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Abstract: Despite gaining focus, cardiovascular disease (CVD) remains the leading cause 
of death worldwide. Health promotion agencies have traditionally recommended diets that 
are low in fat in order to reduce CVD risk however, much debate remains about which 
dietary approaches are the most efficient for effective disease prevention. Common 
markers of CVD include elevated plasma triglycerides (TG) and low-density lipoprotein 
(LDL) cholesterol levels, as well as reduced high-density lipoprotein (HDL) cholesterol 
levels. While weight loss alone can significantly reduce markers of CVD, manipulating 
dietary macronutrient content contributes to the beneficial effects of weight loss and 
furthers the improvement of lipid profiles even without the alteration of total caloric intake. 
Considering the recent attention to diets that are low in carbohydrates rather than fat,  
it remains to be elucidated the beneficial effects of each diet type when establishing new 
recommendations for CVD prevention. This review aims to examine the effects of different 
macronutrient compositions on lipid markers, thus providing insight into the potential roles 
of various diet types in the targeted prevention against CVD. 
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1. Background 

Cardiovascular disease (CVD) is one of the leading causes of morbidity and mortality worldwide, 
accounting for approximately 30% of all deaths, as well as placing a significant financial burden on 
existing health care systems [1,2]. Research targeted at understanding the development and progression 
of CVD has maintained prominence over the years, however, much debate remains about which clinical 
approaches are most efficient for its prevention. Rather than using the more traditional approach of 
weight loss alone to lower the risk of CVD, scientists have begun focusing on nutritional composition as 
an effective intervention. Recently, research has been directed towards understanding different dietary 
compositions and their impact on lipid profiles and markers of CVD risk. Based on these trends, many 
organizations (such as the American Heart Association) are providing dietary guidelines that endorse 
the higher consumption of whole grains and complex carbohydrates, vegetables and low fat dairy 
products. Also recommended is the consumption of foods which are lower in fat content, suggesting 
lean meats such as poultry/fish over red meat, and unsaturated fats over saturated and the avoidance of 
trans-unsaturated fats [3,4]. While low-fat diets such as these are highly recommended for individuals 
at risk of developing cardiovascular complications, it has become unclear whether these diets in fact 
improve lipid profiles and lower risk of developing CVD. 

Common markers of CVD include elevated levels of triglycerides (TG), low-density lipoprotein 
(LDL) and cholesterol [5–7]. Decreases of 1 mmol/L in plasma TG and LDL cholesterol levels are 
associated with a 22.5% and 28% reduction in relative risk of CVD deaths and 29.5% and 26.6% 
decrease in relative risk of coronary heart disease events, respectively, in populations with and without 
coronary heart disease [8]. Additionally, high levels of LDL cholesterol and low levels of high-density 
lipoproteins (HDL) cholesterol (ratio) have been related with coronary events [9]. Increases in HDL 
cholesterol alone have been found to be insufficient to reduce the risk of CVD-related events or death [10], 
suggesting that factors such as serum TG and LDL cholesterol, as well as other elements such as 
apolipoprotein B (ApoB) and apolipoprotein C-III (ApoC-III) content in very-low density lipoprotein 
(VLDL) cholesterol may be more crucial in assessing CVD risk [11]. In principle, abnormal lipid 
profiles result in damage to the endothelial cells. This impairment leads to endothelial dysfunction, 
diminished ability for vasodilation and ultimately allows lipids to penetrate the endothelial layer. This 
results in the initiation of an oxidative and inflammatory cascade that culminates in the development of 
plaque deposits. Subsequently, these plaques begin to calcify and, over time, become prone to rupture, 
a phase which oftentimes results in a deadly blood clot.  

