genetic-association studies focused on metabolic traits
have been largely developed in homogeneous populations,
mainly in those with European ancestry, but also in groups
with Han Chinese, Korean, and Japanese ancestry, among
others.55–57 Most recently, findings from admixed popula-
tions, such as African Americans and Hispanics living in the
United States, have revealed autosomal variations linked to
obesity, dyslipidemia, diabetes, and cardiovascular dis-
eases.58,59 Despite successful findings, the analysis of ad-
mixed populations remains a challenging task due to the
confounding factors that might lead to spurious associations
and false positives, which demand high-powered studies and
the application of strict ancestry-adjusted statistical proce-
dures.60 Nevertheless, some authors have suggested that
genetic features of these populations could be a source of
data to identify variations involved in phenotypic diversity
commonly found in complex diseases.55

Metabolic alterations are well known to cause multiple
clinical manifestations and are recognized as main risk factors
for cardiovascular disease; however, a large proportion of
patients never develop symptomatic pathology, while others
suffer severe morbidity. A fraction of that diversity underlies
common genetic variations, such CAV1 SNPs, which have
been found to be prevalent in the general population but with a
different distribution among subjects with metabolic disor-
ders and cardiovascular diseases.19,20,31,44,61 In the present
study an association between a SNP located in CAV1
(rs11773845), the metabolic syndrome, and high serum tri-
glycerides was found. To the best of our knowledge this is the
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first evidence of that relationship found in a Latin American
population. In contrast, the SNP rs926198 showed no sig-
nificant relationships, which represent a result that differs
from previous findings on this particular issue.

To date, there is little evidence describing an association
between CAV1 and the metabolic syndrome itself. The most
representative findings were published by Baudrand et al.
who analyzed the rs926198 CAV1 SNP and found a sig-
nificant association (OR = 2.83, p < 0.001) in a cohort with
European ancestry and also replicated this finding in a
second cohort of Hispanic subjects (OR = 1.61, p = 0.025).19

In that study, the authors included two cohorts of subjects
with hypertension, while the present work was developed on
a cross-sectional design, which represents a major difference
between both studies and might be a cause for the dis-
crepancies. Since a longitudinal analysis of an ill group
increases the discriminatory power for certain associations
with small size effects, it is possible that our study was
unable to detect increased risks attributed to rs926198
among hypertensive groups. In contrast, it is plausible that
positive findings with rs11773845 might provide insight on
the same association found by Baudrand et al.19

Regarding serum triglycerides, an association between
rs11773845 and hypertriglyceridemia has been found in the
Latin American population by the present work, which
supports the results from a preliminary study where a sig-
nificant deviation in CAV1 genotype distribution among
subjects with elevated triglyceridemia was found.31 The
results of the present work agree with in vitro assays,12–14,16

but are not in agreement with most human studies. To this
point, it is important to note that none of the previous ge-
netic association studies assessed the same rs11773845
SNP, and although Pojoga et al. used this locus to analyze
associations with insulin resistance and hypertension, they
did not analyze high serum triglycerides.20 There are pre-
vious studies where the genetic association between CAV1
and serum triglycerides has been assessed.23,62 However,
those studies were focused on two different CAV1 SNPs, not
on rs11773845. Moreover, those previous works have ap-
proached the serum triglyceride levels as a continuous
variable instead of a categorical condition, which seriously
modifies the results and interpretation of the analytical
procedures and might be a cause of the discrepancies be-
tween and within association studies.63 It is remarkable that
in our study the null-hypothesis test showed no statistically
significant results when triglyceridemia was analyzed as
a continuous treat, but in a generalized linear model applied
to data from the current work (with age, sex, and BMI as
covariates) a marginal genetic association was found ( p = 0.04).
These findings suggest a tenuous relationship that might be
closely analyzed in further studies.

