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ABSTRACT
Depressed levels of atheroprotective large HDL particles are common in obesity and cardiovascular disease
(CVD). Increases in large HDL particles are favourably associated with reduced CVD event risk and coronary
plaque burden. The objective of the study is to compare the effectiveness of low-carbohydrate diets and weight
loss for increasing blood levels of large HDL particles at 1 year. This study was performed by screening for body
mass index (BMI) and metabolic syndrome in 160 consecutive subjects referred to our out-patient Metabolic
Unit in South Italy. We administered dietary advice to four small groups rather than individually. A single team
comprised of a dietitian and physician administered diet-specific advice to each group. Large HDL particles at
baseline and 1 year were measured using two-dimensional gel electrophoresis. Dietary intake was assessed via 3day diet records. Although 1-year weight loss did not differ between diet groups (mean 4.4 %), increases in large
HDL particles paralleled the degree of carbohydrate restriction across the four diets (p<0.001 for trend). Regression analysis indicated that magnitude of carbohydrate restriction (percentage of calories as carbohydrate at 1
year) and weight loss were each independent predictors of 1-year increases in large HDL concentration. Changes
in HDL cholesterol concentration were modestly correlated with changes in large HDL particle concentration
(r=0.47, p=.001). In conclusion, reduction of excess dietary carbohydrate and body weight improved large HDL
levels. Comparison trials with cardiovascular outcomes are needed to more fully evaluate these findings.
Keywords: obesity, HDL, low carbohydrate diet and weight loss

INTRODUCTION
Cardiovascular disease (CVD) remains
the leading cause of death throughout the
world, and greater insight into the relative
effects of various diets on CVD risk remains

a public health priority (Eckel et al., 2014;
Jensen et al., 2014).
New insights into the cardiovascular effects of diets inducing weight loss may be
gained by measuring their effects on blood
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levels of large, fully matured, particles of
high-density lipoprotein (HDL) (Rosenson et
al., 2013). Abnormally low levels of large
HDL particles indicative of impaired HDL
metabolism and atherogenic dyslipidaemia
are common among overweight/obese patients with cardiovascular risk factors (Kouda, 2015; Phillips and Perry, 2015; Reina et
al., 2015; Samino et al., 2015; Savolainen,
2015).
Increased levels of large HDL particles
are potent predictors of reduced risk of CVD
events, reduced atherosclerotic plaque burden, and longevity (Barzilai et al., 2003; Filippatos and Elisaf, 2013; Kim et al., 2014;
Russo et al., 2014), whereas reduced levels
of HDL cholesterol are potent predictors of
metabolic syndrome (Finelli et al., 2006;
Savastano et al., 2015; Tarantino et al.,
2011). Furthermore, centenarians and their
offspring are known to have relatively high
levels of large HDL particles (Barzilai et al.,
2003). Currently, available evidence supports the use of HDL particle number as the
biomarker of choice to assess the contribution of HDL to cardiovascular risk, as reported by Rosenson et al. (2015). Another, it
is hypothesized, by Chyu and Shah, that in
addition to HDL infusion therapy an alternative way to exploit beneficial cardiovascular
effects of HDL/ApoA-1 is to use gene transfer (Chyu and Shah, 2015).
The aim of our study was to evaluate
whether reduction of dietary carbohydrate
and weight loss, resulted in clinically meaningful improvements in large HDL levels
and presumably HDL metabolism, standard
lipid profiles being inadequate for measuring
such improvements.
METHODS
Patients
This study was performed screening 160
consecutive patients referred to our outpatient Metabolic Unit from South Italy. Patients 1-40 were assigned to the Atkins diet,
patients 41-80 to the Zone diet, patients 81120 to Weight Watchers diet, and patients

