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Abstract: Background: This study investigated the association of omega-3 polyunsaturated fatty
acids (n-3 PUFA) within erythrocyte membranes and cardiovascular risk assessed by three different
estimates. Methods: Inclusion criteria were individuals of both sexes, 30 to 74 years, with at least one
cardiovascular risk factor, and no previous cardiovascular events (1 = 356). Exclusion criteria were
individuals with acute or chronic severe diseases, infectious diseases, pregnant, and/or lactating
women. Plasma biomarkers (lipids, glucose, and C-reactive protein) were analyzed, and nineteen
erythrocyte membrane fatty acids (FA) were identified. The cardiovascular risk was estimated by
Framingham (FRS), Reynolds (RRS), and ACC/AHA-2013 Risk Scores. Three patterns of FA were
identified (Factor 1, poor in n-3 PUFA), (Factor 2, poor in PUFA), and (Factor 3, rich in n-3 PUFA).
Results: Total cholesterol was inversely correlated with erythrocyte membranes C18:3 n-3 (r = —0.155;
p = 0.004), C22:6 n-3 (r = —0.112; p = 0.041), and total n-3 (r = —0.211; p < 0.001). Total n-3 PUFA
was associated with lower cardiovascular risk by FRS (OR = 0.811; 95% CI= 0.675-0.976). Regarding
RRS, Factor 3 was associated with 25.3% lower odds to have moderate and high cardiovascular risk
(OR = 0.747; 95% CI = 0.589-0.948). The ACC/AHA-2013 risk score was not associated with isolated
and pooled FA. Conclusions: n-3 PUFA in erythrocyte membranes are independent predictors of
low-risk classification estimated by FRS and RRS, which could be explained by cholesterol-lowering
effects of n-3 PUFA.

Keywords: n-3 polyunsaturated fatty acids; cardiovascular risk estimates; cardiovascular diseases;
biomarkers; cardiovascular risk factors

1. Introduction

Cardiovascular diseases (CVD) remain the major cause of death worldwide. Therefore,
the assessment and monitoring of cardiovascular (CV) risk through algorithms has shown
to be an accurate tool to predict outcomes, as well as to improve treatment indication when
compared with the isolated use of risk factors [1-3]. The estimates use risk factors that are
the major contributors to cardiovascular events (i.e., age, sex, glycemia, blood pressure,
and blood lipids) [3-5]. The ten-years CV risk estimation is relevant especially in moderate-
risk patients because the intuitive ten-year period is important in making practical and
usually therapeutic, decisions. Cardiovascular risk assessment models have been built
to guide the treatment of modified cardiovascular risk factors and, in the last decade to
help therapeutic goals based on statins. Moreover, the estimates provide insight into the
individual contribution of variables to the patient’s risk, guiding the preventive care [1].
However, the application of these estimates requires previous validation for the target
population. Many CV risk estimates were developed based on American or European white
populations, and the estimation of multi-ethnic populations is often overestimated [6-9].
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Nevertheless, the Framingham Risk Score (FRS) is the most popular estimating tool and its
use is currently recommended by many guidelines, including in Brazil [10].

Omega-3 polyunsaturated fatty acids (n-3 PUFA) are often highlighted due to sev-
eral mechanisms that modify CV risk factors, slow down the atherosclerotic process and,
possibly change cardiovascular events. The eicosapentaenoic (EPA; C20:5 n-3) and do-
cosahexaenoic acids (DHA; C22:6 n-3) are the main components of this family, is often
linked to antiarrhythmic effects, autonomic function improvement, decreased platelet
aggregation, vasodilatory effects, blood pressure reduction, endothelial function improve-
ment, atherosclerotic plaque stabilization, increased adiponectin synthesis, reduction of
collagen deposition in the arteries, anti-inflammatory effects, and reduction of plasma
triglycerides and cholesterol, consequently reducing CVD risk [11]. Despite that, reports
of randomized trials have shown small or even null effects on cardiovascular risk factors
and outcomes [12].

Most of the studies show methodological differences and do not assess n-3 PUFA
biomarkers. Circulating or tissue n-3 PUFA have proven their superiority in estimating
habitual intake compared to dietary assessment [13]. Based on that, previous studies have
associated 7-3 PUFA in erythrocyte membranes with reduced CV risk and mortality [13-16].
Because n-3 PUFA alter some components included in CV risk estimates, it is possible
to state that n-3 PUFA influence the overall CV risk which is frequently used to guide
preventive care. Thus, the nutritional status of n-3 PUFA may be useful in CVD prevention.
However, as far as it is known, no previous study investigated the association of isolated
and clustered FA biomarkers with different cardiovascular risk estimates.