It has been shown by other authors that statin treatment
for dyslipidemia is associated with body weight augmenta-
tion and changes in body fat distribution.64 In addition, these
drugs have been related to a higher incidence of diabetes.65

In the same way, some antihypertensive drugs (e.g., beta-
blockers) have been related with weight gain,66,67 while
metformin treatment against diabetes is associated with

Table 6. Association Analysis of Haplotypes Derived from Genotyped Single Nucleotide

Polymorphism in Caveolin 1 Gene

Haplotype rs926198 rs11773845 Frequency

High serum triglycerides Metabolic syndrome

OR 95% CI P OR 95% CI P

H1 T C 18.9 0.56 0.40–0.78 0.004 0.59 0.42–0.82 0.006
H2 C A 6.0 0.55 0.31–0.98 0.26 0.83 0.62–1.09 0.574
H3 C C 24.5 0.85 0.64–1.12 0.80 0.74 0.42–1.29 0.836
H4 T A 50.6 1 NA 0.003 1 NA 0.007

Table 5. Association Between CAV1 Variations and Metabolic Disorders

rs926198 rs11773845

b-Coefficient OR 95% CI Pa
P value

(adjusted)b b-Coefficient OR 95% CI Pa
P value

(adjusted)b

Weight excess -0.042 0.95 0.71–1.29 0.779 0.610 0.018 1.01 0.78–1.33 0.894 0.830
Abdominal obesity -0.078 0.93 0.58–1.47 0.741 0.740 0.251 1.29 0.84–1.96 0.241 0.030
Hypertension 0.070 1.07 0.70–1.66 0.748 0.130 -0.202 0.81 0.54–1.23 0.337 0.940
Hyperglycemia 0.029 1.02 0.76–1.40 0.853 0.920 0.107 1.11 0.83–1.48 0.459 0.930
Hypertriglyceridemia 0.069 1.07 0.79–1.45 0.654 0.310 0.365 1.44 1.08–1.90 0.010 0.010
Low serum HDL-C -0.106 0.90 0.67–1.21 0.486 0.550 0.072 1.07 0.82–1.41 0.606 0.600
Metabolic syndrome -0.021 0.97 0.67–1.42 0.912 0.310 0.461 1.58 1.11–2.26 0.011 0.020

An additive model was assessed through a logistic regression where risk alleles were interpreted as the unit. Genetic variations in
rs926198 (TT = 0, CT = 1, and CC = 2) and rs11773845 (CC = 0, AC = 1, and AA = 2) were included as independent variables. Age, sex,
current treatment for dyslipidemia or diabetes, and BMI were included as confounding variables (BMI was not used for Weight Excess
analysis, treatment for diabetes was not used for hyperglycemia assessment, and treatment for dyslipidemia was not used for high serum
triglyceride analysis). An admixture-adjustment was performed through a Monte-Carlo-Markov Chain where a three hybrid genetic
stratification was assumed.

aP values <0.025 were considered as statistically significant (Bonferroni correction).
bAdmixture adjustment with Monte-Carlo-Markov Chain (k = 3).
CI, confidence interval; OR, odds ratio.
Statistically significant values are highlighted in bold.
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weight loss, and an insulin-based treatment usually increases
body weight.68,69 Under these considerations, a clinical re-
cord of ongoing treatment for dyslipidemia, hypertension, or
diabetes was considered as a potential confounding variable
and was included in the fitted additive models. Despite
suspicions, statistically significant genetic associations with
hypertriglyceridemia and metabolic syndrome were found,
even when pharmacological treatment or diet was used as
confounding variables. Similarly, these genetic associations
persisted as a statistically significant result in a second
analysis in which all subjects under treatment for metabolic
disorders were excluded. This approach suggests that the
relationships observed in this study might lie on alterations
of metabolic pathways where caveolin 1 is involved (e.g.,
lipid droplet synthesis and insulin sensitivity, among oth-
ers).70 Although the influence of a single genetic variation
on protein expression, cell function, and complex patho-
physiologic processes is thought to be unlikely, the geno-
type/phenotype relation found in the present work could be
highlighted to a group of genomic, epigenomic, and/or
metabolic alterations with a sharper link to dyslipidemia and
metabolic disorders. In this sense, the role of CAV1 varia-
tions in signalosomes and cellular pathways where caveolae/
caveolin 1 is included might be an interesting focus for
further studies.

In the present work nonconclusive associations between
CAV1 (rs11773845) and abdominal obesity were found in
the logistic regression model and the MCMC; however, our
results are suggestive of a hidden relationship. Since this
anthropometric alteration is closely related with insulin re-
sistance, this finding might note a previously known asso-
ciation between CAV1 and insulin resistance. In our study,
insulinemia was not a measured parameter; therefore, it was
not possible to perform a direct assessment of this rela-
tionship. Naturally, the latter observation represents a lim-
itation for this research since insulin resistance is highly
involved in the development of metabolic and cardiovas-
cular diseases, and it has been also associated with varia-
tions in CAV1 by other authors.19,20

Serum glucose and hyperglycemia were not associated
with genetic variations in CAV1. This finding agrees with
previous studies where glycemia and high serum glucose
were not related with SNPs in CAV1. Although caveolin 1
and caveolae have been found to be involved in carbohy-
drate metabolism,8–11 it is plausible that rapid homeostatic
regulation might compensate the effects of genetic varia-
tions on serum glucose concentrations. On this topic, there is
evidence in which CAV1 polymorphisms are linked with
insulin resistance and diabetes,19,22 and both alterations are
related with glucose homeostasis; however, there are not
sufficient data in the present work to assess these genotype/
phenotype relationships.

