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Background and aims: Cardiovascular diseases (CVD) are major causes of mortality worldwide, leading to
premature deaths, loss of quality of life, and extensive socioeconomic impacts. Alterations in normal
plasma lipid concentrations comprise important risk factors associated with CVD due to mechanisms
involved in the pathophysiology of atherosclerosis. Genetic markers such as single nucleotide poly-
morphisms (SNPs) are known to be associated with lipid metabolism, including variants in the choles-
teryl ester transfer protein (CETP) gene. Thus, the study's objective was to assess the relationship among
lipid profile, socioeconomic and demographic characteristics, health status, inflammatory biomarkers,
and CETP genetic variants in individuals living in a highly admixed population.
Methods: The study comprises an analysis of observational cross-sectional data representative at the
population level from a highly admixed population, encompassing 901 individuals from three age groups
(adolescents, adults, and older adults). Socioeconomic, demographic, health, and lifestyle characteristics
were collected using semi-structured questionnaires. In addition, biochemical markers and lipid profiles
were obtained from individuals' blood samples. After DNA extraction, genotyping, and quality control
according to Affymetrix's guidelines, information on 15 SNPs in the CETP gene was available for 707
individuals. Lipid profile and CVD risk factors were evaluated by principal component analysis (PCA), and
associations between lipid traits and those factors were assessed through multiple linear regression and
logistic regression.
Results: There were low linear correlations between lipid profile and other individuals’ characteristics.
Two principal components were responsible for 80.8 % of the total variance, and there were minor
differences in lipid profiles among individuals in different age groups. Non-HDL-c, total cholesterol, and
LDL-c had the highest loadings in the first PC, and triacylglycerols, VLDL-c and HDL-c were responsible
for a major part of the loading in the second PC;, whilst HDL-c and LDL-c/HDL-c ratio were significant in
the third PC. In addition, there were minor differences between groups of individuals with or without
dyslipidemia regarding inflammatory biomarkers (IL-1b, IL- 6, IL-10, TNF-a, CRP, and MCP-1). Being
overweight, insulin resistance, and lifestyle characteristics (calories from solid fat, added sugar, alcohol
and sodium, leisure physical activity, and smoking) were strong predictors of lipid traits, especially HDL-c
and dyslipidemia (p < 0.05). The CETP SNPs rs7499892 and rs12691052, rs291044, and rs80180245 were
significantly associated with HDL-c (p < 0.05), and their inclusion in the multiple linear regression model
increased its accuracy (adjusted R2 rose from 0.12 to 0.18).
Conclusion: This study identified correlations between lipid traits and other CVD risk factors. In addition,
similar lipid and inflammatory profiles across age groups in the population suggested that adolescents
might already present a significant risk for developing cardiovascular diseases in the population. The risk
can be primarily attributed to decreased HDL-c concentrations, which appear to be influenced by genetic
factors, as evidenced by associations between SNPs in the CETP gene and HDL-c concentrations, as well
ition and Metabolism. Published by Elsevier Ltd. All rights reserved.
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as potential geneediet interactions. Our findings underscore the significant impact of genetic and life-
style factors on lipid profile within admixed populations in developing countries.

© 2023 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights
reserved.
1. Introduction

Cardiovascular diseases (CVD) are major causes of mortality
worldwide, leading to premature deaths and loss of quality of life
for populations in several countries and imposing substantial so-
cioeconomic burden on individuals, communities, and health sys-
tems [1,2]. Dyslipidemias, characterized by alterations in lipid
levels, represent risk factors significantly associated with CVD due
to their involvement in the pathophysiology of atherosclerosis
[3e5], presenting high prevalence in several countries worldwide,
particularly in Brazil [5e7].

There is robust evidence on the role of metabolic and genetic
risk factors for CVD and dyslipidemia, showing associations be-
tween and within these factors and lipid profiles. Several studies
identified associations with inflammatory cytokines, chemokines,
and other proteins, as well as hundreds to thousands of genetic
variants (e.g., single nucleotide polymorphisms (SNPs)) throughout
the genome implicated in dyslipidemia and CVD [8e15].

A recent systematic review highlighted geneticediet in-
teractions of SNPs in the cholesteryl ester transfer protein (CETP)
gene, which are related to HDL-c metabolism and might also affect
other lipid traits [16,17]. The CETP-mediated exchange of choles-
teryl esters and triglycerides between triglycerides-rich lipopro-
teins (TRLs) and other lipoproteins, such as HDL, can stimulate
atherogenic inflammatory cascades, which will ultimately lead to
the formation of atherosclerotic plaques [12,18].

Nonetheless, it should be noted that investigations that address
geneeenvironment interactions and the genetic architecture of
lipid traits have been mostly conducted in Caucasian populations
rather than highly admixed cohorts, like the Brazilian population
[16,19].

Although previous Brazilian studies have shown initial insights
on the relationship between lipid traits and several car-
diometabolic markers, there is absence of comprehensive evidence
on the joint effects of lifestyle choices, socioeconomic characteris-
tics, anthropometric measures, biochemical markers, and genetic
variants on dyslipidemia [20,21].

Thus, the present study aimed at analyzing the relationship
between lipid profile and cardiometabolic risk factors, including
SNPs in the CETP gene, metabolic biomarkers, and lifestyle and
sociodemographic characteristics, among different age groups of
the population living in urban areas of S~ao Paulo municipality,
Brazil.

2. Material and methods

2.1. Study design

This observational study consists of a subsample of the Health
Survey of S~ao Paulo (ISA-Capital). It is based on analysis of data
obtained from the cross-sectional survey “2015 Health Survey of
S~ao Paulo with Focus on Nutrition (2015 ISA-Nutrition)”, a
population-based study aiming at the evaluation of lifestyle-related
modifiable factors, biochemical and genetic markers, as well as
environmental factors related to the development of car-
diometabolic diseases.
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The study was approved by the Research Ethics Committees of
the School of Public Health, University of S~ao Paulo (#
43838621.7.0000.5421 and # 30848914.7.0000.5421 for the 2015
ISA-Nutrition). Written informed consent was obtained from all
participants.