Therefore, the main goal of this study was to investigate the association of erythrocyte
membranes n-3 PUFA with different cardiovascular risk estimate classifications in Brazilian
individuals. In addition, we also evaluated the association of modified CV risk factors used
in estimates with isolated and clusters n-3 PUFA.

2. Materials and Methods
2.1. Study Design and Participants

This was a cross-sectional study, using the baseline data from the CARDIONUTRI
clinical trial (ReBEC: RBR-2vfhfv), which included individuals from the outpatient clinic
at the University Hospital of the University of Sao Paulo. The study selection was made
public by poster, newspaper, and digital media (sites, electronic mailing, and social net-
works). Inclusion criteria were individuals of both sexes, 30 to 74 years, with at least one
cardiovascular risk factor, and no previous cardiovascular events. Exclusion criteria were
individuals with acute or chronic severe diseases, infectious diseases, pregnant, and/or
lactating women. Individuals interested in participating in the study were submitted to a
short phone interview to assess inclusion and exclusion criteria. Additionally, individuals
were submitted to electrocardiogram assessment by a trained physician, and those with
alterations suggesting previous cardiovascular events were excluded. Three hundred and
seventy-four individuals were recruited for the study from 2011-2012. Two individuals
declined after clarification of the study design. Fourteen were excluded due to altered
electrocardiogram and one due to recent HIV diagnosis. At the end of the recruitment,
356 individuals were included in the study.

2.2. Clinical, Physical Activity, and Diet Assessment

Sociodemographic status, lifestyle, family history of chronic diseases, self-report
of non-communicable chronic diseases, and current medication use were investigated
through questionnaires. Physical examination included body mass index (BMI) assessment
and blood pressure levels. Dietary intake was obtained through three 24 h-recalls and
assessed in the Food Processor software (ESHA Research, 2012), with subsequent energy
adjustment [17]. A physical activity questionnaire validated for the Brazilian population
was applied [18-20]. This questionnaire investigates the habitual physical activity (divided
into physical exercise in leisure, leisure, and locomotion activities and total physical activity
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score) performed in the last 12 months, associated with frequency, duration, intensity.
Baecke’s physical activity scores do not allow to classify physical activity, however, for each
one of its sixteen questions, the points vary from 0 (zero) to 5. The final score is directly
proportional to physical activity and is useful to associate with health outcomes [18-20].

2.3. Biochemical Measurements

Blood was drawn after a 12-h fast, placed in EDTA tubes (1.0 mg/mL), and erythro-
cytes were separated from plasma by centrifugation, and both were frozen at —80 °C
immediately after collection. Protease inhibitors (10 pg/mL of aprotinin, 10 pg/mL of
benzamidine and 5 pg/mL of phenylmethylsulfonyl fluoride) and BHT (100 ng/mL) were
added to preserve samples. All samples were divided into aliquots to avoid repeated
defrost cycles and storage at —80 °C until analyses. Plasma total cholesterol, HDL-c, TG,
glucose (Labtest Diagnostica SA, MG, Brazil), Apo A-I and Apo B (Wako Chemicals USA
Inc., Richmond, VA, USA), and high sensitivity C-reactive protein (hs-CRP) (Diagnostic
System Laboratories, Inc., Webster, TX, USA) were measured by commercial kits. LDL-c
was calculated according to the Friedewald equation.

2.4. Erythrocyte Fatty Acids Analysis

The analysis of FA from erythrocyte membranes was performed based on a previous
method [21]. After plasma separation (3000 g, 10 min, 4 °C), 300 pL of erythrocytes were
washed with 5 mL of phosphate-buffered saline (PBS) solution (pH 7.4) four times. The
precipitate was transferred to threaded tubes, to which 1.75 mL of methanol, 50 puL of an
internal standard solution containing 1 mg tridecanoic acid (C13:0)/1 mL hexane, and
100 pL of acetyl chloride were added. Thereafter, the solution was vortexed and heated
in a water bath at 90 °C for 1 h. After that, 1.5 mL of hexane was added, and the solution
was homogenized for 1 min. The samples were centrifuged at 1500x g, 4 °C for 2 min,
and 800 pL of the supernatant was transferred to a different tube. This step was repeated
with the addition of 750 uL of hexane. The tubes containing the collected supernatants
were placed on a centrifugal concentrator at 40 °C for 20 min. Then the FA methyl esters
were dissolved in 150 pL of hexane and transferred to a glass insert in a vial. Analyses
were conducted considering the fatty acids individually, as well as the total n-3 (C18:3
n-3 + C20:3 n-3 + 20:5 n-3 + C22:5 n-3 + 22:6 n-3), total n-6 (C18:2 n-6 + C20:4 n-6) and
Omega-3 Index (C20:5 n-3 + C22:6 n-3), the latter having been named by Harris and von
Schacky [13]. To assess biological effects of fatty acids, the following ratios were calculated:
C20:4 n-6/C20:5 n-3, C18:3 n-3/C20:5 n-3, C18:3 n-3/C22:6 n-3 and C18:2 n-6/C18:3 n-3.