Regarding blood pressure, the results from our work have
shown that there were differences in systolic and diastolic
values when CC+TC and TT genotypes for rs926198 were
compared ( p = 0.02), but there were no significant associa-
tions when the additive models were applied, even when
subjects under antihypertensive treatment were excluded
from regression analysis. In concordance with these results,
the findings published by other authors are also controver-
sial. For instance, several authors reported no significant
results for genetic association in Chinese, Caucasian, and
Hispanic populations, as well as other groups18,19,22,71;

however, Grilo et al. found a significant genetic association
with exon variations in CAV1,18 and Pojoga et al. found
evidence linking CAV1 with hypertension in a translational
study.20 Since caveolae/caveolin 1 participate in artery re-
laxation, it is possible that positive results could be an insight
into that role in the vasorelaxation pathway.72 Naturally, it
seems that genetic variations in CAV1 have a small size effect
on blood pressure. Then negative results reflect a weak ge-
notype/phenotype relationship.

Serum levels of HDL-C were found not associated with
rs926198 or rs11773845, which agrees with results published
by other authors. Chen et al. analyzed three independent
samples accounting for a total of 6.185 subjects with Chinese
Han ancestry and found no significant association between the
SNP rs3807989 (CAV1/CAV2 locus) and HDL-C levels.23

Baudrand et al. found no association between rs926198
(CAV1) and low serum HDL-C in a study where a cohort with
European ancestry and another with Hispanic background
were analyzed.19 Peloso et al. analyzed CAV1 (14 SNPs) in a
set of 60 candidate genes involved in HDL-C metabolism and
found 9 genes, but no SNP in CAV1, to be associated with
susceptibility to dyslipidemia by low HDL-C.73 On this basis,
there is little evidence linking this gene with HDL-C alter-
ations in human populations.

As it has been shown, there are several discrepancies
between genetic association studies focused on CAV1 and
metabolic traits. This is an expected scenario considering
that results from genetic association studies are not consis-
tently reproducible.74 Hence, interstudy comparisons are
commonly an intricate task when a single or one-way re-
lationship is a desirable finding.74,75 Such differences are
caused not only by disease complexity but also by popula-
tion diversity and heterogeneity in study designs.60

Metabolic disorders and the metabolic syndrome are
typical examples of complex diseases, where many gene–
gene and gene–environmental interactions are taking place.
About this issue, it has been proposed that discrepancies
between studies, such as those exposed in the present work,
might represent disease complexity and genetic diversity,
instead of being a consequence of biased designs.55,74 In this
regard, it has been proposed that discrepancies between
studies, such as those exposed in the present work, might
represent disease complexity and genetic diversity, instead
of being a consequence of biased designs.60,75–78 Naturally,
it is still possible that heterogeneity in the results could be
caused by missing multiple interactions that are intrinsic to
gene-candidate studies. To compensate these differences is
not a feasible task in the current discussion. Perhaps, a meta-
analytic approach would be able to summarize findings in-
volving CAV1 and metabolic traits.

Despite the statistical significance of the current findings
involving high serum triglycerides and the metabolic syn-
drome, there are some limitations that should be considered.
First, the study power is small; therefore some relevant in-
teractions between genetic predictors and confounding
variables could not have been detected. Under this consid-
eration, adjustment for sex, age, BMI, and personal ante-
cedents was carefully performed to reduce the significant
affectations on the final results. Although analyses were
carried out on a small sample size, it was possible to identify
two genotype/phenotype associations even after a rigorous
admixture adjustment with MCMC, which suggests that the
current study design could have corrected most of the
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concerning biases. Second, women showed higher fre-
quencies for almost all metabolic alterations, which might
be interpreted as a sign of selection bias; more importantly,
half of the women were found to have metabolic syndrome,
while it was diagnosed in 32.7% of men, suggesting that the
affected women were more likely to be included in this
sample. We have seen a similar behavior in previous works
from Cartagena de Indias and Colombian Caribbean Coast38;
hence, statistical analysis was partially focused on fitting this
problem. As supposed these results and our reasoning strongly
encourage the development of a paired-sample case/control
study aimed to bring conclusive evidence about the genetic
association found in this population.

