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Abstract
Background: Several studies have associated dietary saturated fatty acids (SFAs) with cardiovascular risk but there are 
still many controversies. Most of these studies have focused on the effects of palmitic acid on circulating lipids. Stearic 
acid usually shows a neutral effect on blood lipids, however, there is a lack of clinical studies assessing the link with 
inflammatory and endothelial dysfunction markers. 

Objective: To evaluate the association of red blood cell (RBC) SFA (palmitic and stearic acids) with circulating 
inflammatory and endothelial dysfunction biomarkers.

Methods: Cross-sectional study of 79 adults of both sexes with at least one cardiovascular risk factor but without 
previous events (acute myocardial infarction or stroke). Plasma biomarkers – lipids, glucometabolic markers, high-
sensitivity C-reactive protein (hs-CRP), interleukin-6 (IL-6), interleukin-10 (IL-10), monocyte chemoattractant protein-1 
(MCP-1), and tumor necrosis factor-α (TNF-α) – and RBC palmitic and stearic fatty acids were analyzed. The associations 
were assessed by correlation and multiple linear regression analyses, with statistical significance set at p < 0.05.

Results: Palmitic acid showed no significant associations with traditional cardiovascular risk factors or inflammatory 
markers. Stearic acid, on the other hand, was inversely correlated with blood cholesterol and triglycerides, but 
independently associated with hs-CRP, IL-6, and TNF-α.

Conclusion: Stearic acid is associated with inflammatory and endothelial dysfunction biomarkers in individuals with at 
least one cardiovascular risk factor.
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Introduction
The role of inflammation in cardiovascular diseases 

(CVDs) has gained much emphasis in the literature. Patients 
who are on intensive cholesterol-lowering therapy using 
statins, ezetimibe, and PCSK9 inhibitors may have a so-
called “residual inflammatory risk”, in which patients with 
higher levels of inflammatory markers such as tumor necrosis 
factor-α (TNF-α), interleukin-6 (IL-6) and C-reactive protein 
(CRP), despite cholesterol lowering, may experience more 
cardiovascular events when compared to patients with 
lower levels.1 Several biomarkers of inflammation have 
been associated with the incidence, prevalence, severity, 

and prognosis of CVDs. They may reflect CVD from a 
different perspective than that of traditional risk factors 
since many studies have shown independence in the 
association of these markers.2 Also, the increase in these 
circulating inflammatory markers has been associated 
with increased levels of vascular cell adhesion molecule-1 
(VCAM-1), intercellular adhesion molecule-1 (ICAM-1), 
and E-selectin, indicators of impaired endothelial function. 
This may explain the relationship between inflammation 
and CVD.3,4 Therefore, inflammatory markers such as CRP 
and IL-6 may also indicate endothelial dysfunction.2-4

Current evidence suggests that high intake of dietary 
saturated fatty acids (SFAs) is associated with increased 
cardiovascular risk,5 and limiting SFA consumption to 
reduce this risk is still recommended by the recently 
published nutrition guidelines of the American Heart 
Association6 and the Brazilian Society of Cardiology.7 
Mechanisms of how SFAs contribute to atherosclerosis 
progression and increase cardiovascular risk include mainly 
increased blood total cholesterol, low-density lipoprotein-
cholesterol (LDL-c), triglycerides,8 and inflammation.9-11 

Among the mechanisms demonstrated in the literature, 
it has been shown that SFAs are activators of Toll-
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like receptors (TLRs) in macrophages, triggering the 
inflammatory signaling pathway and subsequently, 
immunometabolic dysfunctions found in cardiometabolic 
diseases.12 Clinical evidence of how SFAs influence 
inflammation and consequently CVD risk remains 
controversial due to different methods.12 Most studies have 
investigated the effects of palmitic acid; studies focusing on 
stearic acid have shown a nearly neutral effect on human 
health from the lipoprotein point of view. Studies on the 
influence of this SFA on biomarkers of endothelial function 
and inflammation are lacking.12 Food surveys, commonly 
used in studies that assessed the effects of SFAs on health, 
contain several biases, and red blood cells (RBC) fatty acids 
have been used as biomarkers of the nutritional status 
of these nutrients,13 and may provide more consistent 
evidence of how SFAs are associated with inflammation 
and endothelial function in humans.

Therefore, the objective of the present study is to 
evaluate the association of RBC SFAs (palmitic and stearic 
acids) with circulating biomarkers of inflammation and 
endothelial dysfunction in individuals with cardiovascular 
risk factors but without established CVD.

Methods

Study design and participants
This was a cross-sectional study of baseline data from 

the CARDIONUTRI clinical trial (ReBEC: RBR-2vfhfv). The 
participants were recruited from the outpatient clinic at the 
University of São Paulo Hospital. Inclusion criteria were 

Hs-CRP: high-sensitivity C-reactive protein; IL: Interleukin; CVD: cardiovascular disease.
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individuals of both sexes, 30 to 74 years, with at least one 
cardiovascular risk factor, and no previous cardiovascular 
events (acute myocardial infarction or stroke). Exclusion 
criteria were individuals with acute or severe chronic 
diseases, infectious diseases, pregnant, and/or lactating 
women. Screened individuals were submitted to a short 
phone interview to assess inclusion and exclusion criteria. 
Additionally, individuals underwent an electrocardiogram 
conducted by a cardiologist and those with alterations 
suggesting previous cardiovascular events were excluded. 
Three hundred and seventy-four individuals were recruited 
for the study from 2011 to 2012. Two individuals declined 
after being informed about the study design. Fourteen were 
excluded due to altered electrocardiograms and two due 
to recent HIV diagnosis. At the end of the recruitment, 
356 individuals were included in the CARDIONUTRI trial. 
For the present study analysis, only participants who had 
laboratory information on inflammatory markers (plasma 
cytokines) were included, resulting in 79 subjects (Figure 1).