2.5. Cardiovascular Risk Assessment

The CV risk was assessed by FRS [1,22], Reynolds Risk Score (RRS) [23,24], and the
American College of Cardiology/ American Heart Association 2013 Risk Score (ACC/AHA-
2013) [25]. The CV risk was stratified into three categories for each score: low, moderate,
and high risk. Diabetes (i.e., glucose > 126 mg/dL or current hypoglycemic medication
use) was considered a coronary artery disease (CAD) equivalent [26].

2.6. Statistical Analysis

Distribution of variables was assessed through the Kolmogorov-Smirnov test. Sample
characteristics are presented as mean and standard deviation (SD) or median and interquartile
range (IQR) depending on the variable’s distribution. For categorical variables, results are
shown in absolute value (1) and its percentage (%). Spearman’s and Pearson’s correlations
were applied to evaluate associations between cardiovascular risk factors and FA.

Kappa (k) agreement analysis was performed between ACC/AHA 2013, FRS, and RRS
to verify the agreement between the cardiovascular risk stratifications, and the strength of
agreement was classified according to Landis and Koch (1977) [27].

A factor analysis was performed to establish the patterns of erythrocyte membranes
FA composition to subsequently associate them with CV risk. It is a multivariate statistical
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analysis for the identification of factors in a set of measurements [28]. Sample adequacy
was checked using the Kaiser-Meyer-Olklin (KMO) index and Barlett’s test of sphericity.
KMO values > 0.50 and p < 0.05 were considered acceptable. The choice of the number
of factors was based on eigenvalues > 1.0 and scree plot analysis. Factor loadings were
analyzed after orthogonal rotation using the varimax method. The considered threshold
of factor loadings was 0.2. Negative loadings indicated that FA were inversely associated
with the corresponding factor, just as positive loadings indicated a direct association [28].
Three factors were generated.

To further evaluate potential confounders of the associations between erythrocyte
membranes FA and CV risk estimates, multiple linear and logistic regressions were applied
using baseline sample characteristics as covariates (age, sex, race, schooling, smoking,
systolic blood pressure, BMI, glucose, triglycerides, total cholesterol, HDL-c, C-reactive pro-
tein, physical activity, drinking habits, treatments with statins, antihypertensives, fibrates,
and hypoglycemic drugs, family history of myocardial infarction, obesity, hypertension,
and stroke) and total n-3 and n-6 PUFA, Factor 1, Factor 2 and Factor 3 as dependent
variables. Assumptions for linear regression such as lack of multicollinearity of predictors,
residuals” homoscedasticity and normality, linearity, and independence were evaluated.
n-6 PUFA, Factor 1, and Factor 3 covered all assumptions, while total n-3 and Factor
2 presented nonparametric residuals. Thus, linear regressions were not applied to these
latter variables. The multiple linear regressions were applied using the backwards method,
and final models were presented. Multiple logistic regressions were applied to total n-3
PUFA and Factor 2 (categorized by median) using the backwards-likelihood ratio method
and models with the best correct classification were chosen.

Logistic regressions were used with CV risk scores as dependent variables (0 = low
CV risk and 1 = moderate and high CV risk) and FA or Factors as independent variables.
Because age, race, sex, total cholesterol, HDL-c, SBP, glucose, and C-reactive protein are
covariates already entered into the equations of the CV risk estimates, these were not used
as adjustments of the regressions. All regressions were adjusted by physical activity, BMI,
and education level. Since there is no data on socioeconomic status, a known predictor of
CV risk, education level was used as an adjustment in the models [29].

The missing data was handled by pairwise methods [30]. All tests were two-sided,
considered significant when p < 0.05, and performed using the software Stata version
14 and SPSS version 20.

3. Results

The characteristics of the individuals (n = 356) are summarized in Table 1. The
mean age was 52.5 (10.4) years old (men = 49.4 years and women = 54.4 years; p < 0.001)
and 62.6% were women. It was observed a high frequency of hypertension (57%) and
a family history of the disease (65.2%). In addition, 51.7% of the individuals were on
antihypertensive treatment. Most individuals were classified as a high cardiovascular risk
by FRS (52.2%) and ACC/AHA 2013 score (50.4%), while only 29.1% classified by RRS
show similar risk levels. The mean BMI was 30.9 (5.8) Kg/ m?. Current smoking (26.3%
vs. 15.7%; p = 0.003) and alcohol intake (64.7% vs. 35%; p < 0.001) were more frequent
in men. As expected, for all cardiovascular risk estimates men and women showed
significant differences (Table S1). Table 2 describes the biochemical and clinical profile of
individuals. The mean total cholesterol level was 205.0 (42.6) mg/dL. The mean CRP was
2.8 (1.2-6.0 mg/L). Dyslipidemia (53.9%) and hypertension (57.0%) were highly prevalent.
When individuals were compared by sex, women showed higher total cholesterol, LDL-c,
and CRP than men, while HDL-c and Apo A-I were higher (Table S2).