121-160 to the Ornish diet. We included only
93 patients, of any age with body mass index
(BMI) between 27 and 42 kg/m2, having at
least one of the following metabolic cardiac
risk factors: fasting glucose > 110 mg/dl, total cholesterol > 200 mg/dl, low density lipoprotein (LDL) cholesterol > 130 mg/dl,
high density lipoprotein (HDL) cholesterol
< 40 mg/dl, triglycerides > 150 mg/dl, systolic blood pressure > 145 mmHg, diastolic
blood pressure > 90 mmHg, or oral medication to treat hypertension, diabetes, or
dyslipidaemia. Candidates (n=67) were excluded due to unstable chronic illness, insulin therapy, clinically significant abnormalities of liver, kidney or thyroid tests, weight
loss medication, or pregnancy. The study
was carried out according to the principles of
the Declaration of Helsinki as revised in
2000 and written consent was obtained at the
beginning of the study from each patient.
Participants did not receive any monetary
compensation.
Intervention
We administered dietary advice to small
groups rather than individually. A single
medical team comprised of a dietitian and
physician nutritionist dispensed diet-specific
advice to each group, meeting for one hour
on four moments during the first two months
of the study, as reported by Dansinger’s
study (Dansinger et al., 2005). At the first
meeting, the medical team communicated the
diet attributed and specified the corresponding rationale and written materials. Following meetings attempted to maximize adherence by supporting positive dietary differences and addressing obstacles to adherence.
The Atkins diet group attempted for less than
20 grams of carbohydrate day to day, with a
progressive increase toward 50 grams day to
day. The Zone group attempted for a 40-3030 balance of percent calories from carbohydrate, fat, and protein, respectively. The
Weight Watchers group attempted to keep
total day-to-day “points” in a range regulated
by current weight. Each “point” was approximately 50 calories, and most patients at-
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tempted for 24-32 points day to day. Lists
produced by the Weight Watchers Corporation established point values of usual foods.
The Ornish group attempted for a vegetarian
diet containing 10 % of calories from fat.
The benefit of these programs is that they are
balanced nutritionally and, above all, that
they provide precise information about the
quantity of the individual nutrients. The reduction in calories makes people hungry and
thus leads to discontinuation of the program.
In an effort to isolate the nutritional
component of each plan, we standardized
recommendations pertaining to supplements,
physical activity, and external support, as
reported by Dansinger’s study (Dansinger et
al., 2005). We encouraged all patients to take
a non-prescription multivitamin daily, obtain
at least 60 minutes of physical activity weekly, and avoid commercial support services.
To approximate the realistic long-term sustainability of each diet, we asked patients to
follow their dietary assignment to the best of
their ability until their two-month assessment, after which time we encouraged them
to follow their assigned diet according to
their own self-determined interest level, as
reported by Dansinger’s study (Dansinger et
al., 2005).
Assessment of dietary intake and outcome
measures
We asked participants to complete threeday food records at baseline, one, two, six,
and 12 months (Schröder et al., 2001). Utilizing a computerized diet analysis program
(Nutritionist Five, version 2.3, First DataBank Inc.) we calculated the average day to
day of each nutritional components (macroand micro-nutrient) intakes.
We assessed clinical changes at baseline,
two, six, and 12 months. Patients were blinded to the timing of the evaluations until two
weeks prior to each visit, and the baseline
measurement occurred within two weeks
prior to the nutritional intervention. Study
nurses and laboratory personnel were blinded to patients’ dietary attribution. We determined body weight using a single calibrated

scale (Detecto) while the patients were wearing light clothing and no shoes. We evaluated waist size as the average of two readings
at the umbilicus utilizing a spring calibrated
tape measure, and blood pressure as the average of one reading in each arm while sitting, using an automated instrument with
digital readout (Dinamap, Critikon Inc.).
Blood samples were drawn in fasting individuals. To have every laboratory test performed (serum lipids, glucose, insulin, and
high sensitivity C-reactive protein), venous
blood samples from the antecubital vein
were obtained following standard procedures
(Warnick, 2000).
Total plasma apoA-I concentrations at
baseline and 12 months were evaluated with
a turbidimetric immunoassay (Wako Diagnostics) on a Hitachi 911 analyzer. ApoA-I–
containing HDL subpopulations were determined by 2D non denaturing gel electrophoresis, immunoblotting, and image analysis as
described by Asztalos et al. (2005). All
measurements were performed in our laboratory in the same way, and strict quality control procedures were followed. The interassay and intra-assay coefficients of variation
were < 5 % for the lipid measurements and
< 10 % for the apoA-I and HDL subpopulation determinations, as described by Asztalos
et al. (2005). All plasma samples were stored
at −80 °C and were never thawed until analysis. The effects of long-term storage on
HDL subspecies were evaluated, and no significant mutations in the values acquired after the valuation of the same samples fresh
and from short-term and long-term storage
were observed (Asztalos et al., 2005).
Statistical analysis
We used standard statistical software
(SPSS version 17.0) to compute for each
clinical and nutritional variable the means
and standard deviations (SD) at baseline and
one-year, the absolute and percent change
from baseline, and one-sample t-tests to assess the null hypothesis of no change from
baseline. Linear regression was used to calculate the p-value for linear trend for 1-year
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absolute change from baseline across the Atkins, Zone, Weight Watchers, and Ornish
diets, respectively. Pearson correlation coefficients were used to assess the univariate
associations between variables, and forward
stepwise linear regression was used to evaluate the independent associations of nutritional and clinical (weight, waist size, and exercise) variables with large HDL levels. All pvalues were two-sided; a value of < 0.05 was
considered statistically significant.