Clinical and nutritional assessment
Medical history of non-communicable chronic diseases 

and current medication use was self-reported. Physical 
examination included body mass index (BMI), waist 
circumference, and blood pressure assessment. Dietary 
intake was obtained through three 24-hour recalls 
and assessed in the Food Processor software (ESHA 
Research, 2012), with subsequent energy adjustment.14 
Cardiovascular risk was assessed by the Framingham 
Risk Score,15,16 and individuals were classified as at low, 
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moderate, or high risk. Diabetes was considered a coronary 
artery disease (CAD) equivalent.17

Biochemical analysis
Blood was collected after a 12-h fast into EDTA tubes  

(1.0 mg/mL), and erythrocytes were separated from plasma by 
centrifugation; both were frozen at -80 °C immediately after 
collection. Protease inhibitors (10 µg/mL of aprotinin, 10 µg/mL 
of benzamidine, and 5 µg/mL of phenylmethylsulfonyl 
fluoride) and butylated hydroxytoluene (BHT, 100 µg/mL) 
were added to preserve samples. All samples were divided 
into aliquots to avoid repeated defrost cycles and stored at 
-80 °C until analyses. Plasma total cholesterol, high-density 
lipoprotein-cholesterol (HDL-c), triglycerides, glucose (Labtest 
Diagnostica SA, MG, Brazil), non-esterified fatty acids (NEFA), 
apolipoproteins (Apo) A-I and 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. Plasma 
interleukin (IL)-6, IL-10, monocyte chemoattractant protein-1  
(MCP-1), and TNF-α were measured using a Bio-PlexTM 
Human Cytokine 17-plex Assay ELISA kit (Bio-Rad 
Laboratories, CA, USA). Serum insulin was measured by 
a Human Insulin ELISA kit (Life Technologies, NY, USA). 
LDL-c was calculated using the Friedewald equation.18 
Insulin sensitivity was measured by the Homeostasis Model 
Assessment – Insulin Resistance (HOMA-IR), and insulin resistance 
was diagnosed if the individuals presented any of the 
following conditions: BMI > 28.9 kg/m2, HOMA-IR >4.65, 
or BMI >27.5 kg/m2 and HOMA-IR >3.60.19 

Red blood cell fatty acids analysis
Analysis of RBC fatty acids was performed by gas 

chromatography as described elsewhere.13 After plasma 
separation, 300 µL of RBC were washed with 5 mL of 
phosphate-buffered saline (PBS) solution (pH 7.4) four times. 
The precipitate was transferred to screw-cap tubes, to which 
1.75 mL of methanol, 50 µL of an internal standard solution 
containing 1 mg tridecanoic acid (C13:0)/1 mL hexane, and 
100 µL of acetyl chloride were added. Thereafter, the solution 
was vortexed and heated in a water bath at 90 °C for one 
hour. After that, 1.5 mL of hexane was added, and the solution 
was homogenized for 1 min. The samples were centrifuged at 
1500× g, 4 °C for two minutes, and 800 µL of the supernatant 
was transferred to a different tube. This step was repeated with 
the addition of 750 µL of hexane. The tubes containing the 
collected supernatants were placed in a centrifugal concentrator 
at 40 °C for 20 minutes. Then the FA methyl esters were 
dissolved in 150 µL of hexane and transferred to a glass insert in 
a vial. In total, 19 RBC fatty acids were detailed, which included 
SFA, monounsaturated FA (MUFA), and polyunsaturated fatty 
acids (PUFA). Among the RBC fatty acids  we analyzed palmitic, 
stearic, arachidic, behenic, lignoceric, palmitoleic, oleic, 
gondoic, erucic, nervonic, linoleic, γ-linoleic, eicosadienoic, 
dihomo-γ-linoleic, arachidonic, 13,16-docosadienoic, 
α-linoleic, eicosapentaenoic, and docosahexaenoic acids. In 
the present study, we focused our analyses on SFAs, more 
specifically on stearic and palmitic acids, which were the most 
predominant SFA in erythrocytes.

Statistical analysis
The 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) for quantitative variables, 
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Figure 1 – Study flow chart.
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depending on the variables’ distribution, and frequency (n) 
and percentage (%) for categorical variables. 

The relationship of SFAs with cardiometabolic parameters 
and cytokines was assessed through Pearson’s and Spearman’s 
correlations depending on the variables’ distribution.

To assess the influence of palmitic and stearic acids on 
inflammation biomarkers, multiple linear regressions were 
applied using the inflammation biomarkers (hs-CRP, IL-6, IL-10, 
MCP-1, TNF-α) as dependent variables, and palmitic or stearic 
acid as the independent variable in addition to the adjustment 
variables (age, sex, smoking, total cholesterol, systolic blood 
pressure, glucose, and BMI). All regression assumptions were 
fulfilled (i.e., no multicollinearity, homoscedasticity, normally 
distributed and independent errors, independence of the 
outcome variables, and linearity of the variables).

All statistical tests were two-sided, with p < 0.05 
considered statistically significant, and performed on the SPSS 
software version 20.0.

Results
Characteristics of the participants are summarized in 

Table 1 and Table S1. The sample was composed mainly 
of women (59.5%) and had a mean age of 51.0 ± 10.3 
years. The prevalence of self-reported chronic disease in the 
sample was 60.8% of individuals with hypertension, 52.2% of 
dyslipidemia, and 25.3% of type 2 diabetes mellitus. 

Regarding the Framingham Risk Score, most of the 
participants were classified as high cardiovascular risk (51.9%), 
followed by moderate risk (34.2%) and low risk (13.9%). The 
sample presented several cardiovascular risk factors, such as 
elevated BMI and waist circumference, hypercholesterolemia, 
low HDL-c, hyperglycemia, hyperinsulinemia, HOMA-IR, and 
elevated hs-CRP (Table 1).

The RBC fatty acids profile is described in Table 2. The 
most abundant RBC fatty acids were palmitic and stearic 
acids. The most abundant MUFA was oleic acid (C18:1 n-9). 
Among PUFA, the most abundant FA were linoleic acid and 
arachidonic acid of the n-6 family and docosahexaenoic acid 
(DHA) of the n-3 family.

The nutritional composition of the participants’ diet and 
its correlation with inflammatory markers are described in 
Table S2 and Table S3. The mean consumption of SFAs was 
10.2 ± 3.9 %, with palmitic and stearic acids consumption 
of 6.4 ± 4.0 and 3.0 ± 2.4 g, respectively. There was no 
statistically significant correlation between dietary SFA and 
inflammatory markers.

