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Abstract: Cardiovascular disease (CVD) is the leading cause of death in the United States and Puerto Rico. For years scientists 
and health professionals have worked diligently to decipher the causative factors of this ailment in order to establish dietary 
and lifestyle recommendations that could reduce CVD risk. Reducing saturated fat intake has been a mainstay of these 
recommendations, but recent analyses indicate that its place on that list may not be well-deserved. The relationship between 
saturated fat and known independent risk factors for CVD such as systemic inflammation and hypertension is uncertain and 
results may be positive or negative depending on the specific inflammatory marker being measured and the study design 
utilized. Evidence for the role of saturated fat in cardiovascular morbidity and mortality is also hazy, and varies according to 
the type of saturated fat being studied and the nutrient that it is replaced with; polyunsaturated fatty acids appear to be a 
much better replacement nutrient that carbohydrates. Sugar on the other hand has been implicated in several observational 
studies and clinical trials for increasing blood pressure, provoking inflammation, and giving rise to an atherogenic lipid profile. 
Given what we know about how these different dietary components impact CVD morbidity and mortality, it may be time to 
shift focus away from saturated fat and onto the excess carbohydrates in the American diet. 
 

 

Introduction 

Reducing intake of saturated fat has long been exalted as 

one of the main strategies all Americans must adhere in 

order to decrease their risk of cardiovascular disease. The 

American Heart Association recommends that adults 

should try to lower their cholesterol by reducing their 

saturated fat intake to 5-6% of their daily caloric intake 

(1). This would be equivalent to 13g of saturated fat per 

day for someone consuming a 2000 calorie diet. One of 

the Key Recommendations of the 2010 Dietary 

Guidelines for Americans is to consume no more that 

10% of total calories from saturated fat (2). Despite these 

persistent recommendations to limit saturated fat, data 

from prospective cohort studies and randomized trials do 

not strongly support this idea that reducing saturated fat 

intake will lead to a decrease in the incidence of 

cardiovascular disease (CVD). Furthermore, CVD 

incidence has decreased over the years even though 

intake of saturated fat (SFA) has remained quite stable 

from 1990 to 2006 (2) and the incidence of CVD appears 

to even continue this decreasing trend as of 2009 (3). 

Approximately 610,000 people died of cardiovascular 

disease complications in 2013 and this largely 

preventable malady remains the primary cause of fatality 

in the United States (4). This raises the question of what 

other modifiable dietary risk factors could be causing this 

disease, and recently researchers have been looking at 
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sugar, specifically added sugar in processed foods, as the 

new primary risk factor for CVD.  

 
Relationship between Saturated Fat and CVD Risk 

Factors: Systemic Inflammation  

Inflammation is an independent risk factor for 

cardiovascular disease (5, 6) and inflammatory markers 

including C-reactive protein augment directly with the 

accumulation of lipids in the arterial wall and can serve 

as predictors of health outcomes for people with acute 

coronary syndromes (5). How does SFA consumption 

affect inflammation? According to a randomized 

crossover trial in which healthy men were fed 3 different 

diets for a period of three weeks each, when compared to 

a monounsaturated fatty acid (MUFA) rich diet and a 

polyunsaturated fatty acid (PUFA) rich diet, a diet high 

in SFA precedes a greater expression of mRNA genes 

that produce tumor necrosis factor (TNF-a) while diets 

high in MUFA and PUFA precede a greater expression 

of interleukin (IL-6) mRNA (7). Despite these 

differences in gene expression, there was no significant 

difference in plasma concentration of these inflammatory 

markers for the different diets. 

 

The story becomes more complex when looking at other 

studies that link saturated fat and inflammation, such as a 

double-blind crossover study (8) of men and women over 

the age of 50 with high cholesterol.  Subjects were fed 

three different diets with a period of three months 

allotted for each diet; one diet was high in SFA (16.7% 

total energy), another high in PUFA (12.5% total 

energy), and the third with similar levels of SFA and 

PUFA (8.5% and 6.3%, respectively). Protein, 

carbohydrate, total fat %TE and MUFA were kept 

consistent but the high SFA diet had almost double the 

amount of cholesterol (121 mg/1,000 kcal). The 

production of interleukin (IL)-6, an inflammatory marker 

for atherosclerosis (9), was lowest for the high PUFA 

diet and similar for the high SFA and equal SFA and 

PUFA diets. The intermediate diet was also high in 

hydrogenated oils, which may have been responsible for 

the inflammatory response. Tumor necrosis factor (TNF- 

α), another pro-inflammatory cytokine, was shown to be 

associated with high (>18 g/day) intake of saturated fat 

versus low (≤18 g/day) SFA intake (TNF-α pg/mL, high-

SFA 6.9 ±4.8, low-SFA 4.2 ± 2.2, p <0.05) in 42 male 

and female patients with heart failure and a mean age of 

61 years (10). Saturated fat has been shown in vitro to 

induce the production of tumor necrosis factor TNF-α 

(p<0.01) (11).  