Weight loss augmented the beneficial effect of carbohydrate restriction on large HDL
levels (Figure 3a). When each of the four
diet groups were pooled, percent weight loss
(r=0.22, p=0.038) and reduced dietary carbohydrate intake (r=0.34, p=0.001) at 1 year
were each predictive of increased levels of
large HDL. This is illustrated in Figure 3 according to clinically relevant categories of
dietary carbohydrate intake (Figure 3b) and
weight loss (Figure 3c).

RESULTS
Of 93 participants who completed the 1year intervention, blood samples were available for analysis in 88 (n=20 in Atkins diet
group; n=22 in Zone diet group; n=26 in
Weight Watchers group; n=20 in Ornish diet
group) cases (95 %). The mean age at baseline was 49 (SD=10) years, 43 (49 %) were
male, and 67 (76 %) were Caucasian. For
each diet group, absolute values at baseline
and 1 year for relevant nutritional and biochemical cardiovascular risk variables are
noted in Table 1. Statistically significant
macronutrient gradients (p < 0.05 for linear
trend) across the four diets were present at 1
year for dietary carbohydrate, total fat, saturated fat, protein, fiber, and cholesterol.
The mean 1-year weight loss for all participants was 4.4 % (SD 6.3 %) with no statistical difference between diet groups (Figure 1a). In contrast, the mean increase in
large HDL particles paralleled the degree of
carbohydrate restriction recommended by
each eating strategy (Figure 1b). At 1 year,
large HDL particles were increased from
baseline by 36 % for Atkins, 32 % for Zone,
16 % for Weight Watchers, and 2 % for Ornish (p < 0.001 for linear trend, Figure 2a).
In comparison, HDL cholesterol increased
approximately 16 % in the Atkins, Zone, and
Weight Watchers groups and 1 % in the Ornish group at 1 year (Figure 2a). The univariate correlation between 12-month absolute change in HDL cholesterol versus absolute change in large HDL was less than 0.5
(Pearson r=0.47, p=0.001, Figure 2b).

Figure 1a: Mean change in weight at 1 year according to diet type

Figure 1b: Mean change in large HDL at 1 year
according to diet type

In linear regression modelling, the
strongest independent predictors of absolute
changes in large HDL levels at 1 year were
1-year changes in dietary carbohydrate intake (as a proportion of calories, p < 0.001)
and changes in body weight (percent weight
loss, p=0.034). After accounting for these
two factors (r=0.43, r2=0.19), the effects of
1-year changes in dietary intake of calories,
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sugars, protein, total fat, saturated fat, cholesterol, and fiber were each non-significant
(p>0.05), as were changes in waist size and
exercise. The 1-year level of large HDL
(mg/dL) was closely predicted (r=0.84,
r2=0.70, p<0.001) by accounting for the
baseline level of large HDL along with the
carbohydrate intake and weight loss. To further illustrate this relationship and facilitate
clinical interpretation, Figure 4 demonstrates
predicted 1-year increases in large HDL.
Figure 3a: Mean change in large HDL at 1 year
according to diet type, stratified by 1 year weight
loss above vs. below the median

Figure 2a: Mean percent change in HDL cholesterol and large HDL at 1 year according to diet
type
Figure 3b: Mean change in large HDL at 1 year
according to categories of dietary carbohydrate
intake at 1 year

Figure 2b: Absolute change in HDL cholesterol
and large HDL at 1 year, scatterplot comparison
Figure 3c: Mean change in large HDL at 1 year
according to categories of percent weight loss at
1 year
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Table 1: Baseline and one-year values for clinical variables in patients with 1-year data available for levels of large HDL*