The correlations between RBC SFA (palmitic and stearic acids) 
are described in Table 3. Total cholesterol, non-HDL-c, total 
cholesterol: HDL-c ratio, apoB, and triglycerides were inversely 
correlated with stearic acid. However, hs-CRP, IL-6, IL-10, MCP-1, 
and TNF-α were positively correlated with stearic acid.

In the multiple linear regression models (Table 4), palmitic 
acid did not present any statistically significant association 
with inflammatory biomarkers, whereas stearic acid was 
independently factor associated with hs-CRP, IL-6, and TNF-α 
when adjusted by age, sex, smoking status, total cholesterol, 
systolic blood pressure, plasma glucose, and BMI.

Discussion
The main finding of our study (Central Illustration) was that 

stearic acid was independently associated with circulating 
biomarkers of endothelial dysfunction and inflammation 
despite inverse correlations with atherogenic blood lipids 
in individuals with cardiovascular risk factors without CVD. 
Additionally, there was statistically significant association of 
palmitic acid with any of the biomarkers assessed.

Limiting SFA intake for cardiovascular risk lowering is 
recommended by recently published nutrition guidelines.6,7 
A meta-analysis of randomized controlled trials (RCT) 
showed that palm oil rich in palmitic acid raised LDL-c by 
9 mg/dL when compared to low-SFA vegetable oils.20 This 
can be translated into a 6% higher risk of coronary artery 
disease (CAD).21 Another meta-analysis showed that dietary 
SFA reduction decreased LDL-c by 5 mg/dL in children and 
adolescents.22 Importantly, these effects occur when fatty acid 
intake range is within 20 to 30% of total daily energy intake. 
When the fatty acid energy intake is greater than 30%, the 
magnitude of the LDL-c raising effect by SFA increased to  
24 mg/dL.20 However, other studies showed weak associations 
between SFA intake and CVD outcomes.23,24 These 
controversies could be explained by the replacement of SFAs 
with refined carbohydrates,25 and comparing the effects of SFA 
with trans- fatty acid, animal fat, or coconut oil,20 could make 
it difficult to evaluate the real effect of SFA. Furthermore, most 
observational studies do not distinguish the overall effects of 
palmitic acid and stearic acid, which are found more in palm 
oil and butter and lard, respectively.26

In our study, however, palmitic acid did not have any 
significant correlation with blood cholesterol. It was an 
unexpected result since it is known that palmitic acid raises 
total cholesterol and LDL-c.27 Although red blood cells’ SFAs 
reflect the SFA intake,28 it is also known that carbohydrate intake 
modulates circulating SFA levels through de novo lipogenesis, 
causing a discrepancy between nutritional status and SFA 
intake.12 De novo lipogenesis is found elevated in obesity,12 
which could explain the lack of association between RBC 
and dietary fatty acid found in the present study (Table S3). 
Furthermore, total fatty acids and SFA intake was not high (29.7% 
energy and 10.2% energy, respectively), making it unlikely that 
palmitic acid causes hypercholesterolemia at these intake levels.20

Stearic acid, on the other hand, showed a significant 
inverse correlation with total cholesterol, non-HDL-c, apoB, 
and triglycerides. One RCT reported that the effects of stearic, 
oleic, and linoleic acids on lipoproteins had no difference, 
suggesting that stearic acid, unlike the palmitic acid, does not 
raise LDL-c.29 A recent meta-analysis showed that replacing 
dietary palmitic acid with stearic acid had little or no effect 
on total cholesterol, LDL-c, and apoB.27 Furthermore, dietary 
substitution of stearic acid with MUFA or PUFA showed 
that concentrations of LDL-c, HDL-c, total cholesterol, or 
triglycerides were not affected, contrasting with the effects 
when palmitic acid was replaced by MUFA or PUFA. This 
corroborates the hypothesis that dietary stearic acid might 
be less detrimental than palmitic acid on blood lipids. Thus, 
our results corroborate this hypothesis, since RBC stearic 
acid showed more favorable correlations with blood lipids 
compared to palmitic acid.
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The association between circulating SFA and cardiovascular 
risk has been controversial. The meta-analysis of Chowdhury 
et al.23 found no relationship between SFA status biomarkers 
and coronary outcomes. However, these results have been 
criticized,30 since the meta-analysis included studies that 
used different lipid fractions, which reflect dietary fatty acid 
intake variously (e.g., fasting plasma fatty acid reflects intake 
over the last 3-4 days, whilst plasma phospholipid fatty acids 
reflect intake over the last months).23,30 Of the eight studies 
included in the meta-analysis,23 four studies analyzing plasma 

phospholipids, showed significant associations with coronary 
heart disease and mortality,31-34 with stronger associations 
with palmitic and stearic acids.

In addition to modulation of lipoprotein metabolism, SFAs 
may influence cardiovascular risk through inflammation.12 
SFAs act as non-microbial Toll-like receptor 4 (TLR4) 
agonists, triggering inflammatory pathways through nuclear 
factor kappa B (NF-κB), which plays a crucial role in the 
induction of inflammatory mediators such as IL-1β, IL-6, 
MCP1, TNF-α, and others.35 SFA also trigger TLR4 activation 

Table 2 – Profile of red blood cell fatty acids of the participants

Variables Mean/Median SD/IQR

SFA, %

C16:0 (Palmitic acid) 44.02 4.87

C18:0 (Stearic acid) 26.12 4.45

C20:0 (Arachidic acid) 0.73 0.18

C22:0 (Behenic acid) 1.29 0.51

C24:0 (Lignoceric acid) 0.27 0.14 – 0.77

MUFA, %

C16:1 n-7 (Palmitoleic acid) 0.33 0.22 – 0.76

C18:1 n-9 (Oleic acid) 8.99 3.71

C20:1 n-9 (Gondoic acid) 0.08 0.05 – 0.14

C22:1 n-9 (Erucic acid) 0.14 0.10 – 0.21

C24:1 n-9 (Nervonic acid) 1.36 0.67

PUFA n-6, %

C18:2 n-6 (Linoleic acid) 4.34 1.91

C18:3 n-6 (γ-linoleic acid) 0.17 0.12 – 0.24

C20:2 n-6 (Eicosadienoic acid) 0.10 0.07 – 0.17

C20:3 n-6 (Dihomo- γ-linoleic 
acid)

0.54 0.36

C20:4 n-6 (Arachidonic acid) 3.43 2.60

C22:2 n-6 
(13,16-Docosadienoic acid)

0.39 0.21

Total n-6 9.18 4.07

PUFA n-3, %

C18:3 n-3 (α-linolenic acid) 1.64 1.01 – 2.28

C20:5 n-3 (Eicosapentaenoic 
acid)

0.24 0.14

C22:6 n-3 (Docosahexaenoic 
acid)

3.91 1.31

Total  n-3 6.16 2.03

MUFA: monounsaturated fatty acids, PUFA: polyunsaturated fatty 
acids, SD: standard deviation; IQR: interquartile range.