Although women had a higher intake of total lipids, eicosatrienoic (C20:3 n-3) and
docosapentaenoic (C22:5 n-3) than men, the 19 FA in erythrocyte membranes presented
in Table 3 did not show differences between sexes (Table S3). Fourteen from nineteen
FA identified met the criteria for factorial analysis model (KMO = 0.632; Barlett’s Test of
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Sphericity < 0.001). Factor 1 was rich in n-6 PUFA and poor in n-3 PUFA, Factor 2 was poor
in PUFA, and Factor 3 was rich in n-3 PUFA and poor in n-6 PUFA (Table 54).

Table 1. Demographic and clinical characterization of individuals.

Variables n Total
Age (years) 356 52.5(10.4)
Ethnicity (n, %) 356
White 238 (66.9)
Non-white 118 (33.1)
Smoking (n, %) 356
Current smoker 70 (19.7)
Non-smoker 286 (80.3)
Alcohol consumption (n, %) 356
Yes 164 (46.1)
No 192 (53.9)
Education (n, %)
High school or less 208 (58.4)
College 148 (41.6)
Chronic non-communicable diseases (n, %) 356
Diabetes Mellitus 72 (20.2)
Hypertension 203 (57.0)
Hypothyroidism 43 (12.1)
Dyslipidemia 192 (53.9)
Medication (n, %) 356
Statins 98 (27.5)
Antihypertensives 184 (51.7)
Hypoglycemic 74 (20.8)
Fibrates 9 (2.5)
Family history of diseases (n, %) 356
Obesity 64 (18.0)
Hypertension 232 (65.2)
Myocardial infarction 100 (28.1)
Stroke 68 (19.1)
Diabetes Mellitus 134 (37.6)
Physical activity (points) 7.18 (1.39)
Framingham Risk Score (n,%) 356
Low risk 43 (12.1)
Moderate risk 127 (35.7)
High risk 186 (52.2)
Reynolds Risk Score (n,%) 351
Low risk 154 (43.9)
Moderate risk 95 (27.1)
High risk 102 (29.1)
ACC/AHA-2013 Risk Score (n,%) 355
Low risk 130 (36.6)
Moderate risk 46 (13.0)
High risk 179 (50.4)

Continuous variables are shown as mean (standard deviation) or median (interquartile range), and categorical
data as 11 (%). BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; TG: triglycerides;
LDL-c: low density lipoprotein-cholesterol, HDL-c: high density lipoprotein-cholesterol.

Total cholesterol was inversely correlated with erythrocyte membranes C18:3 -3
(r = —0.155; p = 0.004), C22:6 n-3 (r = —0.112; p = 0.041), Omega-3 Index (r = —0.124;
p = 0.023) and total n-3 (r = —0.211; p < 0.001), and positively correlated with total n-6
(r=0.178; p = 0.001) and Factor 1 (r = 0.170; p = 0.002), which is rich in n-6 PUFA and poor in
n-3 PUFA (Table S5). Multivariate linear and logistic regressions were applied to evaluate
the associations between the covariates entered in CV risk estimates, baseline characteristics
and erythrocyte membranes n-3 and n-6 PUFA to verify potential confounding factors
(Tables S6 and S7). Total cholesterol, BMI, triglycerides, family history of obesity, and age
were independently associated with erythrocyte membranes FA (Tables S6 and S7).
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Figure 1 shows the CV risk classification and its concordance. The most frequent strati-
fication of CV risk assessment by RRS was low CV risk (1 = 154; 43.9%), whilst ACC/AHA
2013 and FRS were the scores that classified most individuals as high risk (n = 179; 50.4% and
n = 186; 52.2%, respectively). The agreement of cardiovascular risk stratifications obtained
through estimates was modest. The agreement between FRS and RRS was 51% (k = 0.30,
p < 0.001), and there was a moderate agreement between FRS and ACC/AHA 2013, of 64%
(k =043, p <0.001) and between ACC/AHA 2013 and RRS, with 67% (k = 0.50, p < 0.001).
Based on that, all CV risk estimates were maintained in the next analyses.

Table 2. Biochemical and clinical characterization of individuals.