2. Lowering CVD Risk: Will Only Weight Loss Do? 

Weight loss alone, induced by restricted caloric intake with or without increased physical activity, 
can reduce cardiovascular risk by decreasing plasma TG levels and increasing HDL cholesterol [12]. 
Several studies have found similar weight reduction when following either low-fat (10–30% of energy 
from fat) or low-carbohydrate (4–45% of energy from carbohydrates) isocaloric diets [13], as well as 
restricted-calorie, low-fat and low-carbohydrate diets that were either low (15% of total energy intake) 
or high (25% of total energy intake) in protein content [14]. These findings suggest that caloric 
restriction, rather than macronutrient content, may play a more important role in determining weight 
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loss. However, some diets appear to be as efficient at reducing body weight in the absence of caloric 
restriction: for example, a non-restricted low-carbohydrate diet (20–120 g of carbohydrates per day) 
had similar effects on body weight when compared to a restricted-calorie, low-fat (30% of total energy 
intake from fat) and Mediterranean-style (a diet contributing �35% of energy from fat, with an 
emphasis on vegetables, poultry and fish) diets [15]. Additional studies have reported significant 
reductions in body weight with diets low and very-low in carbohydrate content (a diet contributing 10% 
of energy) [16–18], while others have found that low-fat diets [19] and high-protein diets [20] were 
significantly more effective at reducing body weight.  

While weight loss alone, induced by caloric restriction or a change in diet, can reduce risk of CVD, 
manipulating dietary macronutrient content has been shown to improve blood lipid profiles even in the 
absence of weight loss. For example, even though subjects who followed a restricted carbohydrate diet 
started to regain weight after 6 months, the residual effects of carbohydrate restriction on blood lipids 
(HDL and triglycerides) levels were detectable for up to 2 years [15]. Another study that compared the 
effects of dietary macronutrient content (3.5% protein, 56.0% fat and 9.6% carbohydrate versus 22.0% 
protein, 25.0% fat and 55.7% carbohydrate) found that the high fat/low carbohydrate diet resulted in 
greater improvements in blood lipids and systemic inflammation when compared to the low fat/high 
carbohydrate, even though there were no detectable differences in body weight between the two diets [21]. 

Many reports have found beneficial effects of low-fat diets on blood lipid profiles: a recent  
meta-analysis that included 32 studies, with follow-ups of 12 months or more, found that low-fat diets, 
where fat intake accounted for 30% or less of total energy, had significantly greater long-term  
(�12 months) reductions in LDL cholesterol compared to high-fat diets, where fat intake accounted for 
more than 30% of total energy [22]. Other low-fat diets, including Dietary Approaches to Stop 
Hypertension (DASH)-style diets, which are promoted by the National Heart, Lung, and Blood 
Institute, have similarly been found to lower risk of stroke and coronary heart disease [23], and to 
significantly lower levels of total, LDL, and HDL cholesterol compared to control diets (approximately 
50% of energy intake from carbohydrates, 37% from fat, and 14% from protein); [24] and regular, 
unmonitored diets [25]. While reductions in total and LDL cholesterol are beneficial for CVD risk, 
lower levels of HDL cholesterol is also considered a risk factor for the development of CVD. 
Furthermore, studies have reported significant increases in levels of VLDL cholesterol following low-
fat diets [26], which are associated with cardiovascular events [11]. Despite the growing interest in the 
effects of macronutrient content on blood lipid profiles, more research needs to be conducted in order 
to gain further insight into the effectiveness of these dietary interventions.  

In contrast, VLDL cholesterol levels were found to be significantly reduced following a  
very-low-carbohydrate diet (60% of energy from fat, 30% from protein, and 10% from carbohydrates) 
for 4 weeks when compared to levels following 4 weeks of a low-fat diet (25% of energy from fat, 
20% from protein, and 55% from carbohydrates; [18]). Additionally, a 12-week diet of high-fat,  
low-carbohydrate content (60% fat, 35% protein, and �40 g/day carbohydrates) led to greater 
improvements in blood lipid profiles by decreasing TG levels and increasing HDL cholesterol in 
comparison to a low-fat, high-carbohydrate diet (25% fat, 15% protein, and 60% carbohydrates; [21], 
which is in agreement with past work [14,15]. Conversely, additional groups have also reported 
increased levels of LDL cholesterol following low-carbohydrate and high-fat diets [16,22], whereas 
others reported initial increases in LDL cholesterol in individuals following diets low in carbohydrate 



J. Cardiovasc. Dev. Dis. 2014, 1 204

 

content when compared to those following diets low in fat content, but there were no significant 
differences after 6 and 12 months follow-up [27]. 