Table 1 – Clinical and biochemical characteristics of the participants

Variables Mean/Median SD/IQR

Age, years 51.0 10.3

Body mass index, kg/m2 31.5 6.1

Waist circumference, cm 101.5 13.1

Systolic blood pressure, mmHg 135.2 19.2

Diastolic blood pressure, mmHg 81.8 9.9

Heart rate, bpm 67.8 13.0

Total cholesterol, mg/dL 199.8 43.9

HDL-c, mg/dL 35.8 10.2

LDL-c, mg/dL 134.8 41.4

Total cholesterol:HDL-c 6.0 4.0 – 7.0

Non-HDL-c, mg/dL 164.4 45.0

ApoA-I, mg/dL 126.9 25.7

ApoB, mg/dL 101.8 26.9

Triglycerides, mg/dL 129.0 94.0 – 188.0

Non-esterified fatty acids, mEq/dL 0.62 0.25

Glucose, mg/dL 96.0 89.0 – 108.0

Insulin, μUI/mL 17.7 8.4

HOMA-IR 4.4 2.4

hs-CRP, mg/L 2.8 1.2 – 5.6

IL-6, pg/mL 5.3 3.3 – 9.0

IL-10, pg/mL 4.0 2.8 – 10.5

MCP-1, pg/mL 15.1 10.5 – 21.6

TNF-α, pg/mL 15.2 8.2 – 25.9

HDL: high-density lipoprotein, LDL: low-density lipoprotein, Apo: 
apolipoprotein, HOMA-IR: Homeostasis Model Assessment – Insulin 
Resistance, IL: interleukin, hs-CRP: high-sensitivity C-reactive protein; 
TNF-α: tumor necrosis factor-α, MCP-1: monocyte chemoattractant 
protein-1. SD: standard deviation; IQR: interquartile range
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indirectly by the overproduction of lipopolysaccharides 
and uremic toxins by gut microbiota after a high-fat dietary 
intake. This metabolic endotoxemia leads to oxidative 
stress thereby producing atherogenic lipids – oxidized 
LDL (oxLDL) and oxidized phospholipids – which trigger 
the CD36-TLR4-TLR6 complex inflammatory response.35,36 
Furthermore, high SFA consumption increases lipemia and 
minimally modified LDL and oxLDL levels, which activate 
CD14-TLR4-MD2 inflammatory pathway.35 In addition, 
high SFA consumption may alter HDL lipid composition 
and cholesterol efflux capacity, decreasing its function and 
increasing cardiovascular risk.37,38

In line with that, our study showed that RBCSFA are 
independently associated with inflammatory markers. 
However, this association was restricted to stearic acid. 
Palmitic acid is known to induce the inflammatory response.35 
In an analysis of a PREDIMED sub-sample, plasma SFA and 
specifically palmitic acid were positively associated with 
higher levels of circulating pro-inflammatory molecules, 
particularly IL-6.39 On the other hand, Voon et al.40 showed 
that a high palmitic acid diet did not modify inflammatory 
biomarkers. However, SFA status biomarkers were not 
measured in the study.  Other studies showed that circulating 
total SFAs are associated with higher inflammatory markers 
circulating levels such as hs-CRP and IL-6,33,34,41,42 and higher 
cardiovascular risk31–34 but when analyzed separately, the 
associations tend to be more significant and stronger with 
stearic acid, suggesting that palmitic acid alone does not 
modify cardiovascular risk in the same magnitude as with 
stearic acid.31-34,42

Due to its neutral effect on lipoprotein metabolism, 
stearic acid has been considered a dietary substitute for 
trans fatty acids for cardiovascular risk reduction.43 However, 
cardiovascular risk goes beyond major traditional risk factors,13 
and several emerging potential cardiovascular biomarkers 
that reflect different aspects of cardiovascular health are 
being studied.3,44 The independent association of RBC stearic 
acid with hs-CRP, IL-6, and TNF-α found in our study suggests 
a pro-inflammatory and endothelial dysfunction-causing 
action, and consequently, a cardiovascular risk-raising effect 
of the fatty acids, independently of their effects on lipoprotein 
metabolism, corroborating the aforementioned studies.31-34,42 
Nonetheless, most of the studies are observational. A recent 
RCT comparing a palmitic acid-rich diet and a stearic acid-
rich diet showed that although better lipid metabolism 
effects, stearic acid increased the circulating levels of low-
grade inflammation markers.45 Laboratory studies show 
that stearic acid has comparable effects to palmitic acid in 
activating the TLR4/Nf-κB inflammatory response cascade.46 
A previous study demonstrated that stearic acid is a major 
contributor to lipotoxicity in beta cells of mice, showing 
more detrimental effects than palmitic acid in beta cell 
survival and glucometabolic control.47 However, we did not 
observe any association between SFA and glucometabolic 
markers in the study. It was also shown that treatment of 
M1polarized macrophages with stearic acid increases their 
susceptibility to inflammation and endoplasmic reticulum 
(ER) stress through TLR4/2-independent inflammation.48 
Additionally, stearic acid at physiological concentrations, 

Table 3 – Correlations between red blood cell fatty acids  and 
cardiovascular biomarkers