Variables n Total
SBP (mmHg) 356 133 (18.0)
.DBP (mmHg) . 356 81 (10.0)
Hypertension (>140 mmHg) (1, %) 111 (31.2)
2
. BMI (kg/m~) s 356 30.9 (5.8)
Obesity (BMI > 30.0 kg/m~) (1, %) 182 (51.1)
Total cholesterol (mg/dL) 354 205.0 (42.6)
Hypercholesterolemia (>200mg/dL) (11, %) 193 (54.2)
LDL-c (mg/dL) 340 137.3 (38.7)
High LDL-c (>130 mg/dL) (1, %) 196 (55.1)
HDL-c (mg/dL) 354 36.0 (30.0-42.3)
Low-HDL-c (<40 mg/dL) (1, %) 125 (35.1)
Triglycerides (mg/dL) 354 130.5 (98.0-191.3)
Hypertriglyceridemia (>150 mg/dL) (1, %) 145 (40.7)
Glucose (mg/dL) 354 98.0 (91.0-108.0)
Hyperglycemia (>100 mg/dL) (1, %) 164 (46.1)
Apo A-I (mg/dL) 355 132.2 (25.7)
Low-Apo A-I (<120 mg/dL) (1, %) 230 (64.6)
Apo B (mg/dL) 355 104.7 (24.8)
High-Apo B (>120 mg/dL) (n, %) 88 (24.7)
C-reactive protein (mg/L) 347 2.84 (1.2-6.0)
High-CRP (>1.0 mg/L) (1, %) 275 (77.2)

Categorical variables are shown as absolute value (1) and frequency (%). Continuous variables are shown as
mean (standard deviation) or median (interquartile range). BMI: body mass index; SBP: systolic blood pressure;
DBP: diastolic blood pressure; TG: triglycerides; LDL-c: low density lipoprotein-cholesterol, HDL-c: high density
lipoprotein-cholesterol.

The Table 4 describes the association of CV scores estimates and erythrocytes mem-
branes FA. The regression analyses showed that each unit increase of C18:3 n-3 was
associated with 20.8% odds reduction of being classified as intermediate or high risk
(OR =0.792; 95% CI = 0.635-0.988). Each unit increase of total n-3 PUFA (C18:3 n-3 + C20:5
n-3 + C22:6 n-3) had 20.2% odds increase of low CV risk classification by FRS (OR = 0.798;
95% CI = 0.672-0.946). There were also 2.8% odds increase of low CV risk classification
regarding the C18:3 n-3/C20:5 n-3 ratio (OR = 0.972; 95% CI = 0.945-1.000). Each unit
increase of n-6/n-3 and C18:2 n-6/C18:3 n-3 ratios were associated with 47.3% (OR = 1.473;
95% CI = 1.021-2.126) and 27.6% (OR = 1.276; 95% CI = 1.043-1.561) odds increase of
intermediate or high CV risk classification, respectively. After adjustment, only total n-3
PUFA remained statistically significant (OR = 0.811; 95% CI = 0.675-0.976).
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Factor 1 (rich in n-6 PUFA) was associated with odds increase of intermediate or
high CV risk classification by 40.8% by FRS (OR = 1.408; 95% CI = 1.036-1.913). Af-
ter adjustment, the odds increased to 46.9% (OR = 1.469; 95% CI = 1.056-2.043) by
FRS and 27.6% by RRS (OR = 1.276; 95% CI: 1.010-1.612). Factor 3 (rich in n-3 PUFA)
was associated with odds increase of low CV risk classification by 26.6% according to
RRS (OR = 0.734; 95% CI = 0.585-0.921). After adjustment, the odds increased by 25.3%
(OR = 0.747; 95% CI = 0.589-0.948). Erythrocyte membranes FA and membranes patterns
were not statistically significant associated with the ACC/AHA 2013 risk score (Table S8).

Table 3. Erythrocyte membranes fatty acids profile (n = 335).

Variables Total
SFA (%)
C16:0 43.6 (41.1-47.5)
C18:0 24.8 (22.9-27.3)
C20:0 0.7 (0.6-0.8)
C22:0 1.1 (0.9-1.4)
C24:0 0.3 (0.1-0.7)
MUFA (%)
C16:1 n-7 0.3 (0.2-0.6)
C18:1 n-9 10.0 (3.5)
C20:1 n-9 0.0 (0.1-0.1)
C22:1 n-9 0.1 (0.1-0.2)
C24:1 n-9 1.3 (0.5)
PUFA n-6 (%)
C18:2 n-6 47(1.8)
C18:3 n-6 0.2 (0.1-0.2)
C20:2 n-6 0.1 (0.1-0.2)
C20:3 n-6 0.6 (0.3)
C20:4 n-6 2.5(1.4-5.1)
C22:2 n-6 0.4 (0.3-0.6)
Total n-6 9.4 (3.8)
PUFA n-3 (%)
C18:3 n-3 0.2 (0.1-0.2)
C20:5 n-3 0.2 (0.1-0.3)
C22:6 n-3 3.4 (2.7-4.2)
Omega-3 Index 3.6 (3.0-4.5)
Total n-3 5.7 (4.8-6.7)
Fatty acids ratios
C16:0/C16:1 n-7 130.7 (67.9-232.6)
C18:0/C18:1 n-9 2.5(2.0-3.4)
n-6/n-3 1.7 (1.0-2.4)
C20:4 n-6/C20:5 n-3 12.9 (5.6-27.6)
C18:3 n-3/C20:5 n-3 9,1 (5.7-14.0)
C18:2 n-6/C20:4 n-6 1.8 (1.0-2.8)
C18:2 n-6/C18:3 n-3 2.4 (14-4.2)