Age (years)
Weight (kg)
BMI (kg)
Waist (cm)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Insulin (uU/L)
Glucose (mg/dL)
Hemoglobin A1c (%)
Total cholesterol (mg/dL)
LDL cholesterol (mg/dL)
HDL cholesterol (mg/dL)
Large HDL (mg/dL) ||
VLDL cholesterol (mg/dL)
Triglyceride (mg/dL)
C-reactive protein (mg/L)
Framingham score (%)
Energy intake (Kcal/d)
Carbohydrate (g/d)
Carbohydrate (% of Kcal)
Total fat (g/d)
Total fat (% of Kcal)
Saturated fat (g/d)
Saturated fat (% of Kcal)
Protein (g/d)
Protein (% of Kcal)
Fiber (g/d)
Sugars (g/d)
Dietary cholesterol (mg/d)

Atkins
(n=21)
Baseline
47 (12)
100.9 (14.5)
34.8 (3.6)
110 (10)
129 (14)
77 (11)
22 (16)
137 (58)
6.9 (1.8)
210 (32)
135 (23)
47 (12)
15.3 (8.4)
28 (15)
142 (75)
3.9 (3.8)
10.0 (9.0)
2069 (557)
249 (90)
47 (12)
79 (28)
34 (8)
28 (13)
12 (4)
93 (28)
18 (5)
20 (12)
83 (45)
312 (194)

1 year
48 (12)
96.9 (15.4) ‡
33.4 (3.9) ‡
105 (10) ‡
130 (16)
75 (9)
19 (14)
140 (70)
6.6 (1.6)
202 (32)
122 (32)
53 (14) ‡
20.9 (12.2) ‡
27 (20)
140 (113)
2.6 (2.5) †
7.2 (6.3) ‡
1806 (460) †
157 (82) ‡
35 (15) ‡
85 (33)
42 (11) ‡
31 (13)
16 (5) ‡
100 (32)
22 (6) †
14 (10) †
53 (29) †
428 (239)

Zone
(n=22)
Baseline
51 (9)
102.9 (19.3)
34.5 (4.9)
111 (13)
130 (18)
79 (11)
36 (47)
122 (56)
6.7 (2.2)
230 (53)
146 (49)
45 (13)
14.2 (10.4)
40 (26)
203 (139)
4.2 (3.4)
10.2 (4.5)
2221 (784)
255 (83)
46 (7)
89 (42)
35 (7)
30 (15)
12 (3)
95 (32)
17 (3)
21 (9)
81 (42)
345 (207)

1 year
52 (9)
98.4 (17.1) ‡
33.1 (4.7) ‡
107 (11) ‡
134 (18)
77 (12)
19 (9)
118 (49)
6.5 (1.7)
215 (48)
128 (35)
50 (14)
17.4 (11.7) †
38 (41)
212 (293)
3.5 (3.8)
9.5 (5.9)
1838 (679) ‡
168 (63) ‡
39 (13) †
77 (48)
35 (11)
26 (19)
12 (5)
114 (55) †
24 (6) ‡
19 (9)
72 (40)
360 (327)

Weight Watchers
(n=26)
Baseline
51 (9)
98.8 (14.1)
35.1 (3.7)
109 (12)
138 (17)
77 (13)
21 (12)
116 (43)
6.5 (1.6)
230 (49)
148 (42)
48 (15)
16.3 (11.6)
34 (18)
166 (91)
4.0 (3.3)
9.1 (4.1)
2115 (554)
247 (84)
46 (8)
83 (29)
35 (6)
29 (13)
12 (4)
95 (26)
18 (5)
18 (7)
85 (55)
333 (132)

1 year
52 (9)
94.2 (13.7) ‡
33.4 (3.3) ‡
104 (11) ‡
134 (17)
74 (10)
17 (8) ‡
109 (35)
6.1 (1.0)
217 (47) †
134 (41) †
53 (12) †
17.6 (11.7)
29 (15)
146 (74)
3.1 (2.9) ‡
7.7 (3.4) ‡
1739 (483) ‡
206 (67) †
47 (10)
67 (32)
33 (9)
23 (12) ‡
11 (3)
80 (26) †
18 (5)
18 (10)
70 (37)
250 (142) ‡