Variables
Palmitic acid Stearic acid

r p-value r p-value

Sex 0.079 0.490 0.197 0.082

Age, years 0.062 0.585 0.163 0.151

Body mass index, 
kg/m2 0.013 0.907 -0.036 0.756

Waist 
circumference, cm

0.021 0.857 -0.076 0.506

Systolic blood 
pressure, mmHg

0.034 0.767 -0.113 0.323

Diastolic blood 
pressure, mmHg

0.024 0.833 -0.151 0.184

Heart rate, bpm 0.049 0.667 0.072 0.531

Total cholesterol, 
mg/dL

-0.032 0.779 -0.253 0.024

HDL-c, mg/dL 0.089 0.434 0.198 0.080

LDL-c, mg/dL -0.088 0.453 -0.211 0.069

Total 
cholesterol:HDL-c*

-0.083 0.468 -0.330 0.003

Non-HDL-c, mg/
dL

-0.052 0.649 -0.292 0.009

ApoA-I, mg/dL 0.155 0.173 -0.023 0.843

ApoB, mg/dL 0.009 0.936 -0.290 0.009

Triglycerides,  
mg/dL*

-0.011 0.927 -0.244 0.030

Non-esterified fatty 
acids, mEq/dL

0.283 0.016 -0.007 0.954

Glucose, mg/dL* -0.114 0.317 -0.034 0.768

Insulin, μUI/mL 0.133 0.298 -0.220 0.083

HOMA-IR 0.093 0.467 -0.210 0.099

hs-CRP, mg/L* 0.114 0.325 0.286 0.012

IL-6, pg/mL* 0.017 0.881 0.340 0.002

IL-10, pg/mL* 0.029 0.833 0.357 0.007

MCP-1, pg/mL* 0.034 0.769 0.245 0.030

TNF-α, pg/mL* 0.009 0.938 0.364 0.002

HDL: high-density lipoprotein, LDL: low-density lipoprotein, Apo: 
apolipoprotein, HOMA-IR: Homeostasis Model Assessment – Insulin 
Resistance, IL: interleukin, hs-CRP: high-sensitivity C-reactive protein; 
TNF-α: tumor necrosis factor-α, MCP-1: monocyte chemoattractant 
protein-1, SD: standard deviation; IQR: interquartile range; the 
correlation analysis was performed using Pearson’s test for parametric 
variables and Spearman’s test (*) for non-parametric variables
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Table 4 – Associations between red blood cell fatty acids and circulating inflammation and endothelial dysfunction biomarkers

Dependent variables R2 β SE
95% CI for β

p-value
Lower Upper

Palmitic acid (C16:0)

hs-CRP 0.079 0.165 0.162 -0.158 0.489 0.311

IL-6 0.110 0.132 1.789 -3.438 3.702 0.941

IL-10 0.127 0.728 2.134 -3.589 5.024 0.735

MCP-1 0.091 0.399 2.184 -3.957 4.756 0.855

TNF-α 0.127 0.112 1.279 -2.445 2.669 0.930

Stearic acid (C18:0)

hs-CRP 0.162 0.545 0.194 0.157 0.933 0.007

IL-6 0.173 4.620 2.026 0.577 8.664 0.026

IL-10 0.186 4.370 2.359 -0.379 9.120 0.070

MCP-1 0.116 3.584 2.526 -1.454 8.623 0.160

TNF-α 0.194 3.230 1.443 0.345 6.116 0.029

Multiple linear regression models adjusted by age, sex, smoking status, total cholesterol, systolic blood pressure, glucose, and body mass index. The models 
were composed by one of the dependent variables – high-sensitivity C-reactive protein (hs-CRP); interleukin-6 (IL-6), IL: interleukin-10 (IL-10), monocyte 
chemoattractant protein-1 (MCP-1) and tumor necrosis factor-α (TNF-α) and independent variables (palmitic acid or stearic acid and the adjustment 
variables), 95%CI: 95% confidence interval

but not palmitic acid, induces lipotoxic effects on 
circulating angiogenic cells (CACs), thereby reducing its 
endothelial repair capacity.49 Moreover, the expression of 
pro-inflammatory genes induced by stearic acid increases 
ER stress and CAC apoptosis, which could be associated 
with increased vascular damage and dysfunction.49 The 
association of stearic acid found in the present study can 
also be explained by its effect of increasing the activity of 
stearoyl-CoA desaturase 1 (SCD1), a lipogenic enzyme 
associated with metabolic dysfunction and chronic low-
grade inflammation, but the mechanisms which SCD1 
increases inflammation are unknown.50 However, we did 
not evaluate single nucleotide polymorphisms or SCD1 
activity in our study.

Together, the findings of our study and the cited literature 
corroborate the pro-inflammatory effect of stearic acid. 
It is known that hs-CRP, IL-6, and TNF-α are not only 
markers of systemic inflammation but also endothelial 
dysfunction biomarkers.51,52 Endothelial dysfunction is 
the main hallmark of CVD and is associated with worse 
prognostic independently of risk factors.1 Accordingly, high 
levels of stearic acid might increase residual inflammatory 
cardiovascular risk independently of blood cholesterol 
levels. Our work has limitations due to its cross-sectional 
nature, the small sample, and the lack of clinical outcomes. 
The strengths of the study include the use of RBC fatty acids 
a biomarker of SFA status and the use of inflammation 
and endothelial dysfunction biomarkers. The reason why 
RBC fatty acids were not correlated with dietary FA may 
be attributed to various biases embedded in food surveys, 
suggesting the advantage of using FA status biomarkers, 

specifically RBC fatty acids, which reflect FA intake 
approximately over the last three months.

Conclusions
In conclusion, our findings showed that RBC stearic acid is 

independently associated with inflammatory and endothelial 
dysfunction biomarkers in individuals with at least one 
cardiovascular risk factor.

Acknowledgments
The authors cordially thank Elizabeth Torres for making 

the gas chromatography equipment available for the study.

Author Contributions
Conception and design of the research and Obtaining 

financing: Damasceno NRT; Acquisition of data: Gonçalinho 
GHF, Sampaio GR, Soares-Freitas RAM, Damasceno NRT; 
Analysis and interpretation of the data: Gonçalinho GHF, 
Sampaio GR, Soares-Freitas RAM; Statistical analysis, Writing 
of the manuscript and Critical revision of the manuscript for 
important intellectual content: Gonçalinho GHF.

Potential conflict of interest

No potential conflict of interest relevant to this article was 
reported.

7



Arq Bras Cardiol. 2023; 120(8):e20220598

Original Article

Gonçalinho et al.
Saturated Fatty Acids Status and Inflammation

Sources of funding
This s tudy was part ia l ly  funded by CAPES nº 

8882.330835/2019-1 and FAPESP nº 2016/24531-3 and 
2011/12523-2.