Research suggests that low-carbohydrate and low-fat diets may produce similar results in the long 
term. For example, a meta-analysis of 23 randomized controlled studies found that low-carbohydrate 
(�45% of energy intake) and low-fat (�30% of energy intake) diets both reduced total cholesterol, 
LDL cholesterol and TG levels, and increased HDL cholesterol after interventions that were 6 months 
or longer, with both diets similarly reducing body weight [13]. Other studies have also reported 
improvements in lipid profiles following both types of diets [20]. Thus, both types of diets have both 
positive and negative effects on blood lipid profiles. Low-fat diets generally appear to reduce total 
cholesterol including LDL and HDL cholesterol, and increase VLDL cholesterol, while low-carbohydrate 
diets appear to reduce TG levels, increase HDL and LDL cholesterol as well as lower VLDL 
cholesterol. However, both types of diets may continue to have beneficial effects over time and lead to 
similar results on blood lipid profiles.  

3. Lipid Profile Patterns 

Two distinct phenotypes (see Figure 1) in relation to lipid profiles have been observed: pattern A, 
which is associated with large, buoyant LDL particles (LDL I and II particles), and pattern B, which is 
associated with small, dense LDL particles (LDL III and IV particles) as well as an increased risk of 
myocardial infarction compared to individuals with pattern A. These phenotypic differences appear to 
be linked to a specific genetic locus, suggesting that CVD is partly heritable [28]. No associations 
between LDL diameter patterns and smoking, diabetes, or hypertension were observed in this sample [29]. 
However, other studies have reported positive associations between levels of LDL III particles and 
body mass index (BMI), particularly in men, levels of LDL III and age in both men and women, as 
well as levels of LDL I particles and alcohol consumption [30]. Individuals with a pattern B lipid 
profile were also found to be associated with higher levels of plasma TG and very-low-density 
lipoprotein (VLDL) and intermediate-density lipoprotein (IDL), as well as with lower levels of HDL 
cholesterol [29], further supporting the link between this phenotype and CVD risk.  

Lipid profile patterns can also be affected by dietary changes. For example, a diet contributing 24% 
energy from low-fat for 6 weeks led to over 40% of individuals who originally had pattern A switching 
to pattern B (see Figure 2) [26,31]. In a follow-up study (see Figure 3), a third of individuals who had 
maintained a stable pattern A after the diet with a contribution of 24% of energy from fat, switched to 
a pattern B following 10 days of a very-low-fat diet (10% contribution of total energy) [26].  

In addition, the diet composed of 10% fat, in comparison to a regular diet where approximately 
35% of the total energy came from fat, was associated with higher levels of CVD risk factors. 
Specifically, the 10%, very-low-fat diet resulted in increased TG levels, overall mass of VLDL 
particles and small, dense atherogenic LDL III and IV particles, all of which are associated with an 
increased CVD risk. In addition, the mass of large LDL I and small IDL particles, which are less 
atherogenic than dense particles, was decreased following this diet. These findings suggest that diets 
with low levels of fat intake, but a higher content of carbohydrates, are associated with a more 
deleterious lipid profile, even in individuals who previously showed no signs of elevated risk. 
However, the effects of these diets on lipid profile phenotypes in the long-term remain unclear. 
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While traditional risk factors for CVD have been assessed in the literature, research suggests that 
certain apolipoproteins that become part of cholesterol-carrying lipoproteins may be more important 
markers for CVD risk. For example, elevated concentrations of apolipoprotein B (ApoB)-containing 
particles, and ApoC-III content in LDL and VLDL particles are strong predictors of atherosclerosis, 
independent of other known risk factors and CVD-related events [11,32,33]. In regards to these 
markers, diets low in carbohydrate content may be more efficient at decreasing concentrations of these 
apolipoproteins in plasma [34]. However, research suggests that the quality, rather than the quantity, of 
dietary fat may be more crucial in determining overall CVD risk [35]. 

Figure 1. A schematic image of the low density lipoprotein (LDL) subtype patterns. Low 
density lipoprotein particles vary in size and density, and studies have shown that small 
dense LDL particles, called Pattern B, equates to a higher risk factor for CVD than does a 
pattern with more of the larger and less-dense LDL particles (Pattern A).  