Interestingly, rs11773845 and rs926198 are in linkage
disequilibrium with a third variation (rs3807989), which has
been related to the expression of caveolin 1 mRNA in leu-
kocytes, lymphoblastoid cells, and atrial tissue. In addition,
some of these SNPs have been associated with serum
caveolin 1 protein levels, which suggest a cellular and
physiologic mechanism by which these intron variations
would affect caveolin 1 gene expression with a subsequent
impairment of lipid and carbohydrate metabolism.19,23,79 On
this basis, we hypothesize that the complex caveolae/caveolin
1 might be a promissory target in the development of further
therapies against high serum triglycerides and related meta-
bolic disorders.

Conclusions

In conclusion, a statistically significant association be-
tween CAV1 (rs11773845), high serum triglycerides, and
metabolic syndrome was found in an admixed population
from Latin America. This report supports preliminary find-
ings that were suggestive of a relationship between CAV1
and serum triglycerides in this population. Therefore, ca-
veolae might be involved in lipid metabolism and related
disorders in humans.

Acknowledgments

The authors acknowledge the young researches of the
UNIMOL group for their valuable contributions. This work
was supported by Departamento Administrativo de Ciencia,
Tecnologı́a e Innovación (COLCIENCIAS; grant no. 667-
2014, project code 110765741638); Universidad Nacional
de Colombia (HERMES no. 6323).

Author Disclosure Statement

No competing financial interests exist.

References

1. Simons K, Ikonen E. Functional rafts in cell membranes.
Nature 1997;387:569–572.

2. Engelman JA, Zhang XL, Lisanti MP. Sequence and de-
tailed organization of the human caveolin-1 and -2 genes
located near the D7S522 locus (7q31.1). Methylation of a
CpG island in the 5¢ promoter region of the caveolin-1 gene
in human breast cancer cell lines. FEBS Lett 1999;448:
221–230.

3. Glenney JR, Jr. The sequence of human caveolin reveals
identity with VIP21, a component of transport vesicles.
FEBS Lett 1992;314:45–48.

4. Glenney JR, Jr., Soppet D. Sequence and expression of
caveolin, a protein component of caveolae plasma mem-
brane domains phosphorylated on tyrosine in Rous sarcoma
virus-transformed fibroblasts. Proc Natl Acad Sci U S A
1992;89:10517–10521.

5. Bruns RR, Palade GE. Studies on blood capillaries. I.
General organization of blood capillaries in muscle. J Cell
Biol 1968;37:244–276.

6. Yamada E. The fine structure of the gall bladder epithelium
of the mouse. J Biophys Biochem Cytol 1955;1:445–458.

7. Thorn H, Stenkula KG, Karlsson M, et al. Cell surface ori-
fices of caveolae and localization of caveolin to the necks of
caveolae in adipocytes. Mol Biol Cell 2003;14:3967–3976.

8. Karlsson M, Thorn H, Danielsson A, et al. Colocalization
of insulin receptor and insulin receptor substrate-1 to ca-
veolae in primary human adipocytes. Cholesterol depletion
blocks insulin signalling for metabolic and mitogenic
control. Eur J Biochem 2004;271:2471–2479.

9. Nystrom FH, Chen H, Cong LN, et al. Caveolin-1 interacts
with the insulin receptor and can differentially modulate
insulin signaling in transfected Cos-7 cells and rat adipose
cells. Mol Endocrinol 1999;13:2013–2024.

10. Kimura A, Mora S, Shigematsu S, et al. The insulin re-
ceptor catalyzes the tyrosine phosphorylation of caveolin-1.
J Biol Chem 2002;277:30153–30158.

11. Liu GZ, Liang B, Lau WB, et al. High glucose/high lipids
impair vascular adiponectin function via inhibition of
caveolin-1/AdipoR1 signalsome formation. Free Radic Biol
Med 2015;89:473–485.

12. Pol A, Martin S, Fernandez MA, et al. Dynamic and reg-
ulated association of caveolin with lipid bodies: Modula-
tion of lipid body motility and function by a dominant
negative mutant. Mol Biol Cell 2004;15:99–110.