Study association
This article is part of the thesis of master submitted by 

Gustavo Henrique Ferreira Gonçalinho, from Universidade 
de São Paulo – Departamento de Nutrição.

Ethics approval and consent to participate
This study was approved by the Ethics Committee of the 

Hospital da Universidade de São Paulo under the protocol 
number 0063.0.207.198-11. All the procedures in this study 
were in accordance with the 1975 Helsinki Declaration, 
updated in 2013. Informed consent was obtained from all 
participants included in the study.

1. Geovanini GR, Libby P. Atherosclerosis and Inflammation: Overview 
and Updates. Clin Sci. 2018;132(12):1243-52. doi: 10.1042/
CS20180306.

2. Pearson TA, Mensah GA, Alexander RW, Anderson JL, Cannon RO 3rd, Criqui 
M, et al. Markers of Inflammation and Cardiovascular Disease: Application to 
Clinical and Public Health Practice: A Statement for Healthcare Professionals 
from the Centers for Disease Control and Prevention and the American 
Heart Association. Circulation. 2003;107(3):499-511. doi: 10.1161/01.
cir.0000052939.59093.45.

3. Wang L, Cheng CK, Yi M, Lui KO, Huang Y. Targeting Endothelial Dysfunction 
and Inflammation. J Mol Cell Cardiol. 2022;168:58-67. doi: 10.1016/j.
yjmcc.2022.04.011.

4. Taghizadeh S, Izadi A, Shirazi S, Parizad M, Pourghassem Gargari B. 
The Effect of Coenzyme Q10 Supplementation on Inflammatory and 
Endothelial Dysfunction Markers in Overweight/Obese Polycystic 
Ovary Syndrome patients. Gynecol Endocrinol. 2021;37(1):26-30. doi: 
10.1080/09513590.2020.1779689.

5. Hooper L, Martin N, Jimoh OF, Kirk C, Foster E, Abdelhamid AS. Reduction 
in Saturated Fat Intake for Cardiovascular Disease. Cochrane Database Syst 
Rev. 2020;5(5):CD011737. doi: 10.1002/14651858.CD011737.pub2.

6. Lichtenstein AH, Appel LJ, Vadiveloo M, Hu FB, Kris-Etherton PM, Rebholz 
CM, et al. 2021 Dietary Guidance to Improve Cardiovascular Health: A 
Scientific Statement from the American Heart Association. Circulation. 
2021;144(23):e472-e487. doi: 10.1161/CIR.0000000000001031.

7. Izar MCO, Lottenberg AM, Giraldez VZR, Santos RDD Filho, Machado 
RM, Bertolami A, et al. Position Statement on Fat Consumption and 
Cardiovascular Health - 2021. Arq Bras Cardiol. 2021;116(1):160-212. doi: 
10.36660/abc.20201340.

8. Mensink RP, Katan MB. Effect of Dietary Fatty Acids on Serum Lipids 
and Lipoproteins. A Meta-Analysis of 27 Trials. Arterioscler Thromb. 
1992;12(8):911-9. doi: 10.1161/01.atv.12.8.911.

9. Chait A, Kim F. Saturated Fatty Acids and Inflammation: Who Pays the 
Toll? Arterioscler Thromb Vasc Biol. 2010;30(4):692-3. doi: 10.1161/
ATVBAHA.110.203984.

10. Ajuwon KM, Spurlock ME. Palmitate Activates the NF-kappaB Transcription 
Factor and Induces IL-6 and TNFalpha Expression in 3T3-L1 Adipocytes. J 
Nutr. 2005;135(8):1841-6. doi: 10.1093/jn/135.8.1841.

11. Libby P, Buring JE, Badimon L, Hansson GK, Deanfield J, Bittencourt MS, 
et al. Atherosclerosis. Nat Rev Dis Primers. 2019;5(1):56. doi: 10.1038/
s41572-019-0106-z.

12. Ruiz-Núñez B, Dijck-Brouwer DA, Muskiet FA. The Relation of Saturated 
Fatty Acids with Low-Grade Inflammation and Cardiovascular Disease. J 
Nutr Biochem. 2016;36:1-20. doi: 10.1016/j.jnutbio.2015.12.007.

13. Gonçalinho GHF, Sampaio GR, Soares-Freitas RAM, Damasceno NRT. 
Omega-3 Fatty Acids in Erythrocyte Membranes as Predictors of Lower 
Cardiovascular Risk in Adults without Previous Cardiovascular Events. 
Nutrients. 2021;13(6):1919. doi: 10.3390/nu13061919.

14. Willett WC, Howe GR, Kushi LH. Adjustment for Total Energy Intake in 
Epidemiologic Studies. Am J Clin Nutr. 1997;65(4 Suppl):1220S-1228S. 
doi: 10.1093/ajcn/65.4.1220S. doi: 10.1093/ajcn/65.4.1220S.

15. D’Agostino RB Sr, Vasan RS, Pencina MJ, Wolf PA, Cobain M, Massaro JM, 
et al. General Cardiovascular Risk Profile for Use in Primary Care: The 
Framingham Heart Study. Circulation. 2008;117(6):743-53. doi: 10.1161/
CIRCULATIONAHA.107.699579.

16. Mosca L, Benjamin EJ, Berra K, Bezanson JL, Dolor RJ, Lloyd-Jones DM, et al. 
Effectiveness-Based Guidelines for the Prevention of Cardiovascular Disease 
in Women--2011 Update: A Guideline from the American Heart Association. 
J Am Coll Cardiol. 2011;57(12):1404-23. doi: 10.1016/j.jacc.2011.02.005.

17. Catapano AL, Reiner Z, De Backer G, Graham I, Taskinen MR, Wiklund O, et 
al. ESC/EAS Guidelines for the Management of Dyslipidaemias The Task Force 
for the Management of Dyslipidaemias of the European Society of Cardiology 
(ESC) and the European Atherosclerosis Society (EAS). Atherosclerosis. 
2011;217(1):3-46. doi: 10.1016/j.atherosclerosis.2011.06.028.

18. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the Concentration 
of Low-Density Lipoprotein Cholesterol in Plasma, without Use of the 
Preparative Ultracentrifuge. Clin Chem. 1972;18(6):499-502.