 

Another in vitro study found that saturated fat can induce 

the same inflammatory pathway as Lipopolysaccharide 

(LPS) by signaling Toll-like receptor 4 (TLR-4), 

activating the transcription factor NF-KB, and producing 

a plethora of inflammatory cytokines, among these IL-6 

and TNF- α (12). The strength of the inflammatory 

response varied according to the chain length of the SFA; 

stearic acid (C18:0) was only marginally pro-

inflammatory, while lauric acid (C12:0) had the greatest 

inflammatory effect as measured by production of COX-

2. It is also worth noting that docosahexaenoic acid 

(DHA), an omega-3 fatty acid, was actually able to 

inhibit this inflammatory response (13). In rats, a diet 

high in SFAs compared to a diet high in fish oil, i.e. 

omega-3 fatty acids, resulted in higher levels of IL-1β in 

serum (14).  

 

Nevertheless, when we take a look at larger studies 

conducted in humans we see that if there does exist an 

association between saturated fat and more robust 

inflammatory markers such as C-reactive protein (CRP) 

(15-17) it is a weak one. When 4,900 adults who took 

part in the 1999-2000 National Health and Examination 

Survey (NHANES) were asked about their dietary 

intakes of saturated fat and tested for elevated CRP, 

researchers found that the association between these two 

variables was dubious (OR Quartile 3: 1.58, 95%CI:1.02-

2.44), Quartile 4: 1.44, 95% CI 0.80-2.58) (18). 

Independent of total energy intake, alcohol consumption, 

physical activity, smoking, and body mass index, CRP 

levels varied widely relatively to saturated fat intake, 

which implies that CRP levels are driven by some other 

unknown factors.  

 

From these data it is evident that the existence of a 

connection between saturated fat and inflammation 

varies depending on the inflammatory marker that is 

being measured.  

 
Relationship between Saturated Fat and CVD Risk 

Factors: Hypertension  

Hypertension is another independent risk factor for CVD 

(19). The Health Professionals Follow-up Study followed 

30,681 healthy white American male health professionals 

between the ages of 40-75 years old in order to observe 

associations between dietary components and incidence 

of hypertension (20). While consumption of dietary fiber 

was strongly associated with a decrease in hypertension 

risk (RR=1.36, 95% CI 1.04-1.78), there was no 

association between incidence of hypertension and 

saturated fat intake. The Multiple Risk Factor 

Intervention Trial (MRFIT), a prospective cohort study 

of 11,342 men ages 35-57 years old who were classified 

as being at high risk for developing CHD, found different 

results (21). In this 8 year study researchers controlled 

for BMI, alcohol consumption, and other lifestyle factors 

and concluded that saturated fatty acids as a percent of 
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total calorie intake was positively correlated with systolic 

(linear regression coefficient (LRC) = 0.0104) and 

diastolic (LRC = 0.0882) blood pressure. These results 

were not supported by a randomized trial of 162 healthy 

subjects who ate a diet high in either SFA or MUFA for 

3 months (22). SBP and DBP remained unchanged on the 

high SFA diet (p = 0.2084) while blood pressure 

decreased after the 3 month time frame (p = 0.0001). The 

RISCK study echoed these results in 548 subjects who 

were at increased risk for developing metabolic 

syndrome (23). After 1 month on a diet high in SFA 

(38% total energy), vascular health was assessed using 

several tests, among them femoral pulse wave velocity 

for aortic stiffness and flow-mediated dilation (FMD) for 

endothelial function. Brachial artery vasodilation, 

production of NO, arterial stiffness, and FMD were not 

affected despite high intake of SFA. 

 

Saturated Fat and Cardiovascular Events and Mortality 

A recent review of 15 non-multifactorial randomized 

controlled trials with a sum of about 59,000 participants 

looking at the effects of reducing SFA intake in order to 

reduce cardiovascular morbidity and mortality found 

mixed results (24). Risk of cardiovascular events was 

reduced by 17% (RR = 0.83, 95% CI 0.72-0.96) but the 

results for cardiovascular mortality were not as 

convincing (RR = 0.95, 95% CI 0.80-1.12). The evidence 

for reduction in risk of both fatal and non-fatal 

myocardial infarction was also unconvincing (RR = 0.90, 

95% CI = 0.80-1.01) and the results for stroke were 

neutral (RR = 1.00, 95% CI = 0.89-1.12). 