13. Ost A, Ortegren U, Gustavsson J, et al. Triacylglycerol is
synthesized in a specific subclass of caveolae in primary
adipocytes. J Biol Chem 2005;280:5–8.

14. Cohen AW, Razani B, Schubert W, et al. Role of caveolin-
1 in the modulation of lipolysis and lipid droplet formation.
Diabetes 2004;53:1261–1270.

15. Cohen AW, Razani B, Wang XB, et al. Caveolin-1-
deficient mice show insulin resistance and defective insulin
receptor protein expression in adipose tissue. Am J Physiol
Cell Physiol 2003;285:C222–C235.

16. Razani B, Combs TP, Wang XB, et al. Caveolin-1-deficient
mice are lean, resistant to diet-induced obesity, and show
hypertriglyceridemia with adipocyte abnormalities. J Biol
Chem 2002;277:8635–8647.

17. Chuengsamarn S, Garza AE, Krug AW, et al. Direct renin
inhibition modulates insulin resistance in caveolin-1-
deficient mice. Metabolism 2013;62:275–281.

18. Grilo A, Fernandez ML, Beltran M, et al. Genetic analysis
of CAV1 gene in hypertension and metabolic syndrome.
Thromb Haemost 2006;95:696–701.

19. Baudrand R, Goodarzi MO, Vaidya A, et al. A prevalent
caveolin-1 gene variant is associated with the metabolic
syndrome in Caucasians and Hispanics. Metabolism 2015;
64:1674–1681.

20. Pojoga LH, Underwood PC, Goodarzi MO, et al. Variants
of the caveolin-1 gene: A translational investigation linking
insulin resistance and hypertension. J Clin Endocrinol
Metab 2011;96:E1288–E1292.

21. Yamada Y, Ando F, Shimokata H. Association of gene
polymorphisms with blood pressure and the prevalence of
hypertension in community-dwelling Japanese individuals.
Int J Mol Med 2007;19:675–683.

CAVEOLIN 1 ASSOCIATED WITH METABOLIC SYNDROME 461



22. Liu Y, Ni B, Lin Y, et al. The rs3807989 G/A polymorphism
in CAV1 is associated with the risk of atrial fibrillation in
Chinese Han populations. Pacing Clin Electrophysiol 2015;
38:164–170.

23. Chen S, Wang X, Wang J, et al. Genomic variant in CAV1
increases susceptibility to coronary artery disease and
myocardial infarction. Atherosclerosis 2016;246:148–156.

24. Moura RR, Coelho AV, Balbino Vde Q, et al. Meta-
analysis of Brazilian genetic admixture and comparison
with other Latin America countries. Am J Hum Biol 2015;
27:674–680.

25. Schargrodsky H, Hernandez-Hernandez R, Champagne
BM, et al. CARMELA: Assessment of cardiovascular risk
in seven Latin American cities. Am J Med 2008;121:58–65.

26. Marquez-Sandoval F, Macedo-Ojeda G, Viramontes-
Horner D, et al. The prevalence of metabolic syndrome in
Latin America: A systematic review. Public Health Nutr
2011;14:1702–1713.

27. Franca SL, Lima SS, Vieira JR. Metabolic syndrome and
associated factors in adults of the Amazon region. PloS One
2016;11:e0167320.

28. Diaz A, Espeche W, March C, et al. Prevalence of meta-
bolic syndrome in Argentina in the last 25 years: Systematic
review of population observational studies [in Spanish].
Hipertens Riesgo Vasc 2017;35:64–69.

29. Feigin VL, Forouzanfar MH, Krishnamurthi R, et al. Global
and regional burden of stroke during 1990–2010: Findings
from the Global Burden of Disease Study 2010. Lancet
2014;383:245–254.

30. Mora Garcia G, Gomez Alegria C, Gomez Camargo D. Ca-
veolin 1 (CAV1) gene polymorphisms associated to body mass
index, hypertension and obesity related disorders in adults from
Caribbean population. Obes Rev 2016;17(Suppl 2):5–20.

31. Mora-Garcia GJ, Ruiz-Diaz MS, Gomez-Camargo DE,
Gomez-Alegria CJ. Frequency of common polymorphisms
in Caveolin 1 (CAV1) gene in adults with high serum tri-
glycerides from Colombian Caribbean Coast. Colomb Med
(Cali). 2017;48:166–172.

32. Gobierno de la Republica de Colombia. Censo general de
2005. Libro censo general. Bogotá; Departamento Ad-
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