19. Stern SE, Williams K, Ferrannini E, DeFronzo RA, Bogardus C, Stern 
MP. Identification of Individuals with Insulin Resistance Using Routine 
Clinical Measurements. Diabetes. 2005;54(2):333-9. doi: 10.2337/
diabetes.54.2.333.

20. Sun Y, Neelakantan N, Wu Y, Lote-Oke R, Pan A, van Dam RM. Palm 
Oil Consumption Increases LDL Cholesterol Compared with Vegetable 
Oils Low in Saturated Fat in a Meta-Analysis of Clinical Trials. J Nutr. 
2015;145(7):1549-58. doi: 10.3945/jn.115.210575.

21. Gould AL, Davies GM, Alemao E, Yin DD, Cook JR. Cholesterol Reduction 
Yields Clinical Benefits: Meta-Analysis Including Recent Trials. Clin Ther. 
2007;29(5):778-94. doi: 10.1016/j.clinthera.2007.05.012.

22. Te Morenga L, Montez JM. Health Effects of Saturated and Trans-Fatty Acid 
Intake in Children and Adolescents: Systematic Review and Meta-Analysis. 
PLoS One. 2017;12(11):e0186672. doi: 10.1371/journal.pone.0186672.

23. Chowdhury R et al. Association of Dietary, Circulating, and Supplement Fatty 
Acids With Coronary Risk. Ann. Intern. Med. 160, 398 (2014).

24. Souza RJ, Mente A, Maroleanu A, Cozma AI, Ha V, Kishibe T, et al. Intake of 
Saturated and Trans Unsaturated Fatty Acids and Risk of All Cause Mortality, 
Cardiovascular Disease, and Type 2 Diabetes: Systematic Review and Meta-
Analysis of Observational Studies. BMJ. 2015;351:h3978. doi: 10.1136/
bmj.h3978.

25. Siri-Tarino PW, Sun Q, Hu FB, Krauss RM. Saturated Fatty Acids and Risk 
of Coronary Heart Disease: Modulation by Replacement Nutrients. Curr 
Atheroscler Rep. 2010;12(6):384-90. doi: 10.1007/s11883-010-0131-6.

26. Gupta SV, Khosla P. Palmitic and stearic Acids Similarly Affect Plasma 
Lipoprotein Metabolism in Cynomolgus Monkeys Fed Diets with Adequate 
Levels of Linoleic Acid. J Nutr. 2001;131(8):2115-20. doi: 10.1093/
jn/131.8.2115.

References

8



Arq Bras Cardiol. 2023; 120(8):e20220598

Original Article

Gonçalinho et al.
Saturated Fatty Acids Status and Inflammation

This is an open-access article distributed under the terms of the Creative Commons Attribution License

27. Sellem L, Flourakis M, Jackson KG, Joris PJ, Lumley J, Lohner S, et al. Impact 
of Replacement of Individual Dietary SFAs on Circulating Lipids and Other 
Biomarkers of Cardiometabolic Health: A Systematic Review and Meta-Analysis 
of Randomized Controlled Trials in Humans. Adv Nutr. 2022;13(4):1200-25. doi: 
10.1093/advances/nmab143.

28. Hodson L, Eyles HC, McLachlan KJ, Bell ML, Green TJ, Skeaff CM. Plasma and 
Erythrocyte Fatty Acids Reflect Intakes of Saturated and n-6 PUFA Within a Similar 
Time Frame. J Nutr. 2014;144(1):33-41. doi: 10.3945/jn.113.183749.

29. Thijssen MA, Mensink RP. Small Differences in the Effects of Stearic Acid, Oleic 
Acid, and Linoleic Acid on the Serum Lipoprotein Profile of Humans. Am J Clin 
Nutr. 2005;82(3):510-6. doi: 10.1093/ajcn.82.3.510.

30. Dawczynski C, Kleber ME, März W, Jahreis G, Lorkowski S. Association of Dietary, 
Circulating, and Supplement Fatty Acids with Coronary Risk. Ann Intern Med. 
2014;161(6):453-4. doi: 10.7326/L14-5018-2.

31. Wang L, Folsom AR, Eckfeldt JH. Plasma Fatty Acid Composition and Incidence 
of Coronary Heart Disease in Middle Aged Adults: The Atherosclerosis Risk in 
Communities (ARIC) Study. Nutr Metab Cardiovasc Dis. 2003;13(5):256-66. 
doi: 10.1016/s0939-4753(03)80029-7.

32. Khaw KT, Friesen MD, Riboli E, Luben R, Wareham N. Plasma Phospholipid Fatty 
Acid Concentration and Incident Coronary Heart Disease in Men and Women: 
The EPIC-Norfolk Prospective Study. PLoS Med. 2012;9(7):e1001255. doi: 
10.1371/journal.pmed.1001255.

33. Warensjö E, Sundström J, Vessby B, Cederholm T, Risérus U. Markers of 
Dietary Fat Quality and Fatty Acid Desaturation as Predictors of Total and 
Cardiovascular Mortality: A Population-Based Prospective Study. Am J Clin Nutr. 
2008;88(1):203-9. doi: 10.1093/ajcn/88.1.203.

34. Clarke R, Shipley M, Armitage J, Collins R, Harris W. Plasma Phospholipid Fatty 
Acids and CHD in Older Men: Whitehall Study of London Civil Servants. Br J 
Nutr. 2009;102(2):279-84. doi: 10.1017/S0007114508143562.

35. Rocha DM, Caldas AP, Oliveira LL, Bressan J, Hermsdorff HH. Saturated 
Fatty Acids Trigger TLR4-Mediated Inflammatory Response. Atherosclerosis. 
2016;244:211-5. doi: 10.1016/j.atherosclerosis.2015.11.015. 

36. Kemp JA, Esgalhado M, Macedo RA, Regis B, Damasceno NRT, Torres EAFS, 
et al. A Possible Link between Polyunsaturated Fatty Acids and Uremic Toxins 
from the Gut Microbiota in Hemodialysis Patients: A Hypothesis. Hemodial Int. 
2019;23(2):189-97. doi: 10.1111/hdi.12725.