 

A systematic review of 94 randomized trials and 507 

cohort studies exploring the relationship between certain 

dietary factors and coronary heart disease corroborate 

these results (25). Using the Bradford Hill guidelines for 

causation of CHD based on dietary exposure, saturated 

fat received a score of ≤ 2 based on the four criteria of 

coherence, consistency, strength, and temporality, which 

designates insufficient evidence for any causative 

association. Dietary components such as nuts and 

vegetables which can reduce CHD risk received a score 

of 4. 

 

The Women’s Health Initiative, an 8-year-long 

randomized controlled trial of 48,835 racially diverse 

women ages 50-79 years old was included in the 

previously mentioned systematic review (26). The 

intervention group received behavior modification 

counseling to increase intake of fruits and vegetables to 

at least 5 servings per day, intake of grains to at least 6 

servings per day, and to decrease total calories from fat 

to 20%. The control group only received educational 

materials and normal healthcare. At the end of the 

intervention period researchers found no significant 

difference between intervention and control groups in 

terms of incidence of CVD (HR = 0.98, 95% CI: 0.92-

1.05), CHD (HR = 0.97, 95% CI: 0.90-1.06),  and stroke 

(HR = 1.02, 95% CI: 0.90-1.15). 

 

Total saturated fat intake may be less important than the 

ratio of PUFA/SFA 

In the MRFIT the ratio of PUFA to SFA was inversely 

correlated with systolic (linear regression coefficient 

(LRC) = - 0.1684) and diastolic (LRC = - 0.6900) blood 

pressure (21). This correlation was stronger than that of 

dietary PUFA intake alone (SBP LRC = - 0.0510, DBP 

LRC = - 0.0655) which may indicate that the ratio of 

PUFA to SFA seems to be more important that the intake 

of the individual nutrients for predicting hypertension 

risk. 

 

Saturated fats are not a homogenous group 

A meta-analysis of randomized controlled feeding trials 

in which CHO was iso-calorically replaced with lauric 

acid, myristic acid, palmitic acid, or stearic acid (C12:0, 

C14:0, C16:0, and C18:0 respectively) found that chain 

length of saturated fat can lead to unique variations in 

levels of (LDL-C), (HDL-C), and Total Cholesterol (TC) 

(27). For every percent of calories from CHO replaced 

by SFA, all of the fatty acids caused an increase in HDL-

C with lauric acid having the strongest effect and stearic 

acid the weakest. Similarly, lauric acid led to the greatest 

increase in LDL-C followed by myristic acid and 

palmitic acid, while stearic acid actually generated a 

modest reduction in LDL-C. With respect to the ratio of 

TC/HDL-C, lauric acid had the most favorable impact, 

reducing the ratio by a factor of -0.19, followed by 

stearic acid and myristic acid. Palmitic acid increased the 

TC/HDL-C ratio. This data indicates that the sweeping 

recommendation to reduce saturated fat intake is 

unfounded because it does not take into account the 

protective effects that some SFAs may have on the 

cardiovascular system via lipid homeostasis or fatty acid 

balance. Coconut oil is an excellent source of lauric acid 

(almost 50% lauric acid) but there is a need for further 

research to be conducted in humans in order to determine 

if the consumption of this oil has real cardio-protective 

effects. One animal study in which rats were fed virgin 

coconut oil (VCO), heated palm oil, or heated palm oil 

plus a VCO supplement found that after 16 weeks the 

VCO rats had lower blood pressure and less signs of lipid 

peroxidation (28). 

 

The importance of the replacement nutrient 

The results of a 1,254 study meta-analysis of randomized 

controlled trials and prospective cohort studies indicated 

that the effects of reducing SFA are highly dependent on 
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what that nutrient is replaced with – PUFA, MUFA, or 

CHO – and the disease outcome that is evaluated – 

coronary heart disease (CHD), stroke, or type 2 diabetes 

(27). When saturated fats are replaced by PUFA there is 

a 10% risk reduction for each 5% energy substitution. 

The results for MUFA were not consistent, and for 

carbohydrates the effect was neutral.  