2.2. Population

Individuals included in the present study were interviewed in
the household by trained researchers in 2015, using semi-
structured questionnaires within the ISA-Nutrition survey to
obtain comprehensive information on demographic, socioeco-
nomic, and lifestyle characteristics, health status, and use of health
services. Individuals were categorized into three age groups: ado-
lescents (12e19 years old), adults (20e59 years old), and older
adults (�60 years old), being representative at the municipality
level.

The initial sample of the survey was selected through a complex
probabilistic sampling of residents living in the urban area of S~ao
Paulo city. A subsample of 901 participants, distributed in 629
different households, was randomly selected for collection of
venous blood samples after 12e14 h of fasting by trained nurses
during a second visit to the individuals’ households, allowing the
assessment of biochemical markers, nutritional status, and genetic
biomarkers. The samples were then processed in the Laboratory of
Nutritional Genomics and Inflammation of the School of Public
Health of the University of S~ao Paulo. Details of the survey sampling
procedures and sample characteristics are available in previous
studies [22e24].

2.3. Demographic, socioeconomic, and health characteristics

Information from the ISA-Nutrition 2015 dataset was selected to
analyze factors associatedwith dyslipidemia in S~ao Paulo, including
demographic, socioeconomic, and lifestyle characteristics and
metabolic markers.

A pre-screening science-driven approach was adopted for se-
lection of variables consistently implicated in dyslipidemia phe-
notypes according to the literature. Health outcomes analyzed in
the study were total cholesterol, VLDL-c, LDL-c, HDL-c, HDL-c/LDL-
c, non-HDL-c, and triacylglycerols (TGL), which were determined in
the serum with Trinder Reaction and Homogeneous Enzymatic
Colorimetric Assay (Cobas; Roche Diagnostic GmbH, Mannheim,
GW, Germany).

In addition, categorical variables referring to dyslipidemia were
created according to the 2017 Brazilian Dyslipidemia Guidelines
(adults and older adults) and I Guideline for Atherosclerosis Pre-
vention in Childhood and Adolescence [25,26].

� Low HDL-c is defined as HDL-c < 40 mg/dL for adult and older
adult men, <50 mg/dL for adult and older adult women, and
<45 mg/dL for adolescents;

� Isolated hypercholesterolemia is defined as LDL-c > 160 mg/dL
for adults and older adults and >130 mg/dL for adolescents;

� Isolated hypertriglyceridemia is defined as TGL >150 mg/dL for
adults and older adults and >130 mg/dL for adolescents;
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� Mixed hyperlipidemia is defined as the presence of hyper-
triglyceridemia and hypercholesterolemia;

� Any dyslipidemia (DLP) is defined as the presence of any of the
aforementioned categories, including the use of hypolipidemic
medication.

Biological and metabolic markers potentially associated with
lipid traits included the following categories of variables: the in-
flammatory biomarkers IL-1b, IL- 6, IL-10, TNF-a, CRP, and MCP-1;
variables related to glucose metabolism such as the homeostatic
model assessment for insulin resistance (HOMA-IR), insulin and
fasting blood glucose levels; anthropometric variables (waist
circumference and waist circumference/height ratio and body mass
index, BMI); and systolic and diastolic blood pressure. HOMA-IR
was calculated based on insulin and glucose levels and catego-
rized into presence or absence of insulin resistance, while BMI was
based on the measurement of height and weight of individuals and
categorized into No Overweight and Overweight according to age
group [27].

Other characteristics included in the analysis were.

� Demographic: sex (male or female), age group (adolescent,
adult, or older adult), and ethnicity (white or others);

� Socioeconomic: educational attainment and household income
per capita;

� Lifestyle: alcohol use (yes or no), use of tobacco (yes or no), diet
quality (12 dietary components included in the Revised Brazil-
ian Healthy Eating Index, BHEI-R), and engagement in global
and leisure-time physical activity (yes or no) as recommended
by the World Health Organization (WHO) [28].

Education attainment was measured using an adequacy score
ranging from 0 to 1, which accounted for the expected years of
education considering the individual's age. The score was calcu-
lated by comparing the self-declared education level to the ex-
pected level of education for the individual's age, considering the
entry age in the Brazilian educational system. Scores closer to 1
represent individuals with higher educational attainment per age,
and scores closer to 0 represent individuals with lower educational
attainment per age.

Diet quality was evaluated by assessing 12 dietary components
that comprise the BHEI-R, based on information from two 24-h
dietary recalls, according to current nutritional recommendations.
The dietary components include total and whole fruit, total vege-
tables, dark green and orange vegetables and legumes, whole
grains, total grains, milk, and dairy products, meats, eggs and le-
gumes, oils, saturated fat, sodium, and a component related to the
consumption of total calories from solid fat, alcohol and added
sugar (SoFAAS). Details on the assessment of components are
described elsewhere [29]. Physical activity was assessed through
the International Physical Activity Questionnaire (IPAQ) [30].

The adjustment baseline covariates sex, age, age2, ageesex
interaction, categorical BMI, and hypolipidemic medication use
were included in the analyses performed to avoid confounding
[19,31,32]. We also had the first five principal components of
ancestry for population stratification, considering that the sample
was obtained in a highly admixed population [33,34].
2.4. CETP SNPs

To evaluate the influence of genetic variation on HDL-c along
with other cardiometabolic risk factors, this study collected infor-
mation on Single Nucleotide Polymorphisms (SNPs), the most
common genetic variation found in the genome.
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Peripheral blood samples from 901 individuals were collected,
thawed, and submitted to an automated extraction protocol in the
QIAsymphony SP BioRobot with the QIAsymphony DNAMidi Kit 96
(Qiagen, Hilden, Germany) to obtain genomic DNA with EDTA
stored at �80 �C at the Human Genome and Stem Cell Research
Center of the University of S~ao Paulo (IB-USP), following the man-
ufacturer's instructions. Automated extraction was unfeasible for
40 samples with less than 1 mL of blood; therefore, a salting-out
extraction protocol was used [35]. One sample with less than the
required volume for the genotyping protocol was excluded from
the analysis.