37. Fernández-Castillejo S, Rubió L, Hernáez Á, Catalán Ú, Pedret A, Valls RM, 
et al. Determinants of HDL Cholesterol Efflux Capacity after Virgin Olive Oil 
Ingestion: Interrelationships with Fluidity of HDL Monolayer. Mol Nutr Food 
Res. 2017;61(12):10.1002/mnfr.201700445. doi: 10.1002/mnfr.201700445.

38. Leal DP, Gonçalinho GHF, Tavoni TM, Kuwabara KL, Paccanaro AP, Freitas 
FR, et al. The Interplay of Sirtuin-1, LDL-Cholesterol, and HDL Function: A 
Randomized Controlled Trial Comparing the Effects of Energy Restriction and 
Atorvastatin on Women with Premature Coronary Artery Disease. Antioxidants. 
2022;11(12):2363. doi: 10.3390/antiox11122363.

39. Domínguez-López I, Arancibia-Riveros C, Casas R, Tresserra-Rimbau A, 
Razquin C, Martínez-González MÁ, et al. Changes in Plasma Total Saturated 
Fatty Acids and Palmitic Acid are Related to Pro-Inflammatory Molecule 
IL-6 Concentrations after Nutritional Intervention for One Year. Biomed 
Pharmacother. 2022;150:113028. doi: 10.1016/j.biopha.2022.113028.

40. Voon PT, Ng TK, Lee VK, Nesaretnam K. Diets High in Palmitic Acid (16:0), Lauric 
and Myristic Acids (12:0 + 14:0), or Oleic Acid (18:1) do Not Alter Postprandial 
or Fasting Plasma Homocysteine and Inflammatory Markers in Healthy Malaysian 
Adults. Am J Clin Nutr. 2011;94(6):1451-7. doi: 10.3945/ajcn.111.020107.

41. Kalogeropoulos N, Panagiotakos DB, Pitsavos C, Chrysohoou C, Rousinou G, 
Toutouza M, et al. Unsaturated Fatty Acids are Inversely Associated and n-6/n-3 
Ratios are Positively Related to Inflammation and Coagulation Markers in Plasma 
of Apparently Healthy Adults. Clin Chim Acta. 2010;411(7-8):584-91. doi: 
10.1016/j.cca.2010.01.023.

42. Mu L, Mukamal KJ, Naqvi AZ. Erythrocyte Saturated Fatty Acids and Systemic 
Inflammation in Adults. Nutrition. 2014;30(11-12):1404-8. doi: 10.1016/j.
nut.2014.04.020.

43. Kris-Etherton PM, Griel AE, Psota TL, Gebauer SK, Zhang J, Etherton TD. Dietary 
Stearic Acid and Risk of Cardiovascular Disease: Intake, Sources, Digestion, and 
Absorption. Lipids. 2005;40(12):1193-200. doi: 10.1007/s11745-005-1485-y.

44. Vlachopoulos C, Xaplanteris P, Aboyans V, Brodmann M, Cífková R, Cosentino 
F, et al. The Role of Vascular Biomarkers for Primary and Secondary Prevention. 
A Position Paper from the European Society of Cardiology Working Group on 
Peripheral Circulation: Endorsed by the Association for Research into Arterial 
Structure and Physiology (ARTERY) Society. Atherosclerosis. 2015;241(2):507-
32. doi: 10.1016/j.atherosclerosis.2015.05.007.

45. van Rooijen MA, Plat J, Zock PL, Blom WAM, Mensink RP. Effects of Two 
Consecutive Mixed Meals High in Palmitic Acid or Stearic Acid on 8-h 
Postprandial Lipemia and Glycemia in Healthy-Weight and Overweight Men 
and Postmenopausal Women: A Randomized Controlled Trial. Eur J Nutr. 
2021;60(7):3659-667. doi: 10.1007/s00394-021-02530-2.

46. Li B, Leung JCK, Chan LYY, Yiu WH, Tang SCW. A Global Perspective on the 
Crosstalk between Saturated Fatty Acids and Toll-Like Receptor 4 in the Etiology 
of Inflammation and Insulin Resistance. Prog Lipid Res. 2020;77:101020. doi: 
10.1016/j.plipres.2019.101020.

47. Lu H, Hao L, Li S, Lin S, Lv L, Chen Y, et al. Elevated Circulating Stearic Acid Leads 
to a Major Lipotoxic Effect on Mouse Pancreatic Beta Cells in Hyperlipidaemia 
Via a miR-34a-5p-mediated PERK/p53-dependent Pathway. Diabetologia. 
2016;59(6):1247-57. doi: 10.1007/s00125-016-3900-0.

48. Anderson EK, Hill AA, Hasty AH. Stearic Acid Accumulation in Macrophages 
Induces Toll-Like Receptor 4/2-Independent Inflammation Leading to 
Endoplasmic Reticulum Stress-Mediated Apoptosis. Arterioscler Thromb Vasc 
Biol. 2012;32(7):1687-95. doi: 10.1161/ATVBAHA.112.250142.

49. Spigoni V, Fantuzzi F, Fontana A, Cito M, Derlindati E, Zavaroni I, et al. Stearic 
Acid at Physiologic Concentrations Induces in Vitro Lipotoxicity in Circulating 
Angiogenic Cells. Atherosclerosis. 2017;265:162-71. doi: 10.1016/j.
atherosclerosis.2017.09.004.

50. Stryjecki C, Roke K, Clarke S, Nielsen D, Badawi A, El-Sohemy A, et al. Enzymatic 
Activity and Genetic Variation in SCD1 Modulate the Relationship between Fatty 
Acids and Inflammation. Mol Genet Metab. 2012;105(3):421-7. doi: 10.1016/j.
ymgme.2011.12.003.

51. Marcos-Ramiro B, García-Weber D, Millán J. TNF-Induced Endothelial Barrier 
Disruption: Beyond Actin and Rho. Thromb Haemost. 2014;112(6):1088-102. 
doi: 10.1160/TH14-04-0299.

52. Lee J, Lee S, Zhang H, Hill MA, Zhang C, Park Y. Interaction of IL-6 and TNF-α 
Contributes to Endothelial Dysfunction in Type 2 Diabetic Mouse Hearts. PLoS 
One. 2017;12(11):e0187189. doi: 10.1371/journal.pone.0187189.

*Supplemental Materials
For additional information, please click here.

9

http://abccardiol.org/supplementary-material/2023/12008/2022-0598_AO_Supplementary_tables.pdf