Ornish
(n=19)
Baseline
48 (11)
107.1 (16.5)
35.5 (3.9)
111 (14)
137 (18)
79 (11)
29 (18)
114 (36)
6.1 (1.6)
214 (32)
139 (30)
45 (16)
13.3 (10.8)
30 (22)
163 (146)
4.7 (3.1)
9.1 (5.6)
1996 (473)
221 (78)
43 (10)
79 (32)
37 (9)
30 (12)
14 (3)
86 (22)
17 (4)
14 (5)
77 (50)
334 (125)

p for trend
across diets §
1 year
49 (11)
101.4 (17.7) ‡
33.5 (4.4) ‡
107 (15)*
138 (19)
80 (10)
23 (17) ‡
112 (47)
6.2 (1.5)
194 (31) ‡
115 (24) ‡
43 (13)
12.8 (10.0)
35 (27)
175 (125)
3.1 (2.6)*
7.8 (4.5)
1478 (701)
222 (66)
53 (11)*
59 (41)*
27 (11) ‡
20 (17) ‡
9 (5) ‡
72 (33)
17 (3)
19 (9)
73 (23)
225 (177)*

0.83
0.44
0.41
0.89
0.64
0.36
0.87
0.50
0.34
0.34
0.47
0.041
0.003
0.47
0.96
0.68
0.24
0.62
0.001
0.001
0.022
0.001
0.018
0.001
0.004
0.001
0.002
0.18
0.001

* All values are means with standard deviations in parentheses; † p<0.05 from baseline; ‡ p<0.01 from baseline; § P-value for linear trend across diets for 1-year change from
baseline; || ApoA1 in alpha1 HDL subpopulation

171

EXCLI Journal 2016;15:XX-XX – ISSN 1611-2156
Received: October 21, 2015, accepted: February 10, 2016, published: Month XX, 2016

Figure 4: Predicted increase in large HDL level
at 1 year according to projected carbohydrate
intake and weight loss

DISCUSSION
We found that dietary carbohydrate restriction and weight loss were each independent predictors of improved blood levels
of large protective HDL particles at 1 year.
These particles have been shown to be the
most effective in delivering cholesterol from
the bloodstream back to the liver, enhancing
reverse cholesterol transport (Zannis et al.,
2006). Individuals with CVD, obesity, type 2
diabetes and/or metabolic syndrome commonly have abnormal HDL metabolism (Filippatos and Elisaf, 2013; Kim et al., 2014;
Rosenson et al., 2013; Russo et al., 2014),
including reduced levels of large HDL, and
our data strengthen the evidence that carbohydrate restriction and weight loss help normalize HDL metabolism and atherogenic
dyslipidaemia (Lee et al., 2015; Mascarenhas-Melo et al., 2013; Tay et al. 2014; Volek
et al., 2009; Zhang et al., 2015). Relative
improvements in large HDL levels were
much more pronounced than improvements
in HDL cholesterol levels, which were modest and not highly correlated with improvements in large HDL. Specifically measuring
this cardiovascular risk factor unmasked a
beneficial effect of carbohydrate restriction
that was not previously visible with a standard lipid profile.
One plausible mechanism linking carbohydrate restriction and weight loss to improved HDL metabolism is via cholesteryl
ester transfer protein (CETP). The activity of
this enzyme, which transfers cholesteryl es-