Quantification and quality of DNA samples were evaluated with
the NanoDrop™ 2000 spectrophotometer (Thermo Fisher Scienti-
fic, Waltham, USA) according to the criteria optical density (OD) OD
260/OD 280 between 1.8 and 2.0 and OD 260/OD 230 > 1.5.
Approximately 130 samples did not present sufficient purity ratios,
so they underwent a further purification process (Autopure LS -
Qiagen, Hilden, Germany). Once all samples evaluated by spec-
trometry reached purity quality standards, their quantification was
performed using the Qubit™ dsDNA BR DNA quantification Kit in
the Qubit® 2.0 fluorometer (Thermo Fisher Scientific, Waltham,
USA). Additionally, DNA integrity assessment through electropho-
resis was performed on randomly selected samples from each
batch.

Using the Axiom™ 2.0 Precision Medicine Research Array in the
Thermo Fisher Scientific laboratory, genotype calling of 846 sam-
ples was made for 555,064 SNPs, among which we queried infor-
mation of 15 SNPs in the CETP gene (rs5883, rs1864163,
rs118146573, rs9939224, rs12691052, rs12708980, rs1532624,
rs1864163, rs7499892, rs2033254, rs2303790, rs289719, rs291044,
rs12708980, and rs80180245) in a candidate gene-approach
fashion (Affymetrix Inc, Santa Clara, CA).

The initial sample assessment of the processing quality was
performed using the Axiom™ Analysis Suite software, and five
individuals were excluded due to a call rate <0.95. After sample and
SNP quality control using PLINK 2.0 and Affymetrix Power Tools
(APT 1.16.0) according to the Affymetrix best practices QC criteria
[36], 841 individuals had genetic information on the aforemen-
tioned CETP SNPs.

Furthermore, considering that the source of the sample is a
highly admixed population, we controlled for population stratifi-
cation using a larger panel of SNPs across the whole genome for
estimation of principal components of ancestry utilizing the soft-
ware PLINK 2.0 0 and R (package SNPRelate) [37].
2.5. Descriptive and inferential analysis

None of the variables had normal distribution according to the
ShapiroeWilk test, therefore, continuous variables were presented
in median and interquartile range. Categorical variables were pre-
sented in frequency and 95% confidence interval for proportions.

Differences in lipid traits between age groups were assessed
through the non-parametric test Kruskal Wallis and post-hoc
Wilcoxon test due to the absence of a normal distribution, and
FDR multiple test correction was adopted.

Pairwise correlation analysis was performed using the
Spearman method, considering absolute values of the correlation
coefficients within the ranges 0e39, 40e69, and 70e100 as low,
moderate, and high correlations, respectively.

The underlying structure of the lipid profile was evaluated
through Principal Component Analysis (PCA) across age groups and
according to the presence or absence of any dyslipidemia. This and
all further analyses were performed using R software v4.0.2 and
Python 3.6, adopting a significance level of 0.05.
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2.6. Statistical modeling

After excluding closely related individuals who shared the same
household, we obtained a subsample of 707 independent obser-
vations. After excluding missing data, the dataset had a total of 631
individuals. Univariate analysis with multiple linear and logistic
regression was performed for quantitative lipid phenotypes and
DLP adjusted by hypolipidemic medication use, respectively. The
non-genetic variables selected by a pre-screening science driven-
approach were sorted into six classes: inflammatory; insulin, and
glucose-related variables; anthropometric; lifestyle; socioeco-
nomic and demographic characteristics; and cardiac-related risk
factors.

Since residual analysis showed not normally distributed re-
siduals, lipid traits were transformed with the Rank-Based Normal
Inverse Transformation, which has been extensively and suitably
used for modeling approaches that may include genetic variants
[38e40].

Models were adjusted using a stepwise approach for initial se-
lection for each lipid trait and within the six classes of dependent
variables, including base adjustment covariates to avoid con-
founding. The top five principal components of ancestry were also
used as base covariates in all model adjustments, as in Fu et al.
(2021) [34]. Statistically significant variables were then combined
in a final model fit.

Then, we investigated a panel of 15 SNPs in the CETP gene,
which plays a major role in the balance between HDL and Apo-B-
rich lipoprotein (VLDL, IDL, and LDL) metabolism. Considering
each SNP as a 3-level factor (three possible genotypes; two degrees
of freedom), we checked whether these markers would be associ-
ated with HDL-c concentrations and low HDL-c levels in the ISA
dataset and if the inclusion of this genetic information would in-
crease the accuracy of the final non-genetic model, tests performed
under a ¼ 0.05.
3. Results

3.1. Prevalence and correlation analysis

Most individuals self-reported white or brown skin color
(50.28 % and 32.84 %, respectively). There was a higher prevalence
of individuals attaining recommended global physical activity
among adults and older adults compared to adolescents. Over-
weight prevalence (45.04 %) was different across age groups, being
higher in adults and older adults than adolescents (Table 1).

Low HDL-c and DLP adjusted by lipid-lowering drugs use were
the most prevalent dyslipidemias in the population of S~ao Paulo
(58.98 % and 65.76 %, respectively), presenting high prevalence in
different age groups. There was a significantly higher prevalence of
DLP adjusted by lipid-lowering drug use among adults and older
adults in comparison to adolescents (Table 1).

Descriptive statistics of quantitative demographic, diet quality
index, and cardiovascular risk factors for the total sample and ac-
cording to age groups are presented in Tables 2 and 3. The com-
parison between age groups showed that, except for plasma HDL-c
concentration, there was a significant difference in biomarkers
between adolescents and the other age groups. Still, there was no
statistical difference between adults and older adults (Table 3).