SFA: saturated fatty acids; PUFA: polyunsaturated fatty acids; MUFA: monounsaturated fatty acids. Omega-3
Index: C20:5 n-3 + C22:6 n-3. Total n-3: C18:3 n-3 + 20:5 n-3+ 22:6. n-6: C18:2 n-6 + C18:3 n-6 + C20:2 n-6 +
C20:3 -6 + C20:4 n-6 + C22:2 n-6. Data are shown as mean (standard deviation) or median (interquartile range)
depending on the distribution.
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Figure 1. Distribution and agreement of global cardiovascular risk stratifications be-

tween different predictive equations. Data are shown in % agreement and kappa values.

*: p-value < 0.001.

Table 4. Logistic regression models of isolated and pooled erythrocyte membranes fatty acids and FRS and RRS.

Framingham Risk Score Reynolds Risk Score
Fatty Acids Unadjusted Model Adjusted Model * Unadjusted Model Adjusted Model *
OR CI (95%) OR CI (95%) OR CI (95%) OR CI (95%)
C18:3 n-3 0.792 0.635-0.988 0.819 0.642-1.046 0.911 0.766-1.082 0.925 0.772-1.108
C20:5 n-3 5.016 0.409-61.557 6.176 0.374-102.027 0.417 0.095-1.835 0.378 0.078-1.823
C22:6 n-3 0.830 0.655-1.052 0.833 0.654-1.062 1.033 0.867-1.232 1.033 0.861-1.239
Total n-3 0.798 0.672-0.946 0.811 0.675-0.976 0.959 0.842-1.091 0.968 0.845-1.108
Total n-6 1.077 0.986-1.176 1.079 0.984-1.183 1.033 0.975-1.094 1.049 0.987-1.115
O$§§1'3 0.840 0.660-1.069 0.844 0.660-1.079 1.021 0.855-1.220  1.020  0.849-1.226
n-6/n-3 1.473 1.021-2.126 1.421 0.972-2.078 1.099 0.886-1.363 1.117 0.890-1.403
C20:4
n-6/C20:5 1.002 0.986-1.020 1.002 0.985-1.020 1.005 0.994-1.016 1.008 0.996-1.019
n-3
C18:3
n-3/C20:5 0.972 0.945-1.000 0.973 0.945-1.003 0.989 0.966-1.012 0.990 0.966-1.014
n-3
C18:3
n-3/C22:6 0.764 0.455-1.285 0.856 0.482-1.521 0.888 0.599-1.317 0.923 0.613-1.391
n-3
C18:2
n-6/C18:3 1.276 1.043-1.561 1.229 0.995-1.518 0.995 0.980-1.009 0.988 0.970-1.006
n-3
Factor 1 1.408 1.036-1.913 1.469 1.056-2.043 1.208 0.969-1.507 1.276 1.010-1.612
Factor 2 1.577 0.878-2.831 1.516 0.812-2.832 1.099 0.876-1.378 1.087 0.860-1.375
Factor 3 0.923 0.671-1.271 0.992 0.697-1.411 0.734 0.585-0.921 0.747 0.589-0.948

*: model adjusted by body mass index (BMI), physical activity and education level. Omega-3 Index: C20:5 -3 + C22:6 n-3. Total n-3: C18:3
n-3 + 20:5 n-3 + 22:6 n-3; total n-6: C18:2 n-6 + C18:3 n-6 + C20:2 n-6 + C20:3 n-6 + C20:4 n-6 + C22:2 n-6. Odds ratio (OR) per unit change of
FA. The bold highlights statistically significant associations.
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4. Discussion

The findings of the study show that a higher content of n-3 PUFA in erythrocyte
membranes was associated with higher odds of CV risk being classified as low. Unlike
prior studies, the patterns of erythrocyte membranes FA composition were investigated,
and the results corroborate the cardioprotective associations of n-3 PUFA.