ter from HDL particles to LDL and VLDL
particles in exchange for triglyceride, is
known to be significantly increased in CVD
and obesity and normalize in parallel with
weight loss (Miller, 2015; Scharnagl et al.,
2014). It is plausible that excess dietary intake of refined carbohydrates upregulates
CETP activity, perhaps via postprandial
and/or chronic elevations of glucose, insulin,
triglyceride, and/or VLDL (Kontush et al.,
2013; Miller, 2015; Scharnagl et al., 2014;
Sprandel et al. 2015), and carbohydrate restriction plausibly reverses this hyperactivity, especially in the setting of insulin resistance and atherogenic dyslipidaemia. This
hypothesized mechanism is compatible with
other data showing that carbohydrate restriction and weight loss each improve levels
of small dense LDL particles (Siri-Tarino et
al., 2009; Tay et al. 2014; Volek et al.,
2009), and the strong correlation between
improvements in large HDL and small-dense
LDL particles is consistent with a common
underlying mechanism (Mascarenhas-Melo
et al., 2013; Shoji et al., 2009).
Our findings support the gathering notion
that changes in HDL cholesterol levels may
fail to adequately reflect beneficial or detrimental changes in HDL metabolism (Joshi et
al., 2016; Liu et al., 2015; Madahian et al.,
2014; Rohatgi, 2015; Schwendeman et al.,
2015). Normal HDL metabolism appears to
be crucially important for a wide variety of
physiological functions including reverse
cholesterol transport and protection from
cardiovascular disease (Joshi et al., 2016;
Liu et al., 2015; Rohatgi, 2015; Schwendeman et al., 2015). Although levels of HDL
cholesterol are clearly and consistently predictive of cardiovascular disease risk in epidemiological studies, some randomized trials
of medications that raise HDL cholesterol
levels (Elshazly et al., 2015; Sacks et al.,
2014) and a negative Mendelian randomization study of plasma HDL cholesterol
(Voight et al., 2012) have highlighted the
need to more fully understand the complex
relationships between HDL, atherosclerosis,
and CVD. More sophisticated measures of
HDL metabolism, including HDL subfrac-
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tion analysis, may potentially unmask previously overlooked relationships between improved HDL metabolism and improved cardiovascular outcomes.
Our findings highlight the need for comparative effectiveness trials of various eating
strategies on actual cardiovascular event
rates (Eckel et al., 2014; Jensen et al., 2014).
Surrogate clinical markers, including nextgeneration blood markers of cardiovascular
disease risk, are important but remain an inadequate replacement for determining actual
clinical outcomes in dietary trials. Various
eating strategies each have individual
strengths and drawbacks making it impossible to know with certainty their actual net
effects relative to one another on atherosclerosis, coronary plaque accumulation, rates of
myocardial infarction, stroke, and longevity.
For example, the Atkins diet was the best for
restoring levels of large HDL in our trial,
and this type of eating strategy has been
strong for improving a wide variety of clinical markers (Hu et al., 2015; Tay et al.,
2015), especially glycemic control and other
cardiovascular risk markers in type 2 diabetes and metabolic syndrome (Feinman et al.,
2015). However, the Atkins diet liberalizes
dietary saturated fat and animal protein, and
simultaneously reduces fruit, vegetable, and
fiber intake, potentially limiting or offsetting
the potential health benefits of this strategy.
Furthermore, compared to other eating strategies, an Atkins-style strategy could potentially adversely interact with the gut microbiota, for example via increased blood levels
of trimethylamine-N-oxide (TMAO) induced
by increased dietary choline and carnitine
intake (Finelli and Tarantino, 2014; Mente et
al., 2015), insulin resistance via increased
artificial sweetener intake (Suez et al., 2014),
and/or adverse changes to the diversity and
ecology of the gut microbiota (Chumpitazi et
al. 2015; Finelli et al., 2014; Tarantino and
Finelli, 2015). Given so much remaining uncertainty raised by a diverse spectrum of diets, each with mixed known and unknown
physiological effects, and by trials with surrogate outcomes, it is increasingly clear that
actual outcomes trials are required to ade-

quately assess the health effects of various
clinically relevant eating strategies.
Our study has several important strengths
and limitations. The data we present here
come from a well-designed randomized trial
of one year duration, however a limited
number of patients (n=88) contributed to the
data set, and we did not collect data beyond
one year. The dietary intake data are based
on 3-day diet records, which are a reasonably
strong method for assessing dietary intake
(Schröder et al., 2001); however, the dietary
data are based on self-reporting, and only
reflect a snapshot of each individual’s intake.
The intervention was based on dietary advice, which corresponds to a clinically realistic intervention, however actually providing
the food would have been advantageous for
more clearly defining the effect of various
diets on levels of large HDL particles. We
used linear regression in an effort to disentangle the individual effects of dietary carbohydrate, protein, fat, saturated fat, cholesterol, and fiber, however this approach is
susceptible to confounding and the dietary
intervention was not designed to measure the
individual effects of each macronutrient.
Measuring large HDL levels via 2-dimensional electrophoresis is a highly accurate
method for measuring large HDL particle
levels (Dullens et al., 2007; Rosenson et al.,
2013; Warnick, 2000), however many clinicians are unfamiliar with the use of this
technology in the clinical setting. Furthermore, although large HDL particles are more
strongly predictive of cardiovascular disease
prevention than HDL cholesterol levels, our
study did not measure levels of HDL functionality, CETP activity, or lecithincholesterol acyltransferase (LCAT) activity,
which may have added important insights
(Kontush et al., 2013; Miller, 2015;
Scharnagl et al., 2014; Sprandel et al. 2015).
In conclusion, we hypothesize that curbing dietary intake of refined carbohydrates
decrease atherogenic dyslipidaemia, especially in the setting of insulin resistance. Dietary strategies that reduce refined sources of
starch and sugar may potentially reduce cardiovascular disease and mitigate the epidem-
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ic of residual cardiovascular risk attributed to
suboptimal eating patterns, however clinical
trials with actual cardiovascular outcomes
are required to properly address this public
health concern.
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