Low linear relationships were identified between most vari-
ables, according to the heatmaps of pairwise correlations, showing
mostly low and some moderate correlations (Fig. 1 and Supporting
Material 1).
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3.2. Principal component analysis

Principal Component Analysis (PCA) of lipid traits stratified by
age group showed that adolescents, adults, and older adults pre-
sented similar lipid profiles (Fig. 2A). The first and the second
principal components explained 57.30 % and 23.50 % of the vari-
ance, respectively, whilst the third principal component accounted
for 17.87 %. The relationship between principal components 1 and 2
is presented in Fig. 2.

Variables with the highest loadings (contributions) in the first
principal component were non-HDL-c, total cholesterol and LDL-c,
whilst HDL-c, TGL, and VLDL-c presented the highest loadings in
the second principal component, and HDL-c and LDL-c/HDL-c ratio
were the highest contributors to the third principal component.
Once stratified by the presence or absence of any dyslipidemia, this
analysis showed two distinct groups with some overlapping
(Fig. 2B).

3.3. Model fits

3.3.1. Linear regression
Overall, the adjusted R2 range was 0.121e0.271 in the models

(Supporting Material 3), presenting a lower performance for HDL-c
compared to other lipid traits. The covariates included in each final
model and their respective coefficients are shown in Table 4 (p-
value <0.05).

Regarding clusters of explanatory variables, except for age,
neither the demographic nor socioeconomic covariates presented
statistical significance. Among lifestyle characteristics, two dietary
components were significant in the final models (e.g., SoFAAS and
sodium for HDL-c fit), in addition to tobacco use and recommended
physical activity during leisure.

The presence of overweight showed significant positive associ-
ations with outcome variables, whereas other anthropometric
measures showed no association. Concerning inflammatory bio-
markers, CRP, MCP-1, and TNF-a presented statistical significance.
In relation to glucose-related variables, insulin resistance, and
glucose were significant for several lipid traits, whilst insulin levels
were only significant for HDL-c. SBP was significantly associated
with HDL-c, LDL-c/HDL-c, and TGL, while DBP was related to LDL-c,
VLDL-c, and total cholesterol.

3.3.2. Logistic regression
The area under the ROC curve (AUC) and odds ratio (OR) for any

dyslipidemia are displayed in Table 5. There was minimal variation
in the AUC among classes of explanatory variables (0.71e0.72)
(Data not shown) and a slight increase in the accuracy of the final
selected model (0.74). Remarkably, only a few tested covariates
were significant in the final model. Categorical BMI and insulin
resistance were positively associated with any dyslipidemia, with
1.99 and 1.75 ORs, respectively, while SBP was slightly associated.

3.3.3. HDL-c and CETP SNPs association
Table 6 shows the minor alleles and genotype frequencies for

the SNPs evaluated. Among the 15 SNPs tested, 4 were significantly
associated with HDL-c levels. Compared to the homozygosity of the
minor allele and having fixed all the other covariates included in
the model, for rs7499892, homozygosity of the T allele was
inversely associated with HDL-c, as opposed to rs12691052,
rs291044, and rs80180245, whose heterozygosity was inversely
associated with the evaluated phenotype (Table 7). Additional
analysis showed a significant interaction effect between rs291044



Table 1
Socioeconomic, demographic, and lifestyle characteristics of individuals in the city of Sao Paulo, Brazil. ISA-Capital, 2015.

Characteristic Total Adolescent Adult Older Adult

N % 95%CI N % 95%CI N % 95%CI N % 95%CI

Age (years)x 901 43.00 17e63 291 15 13e17 303 42 34e51 307 68 63e74.5
Sex 901 291 303 307
Male 446 49.5 46.25e52.76 141 48.45 42.78e54.17 154 50.82 45.22e56.40 151 49.19 43.64e54.75
Female 455 50.5 47.24e53.75 150 51.54 45.82e57.23 149 49.17 43.59e54.78 156 50.81 45.25e56.36

Ethnicity 889 287 302 300
White 447 50.28 47.00e53.56 120 41.81 36.25e47.59 155 51.32 45.71e56.91 172 57.33 51.68e62.80
Black 95 10.68 8.82e12.89 36 12.54 9.20e16.87 31 10.26 7.33e14.20 28 9.33 6.53e13.16
Yellow 13 1.46 0.85e2.49 2 0.7 0.19e2.50 3 1 0.33e2.88 8 2.66 1.36e5.17
Brown 292 32.84 29.83e36.0 116 40.41 34.90e46.19 101 33.44 28.36e38.94 75 25 20.44e30.20
Indigenous 2 0.22 0.04e0.81 0 0 0 1 0.33 0.06e1.86 1 0.33 0.06e1.86
Other 40 4.49 3.32e6.07 13 4.53 2.67e7.59 11 3.64 2.05e6.41 16 5.33 3.31e8.49

Education scorex 895 0.75 0.375e1 290 1 1e1 302 0.75 0.44e0.8 303 0.31 0.25e0.75
BMI 888 286 300 302
<25 kg/m2 488 54.95 51.67e58.2 200 69 64.38e74.95 121 40.34 34.03e45.97 167 55.3 49.66e60.80
�25 kg/m2 400 45.05 41.8e48.3 86 31 25.05e35.62 179 59.66 54.03e65.06 135 44.7 39.19e50.34

Smoking 895 290 302 303
Never smoked 638 71.28 68.23e74.15 276 95.17 89.79e95.58 181 59.93 54.32e65.30 181 59.74 54.13e65.10
Former smoker 147 16.43 14.14e19.00 5 1.72 0.72e3.89 57 18.87 14.86e23.67 85 28.05 23.29e33.36
Current smoker 110 12.29 10.30e14.60 9 3.1 1.61e5.68 64 21.19 16.96e26.15 37 12.21 8.99e16.38