CV risk estimates do not allow to establish a causal relationship with cardiovascu-
lar events and mortality but are useful for healthcare professionals to monitor interven-
tions focused on modifying classic risk factors and to further assess individual patient
risk. Regarding the effects of n-3 PUFA on CV risk factors by multiple direct and indi-
rect mechanisms, it is plausible to assume it influences the estimated CV risk as proposed
by previous studies. In 50 cases with acute non-fatal MI and 50 age- and sex-matched
controls without MI the Omega-3 Index was significantly lower in cases than in controls
(9.57% (SEM = 0.28) vs. 11.81% (SEM = 0.35); p < 0.001) in addition to the decreased risk
of non-fatal MI (OR = 0.08; 95% CI = 0.02-0.38). Also, a CV risk estimate based on the
FA profile (sum of C20:5 n-3, C18:3 n-3, trans-oleic acid, and C20:4 n-6) showed a higher
contribution to the discrimination of MI cases compared to controls when compared to
FRS, being a potential predictor of outcomes [31]. The similar way, a study evaluating
MI 2-year mortality showed that the red blood cells (RBC) FA C20:5 n-3 and C22:5 n-6
of 1144 patients changed the c-statistic of the GRACE score from 0.747 (p < 0.001) to 0.768
(p <0.05 vs. GRACE alone), improved the net reclassification index by 31% (95% CI = 15-48%)
and the relative incremental discrimination index by 19.8% (95% CI = 7.5-35.7%). Those re-
sults show that RBC FA improved the prediction of 2-year mortality over the GRACE score
in MI patients [32]. In the present study, two patterns of erythrocyte membranes FA com-
position were associated with CV risk classification. The pattern rich in n-3 PUFA (Factor
3) increased the odds of low-risk classification by 25.3% by RRS, whilst the pattern rich in
n-6 PUFA (Factor 1) increased the odds of moderate or high-risk classification by 46.9% and
27.6% by FRS and RRS, respectively.

Studies have shown inverse associations between #-3 PUFA biomarkers and CVD. Two
meta-analyses have shown associations of #-3 PUFA biomarkers from different compartments
with coronary risk reduction [14,15]. In a cohort, C20:5 n-3, C22:6 -3, and Omega-3 Index in
erythrocyte membranes were inversely associated with CV mortality, with stronger results
when C20:5 n-3 was higher than 1% [33]. In several populations, the Omega-3 Index is
associated with reduced coronary risk [13,34,35]. Recently, in the Framingham Offspring
Cohort, individuals with Omega-3 Index higher than 6.8% had 39% fewer cardiovascular
events compared to those in which the index was lower than 4.2%. Another finding of this
study was 59% and 32% lower risks of stroke and all-cause mortality in individuals with C22:6
n-3 higher than 5.96% when compared to those lower than 3.69% [16]. The present study did
not identify a significant association of the Omega-3 Index and CV risk classifications; however,
robust associations were observed for C18:3 n-3 and total #-3 with lower CV risk estimated by
FRS and pooled FA rich in n-3 (Factor 3) and RRS. Conversely, Factor 1 (rich in n-6), and total
n-6/n-3 and C18:2 n-6/C18:3 n-3 ratios modified the previous association, reducing the benefits
attributed to FA n-3. This profile can be explained by the reduced content of the Omega-3
Index (<4%) in 62.7% of the participants, whereas 36.4% had a sub-optimal content (4% to 8%),
with only 0.9% showing an optimal level, according to Omega-3 Index classification proposed
by Harris & von Schacky [13].

The complex relationship of FA and CV risk estimates may be partially explained
by associations between C18:3 n-3, C22:6 n-3, and total n-3 PUFA and total cholesterol,
suggesting that the associations with CV risk classification are related to the cholesterol-
lowering effect of n-3 PUFA. Zibaeenezhad et al. evaluated the impact of fresh fish intake
(250 g/week) and fish oil supplementation (2 g/day) during 8 weeks on lipid profile. The
consumption of dietary fish has shown better effect on the reduction of total cholesterol
and LDL-c compared with fish oil [36]. Although the positive effect of #-3 on hypertriglyc-
eridemia (from 25% to 30% triglycerides reduction) is a consensus in literature [37], the
isolated effect on total cholesterol and LDL-c remains controversial. Two systematic reviews
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based on fish intake, EPA-containing capsules, and algae DHA oil confirm the positive
effect of n-3 PUFA on the reduction of triglycerides without changes in LDL-c [38,39].
Contrary, Wei et al. (2011) observed a 5% LDL-c increase after DHA intake, while EPA
decreased by 1% [40]. Together, these results indicate that n-3 PUFA modulates lipid profile
by multiple mechanisms, which contributes to association with better CV risk classification
observed in the present study.