 

One of the studies included in this meta-analysis was a 

pooled analysis of 11 cohort studies wherein researchers 

concluded that independent of age or sex, replacing 5% 

of energy from SFA with PUFA could have a modest 

protective effect against both non-fatal (Hazard Ratio 

(HR) = 0.87, 95% CI: 0.77-0.97) and fatal (HR = 0.74, 

95% CI: 0.61-0.89) CHD events, while replacing 5% of 

energy from SFA with CHO had the potential to augment 

risk of non-fatal CHD events (HR = 1.07, 95% CI: 1.01-

1.14) as well as fatal ones (HR = 0.96, 95% CI: 0.82-

1.13) (29). Unfortunately, people tend to replace 

saturated fat in their diets with carbohydrates instead of 

MUFA and PUFA. 

 

What about the Association between High Sugar Intake 

and CVD risk? 

While it is known that excessive intake of refined 

carbohydrates is detrimental to the body being that they 

can increase risk of type 2 diabetes (30, 31), the 

relationship between CHO intake and cardiovascular 

disease is not as well defined. In an analysis of data 

collected during the National Health and Nutrition 

Examination Surveys (NHANES) III, IV, and V (which 

took place during 1988-1994, 1999-2004, and 2005-

2010, respectively) researchers found a positive dose-

response correlation between added sugar intake and 

cardiovascular disease mortality (32). The results across 

quintiles were as follows: reference quintile 1 (Q1) HR = 

1, Q2 HR = 1.09 (95% CI: 1.05-1.13), Q3 HR = 1.23 

(95% CI: 1.12-1.34), Q4 HR = 1.49 (95% CI: 1.24-1.78), 

Q5 HR = 2.43 (95% CI: 1.63-3.62). 

 

The case against sugar has been substantiated by a 

number of observational studies and clinical trials for 

which the results suggest that added sugars may 

contribute to high blood pressure, increased heart rate, 

inflammation, and myocardial oxygen demand (33). 

Feeding sucrose-rich or fructose-rich diets to rats 

increases their heart rate and blood pressure (34, 35). 

Straight fructose consumption can reduce insulin 

sensitivity and consequently induce hyperinsulinemia 

which can cause hypertension, and as insulin resistance 

worsens so does the intensity of hypertension (36). 

Hyperinsulinemia and concurrent impaired utilization of 

glucose is much more prevalent among individuals with 

essential hypertension (80%) compared to the general 

population (25%) (37). A recent meta-analysis of 39 

randomized controlled trials analyzing the impact of 

sugar consumption on blood pressure and lipid profile 

corroborates these findings (38); high sugar consumption 

(as high as 40% of total energy from CHO) was 

associated with an increase in both systolic (mean 

difference (MD): 6.9 mmHg, p <0.001) and diastolic 

blood pressure (MD: 5.6 mmHg, p = 0.0005) as well as 

raised LDL-C and to a lesser extent HDL-C (MD: 0.12 

mmol/L, p = 0.0001 and 0.02 mmol/L, p = 0.03, 

respectively). A positive direct association between high 

sugar intake and triglycerides (TG) was also noted (MD: 

0.11 mmol/L, p<0.0001). 

 

The increase in TG is particularly noteworthy because 

plasma TG levels in excess of 133 mg/dl creates a 

favorable environment for the conversion of large, 

buoyant LDL-C into small dense LDL (sdLDL) (39). An 

abundance of sdLDL in the blood is associated with a 

higher myocardial infarction risk (40). Additionally 

sdLDL is more susceptible to oxidation relative to large 

LDL particles, and they can penetrate blood vessel walls 

more easily due to their small size and remain there for 

more time as they bind to proteoglycan (39). 

 

Conclusion 

According to the largest and most recent studies on the 

association between saturated fat intake and 

cardiovascular disease risk, saturated fat is not strongly 

correlated with well-established CVD risk factors such as 

systemic inflammation and blood pressure. For 

cardiovascular events and mortality, combined results of 

both RCTs and prospective cohort studies show no 

benefit for reducing SFA intake as a means of improving 

CVD outcomes. There is a potential benefit to reducing 

SFA if those fats are replaced by PUFAs, but if they are 

replaced by carbohydrates this can have either a neutral 

or detrimental impact on CVD risk. When making 

dietary recommendations it is essential to always take 

into account the heterogeneity of fatty acids because their 

impact on lipid profile varies according to chain length. 

Lauric acid, which is the most plentiful fatty acid in 

coconuts, has been shown to be protective against CVD 

in rats but human studies need to be conducted in order 

to gain a better understanding of how short chain SFAs 

can be cardioprotective. Lastly, a diet high in sugar can 

lead to high triglycerides and set in motion a cascade of 

events that leads to the proliferation of sdLDL and 

subsequent atherosclerosis. High intake of carbohydrates 

may be the real primary cause of the cardiovascular 

disease epidemic, not saturated fat, but more research 

needs to be done on this topic as well. 
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