Alcohol use 893 23.07 20.42e25.94 289 8.3 5.64e12.06 301 34.22 29.09e39.75 303 26.07 21.45e31.29
Leisure PA 896 18.75 16.32e21.44 290 18.28 14.25e23.13 302 21.19 16.96e26.15 304 16.77 13.00e21.39
Leisure PA (min/week)x 888 0.00 0e135 287 90 0e245 300 0 0e108.8 301 0 0e60
Global PA 881 68.56 65.42e71.54 286 50.7 44.93e56.44 296 82.77 78.05e86.64 299 71.57 66.21e76.39
Global PA (min/week)x 881 450.00 160e1080 286 382.5 170e870 296 660 227.5e6720 299 400.00 110e887.5
Household income per capitax 901 342.00 114.5e666.3 291 234.3 72.88e432.81 303 374.8 165.3e749.6 307 460.7 116e851.1

Obs.: (x) Median and interquartile range; DLP ¼ any dyslipidemia; BMI ¼ Body Mass Index; Leisure PA ¼ recommended level of physical activity during leisure; Global
PA ¼ recommended level of global physical activity.

Table 2
Diet, anthropometric, and cardiovascular-related characteristics of individuals in the city of S~ao Paulo, Brazil. ISA-Capital, 2015.

Characteristic Total Adolescent Adult Older adult

N Median IQR N Median IQR N Median IQR N Median IQR

Diet quality
BHEI-R 891 66.09 60.97e70.65 288 63.06 57.66e67.14 298 65.61 61.05e69.96 305 69.49 65.12e73.04
Cereals 891 0.28 0.20e0.73 288 0.26 0.20e0.37 298 0.28 0.20e0.91 305 0.29 0.20e1.12
Fat 891 8.07 6.54e8.65 288 8.06 6.48e8.56 298 8.08 6.41e8.62 305 8.09 6.63e8.73
Grains 891 5.00 5.0e5.0 288 5.00 5.0e5.0 298 5.00 5.0e5.0 305 5.00 5.0e5.0
Green and orange 891 5.00 5.0e5.0 288 5.00 5.0e5.0 298 5.00 5.0e5.0 305 5.00 5.0e5.0
Meat 891 10.00 9.95e10.0 288 10.00 10.0e10.0 298 10.00 9.95e10.0 305 10.00 9.93e10.0
Milk and dairy 891 5.04 3.44e6.63 288 4.67 3.14e6.10 298 4.81 3.25e6.70 305 5.59 4.27e7.20
Oil 891 10.00 10.0e10.0 288 10.00 10.0e10.0 298 10.00 10.0e10.0 305 10.00 10.0e10.0
Sodium 891 2.12 0.83e3.44 288 2.55 1.24e3.67 298 2.05 0.58e3.58 305 2.08 0.74e3.16
SoFAAS 891 9.58 6.34e12.43 288 7.70 4.82e10.73 298 9.57 6.07e12.53 305 11.1 8.11-13-69
Total fruit 891 4.96 2.57e5.0 288 3.53 2.11e5.0 298 4.34 2.20e5.0 305 5 4.38e5
Total vegetables 891 5.00 5.0e5.0 288 5.00 5.0e5.0 298 5.00 5.0e5.0 305 5.00 5.0e5.0
Whole fruit 891 3.76 1.97e5.0 288 2.72 1.55e4.5 298 3.7 1.87e5 305 4.99 3.11e5

Waist circumference (cm) 885 90.00 76.50e101 287 74 68.25e83.85 296 92.17 82.42e101.09 302 98.67 91e106.57
Waist/height 879 0.55 0.46e0.62 285 0.45 0.42e0.51 294 0.55 0.49e0.61 300 0.61 0.55e0.67
Glucose (mg/dL) 898 94.00 88e104 290 89 85e94.75 302 95 88e103 306 103 93e117
HOMA-IR 892 2.60 1.74e4.07 289 2.61 1.82e3.93 300 2.49 1.57e4.00 303 2.77 1.79e4.32
Insulin (IU/mL) 894 11.00 7.50e16.44 290 11.7 8.30e17.07 301 10.4 6.9e16.6 303 10.1 7.05e15.45
SBP (mmHg) 891 124.33 113.75e139.58 286 113.5 106.37e122 302 124 115.67e135 303 141 128.33e156
DBP (mmHg) 891 75.50 67.58e83 286 68 62.62e75.92 302 78 70e85.667 303 79.5 72e85.667
MCP1 (pg/mL) 872 276.00 251.00e314 282 243 189.25e312 296 279.5 216.75e343 294 311.5 245.25e389.25
CRP (mg/L) 872 0.27 0.09e0.73 282 0.09 0.06e0.30 296 0.32 0.15e0.81 294 0.44 0.20e0.98
TNF-a (pg/mL) 872 11.09 8.20e14.28 282 11.05 8.18e14.09 296 9.98 7.54e12.69 294 12.26 9.11e16.49
IL-6 (pg/mL) 872 1.37 0.97e2.96 282 1.45 1e5.322 296 1.17 0.89e2.38 294 1.48 1.04e2.50
IL-1b (pg/mL) 872 1.17 0.91e1.52 282 1.27 0.96e1.61 296 1.1 0.9e1.5 294 1.15 0.88e1.47
IL-10 (pg/mL) 872 4.26 3.03e6.76 282 4.96 3.44e7.95 296 3.8 2.54e5.5 294 4.26 3.06e6.87
DLPy 881 62.54 59.30e66.00 288 55.21 49.43e60.84 298 67.11 61.60e72.20 295 65.08 59.48e70.29
DLP (drug adjusted)y 885 65.76 62.30e68.81 288 55.21 49.43e60.84 289 69.46 64.01e74.41 299 72.24 66.91e77.01
Isolated hypercholesterolemiay 880 2.05 1.30e3.21 288 0.69 0.19e2.50 297 2.36 1.15e4.78 295 2.03 0.93e4.36
Isolated hypertriglyceridemiay 881 1.7 1.03e2.79 288 0.69 0.19e2.50 298 1.68 0.71e3.86 295 2.71 1.38e5.26
Mixed hyperlipidemiay 880 1.02 0.54e1.93 288 0 0 297 2.36 1.15e4.78 295 0.68 0.12e2.44
Low HDLy 880 58.98 55.70e62.18 288 52.78 47.01e58.47 297 62.62 57e67.93 295 61.35 55.69e66.73