The three CV risk estimates tested in this study were validated in American Cau-
casians, and the application on different populations without validation may overestimate
the risk. Although the Brazilian population is multi-ethnic, the Brazilian Society of Cardiol-
ogy guidelines recommends using FRS for CV risk estimation [10]. The ACC/AHA 2013
risk score is currently recommended by America Heart Association guidelines [25], and the
RRS had a better prediction compared to FRS in the American population, in addition to
considering family history and inflammation in the equation [23,24]. The ACC/AHA 2013
risk score has shown good calibration and discrimination in an American cohort [9], but
its application in and European population indicated 96.4% of men and 65.8% of women
classified as high risk [6]. In the multi-centric cohort Multi-Ethnic Study of Atherosclerosis
(MESA), containing 6814 individuals self-referred as Caucasians, Blacks, Hispanics, or
Chinese, the ACC/AHA 2013 risk score had the worst calibration and discrimination
compared to FRS, RRS, and ATP-III Risk Score, overestimating risk for both men (154%)
and women (67%), with an overall disagreement of 115% [7]. In turn, FRS overestimated
men’s risk in 37% and women'’s risk in 8%, with an overall disagreement of 25%, whilst
RRS overestimated men’s risk in only 9%, and underestimated women’s risk in 21%, in
addition to showing the slightest overall disagreement (—3%) [7]. In Women’s Health
Initiative Observational Cohort, FRS overestimated the risk and had worse calibration and
discrimination compared to RRS [8]. In the MESA cohort, RRS also outperformed FRS in
predicting subclinical atherosclerosis assessed by coronary artery calcification (CAC), an
important predictor of CV risk, through computerized tomography [41]. Those studies sug-
gest that ACC/AHA 2013 risk score and FRS overestimate risk in multi-ethnic populations,
and the frequency of high-risk stratifications in this study corroborates with them. The
agreement analyses performed in this study confirm the differences between these CV risk
estimates. Although FRS and ACC/AHA 2013 consider the same parameters to estimate
the CV risk, the subtle differences in both algorithms may explain the modest agreement
between them and subsequently, the absence of association of #n-3 PUFA and ACC/AHA
2013 observed in this study.

Furthermore, it important to highlight that despite the highest agreement between
ACC/AHA 2013 and RRS (67%; k = 0.50), due to the high frequency of low-risk classifica-
tions, the first estimate does not consider the inflammation in CV risk. We hypothesized
that because the CRP is a component of RRS and is modulated by #n-3 PUFA, it would
strengthen the association between both variables. However, no associations between
CRP and n-3 PUFA were found in the study. Previous studies show a strong relationship
between n-3 PUFA and CRP. In 2019, the study of Omar et al. showed that high intake
of n-3 (2.0 g/day) reduced blood lipids (total cholesterol, LDL-c, and triglycerides) and
inflammatory markers such as interleukin-6 and CRP [42]. Similar results were observed
when purified eicosapentaenoic acid ethyl ester (4.0 g/day) was used in ANCHOR study,
in which a significant reduction in triglycerides and CRP, without changing LDL-c [43].

Certainly, the most relevant limitation of our results is the lack of information about CV
outcomes. Another limitation was the lack of socioeconomic status data in the study, which
is an important predictor of CV risk. Despite of that, education level, which was used as
the adjustment, may reflect socioeconomic status as predictor of health [29]. Furthermore,
the modifiable and non-modifiable risk factors considered in the CV risk estimates are not
able to explain all cardiovascular events, so the CV outcome prediction may not reflect
the real risk. Therefore, the effects of #n-3 PUFA on CV risk may be underestimated due to
mechanisms that act independently of traditional risk factors, such as platelet inhibition
and arrhythmia reduction [11,44]. It is important to note that an important portion of the
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individuals in the study use medications that can affect the associations and mask the
effects of PUFA on CV health, such as lipid-lowering drugs. For future studies regarding
CV risk scores, a prescreening of individuals based on 7-3 PUFA level could show more
clearly the effects of n-3 PUFA on CV risk classification, although higher levels (>4%) of n-3
PUFA may not be frequent in Western countries due to low intake [35].

The strengths of this investigation include the application of FA biomarkers, being
more objective than the traditional dietetic assessment. This study investigated not only
single FA associations but the FA patterns through factor analysis. These patterns might
depict the manifold biological interactions with FA, which the isolated analysis would not
do. As far as it is known, this study is the first to assess erythrocyte membranes FA patterns
through factor analysis. Moreover, the application of multiple CV risk estimates uses major
CV risk factors and indirectly reflects the clinical outcomes, being useful in short-term or
cross-sectional investigations.

5. Conclusions

In conclusion, the results of this study have shown that #-3 PUFA in erythrocyte mem-
branes are associated with better CV risk classification estimated by FRS and RRS in Brazilian
individuals, which could be explained by the cholesterol-lowering effects of n-3 PUFA.
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