 

Figure 2. Distribution of LDL peak particle densities determined by analytic 
ultracentrifugation in 238 men consuming high-fat (40–46% of energy from fat) and  
low-fat (20–24% of energy from fat) diets. White bars represent subjects with LDL 
subclass phenotype A and shaded bars subjects with LDL subclass phenotype B. Reprinted 
with permission [26]. 
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Figure 3. Distribution of LDL peak particle densities determined by analytic 
ultracentrifugation in 38 men consuming their usual diet (�32% fat) and a 10% fat diets. 
White bars represent subjects with LDL subclass phenotype A and shaded bars subjects 
with LDL subclass phenotype B. Reprinted with permission [26]. 

 

4. Saturated Fat 

Diets lower in saturated fat have been associated with significantly greater reductions in LDL 
cholesterol and lower concentrations of large, buoyant LDL particles [34], whereas higher intakes of 
saturated fat have been associated with significantly greater increases in concentrations of small, dense 
LDL III particles, and higher contents of ApoC-III in LDL cholesterol particles, specifically LDL IV 
particles [36]. A 5% increase in saturated fat intake has been associated with a 36% greater risk of 
coronary heart disease in women in a 16-year follow-up study [37]. Similar findings assessing the risk 
of CVD-related events and death have been reported using data from the Nurse’s Health Study [38]. 
Furthermore, substitution of carbohydrates and saturated fat with polyunsaturated fat has been 
associated with a decreased risk of coronary events and death [39]. Greater decreases in LDL 
cholesterol have been observed in individuals with lower levels of saturated fat intake [25,40].  
Moreover, replacing saturated fatty acids with cis unsaturated fatty acids was found to decrease 
total:HDL cholesterol ratio, with cis monounsaturated fatty acids resulting in the greatest reduction in 
LDL cholesterol [41]. Despite accumulating findings that suggest a relationship between saturated fat 
intake and CVD risk, a meta-analysis of 21 prospective cohort studies with 5–23 years of follow-up 
found no significant association between saturated fat intake and risk of stroke or CVD when the data 
were pooled together, even though individual studies had reported significant associations [42]. 
Similarly, no significant differences in the number and frequency of cardiovascular events and deaths 
between diets differing in fat composition were reported following periods of over 2 years [43].  
It, therefore, remains unclear whether saturated fats are more dangerous in promoting CVD compared 
to unsaturated fats. More research is needed to make accurate and appropriate dietary 
recommendations on which types of fats to consume and which to avoid to decrease overall CVD risk. 
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5. Protein Content 

Dietary protein content also affects body weight and lipid profiles. While differences in dietary 
protein content appear to have similar effects on body weight, diets higher in protein may produce 
more favourable changes in lipid profiles. For example, replacing carbohydrates with protein was 
found to significantly reduce TG levels and LDL cholesterol [44]. Furthermore, a high-protein diet 
(48% of energy intake from carbohydrates, 27% from total fat—6% saturated, 13% monounsaturated, 
8% polyunsaturated—and 25% from protein) led to greater decreases in ApoC-III content in LDL and 
VLDL cholesterol compared to low-fat (58% of energy intake from carbohydrates, 27% from total 
fat—6% saturated, 13% monounsaturated, 8% polyunsaturated—and 15% from protein) and 
unsaturated-fat (48% of energy intake from carbohydrates, 37% from total fat—6% unsaturated, 21% 
monounsaturated, and 10% polyunsaturated—and 15% from protein) diets, beneficial effects that 
appeared to be independent of those resulting from carbohydrate reduction alone [45]. Other studies 
have found contrasting results, whereby high-protein and high-carbohydrate diets with similar fat 
intake resulted in similar reductions in LDL and HDL cholesterol levels [46]. While these findings 
suggest the importance of substantial protein intake, other studies have reported that diets rich in 
protein may not sustain weight loss for long periods of time (�3 months), and attribute the positive 
effects of high-protein diets on lipid profiles to weight loss. Furthermore, they may cause kidney and 
liver problems and increase risk of cardiovascular disease due to increased intake of saturated fatty 
acid and cholesterol associated with protein intake from animal sources [47]. 