Obs.: (y) Proportion and 95% confidence interval; HOMA-IR ¼ Insulin resistance index; MCP1 ¼Monocyte chemoattractant protein; CRP ¼ C-reactive protein; TNF-a ¼ Tumor
necrosis factor a; ILb (pg/mL) ¼ Interleukin 1b; IL-6 (pg/mL) ¼ Interleukin 6; IL10 (pg/mL) ¼ Interleukin 10; SBP ¼ Systolic Blood Pressure; DBP ¼ Diastolic Blood Pressure;
Global PA ¼ Global physical activity; Leisure PA ¼ Leisure physical activity; SoFAAS ¼ Calories coming from solid fat, added sugar and alcohol; IQR ¼ Interquartile range.
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Table 3
Differences in lipid traits between age groups in the city of S~ao Paulo, Brazil. ISA-Capital 2015.

Characteristic Total Adolescent Adult Older Adult

Median IQR Sig. Median IQR Sig.* Median IQR Sig.x Median IQR Sig.y

Triglycerides (mg/dL) 99.00 71e138 0.000 76.00 58e102 0.000 107.00 77.25e153.75 0.054 114.00 87.5e157 0.000
Total cholesterol (mg/dL) 166.00 139e197 0.000 140.00 123e161.2 0.000 181.00 153e206 0.318 184.00 156.5e210.5 0.000
HDL-c (mg/dL) 43.00 35e53 0.412 44.00 37e51 0.402 42.00 33e53 0.402 43.00 35.5e52.5 0.932
LDL-c/HDL-c 2.32 1.61e3.12 0.000 1.81 1.43e2.42 0.000 2.67 1.86e3.61 0.250 2.57 1.83e3.31 0.000
LDLc (mg/dL) 98.00 76e125 0.000 79.00 65.75e95 0.000 110.00 88e134 0.901 111.00 86e135 0.000
Non-HDL-c (mg/dL) 120.00 94e152 0.000 96.00 80e114 0.000 137.00 107e161 0.749 136.00 110e165.5 0.000
VLDLc (mg/dL) 20.00 14e28 0.000 15.00 12e20 0.000 21.00 15e31 0.043 23.00 17.5e31.5 0.000

Obs.: (*) Difference between adolescents and adults; (y) Difference between adolescents and older adults; (x) Difference between adults and older adults. 0 values represent
extremely low p-values; IQR ¼ Interquartile range.

Fig. 1. Correlation heatmap of lipid traits and other cardiometabolic risk factors.
Obs.: HOMA-ir ¼ Insulin Resistance Index; CRP ¼ C-reactive protein; tnf ¼ Tumor necrosis factor a; il1b ¼ interleukine 1b; il6 ¼ interleukine 6; il10 ¼ interleukine 10; mcp1
(monocyte chemoattractant protein 1); ccm ¼Waist Circumference; SBP ¼ Systolic Blood Pressure; DBP ¼ Diastolic Blood Pressure; BHEI-r ¼ Brazilian Healthy Eating Index Revised;
SoFAAS ¼ Calories coming from solid fat, added sugar and alcohol; Leisure PA min/week ¼ Time spent in leisure physical activity per week, Leisure PA min/week ¼ Time spent in
global physical activity per week.
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A B

Fig. 2. Principal Components Analysis of lipid profile according to age group (A) and presence or absence of dyslipidemia (B) in individuals living in S~ao Paulo, Brazil.
Obs.: Lipid profile based on total cholesterol, VLDL-c, LDL-c, HDL-c, non-HDL-c, LDL-c/HDL-c and triglycerides. PC1 ¼ first principal component; PC2 ¼ second principal component.

J.M.R.S. Leite, J.L. Pereira, N.R.T. Damasceno et al. Clinical Nutrition ESPEN 58 (2023) 242e252
and the dietary component SoFAAS on HDL-c levels under a ¼ 0.05
(Results not shown).

The adjusted R2 in the HDL-c model rose from 0.12 to 0.18 after
the inclusion of these markers, which represents a 50 % increase in
the variance explanation accounted by non-genetic variables.

Furthermore, after initial covariate selection through the step-
wise approach for low HDL-c levels (selected covariates were cat-
egorical BMI, insulin resistance, and PC3), there were also
significant associations between low HDL-c levels and 4 CETP SNPs
(rs7499892, rs291044, rs2033254, and rs289719) with odds ratios
ranging from 0.07 to 4.13 (Table 8).

4. Discussion

The study's results showed similarities in the occurrence of
dyslipidemia among adults and elderly individuals and similar lipid
profiles among all age groups in S~ao Paulo, Brazil. It is particularly
worrying that adolescents showed low HDL-c concentrations and
tended to present lipid profiles similar to older individuals,
potentially indicating unhealthy lifestyle choices that will influence
health into adulthood.

The high prevalence of dyslipidemia phenotypes in our inves-
tigation reinforces the results from previous studies with African
and Mexican populations [32,41]. However, evidence on the
prevalence of dyslipidemia among Middle-Eastern and Asian ado-
lescents showed a predominance of low HDL-c and hyper-
triglyceridemia as opposed to our results, which only showed a
high prevalence for low HDL-c [42,43]. Nonetheless, it is important
to highlight differences in the criteria for defining dyslipidemia and
the design adopted across studies, which probably account for the
different results.
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More importantly, it should be noted that the prevalence of
dyslipidemias in the population of S~ao Paulo has increased over the
years and is approximately twice the one reported in US teenagers
[20,44]. Furthermore, the absence of differences in HDL-c concen-
trations between age groups in this study indicated similar risk
profiles, previously shown in another Brazilian cohort [45].

Concerning other lipid traits, there were significant differ-
ences between adolescents with regard to adults and older
adults, potentially linked to differences in hormone regulation
(e.g., testosterone, dehydroepiandrosterone, and somatotropin)
and lipid metabolism in diverse life stages [46]. In addition,
adolescents present reduced exposure time to lifestyle risk fac-
tors (e.g., smoking, alcohol use, exposure to pollutants, among
others) in comparison to adults and older adults. However, other
studies showed that Brazilian adolescents usually present un-
healthy lifestyles marked by low physical activity, low diet
quality, and high sedentarism, independently of socioeconomic
level [44].

Nonetheless, the PCA results indicated that the lipid profiles of
individuals of the three age groups present high similarity.
Considering the well-established association between lipid profiles
and cardiovascular risk, especially in atherosclerosis, the variability
in lipid traits corresponds to variability in cardiovascular risk. Thus,
our results potentially indicate a higher risk for CVD in the long run
for adolescents in S~ao Paulo, considering the similarity with older
individuals regarding biomarkers.

In addition, the contribution of LDL-c to the variance and the
identification of triglycerides and HDL-c as relevant traits in the
present study were in line with the most recent highlights on the
pathophysiology of atherosclerosis [12,47e49]. For instance, the
CETP-mediated exchange of cholesteryl esters and triglycerides



Table 4
Models for lipid traits according to classes of dependent variables. ISA-Capital 2015.

Trait Independent Variables

Covariates b Sig.

LDL-c Age 0.0561 ***
Age2 �0.0005 ***
Hypolipemic drug use �0.7710 ***
DBP 0.0104 **

HDL-c Age2 0.0001 ***
BMI �0.2836 ***
TNF-a �0.0174 **
Insulin �0.0109 **
Smoking (current) �0.2854 *
SBP �0.0048 *
SoFAAS �0.0356 ***
Sodium �0.0532 *

TGL Age 0.0441 ***
Age2 �0.0004 ***
Sex 0.1784 *
BMI 0.2258 **
PC3 �63.9500 ***
PC4 �25.7500 **
Insulin resistance 0.4304 ***
MCP1 0.0007 **
SBP 0.0048 *
Leisure PA �0.0002 **

VLDL-c Age 0.0366 ***
Age2 �0.0003 ***
Sex 0.1778 *
BMI 0.2384 **
Insulin resistance 0.4315 ***
PC3 �62.7600 ***
PC4 �25.0500 ***
Smoking (current) 0.2140 *
MCP1 0.0007 **
SBP 0.0078 *
Leisure PA �0.0002 *

Non-HDL-c Age 0.0700 ***
Age2 �0.0006 ***
BMI 0.2100 **
Hypolipemic drug use �0.6379 ***
PC1 �8.4400 *
Glucose 0.0025 **

Total cholesterol Age 0.0643 ***
Age2 �0.0005 ***
Hypolipemic drug use �0.5713 ***
Glucose 0.0020 *
DBP 0.0116 ***

LDL-c/HDL-c Age 0.0436 ***
Age2 �0.0004 ***
BMI 0.3003 **
Hypolipemic drug use �0.6782 ***
PC1 �8.7210 *
Glucose 0.0019 *
CRP 0.1602 *
SBP 0.0072 ***
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between triglyceride-rich lipoproteins (TRLs) and other lipoproteins,
such as HDL, might lead to increased cardiometabolic risk through
several mechanisms, which include inflammatory cascades, struc-
tural alterations in LDL, resulting in smaller, dense LDL fractions, and
Table 5
Logistic regression model for dyslipidemia. ISA-Capital 2015.

Trait Covariate OR Sig.

DLP (drug adjusted) BMI 1.99 ***
PC3 3.96E-21 *
Insulin resistance 1.75 **
SBP 1.02 **

AUC 0.74

Obs.: * < 0.05; ** < 0.01; *** < 0.001; DLP ¼ Any dyslipidemia; AUC ¼ Area under
the ROC curve; PC ¼ Principal component; BMI ¼ Body Mass Index.
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interactions with matrix proteoglycans of the endothelial cells
through apolipoproteins such as ApoB. Particularly, apoB48-
remnant lipoproteins have already been associated with increased
cardiometabolic risk in adolescents [49,50].

Similar to the contribution of HDL-c found in our PCA results,
the extremely low percentages of variance explanation for HDL-c in
our models strongly suggest that additional factors might not have
been accounted for yet, e.g., genetic characteristics. For instance,
moderate to high heritabilities have been reported for HDL-c
worldwide and in Brazil (31.2 %), meaning that there is a signifi-
cant genetic component underlying this trait, which might account
for part of the unexplained variance in our models [51e53].

This hypothesis is supported by the fact that, while the variance
explained for LDL-c is higher than HDL-c one, the heritability es-
timates found for LDL-c are lower than for HDL-c [52,54,55]. In our
study, we showed a considerable genetic contribution to HDL-c
concentrations, as evidenced by a significant increase in the
explained variance of this trait after the inclusion of four SNPs.
Significantly, rs7499892 and rs291044 were also associated with
the binary phenotype low HDL-c level, which further strengthens
their potential contribution. Since these markers are primarily
present in intronic regions of the CETP gene, we cannot infer
whether they alter CETP function or are spurious associations due
to linkage disequilibrium with true causal variants in neighbor re-
gions of the gene. Nonetheless, their reducing effects on HDL-c
levels suggest that this gene may play an even more pivotal role
in HDL-c metabolism and cardiovascular risk in the context of the
Brazilian population.