The source of protein and fat can also impact whether the effects of a diet can be beneficial or not. 
For example, low-carbohydrate diets with protein and fat primarily from vegetable sources as opposed 
to animal sources were found to be associated with decreased CVD-related mortality and risk of CHD. 
In the Nurse’s Health Study, vegetable fat intake was associated with a decreased risk of CHD, 
whereas no such association was found with animal fat intake [37]. Moreover, higher mortality rates in 
the Nurse’s Health Study and the Health Professional’s Follow-up Study have been associated with  
low-carbohydrate scores that had primarily animal sources of fat and protein [48].  

6. Literature Shortcomings 

One major difficulty with studies monitoring diets in large cohorts is the accuracy of self-reported 
measures, which are commonly used to monitor dietary intake over the course of the experiment. 
Studies have found that questionnaires such as the food-frequency questionnaires (FFQs), 24-hour 
recall, 4-day weighed food recalls and 7-day diaries, which are commonly used in cohort studies, led to 
inaccurate reports of dietary intake and consequently underestimations of relative risk calculations due 
to intake-related and person-related biases [49,50]. In contrast, other studies have reported close 
associations between actual dietary intake and that reported by the FFQs, although large individual 
differences were observed [51]. However, even though FFQs could provide somewhat accurate data in 
certain individuals, many studies lack repeated measures of dietary intake that could improve overall 
accuracy of these classifications [37]. Thus, discrepancies between studies may result from imprecision 
due to subjective assessment methods, ultimately leading to inconclusive findings on the long-term 
effects of various diets. While associations between diets and lipid profiles may be stronger in  
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shorter-term studies due to greater control over the participants’ diets and higher compliance rates, 
they provide no insight as to these effects in the long-term. Furthermore, publication bias and the 
favouring of studies with positive results also lead to biased knowledge about the dietary effects on 
health. Such publication bias has been found in a number of cohort studies [20,40], while others have 
included unpublished cohort studies in an effort to reduce this effect [37].  

7. Conclusion 

The challenges that accompany scientific research in this area result in an inability to conclusively 
determine the most effective macronutrient compositions required for the reduction of CVD risk. Diets 
low in fat content generally reduce total, LDL, and HDL cholesterol, whereas diets low in carbohydrates 
reduce TG levels and VLDL cholesterol, and increase HDL as well as LDL cholesterol. However,  
low-carbohydrate diets shift the size of LDL particles from small, dense LDL III and IV particles, 
which are more atherogenic, to larger, more buoyant LDL I and small IDL particles, which appear to 
be less dangerous in promoting CVD. In contrast, while low-fat diets lower total LDL cholesterol, 
LDL particle size is shifted more towards small, dense atherogenic particles. These findings suggest 
that focusing on specific subclasses of LDL particles rather than total LDL cholesterol levels is more 
accurate in assessing overall CVD risk, and dietary recommendations should target lowering levels of 
these dangerous LDL particles. Moreover, concentrations of ApoB and ApoC-III in LDL and VLDL 
particles may be particularly effective tools for the assessment of CVD risk, as these apolipoproteins 
affect how cholesterol particles are metabolized in the circulatory system [52], and may mediate 
conversions between different LDL subfractions [53]. Therefore, developing better methods to track 
dietary intake in the long-term, and shifting the focus of assessments from total:HDL ratios and LDL 
cholesterol to TG-rich, ApoB- and ApoC-III-containing LDL and VLDL particles could lead to more 
precise and accurate findings in future research in this field. 

Importantly, dietary recommendations should be tailored to the needs of the individual, based on 
which markers are elevated or decreased and present a risk of CVD development. Recent research 
suggests that the average individual affected by or at risk for developing CVD has changed over the 
years, whereby most patients with coronary problems are also affected by some form of insulin 
resistance [36]. Therefore, this insulin resistance needs to be taken into consideration when giving 
dietary recommendations. Since being overweight is one of the risk factors for CVD development, 
diets low in carbohydrate content with moderate levels of protein intake appear to be the most efficient 
in reducing body weight in the long term, and because no caloric restriction is needed in order to  
see results. 
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