Other CETP SNPs have been shown to influence HDL-c, mainly
through dietary interactions. For instance, the intake of trans fatty
acids increases CETP activity, which might reduce HDL-c concen-
trations [16,56e58]. Herein, we found that calories within the
SoFAAS dietary component, which includes fat rich in SFA and trans
fatty acids, were also associated with HDL-c concentrations. Addi-
tional modeling analysis identified a significant interaction effect
between this dietary component and rs291044 in the ISA dataset
under a ¼ 0.05. This suggests a possible synergistic effect between
diet and genetic variation on the CETP gene.

Furthermore, it is important to highlight that the majority of
studies have been conducted in Caucasian populations [16], which
implies that: (1) our study provides novel insights into the genetics
of CETP in a populationwithmixed ethnicity; (2) comparisonsmust
be made with caution because of difference in study design and
population; (3) further replication and elucidation are necessary
using testing larger datasets from future follow-ups of the ISA
Nutrition Survey and other studies.

Our results show that being overweight, insulin resistance, and
lifestyle characteristics, including consuming solid fat, added sugar,
alcohol, and sodium, physical activity, and smoking, comprise
suitable predictors of lipid traits, especially HDL-c, and dyslipide-
mia. Remarkably, except for CRP, MCP-1, and TNF-alpha in the linear
regression models, inflammatory biomarkers were not significantly
associated with lipid traits. This weak influence was confirmed by
the lack of visually distinct clusters in the PCA performed with
these biomarkers (Supporting Material 2). These later findings
contrast with several studies that consistently showed a strong
relationship between lipid traits and inflammation in the devel-
opment of cardiovascular disorders [12,59,60]. A possible expla-
nation for those contrasting results refers to the criteria for defining
dyslipidemias in the Brazilian population, which might not entirely
reflect the underlying inflammatory mechanisms that potentially
influence the individuals’ cardiovascular risk.

The limitations of the present study include mainly issues
related to the survey design and data availability. One limitation
refers to the unavailability of data on other CETP markers, which



Table 6
Single nucleotide polymorphisms (SNPs) in the CETP gene available from ISA-Capital 2015 genotype SNP data.

SNP Minor Allele Heterozygous Homozygous Dominant Homozygous Recessive

rs12691052 A 6.9 % 0.4 % 92.7 %
rs7499892 T 34.4 % 5.9 % 59.7 %
rs291044 A 44.4 % 11.2 % 44.4 %
rs80180245 T 3.0 % 0.0 % 97.0 %
rs1864163 A 42.4 % 7.9 % 49.7 %
rs118146573 A 18.0 % 0.8 % 81.2 %
rs9939224 T 35.4 % 6.9 % 57.7 %
rs12708980 G 43.3 % 11.1 % 45.6 %
rs1532624 A 45.8 % 6.2 % 48.0 %
rs5883 T 10.7 % 0.2 % 89.1 %
rs289719 T 42.6 % 8.9 % 48.5 %
rs2033254 C 42.5 % 9.9 % 47.6 %
rs5880 C 7.7 % 0.0 % 92.3 %
rs5742907 A 0.2 % 0.0 % 99.8 %
rs2303790 G 0.5 % 0.0 % 99.5 %

Table 7
Single nucleotide polymorphisms (SNPs) in the CETP gene associated with HDL-c
levels. ISA-Capital 2015.

SNP Minor Allele b Sig.

rs12691052 A �0.54 0.0004
rs7499892 T �0.74 0.0000
rs291044 A �0.24 0.0040
rs80180245 T �0.74 0.0012

Table 8
Single nucleotide polymorphisms (SNPs) in the CETP gene associated with low HDL-
c levels. ISA-Capital 2015.

SNP/Genotype Minor Allele OR Sig.

rs7499892 - Homozygous T 4.13 0.0060
rs2033254 - Heterozygous C 0.29 0.0020
rs2033254 - Homozygous C 0.07 0.0008
rs289719 - Heterozygous T 0.25 0.0004
rs289719 - Homozygous T 0.08 0.0005
rs291044 - Heterozygous A 0.47 0.0402
rs291044 - Homozygous A 0.12 0.0034

Obs.: Model adjusted for categorical BMI, The 3rd. principal component of ancestry
and insulin resistance.
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could potentially lead to insights on the relationships among genes,
dyslipidemia, and CVD phenotypes. In addition, due to its cross-
sectional observational nature, it is not possible to establish cau-
sality in the analyses conducted. Therefore, the interpretation of
the results must be cautious. Concerning data availability, specific
characteristics of individuals in the sample were absent in data
collection; thus, analyses involving other lipid traits could not be
performed, such as the measurement of apolipoproteins commonly
associated with CVD risk, including apoB48, apoB100, apoC-III, and
LDL fractions [49,61].

The study's results include evidence thatmay be used to support
the design of public policies toward the change in modifiable risk
factors of individuals in the Brazilian population, especially ado-
lescents. The influence of lifestyle characteristics such as diet and
physical activity, as well as insulin resistance and BMI on car-
diometabolic risk, represents worrisome evidence on expected
long-term health outcomes of the population of S~ao Paulo, indi-
cating the need for public health interventions at the primary care
level to redirect lifestyle choices towards healthy behaviors,
reducing the burden of CVD in Brazil.
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5. Conclusion

Similar lipid profiles were observed among adolescents, adults,
and older adults living in S~ao Paulo in 2015. These profiles suggest
potential trends towards an increased risk of developing cardio-
vascular diseases and other related conditions in later stages of life
for adolescents, as compared to adults and older adults. This risk
can primarily be attributed to reduced HDL-c concentrations, which
seem to be influenced by genetic components in the CETP gene and
possibly geneediet interactions. The findings contribute to the
investigation of dyslipidemia and its association with other CVD
risk factors in a highly admixed Brazilian population, which may
guide public health policies towards the promotion of healthy
lifestyles and prevention of diseases at the primary care level,
averting risks for early mortality and loss of quality of life in the
country.
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